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women born and living in Asia.4,6 Breast cancer risk increases
with the number of years lived in the immigration country,
and in subsequent generations risk continues to increase and
to approach the risk in native-born populations.6 However,
the speed with which breast cancer incidence among immi-
grants and their offspring approaches that of their adopted
country varies considerably from one ethnic group to 
another.7 Of additional interest, among Asian American 
women, immigrants from urban areas arrived in the United
States with a 30% greater risk than immigrants from rural areas.6

International geographic variations in breast cancer inci-
dence, in conjunction with the temporal changes in these rates
and results of immigrant studies, have long indicated that
lifestyle and environment play an important role in the devel-
opment of breast cancer. However, a recent study that assessed
the risk for breast cancer in women from various racial and
ethnic groups living in California and Hawaii reported that,
after adjusting for seven known lifestyle risk factors (ages 
at menarche, age at birth of first child, parity, age at and type 
of menopause (natural or surgical), weight, hormone replace-
ment therapy use, and alcohol consumption), the risk for
breast cancer was 65% greater in Native Hawaiian women and
11% greater in Japanese American women than in white
women.8 These results suggest that genetic factors may also
play a role, although other environmental factors, such as diet,
could also explain these results.

What is the frequency of breast cancer in the 
United States?

Breast cancer is the most common cancer among American
women, representing 32% of all new cancers (Fig. 1–2), and is
the second leading cause of cancer deaths in American
women, representing 15% of all cancer deaths, behind lung
cancer (25% of all cancer deaths).9 On the basis of current
incidence, it is predicted that one of every eight women in 
the United States will develop invasive breast cancer in her
lifetime.10

In 2005, approximately 211,240 new cases of invasive breast
cancer are expected to occur among women in the United
States.11 In addition, it is anticipated that 58,490 new cases of
in situ breast cancer will be diagnosed in the same year.
These numbers represent a sharp increase over the past 30
years. From 1970 to 2005, the number of invasive breast 

What is the frequency of breast cancer 
in the world?

Breast cancer is the most common cancer (22% of all new
cases) as well as the leading cause of cancer deaths (14% of all
cancer deaths) in women worldwide.1 The number of new
cases in 2000 was estimated to be 1.05 million and the num-
ber of deaths 370,000. Breast cancer is the most prevalent can-
cer in the world: in 2000, there were an estimated 3.9 million
women alive who had had breast cancer diagnosed within the
previous 5 years.1

How does breast cancer incidence vary 
by country?

Incidence  varies more than fourfold internationally, with
high rates in all the more developed countries except Japan
(i.e., North America, Northern and Western Europe,
Australia) (Fig. 1–1). High rates are also observed in southern
South America, especially in Uruguay and Argentina. In con-
trast, most African and Asian populations have low rates,
whereas rates in Central America and Eastern Europe are
intermediate.1 The incidence of breast cancer is increasing in
most countries, with the greatest changes where rates were
previously low. Whereas the worldwide increase in incidence
between 1990 and 2000 was about 1.5% per year, many low-
risk countries recorded increases greater than this: for
instance, 2% in Japan, and 3% to 5% in some areas of China.1

Although part of these international and temporal variations
may be spurious, owing to incomplete reporting and variable
diagnostic practices, the consistent pattern of higher rates in
certain regions suggests true differences in underlying breast
cancer risk across nations.2

How does breast cancer incidence change 
in immigrant populations?

Breast cancer incidence among immigrant populations grad-
ually changes from the incidence in the country of origin to
approach the incidence in the immigration country.3–6 For
instance, Asian Americans born in Asia, where incidence is
low, are at lower risk for breast cancer than Asian Americans
born in the United States but are at higher risk than Asian

CHAPTER 1

Epidemiology of 
Breast Cancer
Anne Zeleniuch-Jacquotte and Roy E. Shore
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cancer cases increased by approximately 200% (from 69,000
to 211,240).9,12 This increase, however, is due in large part to
the increase in the population of older women, who are at
higher risk of developing the disease.13 In the same time pe-
riod (1970–2003), the number of deaths from breast cancer
also increased, but only by 33% (from 30,000 to 39,800), a
result of early detection by mammography screening and
improvements in treatment.

How has U.S. incidence changed over time?

To assess the temporal changes in breast cancer incidence, it is
necessary to examine age-adjusted incidence that is independ-
ent of changes in the age distribution of the U.S. population.
Such statistics are available through the National Cancer
Institute’s Surveillance, Epidemiology, and End Results
(SEER) program, which has collected cancer incidence and
survival data from population-based cancer registries since
1973 (http://www.seer.cancer.gov). Figure 1–3 shows the SEER
age-adjusted incidence of invasive breast cancer from 1975 to
2000. Three distinct phases are seen: between 1975 and 1980,
the incidence was essentially constant; between 1980 and
1987, the incidence increased by about 4% per year; between
1987 and 2000, the incidence (adjusted for delayed report-
ing14) increased by 0.6% per year.15,16 Using the 2000 U.S.
standard population, the 2000 age-adjusted incidence was
135.1 per 100,000 woman-years.

The increase in invasive breast cancer incidence was not
uniform across histologic types and estrogen receptor (ER)
status. The incidence of ductal carcinoma appeared to remain
essentially constant from 1987 to 1999, whereas the incidence
of lobular carcinoma increased steadily.17 Also, most of the in-
crease in breast cancer incidence appeared to be due to an
increase in incidence of estrogen receptor–positive tumors,18–20

which was not accounted for by technical improvements or
changes in tumor size, age, or nodal status.21

SECTION I. MOLECULAR AND EPIDEMIOLOGIC ISSUES4
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Figure 1–1 Estimated incidence by country, age-standardized by world standard population. (Data from Parkin DM. Global cancer 
statistics in the year 2000. Lancet Oncol 2001;2:533–543.)
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The age-adjusted incidence of in situ breast cancer
increased considerably over the past 20 years, with a 32.3%
annual increase from 1982 to 1986 and a 6.1% annual increase
from 1986 to 2000.16 This dramatic increase is largely attribut-
able to an increase in ductal carcinoma in situ (DCIS),22 which
between 1996 and 2000 accounted for 88% of all in situ breast
cancer cases.11 Between 1975 and 2000, the incidence of DCIS
increased five times faster than the incidence of invasive breast
cancer. In the same time period, the incidence of lobular car-
cinoma in situ (LCIS) also increased, but only twice as fast as
the incidence of invasive breast cancer.11

What are the causes of the increase in breast 
cancer incidence in the United States?

The rapid increase in invasive breast cancer incidence between
1980 and 1987 was largely due to an increase in the incidence
of small tumors (<2.0 cm), which more than doubled, while
rates of larger tumors decreased.23 The increase in incidence
was also limited to the localized stage, whereas the incidence
of breast cancer at regional and distant stages remained stable.
These data suggest that the increase may be explained in large
part by greater use of mammography screening, which detects
small tumors, many of them too small to be palpable. The 
limited data available on mammography utilization before
1987 indicate that only 10% to 20% of women older than 40
years had ever had a mammogram (including for diagnostic
purposes) by the early 1980s.24 The rate of mammography
screening has increased steadily since then. Data from the
National Health Interview Surveys show that the percentage
of women who reported having had a screening mammogram
in the previous year was 17% in 1987, 33% in 1990, and 55%

in 2000.11,25 Although it may seem surprising that the inci-
dence increased at a much slower rate after 1987 than in the
1980 to 1987 years whereas use of mammographic screening
was still increasing sharply, this pattern is not unexpected for
a screening procedure that detects early cases that would have
been diagnosed in any case but at a later date: at the beginning
of screening implementation, the incidence increases because
screen-detected cases are added to symptom-diagnosed 
cases. However, later on, although the number of screen-
detected cases keeps increasing as more women are being
screened, the number of symptom-detected cases goes down
(because some of them were detected earlier through screen-
ing), resulting in a leveling off (or even a decrease) in the 
overall incidence.26

The strong increase in incidence of in situ breast cancer 
was especially pronounced among women 50 years of age and
older,11,22 which is consistent with the age pattern of mam-
mography screening.22 The larger impact of screening on
DCIS than LCIS incidence was also anticipated because of the
lack of specific radiologic criteria for LCIS, which is generally
not detectable by mammography.27

Are there causes other than mammography 
that explain the changes in U.S. incidence?

It has been argued that the increase in mammographic screen-
ing cannot entirely explain the increase in breast cancer inci-
dence,5 and that changes in the profile of risk factors in the
U.S. population also may have played a role.23 In particular,
changes in patterns of childbearing, with a trend toward
delayed first birth and decreased parity, have been suggested 
as plausible causes of the rise in breast cancer incidence.21

Indeed, it has been estimated that later age at first birth and
nulliparity account for 30% of breast cancer cases in the
United States.28 Although an increase in fertility rates was
observed following World War II (baby boom), and this
increase was shown to be associated with a reduction in breast
cancer mortality in women born between 1924 and 1938,29 a
trend to lower parity and later age at first birth started in the
1960s, which would be expected to result in an increase in
incidence. Oral contraceptives and hormone replacement
therapy may also have contributed to the rise in breast cancer
incidence because both exposures are associated with small
increases in breast cancer risk during their use and for some
time after cessation.30,31

Changes in the distribution of risk factors could explain,
at least in part, the variations in the temporal trends of
the incidence according to histologic type and ER status:
for instance, nulliparity appears to be more consistently
associated with ER-positive than with ER–negative tumors,
and increasing use of combined hormone replacement 
therapy32 appears to increase preferentially the risk for lobular 
carcinoma.33–36

What is the risk for breast cancer
in American men?

Breast cancer occurs infrequently in men, with about 1500
new cases diagnosed each year in the United States.37 The life-
time risk for being diagnosed with breast cancer is 0.11% for
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American men, in contrast to 13.5% for women,10 a 120-fold
ratio.

What is the impact of age on breast 
cancer incidence?

The incidence for invasive breast cancer strongly increases
with age. Overall, the increase in incidence with age is much
steeper before than after 50 years of age, suggesting that
menopause has a protective effect.38 Furthermore, two recent
studies, one in Denmark and one in the United States, have
shown that only the incidence of ER-positive breast cancer
increases after 50 years of age, whereas the incidence of ER-
negative breast cancer stops increasing after 50 years of age39,40

(Fig. 1–4). These observations, suggesting that ER-negative
tumors are more dependent on the premenopausal sex 
hormone environment than ER-positive tumors, need to 
be investigated further. An extensive review of the role of
reproductive factors in the development of breast cancer is
presented in Chapter 4.

What is the impact of race and ethnicity 
on breast cancer incidence?

Breast cancer is the most common cancer among women in
every major ethnic group in the United States.41 However,
the age-adjusted incidence varies greatly according to race 
or ethnic group. It is highest among white women (140.8 
per 100,000 in years 1996–2000), lowest among American
Indian or Alaska Native women (58 per 100,000), and 

intermediate among African American (121.7 per 100,000),
Asian or Pacific Islander (97.2 per 100,000), and Hispanic
women (89.8 per 100,000).15 During 1992 to 2000, incidence
increased overall in Asians and Pacific Islanders (2.1% per
year), Hispanics (1.3% per year), and whites (0.9% per year)
whereas rates decreased in American Indians and Alaska
Natives (-3.7%) and remained stable in African Americans
(Fig. 1–5).

White non-Hispanic women are more likely to present 
with localized stage breast cancer than African Americans
(Fig. 1–6) and other racial or ethnic groups.15,42 Differences in
mammography screening rates may explain this result, at least
in part: in 2000, the percentage of women 40 years and older
reporting having had a mammogram in the previous 2 years
was 72% for white women, 68% for African American
women, 63% for Hispanic women, 57% for Asian and Pacific
Islander women, and 52% for American Indian and Alaska
Native women.43 However, the difference in mammography
use between African American and white women decreased
substantially since 1987.44

Other differences in tumor characteristics in relation to
race or ethnicity have been reported. SEER data show that,
compared with non-Hispanic whites, tumors in African
Americans are more likely to be hormone receptor negative
and of medullary histology, two characteristics associated
with poor prognosis, and are less likely to have a lobular his-
tology, which is associated with lower mortality.45–48 Although
data are limited, the risk for hormone receptor–negative
breast cancer also appears higher in Native Americans, Asians
or Pacific Islanders, and Hispanic whites 50 years of age or
older than in non-Hispanic whites in the same age group,
although not as high as in African Americans.46
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Comparisons of the age-specific incidence in African
American and white women show an unusual racial crossover
in risk: up to age 40 years, African American women have 
a higher incidence than white women, whereas after age 
40 years, rates for white women exceed those for African
American women, and the disparity increases with age15 (Fig.

1–7). The incidence difference observed among older women
appears to reflect racial differences in socioeconomic status49

and related reproductive patterns50: white women have a later
age at menarche, fewer births, and a later age at first full-term
pregnancy than African American women, all factors that are
known to increase the long-term risk for breast cancer.

Differences in reproductive patterns in young African
American and white women could also explain, at least in
part, the excess risk observed in young African American
women.51,52 It has been shown that pregnancy has a dual effect
on breast cancer risk, with a transient risk increase for several
years after childbirth, followed by a risk reduction in later
years.53–55 African American women tend to have higher 
parity than white women,56 which could contribute to their
higher breast cancer incidence at ages younger than 40 years
and lower incidence at older ages. Other factors possibly con-
tributing to the higher premenopausal breast cancer rates in
African Americans compared with whites are less breast feed-
ing,57 younger age at menarche,51,58,59 use of oral contracep-
tives at a younger age,51 and lower physical activity.51 On the
other hand, African Americans have a younger age at first full-
term pregnancy,50 are more likely to be overweight or obese,60

and are less likely to consume alcohol than whites,61 all factors
that should lower their risk for premenopausal breast cancer,
as compared with white women. Additional research to assess
whether differences in known risk factor profiles are sufficient
to explain the racial age-related crossover in breast cancer
incidence is warranted.50

What is the impact of place of residence in 
the United States on breast cancer incidence?

For several decades, mortality from breast cancer has been
highest in the Northeast of the United States and lowest in the
South.62,63 Rates are also somewhat higher in the Midwest and
West than in the South.62 This pattern is more pronounced
among postmenopausal than among premenopausal 
women, for whom little geographic variation was observed.
A cluster analysis further suggested that the New York
City–Philadelphia metropolitan area had a 7.4% higher mor-
tality rate than the rest of the Northeast.64 The elevated breast
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cancer mortality observed in the Northeast has led to the sus-
picion that unknown environmental hazards, more prevalent
in this region than in others, increase the risk for breast can-
cer of Northeastern residents. Two studies, though, showed
that geographic variations in mortality or incidence could be
accounted for, at least in part, by differing regional patterns of
known risk and prognostic factors for breast cancer.62,65 One
of the major contributors to the high rates of breast cancer in
the Northeast was the tendency of Northeastern women to
have first births at later ages.66

What environmental exposures may affect 
breast cancer risk?

A number of studies have demonstrated that ionizing radia-
tion causes female breast cancer. The studies range from 
the Japanese atomic bomb study,67 to diagnostic x-rays,68,69 to
studies of radiation treatment for benign conditions70,71 or
cancer.72

The studies show agreement that the dose-response rela-
tionship for breast cancer is approximately linear73 and that
radiation exposure in the first two decades of life confers sev-
eral times more breast cancer risk than exposure in the adult
years, whereas exposures beyond age 50 years confer little
risk.67 For irradiation at age 30 years, the excess relative risk 
for breast cancer increases about 1% per 1 cGy (1 rad).73 Of
special interest is the finding of a substantial excess of breast
cancer in patients who had received on the order of 100 fluo-
roscopic examinations in the course of pneumothorax treat-
ment for tuberculosis68,74; these studies show that small dose
fractions have a cumulative breast cancer induction effect
similar to the risk one would expect if the total dose had been
given as one exposure. The bottom line, however, is that most
medical diagnostic radiation exposures with modern equip-
ment and techniques are sufficiently low that any breast can-
cer risk from them would be undetectable.

It has been proposed that exposure to 60-Hz electromag-
netic fields (EMFs) may confer risk for breast cancer by

inhibiting the synthesis of melatonin by the pineal gland,
which, in turn, may result in higher levels of circulating estro-
gens, or by disrupting calcium homeostasis so as to increase
oxidative stress and tumor-promoting protein kinases.75 Most
of the studies of residential EMF exposure and breast cancer
risk in females have shown no association, including those
studies that carefully included both the measurements and the
electrical transmission wire assessments of home EMF expo-
sure levels.76–78 Because electric blankets or heating pads are
close to the body for extended periods of time, several studies
have been conducted to evaluate whether EMF exposure from
this source poses a carcinogenic risk to the breast. Nearly all
studies of breast cancer and electric blanket use have been
negative.79–84

In recent years, there has been concern over whether envi-
ronmental chemicals that mimic or antagonize endogenous
sex hormones (so-called endocrine disruptors) may have
adverse effects on health. Human breast cancer risk from
endocrine-disrupting chemicals has been studied largely for
persistent organochlorine compounds, most notably PCBs
(which were widely used in electrical transformers) and DDE
(a metabolite of the insecticide DDT). Studies subsequent to
the initial ones have generally not been positive,85,86 and meta-
analyses of the several studies have shown no indication of an
association of breast cancer risk with PCBs or with DDE.87,88 A
study of occupational exposure to some 29 different estrogen-
mimicking chemicals did not find any statistically significant
associations with breast cancer, but it had limited statistical
power.89

More than 50 studies have shown that alcohol consumption
is a moderate risk factor for breast cancer. Recent pooled
analyses have found that the relative risk for breast cancer
increases on the order of 7% to 10% for each additional drink
per day on average, and the association is reasonably linear.90,91

The mechanism by which alcohol influences breast cancer risk
appears to be primarily by increasing endogenous estrogen
levels92,93; hence, one might expect alcohol to influence 
hormonally responsive tumors. Although the data are not
entirely consistent, alcohol consumption appears to be more
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strongly associated with ER-positive and progesterone 
receptor–positive breast cancers than with others, as expect-
ed.94 Similarly, alcohol use is more strongly associated with
lobular breast cancer, probably because lobular breast cancer
is more often ER postive and progesterone negative than 
is ductal breast cancer. There are suggestions that alcohol 
may confer greater risk for breast cancer among women who
have genetic polymorphisms in the CYP19 gene (which plays
a key role in estrogen biosynthesis)95 or in the alcohol-
metabolizing genes, alcohol dehydrogenase III (ADH3)96 or
CYP2E1,97 but these results require confirmation by additional
studies.

The weight of evidence from more than 35 studies,
including the large Women’s Health Initiative,98 indicates 
that increased physical activity is protective against post-
menopausal breast cancer.99 At least 16 studies have found an
inverse dose-response association, and the average decrease in
risk among those who exercise regularly is 30% to 40%.99

However, the seeming protective effect of exercise on breast
cancer risk may be confounded with, or secondary to, associ-
ated variations in body mass index, because obesity is a known
risk factor for breast cancer. Exercise may also be a surrogate
for a composite of lifestyle factors that collectively diminish
risk. The modest number of studies available on pre-
menopausal breast cancer are more mixed in their results and
probably indicate a smaller protective effect of physical exer-
cise at premenopausal ages.98,100–102

Although most studies suggest that regular use of non-
steroidal anti-inflammatory drugs (NSAIDs), such as aspirin
and ibuprofen, affords a modest protection against breast 
cancer risk, the case is not fully convincing because of a 
number of null results and conflicting evidence about
whether the protective effect is limited to aspirin or includes
all NSAIDs.103–105 More importantly, a randomized controlled
trial is needed to ensure that the apparent beneficial effect of
NSAIDs on breast cancer risk is not an artifact of lifestyle dif-
ferences between users and nonusers.

What is the impact of family history on breast 
cancer risk?

One long-known feature of breast cancer occurrence has been
the familial aggregation of the disease. The recent, striking
advances in our understanding of the genetic basis for this
familial aggregation are discussed in Chapters 2 and 20; the
epidemiologic features of familial aggregation of breast cancer
is briefly outlined here. A first question is, at the population
level, what percentage of breast cancer is of heritable origin?
One large study of monozygotic and dizygotic twin pairs esti-
mated the heritability as 27%,106 but statistically more appro-
priate analyses of those twin data and of large family-cancer
databases in Sweden and among Utah Mormons suggest that
heritability is on the order of 10% to 15%.107–109 If one consid-
ers only early breast cancer (<50 years of age), heritability is
up to two times as high.108

Several major studies have conducted more detailed analy-
ses and agree that about 6% of breast cancers before age 55
years are linked to a family history of breast cancer in first-
degree relatives.110 If one also includes any first-degree relative
with a history of ovarian cancer and second-degree relatives
with breast cancer, then about 13% to 15% of breast cancer

cases before age 55 years have a positive family history. On the
other hand, for breast cancers occurring at ages 60 to 80 years,
only 3% to 5% have a familial component.111 It is notable that
about one third of the familial aggregation of breast cancer is
not accounted for by BRCA1 or BRCA2 mutations; thus, there
is clearly more to be learned about genetics and shared envi-
ronmental factors in breast cancer.

Table 1–1 presents a summary of familial breast cancer 
risks in younger women from a large population-based study
conducted by the U.S. Centers for Disease Control and
Prevention.110 As expected for autosomal dominant traits, the
elevation in relative risk is appreciably greater when a first-
degree relative is affected than when only a second-degree rel-
ative is affected. Having more than one relative affected greatly
increases risk. It is of interest that another major study, which
showed a twofold breast cancer risk before age 40 years when
a first-degree relative had breast cancer, also showed a 1.5-fold
risk for breast cancer even after the age of 70.112 Studies seem
to disagree on whether having a relative with bilateral breast
cancer confers more risk than having a relative with unilateral
breast cancer.110 However, a woman with a family history of
breast cancer is more likely to develop metachronous bilateral
breast cancer than one with a negative family history.

The risk for breast cancer from a family history of several
other cancers has been studied. Ovarian cancer in a first-
degree relative appears to confer a breast cancer relative risk of
about 1.5 to 2 overall, although the subset for whom the ovar-
ian cancer is associated with BRCA1 and BRCA2 mutations
may have much higher risks. There is some indication,
although it is not firmly established, that a family history of
prostate cancer or thyroid cancer may confer breast cancer
risks of about 1.5 and 1.7, respectively.107,110 In contrast, a fam-
ily history of endometrial cancer does not appear to confer
breast cancer risk.

What is the impact of endogenous hormone 
levels on breast cancer risk?

Studies of reproductive risk factors and exogenous hormones
and theories of the roles of various hormones in breast cancer
are reviewed in Chapter 4. This section briefly summarizes
results of studies on breast cancer risk in relation to endoge-
nous levels of estrogens and androgens. These studies have
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Table 1–1 Odds Ratios (Relative Risks) for Reported Family
History of Breast Cancer among 2080 Breast Cancer Patients cf.
2058 Control Subjects, Ages 20–44 Years

Data from Thompson WD. Genetic epidemiology of breast cancer. Cancer
1994;74:279–287.

Odds Ratio (95% 
Breast Cancer in Female Relatives Confidence Interval)

First-degree relative
Mother affected 3.1 (2.3%–4.2%)
Sister affected 3.1 (1.8%–5.3%)
Two or more affected 6.8 (2.5%–20%)

Second-degree relative
Maternal grandmother/aunt affected 1.4 (1.2%–1.8%)
Paternal grandmother/aunt affected 1.6 (1.2%–2.0%)
Two or more affected 2.2 (1.4%–3.4%)



African American 
White Women (%) Women (%)

Current 
Age (yr) +10 yr +20 yr +30 yr +10 yr +20 yr +30 yr

20 0.04 0.43 1.90 0.07 0.51 1.86

30 0.39 1.86 4.64 0.44 1.80 4.06

40 1.48 4.29 7.98 1.39 3.70 6.34

50 2.90 6.70 10.4 2.43 5.21 7.66

60 4.06 8.05 10.4 3.09 5.80 7.26

been conducted mostly in postmenopausal women because
cyclic variations in estrogen levels among premenopausal
women have made meaningful assessments difficult in large
populations. Nine prospective studies have now reported on
the association between circulating estrogen and androgen
levels in postmenopausal women and subsequent breast can-
cer risk, and a pooled analysis of the original data of these
studies (663 cases and 1765 controls) concluded that both
estrogen and androgen hormones were strongly associated
with risk.113 The breast cancer risk for women whose estradiol
levels were in the top quintile was twice the risk of women
whose estradiol levels were in the bottom quintile.

Similar results were observed for the other hormones 
studied, that is, estrone, estrone sulfate, androstenedione,
testosterone, dehydroepiandrosterone, and dehydroepian-
drosterone sulfate. As expected, the strongest associations
were observed with free estradiol and estradiol not bound to
sex hormone–binding globulin (SHBG), which comprises
both free and albumin-bound estradiol, because only estra-
diol not bound to SHBG can readily enter cells. The hormone
and breast cancer risk associations remained after subjects
whose date of diagnosis was within 2 years of blood donation
were excluded from the analysis. A more recent study showed
that levels of sex hormones measured 5 to 13 years before
diagnosis were elevated in breast cancer cases as compared
with controls.114 The association of circulating estrogens with
breast cancer risk appeared to be present regardless of whether
the breast cancer was ER positive or ER negative.115

The New York University Women’s Heath Study also sug-
gested that the contribution of androgens to breast cancer risk
is largely through their role as substrates for estrogen produc-
tion,114 whereas in the pooled analysis of prospective studies,
androgens appeared to be associated with risk independently
of estrogens.113 However, sorting out the role of estrogens and
androgens is complicated by the high correlations between
hormones and the fact that usually only a single hormonal
measurement is available for each participant in epidemio-
logic studies, whereas the hormonal levels of interest are the
long-term average levels.113,114

How can the individual risk for developing 
breast cancer be estimated?

The lifetime probability of developing breast cancer (1 in 8 in
women in the United States) is a striking statistic that conveys
the public health importance of the disease. However, it is 
a valid estimate for a girl born today only if incidence and
mortality remain unchanged over her lifetime,116 an unlikely
assumption. Furthermore, it does not convey the fact that the
longer a woman lives without breast cancer the lower her risk
is over the remainder of her lifetime.117 Estimates of risk at dif-
ferent ages and for a more tangible time horizon, for example,
the next 10 or 20 years, are more informative to women and
their physicians, as well as more reliable.118 Table 1–2 provides
such estimates, calculated with the method of Feuer and col-
leagues,10,114 for both African American and white women.

The estimates provided in Table 1–2 reflect the average risks
for developing breast cancer in women from the general pop-
ulation. However, the risk is not homogeneous across women
of the same race and age. Models to predict individual risk
have been developed and can be useful decision-making tools

for women considering preventive use of tamoxifen or pro-
phylactic mastectomy.117 The most frequently used is the
model developed by Gail and associates, for which a software
program is available from the National Cancer Institute at
http://bcra.nci.nih.gov/brc/q1.htm.119,120 Graphs derived from
this model to estimate individual risks and corresponding
confidence intervals have also been published.121 The Gail
model estimates the chance that a woman with given age 
and risk factors who is screened annually will develop breast
cancer over the next 5 years and for her lifetime. The risk fac-
tors taken into account are age, ages at menarche and first live
birth, number of previous breast biopsies, presence of atypical
hyperplasia on biopsy, and number of first-degree relatives
with breast cancer. The model was shown to perform well for
white women who receive annual mammograms.120,122–124

However, it has several limitations: it overestimates risk for
women with infrequent mammography screening; it fails to
take into account certain risk factors, such as the personal his-
tory of in situ breast cancer125 or major genetic risks such as
BRCA1, BRCA2, Cowden syndrome, or Li-Fraumeni syn-
drome125,126; and it has been validated only among whites.127

This simple model, though based on data easily obtained from
the medical history, is quite useful and is currently being used
to assess eligibility for the NSABP P-2 chemoprevention trial,
a randomized study of tamoxifen versus raloxifene in women
at high risk for breast cancer.

Several other models have been developed to predict 
breast cancer risk,128–130 but they focus on the family history 
of breast cancer in high-risk families and are not broadly
applicable.117,131

What is the survival from breast cancer in the 
United States?

Overall, survival from invasive breast cancer has improved in
the United States: the 5-year relative survival rate was 86.6%
for women diagnosed in 1995 versus 74.9% for women 
diagnosed between 1975 and 1979.15 The increase in survival
likely results from both the “stage shift” toward increasing
diagnosis at early stage, owing to greater use of mammo-
graphic screening, and therapeutic improvements.132 Factors
influencing survival include age, stage at diagnosis, and race
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Table 1–2 Risk for Being Diagnosed with Breast Cancer in 10,
20, and 30 Years, Given that a Woman Is Cancer Free at Current
Age, for White and African American Women

Data from Feuer E, Wun LM. DEVCAN: Probability of developing or dying
of cancer software, version 5.0 [Online]. Available: http://www.seer.cancer.gov/
faststats/html/dev_breast.html (accessed January 29, 2004).



African American 
White Women (%) Women (%)

Stage <50 yr ≥50 yr <50 yr ≥50 yr

Localized 95.0 98.4 85.7 91.9

Regional 80.8 80.2 66.3 65.7

Distant 32.6 22.2 19.5 13.0

(Table 1–3). For patients diagnosed between 1992 and 1999,
the 5-year relative survival rate was slightly lower for women
diagnosed before age 50 years (84.5%) than for older women
(87.5%), which may be due to younger women’s having
tumors that are more aggressive and less responsive to hor-
monal therapy. Race and stage at diagnosis also affect survival
rates (see Table 1–3). The lower stage-specific survival among
African American women may be due to more aggressive
tumors: tumors appear to be more often of medullary histol-
ogy,46 hormone receptor negative,46 and of higher grade133 in
African American than in white women, all factors associated
with poor prognosis. Less access to health care and differences
in treatment may also be contributing factors.134

What is the breast cancer mortality in the 
United States?

In the years 1996 to 2000, the female breast cancer age-adjusted
mortality rates (per 100,000) were 27.2 in white women,
35.9 in African American women, 17.8 in Hispanic women,
14.9 in American Indian or Alaska Native women, and 12.5 in
Asian or Pacific Islander women135 (Fig. 1–8). Trends over
time indicate that between 1970 and 1990, the mortality rate
remained fairly constant among white women but increased
among African American women, with an annual change of
+0.9%. Between 1990 and 2000, the mortality rate decreased

in both white and African American women, but the decrease
was steeper among white (annual percent change, -2.5%)
than among African American (-0.9%) women. In these 
same years, annual percent changes were -1.1% in Hispanic
women, -1.5% in Asian or Pacific Islander women, and +0.2%
in American Indian or Alaska Native women. The overall
decline in breast cancer mortality since 1990 has been attrib-
uted to both improvements in treatment and early detection.
Several factors may contribute to the 30% greater mortality in
African American than in white women. Although in recent
years rates of mammography screening in African American
women have been approaching the rates in white women,
African American women tend to present with higher-stage
disease than white women, raising the question of whether
they receive screening at appropriate time intervals. In addi-
tion to higher stage, tumors in African American women 
present more often with poor prognosis characteristics than
tumors in white women. Finally, differences in access to health
care and treatment may also contribute to the excess in mor-
tality observed among African American women.136

CONCLUSION

The steady increase in breast cancer incidence observed in the
United States in the 1980s appears to have subsided in the
1990s, whereas mortality has decreased since 1990.16 These
trends are attributable, at least in part, to large-scale use of
mammographic screening. It is important to emphasize, how-
ever, that early detection of breast cancer requires periodic
screening, not just one-time mammograms.137,138 Adjuvant
multiagent chemotherapy and use of antiestrogen therapy,
such as tamoxifen, have also contributed to the decrease in
mortality.139 Further research is needed to assess differences 
in incidence and mortality in African American and white
women as well as epidemiologic differences according to
tumor characteristics.

Breast cancer remains the most common cancer and the
second most common cause of cancer death in women in the
United States. Incidence of breast cancer has been increasing
in most countries, and the increases have been particularly
rapid in several Asian countries where a “westernization” of
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*Relative survival rates are adjusted for expected mortality from causes
other than breast cancer.

Data from http://surveillance.cancer.gov/statistics/types/survival.html.

Table 1–3 Five-Year Relative* Survival Rates by Race, Stage, and
Age at Diagnosis (1992–1999 SEER Data)
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Figure 1–8 Mortality rate, age-adjusted to
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the lifestyle has been observed. These rapid changes, together
with studies in migrants, underscore the importance of envi-
ronmental factors in the development of the disease. However,
to date, well-established “lifestyle” risk factors (later age at first
birth, nulliparity, and family history of breast cancer) account
for only about 40% of breast cancer in the United States. It is
not clear that these risk factors may be altered, which limits
their relevance for prevention.28 The two most important
modifiable risk factors known currently are to decrease alco-
hol consumption and increase exercise and physical activity.
Additional research to identify modifiable risk factors for
breast cancer, as well as to elucidate underlying biologic
mechanisms, may help devise preventive strategies.
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causes, which are defined as arising from outside of the 
body, fall into many types of environmental exposures.
However, the identification of specific environmental agents
associated with breast cancer has been slow. Moreover, the
external agents that have been identified are associated with
only a small proportion of breast cancers. These agents
include radiation exposure during childhood (at high doses
encountered during the treatment of Hodgkin’s lymphoma
and the atomic bombing of Japan) and cigarette smoking
(among women who are slow acetylators of cigarette smoke
carcinogens).6–8

Other poorly defined environmental agents affect breast
cancer incidence as well. The rate of breast cancer varies 
widely throughout the globe.9 In general, an increased inci-
dence is associated with a Western standard of living.10

Immigrant families from low-incidence countries that come
to the United States experience an increase in breast cancer
incidence within a few generations.11

Internal causes of breast cancer, which are defined 
as cancer-causing agents arising from within the body,
include a variety of extracellular and intracellular processes.
The principal extracellular factor associated with breast 
cancer is estrogen. The extent of estrogen exposure over the
course of a woman’s life is a significant risk factor for 
breast cancer.12 Early menarche, late menopause, and nulli-
parity are all associated with an increased risk for breast 
cancer. This is likely to be due to the proliferative response 
of breast epithelial cells to estrogen through the estrogen
receptor.13 Regarding the intracellular processes, these in-
clude errors in DNA synthesis, which occur with each 
cell division.14 Occasionally, the resulting mutation is within 
a critical gene that allows a tumor to begin to develop.
Thus, the known factors associated with an increased risk 
for breast cancer induce either mutation or proliferation of
cells.

Perhaps the most basic internal cause of breast cancer is the
inheritance of a mutated gene that increases an individual’s
risk for developing breast cancer.15 In this case, every cell in
the body has an identical genetic alteration that substantially
increases an individual’s risk for breast cancer over a lifetime.
Intriguingly, however, this genetic predisposition is not 
deterministic even in highly susceptible families; about 20%
of carriers never develop breast cancer.16 Therefore, the devel-
opment of cancer in predisposed individuals requires envi-
ronmental insults as well.

CHAPTER 2

The Oncogenetic Basis 
of Breast Cancer
Ramon Parsons

What is the cause of breast cancer?

The cause of breast cancer cannot be explained by a single 
etiologic agent. Rather, the genesis of breast cancer can be
viewed as the result of the accumulation of damage over 
many years to cells within the breast. Broadly speaking, two
types of molecular trauma produce cancer: mutation of
DNA and induction of cell proliferation.1,2 Mutation of
DNA occurs within critical genes that are responsible for 
regulating cell growth, death, differentiation, and chromoso-
mal replication. Mutations either activate or inactivate the
affected genes. Proliferation, on the other hand, exerts its
tumor-forming effects by promoting the expansion of a cell
population.3 The induction of proliferation proceeds through
two mechanisms. Mitogenic agents directly induce cell divi-
sion and proliferation, whereas toxic agents induce pro-
liferation in the surviving cells that repopulate an injured
tissue.4

What is the genetic model of cancer 
development?

The genetic model of cancer development is based on the the-
ory that the transformation of a normal breast cell into a
breast tumor depends on the alteration of genes found in the
normal cell.5 These genetic changes are induced by either
internal or external factors. According to this theory, all breast
cancers have a genetic basis for their pathogenesis. Thus,
all the cellular insults that can lead to breast cancer, which
include mutations, induction of proliferation, and induction
of cell death, ultimately lead to the alteration of genes that
control cell growth. Although the stimulation of proliferation
does not directly result in the mutation of growth-control
genes, it provides an environment for mutated cells to divide,
acquire additional mutations, and outgrow their normal
neighbors.

What agents lead to the genetic changes 
found in breast cancer?

The answer to this question is unclear. A simplified model
compartmentalizes the potential causes of breast cancer 
into either internal or external causes1 (Fig. 2–1). External
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What is an oncogene?

The word “oncogene” is derived from two Greek words: onkos
for mass and gignesthai for birth, which is the etymologic root
for the word “gene.” An oncogene has a more specific meaning
than its name implies, however. Oncogenes are a class of genes
that cause tumor growth when activated.2 These genes behave
dominantly because they promote tumor enlargement.

Oncogenes were first found to reside within retroviruses.
The first example of such a retrovirus was discovered by
Peyton Rous near the turn of the century.17 This virus was
capable of causing tumors in chickens and is known as 
Rous sarcoma virus (RSV). Over 20 years ago, the src
gene, which is the gene in RSV that is responsible for its
tumorigenic activity, was found to be an activated form of a
gene that is normally found in chickens.18 In effect, the virus
had taken the src gene from the cell and modified it to produce
tumors.

How are oncogenes activated?

In humans, oncogenes are rarely activated by viruses. Instead,
the activation is typically triggered by mutation of the gene,
usually by one of three major mechanisms (Fig. 2–2). The first
mechanism of activation was identified in the ras family of
oncogenes; these genes are mutated in a variety of human
tumors.19 A single amino acid alteration activates the ras pro-
tein product to continuously signal the cell to divide.20 The k-
ras gene is mutated in about half of all colon cancers.21

The second mechanism of oncogene activation occurs
through chromosomal translocation, which was first observed
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in chronic myelogenous leukemia.22 The end result of a
translocation is the overexpression of a protein that either
stimulates cell division or prevents cellular death.23 In the case
of chronic myelogenous leukemia, the translocation of chro-
mosomes 9 and 22 leads to the overexpression of the bcr-abl
fusion protein, which is an active tyrosine kinase that 
signals the cell to divide.24 Another important example is the
translocation of chromosomes 14 and 18, which is found in
follicular lymphomas.25 This translocation leads to the over-
expression of the bcl-2 oncogene, which functions to prevent
cell death. In general, by placing a strong promoter of gene
transcription near an oncogene, translocations lead to gene
overexpression and tumor growth.

The third mechanism of activation of oncogenes is amplifi-
cation, in which multiple copies of a gene are reproduced in 
a single chromosome.26 By increasing the gene dosage, the
protein product of the gene is overexpressed within the cell.
Genes activated in this way in breast cancer include the epi-
dermal growth factor (EGF) receptor, erbB-2/HER-2/neu,
c-myc, and cyclin D1, all of which stimulate cell division.27–30

Each of these genes is amplified in breast cancer; hence, ampli-
fication is the major mechanism of oncogene activation in
breast cancer.31

How do oncogenes function in the cell?

Oncogenes can either stimulate cellular division or prevent
cell death (Fig. 2–3). All of the genes that stimulate division
have a role in transmitting a signal from a growth factor
receptor to the nucleus to initiate cellular replication.
Oncogenes of this type vary in their specific functions,
whether they are receptors, guanosine triphosphate (GTP)-
binding proteins, kinases, or transcription factors, but all
stimulate the cell to leave a resting state (G0) and enter the
DNA synthesis (S) phase of the cell cycle.20 Bcl-2 and its
homologues stimulate tumor growth by a completely different
mechanism. These genes function to inhibit apoptosis or pro-
grammed cell death.32 Less is known about the cell death path-
ways, but they clearly function through a protease cascade to
cleave nuclear DNA and destroy the nuclear and plasma
membranes.25

What is a tumor suppressor gene?

The concept of tumor suppressors is the result of two differ-
ent branches of cancer research: studies of tumor cells in vitro
and studies of families with a hereditary predisposition to
cancer. The original in vitro studies of tumor suppression
were derived from the observation that when a tumor cell 
was fused with a nontumor cell, the resulting fused cell lost 
its tumor characteristics.33 These experiments were further
refined by the observation that a single normal chromosome,
when introduced into a tumor cell, could suppress the growth
of the tumor cell. The interpretation of these findings was that
normal cells have tumor suppressor genes that are inactivated
in the tumor. A similar model of tumor suppressors was
developed by Knudson for explaining the mechanism of
inheriting a predisposition to retinoblastoma.34 This model 
is based on the concept that with the exception of the sex
chromosomes, people normally have two functional alleles

(copies) of every gene. For a tumor to develop, both alleles of
a specific gene must be inactivated.

What is Knudson’s hypothesis for tumor 
suppressor genes?

By comparing rates of retinoblastoma in predisposed families
and the general population, Alfred Knudson proposed his
“two-hit” model, in which both alleles of a gene must be inac-
tivated before tumor formation can occur34 (Fig. 2–4). In his
model of tumor suppression, he proposed that the early-onset
and multiple tumors found in familial forms of cancer could
be accounted for by the inheritance of one defective allele. His
insight was to realize that this inherited mutation was not suf-
ficient alone for the formation of a tumor. He hypothesized
that inactivation of the second healthy allele of the same gene
was also necessary and could thus explain the dominant
inheritance pattern found in families. Thus, both alleles are
altered in the tumor. This is a paradox of genetics in which the
mutated gene behaves dominantly during transmission in
families but behaves recessively during tumorigenesis within
the cell. With the prominent exception of the germline muta-
tion of the c-ret oncogene in multiple endocrine neoplasia
syndrome,35 Knudson’s tumor suppressor hypothesis for
retinoblastoma has proved to be broadly applicable to all of
the tumor predisposition syndromes characterized to date.36
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How are tumor suppressor genes inactivated?

Genes have now been identified not only for retinoblastoma
but also for inherited predispositions to a variety of tumors,
including those of the breast (see below), ovary, kidney, colon,
skin, lymphocytes, and peripheral nerves.37–48 In all cases, one
defective copy is inherited and the second copy is altered in
the tumor. Many of these genes are also inactivated in spo-
radic tumors of people who inherit two functional alleles.
Because mutation of both copies of the gene must occur so-
matically, sporadic tumors occur later in life and in a smaller
proportion of nonpredisposed individuals. However, because
sporadic tumors are much more common than familial
tumors, somatic mutation is the most common form of
tumor suppressor inactivation.

What is loss of heterozygosity?

In familial cancer syndromes, the mechanism of inactivation
of the normal copy of a tumor suppressor usually occurs
through loss of heterozygosity (LOH), which is due to the
deletion of a large chromosomal region containing the wild-
type tumor suppressor allele (see Fig. 2–4). In sporadic cancer,

LOH may be the first or second event in the inactivation of a
tumor suppressor.

How commonly are tumor suppressors 
inactivated in sporadic tumors?

Mutation of tumor suppressor genes is by far the most com-
mon genetic alteration found in the tumors of nonpre-
disposed individuals. A handful of tumor suppressors are
inactivated in a large fraction of nearly all invasive cancers
regardless of organ of origin. The p53 tumor suppressor 
is the most commonly mutated cancer gene.49 The p16/
CDKN2/ARF and PTEN tumor suppressor loci vie for second
place.50,51

Why are tumors clonal?

Unlike a model based on the relative simplicity of inheriting a
single mutation in a tumor suppressor gene, Peter Nowell’s
model for the development of a solid tumor depends on the
mutation of many genes.52 The model is based on two princi-
ples: (1) the principle of clonal expansion, in which a mutant
cell with a selective advantage for growth will outgrow its
neighbors; and (2) the principle that expansions occur in con-
secutive waves that result in the accumulation of multiple
genetic alterations within the evolving tumor. Somatic muta-
tions that take place with each advancing wave of tumor
expansion occur in both tumor suppressor genes and onco-
genes. In the case of tumor suppressors, both alleles must be
inactivated during tumor development. For oncogenes, point
mutations, amplifications, and translocations lead to activa-
tion. For a tumor to evolve, several distinct regulatory path-
ways must be compromised, including those regulating the
cell cycle, apoptosis, and genomic stability. The clonal nature
of a tumor allows for the accumulation of multiple growth
disruptions within one cell. Because multiple independent
mutations must accumulate within a single clone, the evolu-
tion of a tumor occurs over years to decades.

What is genomic instability?

In general, the rate of mutation is low within genes (for any
given gene, mutations occur once in every 1 ¥ 106 cell divi-
sions).53 Based on the low frequency of mutations in the genes
of a normal cell, tumor formation should be an extremely rare
event because it would require occurrence of several rare
events within a single cell during the course of a lifetime.
Because tumor formation is a common occurrence, however,
it is believed that the rate of gene mutations must be increased
during the clonal expansion of a tumor. This increase in the
rate of mutation is known as genomic instability.

A great deal of evidence currently supports the theory that
tumors become genomically unstable during their develop-
ment.54 Tumor cells inactivate pathways that normally ensure
that errors in the genetic code are repaired. Thus, the fre-
quency of genetic alterations increases in the tumor cell. The 
result of this increased genetic instability is that cells within a
tumor acquire mutations that allow them to outgrow their
neighbors.
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What causes genomic instability?

Three major systems are involved in preserving the integrity
of the genome during each replication cycle. The first major
system depends on the cell’s various biochemical mechanisms
for replicating and dividing (the cell cycle system).50 The coor-
dination of the different phases of the cell cycle—G1, S (syn-
thesis), G2, and M (mitosis)—is orchestrated by a variety of
gene products, which include the cyclins (A, B, D, and E) and
their respective cyclin-dependent kinases (CDKs) (Fig. 2–5A).
Aberrant overexpression of cyclin E has been shown to
increase genomic instability.55 CDKs are regulated by CDK
inhibitors, which are capable of blocking the cell’s progress
through the cell cycle in response to signals from within and
without the cell. Also included in the cell cycle system are the
various replication enzymes and the mitotic spindles that
function to reproduce a daughter genome and separate the
two genomes into daughter cells. Mistakes or inappropriate
signals in any of these pathways can lead to genetic damage.

The second major system is composed of the various repair
pathways that fix genetic alterations once they are detected
(the DNA repair system). These include the ultraviolet (UV)
excision repair system and the double-strand break repair sys-
tem, which repair external DNA damage, and the mismatch
repair system, which repairs mismatches generated during
DNA replication.56–58

The third major system comprises the checkpoint control
pathways of the cell (the checkpoint system)59 (Fig. 2–5B).
These pathways monitor the genome for alterations that affect

its integrity and can regulate the cell cycle and DNA repair sys-
tems. Alterations can be due to external mutations from ion-
izing radiation or from errors in replication during S phase or
the separation of chromosomes during mitosis. Checkpoint
pathways respond to these alterations by inhibiting the cell’s
progress through the cell cycle and coordinating the assembly
of the proper DNA repair machinery. In effect, these pathways
stall the cell to give it an opportunity to repair itself before
proceeding to the next phase of the cycle.

The best characterized checkpoint pathway in humans is
induced by ionizing radiation. The ATM gene encodes a pro-
tein kinase that senses genetic damage and transmits this
information to other checkpoint proteins in the cell by phos-
phorylating them.60,61 ATM is able to activate a large number
of different checkpoint and repair pathways. In one of these
pathways, ATM transmits a signal to p53, a transcription 
factor and tumor suppressor, to induce the expression of the
CDK inhibitor p21, which arrests the cell in the G1 phase of
the cell cycle.62 In the absence of functional ATM or p53, the
arrest in response to DNA damage is impaired. Alternatively,
DNA damage can induce programmed cell death (apoptosis),
a process that is p53 dependent.25 In addition, the ATM–p53
pathway appears to regulate checkpoint controls in other
phases of the cell cycle. In particular, p53 has a role in 
monitoring the fidelity of mitosis.63 In the absence of p53,
chromosomes segregate aberrantly, and cells soon become
polyploid.64 Another branch of the ATM pathway regulates 
the cell cycle without the help of p53. In this branch, DNA
damage activates ATM, which phosphorylates the check
point kinases (CHK1 and CHK2), key kinases that in turn
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phosphorylate the CDC25 tyrosine phosphatases to induce
their inactivation.65 After their inhibition due to CHK1,
CDC25 tyrosine phosphatases no longer remove a critical
phosphate residue from CDKs to activate cyclin–CDK com-
plexes in different phases of the cell cycle. Yet another branch
of the ATM pathway mediates the repair of double-strand
DNA breaks. To respond to DNA damage, this branch
depends on the BRCA1 protein.66

Genes involved in the regulation of the cell cycle, check-
point, and DNA repair systems frequently behave as either
tumor suppressor genes or oncogenes when mutated.
Alterations of these genes lead to an increase in genomic 
instability. These include cyclin D, p53, ATM, and the mis-
match repair genes hMSH2 and hMLH1.59,67 Cells with 
aberrations of either p53 or cyclin D are permissive for 
gene amplification of other genes.50 Cells with inactive
hMSH2 or hMLH1 have an increased frequency of point and
frameshift mutations.43,67 Finally, as mentioned above, a cell
deficient for ATM or p53 is unable to properly repair DNA
damaged by ionizing radiation.62 All of these genes are com-
ponents of one of the major cellular systems for preventing
genetic damage.

What are the different forms of familial 
breast cancer?

There are several forms of familial breast cancer.15 Familial
early-onset breast-ovarian cancer is an autosomal dominant
disease that usually affects those at risk before 50 years of age
and is typically due to BRCA1 mutation. Breast cancer with-
out ovarian cancer can be seen in families as well and is asso-
ciated with either BRCA1 or BRCA2 mutations. This form of
disease also has an early onset and is associated with male
breast cancer in families with BRCA2 mutations.

How were the BRCA1 and BRCA2
genes discovered?

Large extended families with autosomal dominant patterns 
of inheritance of breast cancer risk were the impetus for
genome-wide scans to find breast cancer susceptibility genes.
Because no knowledge of the function or location for such a
hypothesized gene existed, DNA was collected from the blood
of as many family members as possible and subjected to link-
age analysis. With linkage analysis, the DNA from both affected
and unaffected individuals is characterized to determine the
size of polymorphic alleles at known chromosomal locations
distributed throughout the entire genome. Polymorphic al-
leles that are shared among affected family members are
linked to the disease (Fig. 2–6). However, alleles may be shared
due to random clustering because each offspring of an affect-
ed carrier has a 50% chance of coinheritance of breast cancer
susceptibility along with one of any two alleles throughout the
22 autosomal chromosomes. As the size of the family under
study increases, the likelihood that polymorphic alleles are
linked to disease and are not merely chance clusterings
increases as well. This approach led to the identification of
polymorphic markers on chromosome 17q21 and on chro-
mosome 13q12 that were highly linked to breast cancer in 

specific families.68,69 A search for genes within these regions
uncovered BRCA1 and BRCA2 on chromosomes 17 and 13,
respectively.38,39 These two genes were definitively identified as
the causative lesions within these families by virtue of the
mutations found in their DNA sequence that segregated with
affected family members. Mutations of both of these genes
usually disrupt the open reading frame, leading to a truncated
protein product. Moreover, in the tumors of these patients,
the remaining functional allele of the gene is also mutated
somatically in most cases.

Who is at risk for inheriting mutations 
of BRCA1 and BRCA2?

Individuals at risk are obviously those with a family history of
breast cancer. In families with an identified mutation, the risk
for being a carrier is 50%. In addition, about 10% of women
without a family history but with a breast cancer diagnosis
before 35 years of age are born with a mutation of BRCA1.70

Perhaps the largest population of women at risk for harboring
germline mutations can be found among Ashkenazi Jews 
of Eastern European descent. The combined frequency of
germline mutation of BRCA1 and BRCA2 among these
women is about 2%.71,72 Patients with these mutations fre-
quently lack a family history of breast cancer.73

How does the BRCA1 gene function in the 
body to prevent breast cancer?

A clue to identifying the regions of the gene that are function-
ally important may be gained from analyzing the BRCA1 gene
in other species. A homologue of BRCA1 is present in the
mouse, and only two domains show significant areas of con-
servation of the amino acid code.74 One of these is a ring-
finger domain near the amino terminus of the protein.38 Ring
fingers are zinc-binding protein motifs. The other conserved
domain is at the carboxyl terminus of the protein (Fig. 2–7).
This domain has been shown to activate transcription when
fused to the DNA-binding domain of GAL4, a yeast transcrip-
tion factor.75 These data suggest that BRCA1 may be involved
in the regulation of transcription. Interestingly, point muta-
tions (mutations that change only a single amino acid) of
BRCA1 that disrupt the zinc-binding amino acids or disrupt
the activation of transcription are found in breast cancer fam-
ilies.75,76 Mutation of the mouse BRCAl gene in mammary tis-
sue predisposes these animals to a high rate of mammary
tumors.77 Other early studies of BRCA1 indicate that it is
capable of slowing cellular proliferation and inhibits tumor
growth in vitro.78 The gene may be exerting its effects during
G1 and S phases of the cell cycle when BRCA1 is most
expressed.79

Several genetic and biochemical facts have emerged that are
leading to a better understanding of the function of BRCA1.
After DNA damage, BRCA1 is recruited to sites of double-
strand DNA breaks.80 Recruitment appears to be important
because mutation of BRCA1 in cells leads to increased suscep-
tibility to DNA damage.81 BRCA1 is an integral part of the
ATM pathway because it is phosphorylated by ATM after DNA
damage at the sight of DNA breaks.66 Moreover, disruption of
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BRCA1 in cells interrupts DNA repair signals downstream 
of ATM. BRCA1 exists in a heterodimer with another ring-
finger protein, BARD1.82 Together, BRCA1 and BARD1 form
a potent ubiquitin ligase enzyme complex that is able to con-
jugate chains of ubiquitin onto other proteins. The nature of
these substrates is currently unknown. Presumably, BRCA1 
is involved in the regulation of repair proteins through 
ubiquitination.

How does the BRCA2 gene function?

Like BRCA1, mutation of mouse BRCA2 predisposed animals
to mammary cancer.83 Cells lacking BRCA2 are highly sensi-
tive to DNA damage and display marked genetic instability.84

Analysis of Fanconi anemia patient samples, which are highly
sensitive to DNA damage, has demonstrated that two of the
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Fanconi anemia complementation groups are due to biallelic
mutation of BRCA2.85 Biochemical analysis of the BRCA2
protein has demonstrated that it is part of the homologous
recombination DNA repair complex that repairs double-
strand breaks.84

Are there other genes that cause a 
predisposition to breast cancer?

More than half of the families with early-onset breast cancer
in the absence of ovarian cancer (breast site–specific families)
have no identified mutation of either BRCA1 or BRCA2.86

This information suggests that an unidentified gene exists that
also increases susceptibility to breast cancer. Two rare syn-
dromes, Li-Fraumeni and Reifenstein syndromes, occasion-
ally lead to breast cancer as well. They are caused by genetic
lesions in p53 and the androgen receptor, respectively.46,87 In
addition, heterozygote carriers of ataxia-telangiectasia, who
harbor ATM mutations, as well as patients with Cowden syn-
drome who are born with PTEN mutations, are at increased
risk for breast cancer.88,89

What is the difference between sporadic 
breast cancer and familial breast cancer?

Sporadic breast cancer is defined as breast cancer that occurs
without an identifiable inherited risk. The risk for breast can-
cer over a lifetime is about 13%.90 In contrast, familial breast
cancer is an autosomally dominant inherited predisposition
to breast cancer. The lifetime risk for breast cancer for carriers
in these families is about 80%. This increased risk is due to the
inherited mutation of BRCA1 or BRCA2 or perhaps other
genes.

How is the estrogen receptor altered 
in breast cancer?

The first gene product studied in detail for breast cancer was
the estrogen receptor.91 This protein is not expressed in about
40% of both ductal carcinoma in situ (CIS) and invasive
breast cancers.91–93 Because the proportion of tumors lacking
estrogen receptor does not change during the transition from
CIS to invasive breast cancer, one interpretation is that loss of
the receptor influences CIS development but not the transi-
tion to invasive cancer. Even though tumor progression
appears to be influenced by the loss of estrogen receptor
expression, this gene does not behave as a typical tumor sup-
pressor. In particular, the lack of expression in tumors is not
associated with mutation of the gene or loss of heterozy-
gosity. Rather, loss of expression appears to be due to repres-
sion of transcription through hypermethylation of nearby
CpG islands, which are found in the transcriptional control
region (promoter) of a gene.94 This form of down-regulation
of gene expression inactivates tumor suppressors, such as p16,
in a variety of tumors.95

Which oncogenes are altered in breast cancer?

The early analysis of genetic alterations in sporadic breast can-
cer focused on oncogenes. The two oncogenes that are com-
monly altered are the erbB-2/HER-2/neu oncogene and cyclin
D oncogenes.96,97 These genes are overexpressed in both CIS
and invasive carcinoma of the breast.98–100 The basis for over-
expression is often amplification of the gene; however, overex-
pression is often seen in the absence of gene amplification.
Other oncogenes are also altered by amplification in invasive
breast cancer. They include EGFR, c-myc, and IGFIR.

What tumor suppressors are altered 
in breast cancer?

The most commonly mutated tumor suppressor in breast
cancer is p53.31 Although an inherited mutation of p53 is a
rare cause of cancer, p53 is mutated in nearly half of all inva-
sive breast tumors.31,46 Immunohistochemical analysis of p53
in ductal CIS also indicates a similar proportion of altered
tumors.101,102 Of course, BRCA1 and BRCA2 are mutated in
tumors of patients who inherited a defective copy of one of
these genes, but these two genes are not mutated in sporadic
breast cancer.103,104 However, silencing of BRCA1 transcription
due to methylation of the BRCA1 promoter is detected in
about 10% of unselected cancers and is particularly prevalent
in medullary and mucinous carcinomas.105 E-cadherin is
mutated in a high fraction of lobular carcinomas and is
methylated and silenced in a large proportion of ductal carci-
nomas.106,107 PTEN protein expression is not detected in about
one third of sporadic carcinomas.108 In addition, the tumor
suppressors Rb and p16 are rarely mutated.109,110

How do these oncogenes and tumor 
suppressors normally function in the cell?

The oncogenes that are altered in breast cancer and some of
the tumor suppressors all share one major feature. They are
key components of signal transduction pathways that regulate
the cell cycle by controlling the entrance into S phase20,50 (Fig.
2–8). In particular, erbB-2/HER-2/neu, EGFR, c-myc, cyclin D,
Rb, and p16 are all part of a pathway that responds to EGF (as
well as other growth factors), which stimulates the cell to
divide. PTEN is a negative regulator of signals that emerge
from cell surface receptors.

How does p53 normally function?

The function of p53 is quite distinct from the other oncogenes
and tumor suppressors. Instead of regulating the cell cycle,
this gene appears to monitor and preserve genomic integrity.62

Cells lacking p53 become genomically unstable and quickly
lose the ability to maintain the correct number of chromo-
somes.63 The p53 gene responds to genetic damage by stalling
the cell in G1, S, or G2 phase of the cell cycle to prevent mito-
sis before repairs on the damaged DNA can be made59 (see 
Fig. 2–5B). Alternatively, after sensing damage, p53 can induce
the cell to undergo apoptosis.25
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How do genetic changes correlate with 
breast cancer development?

Breast cancer evolves over many years and is likely to involve
the mutation of many genes. The natural history of the disease
is unclear but may occur as follows: a normal breast epithelial
cell acquires genetic damage that leads to a clonal prolifera-
tion of cells that eventually evolves into a CIS. The in situ

lesion then matures to an invasive carcinoma, which in turn
metastasizes to the lymph nodes and other organs111 (Fig.
2–9). Current models of tumor progression for colon cancer
correlate alterations of genes with the different phases of
tumor development.112 The simplistic model of breast tumor
progression presented here (see Fig. 2–9) attempts to integrate
much of the molecular information attained to date.

What is the earliest point in tumor 
development associated with genetic 
alterations?

The earliest genetic alterations have been observed in mor-
phologically normal breast lobules and ducts near the site of a
primary tumor113 (see Fig. 2–9). Similar structures distant
from the tumor have no genetic changes. The alterations
observed are large chromosomal deletions (LOH). These nor-
mal-appearing breast cells may be precursors of the nearby
tumor because identical losses are seen in the more advanced
lesion. These foci of histologically normal cells may have been
the direct precursor of an invasive breast cancer or may have
passed through the intermediate step of CIS. Nevertheless, no
genes that are necessary for the early steps in tumor develop-
ment have been identified.

What genetic changes are associated with 
carcinoma in situ?

Many genetic alterations have occurred by the time CIS has
developed. These include alterations of the estrogen receptor,
p53, erb-2/HER-2/neu, and cyclin D.31 In addition, CIS is usu-
ally genetically unstable, as evidenced by the high frequency of
aneuploidy and alteration of both p53 and cyclin D.100–102

These data have three important implications. First, the many
mutations seen at this stage of development indicate that these
lesions have gone through many rounds of clonal selection
and are many steps away from their normal epithelial precur-
sors. Second, the level of genetic instability seen in these
lesions implies that selective pressure for the tumor to invade
the basement membrane is likely to ultimately allow for the
emergence of an invasive clone. Third, the frequency of alter-
ations of estrogen receptor, p53, erb-2/HER-2/neu, and cyclin
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D apparently peaks with CIS, which implies that most of the
genetic steps in the tumor’s development occur before inva-
sion. On the other hand, although CIS differs tremendously
from normal breast epithelial cells, CIS apparently differs 
little from invasive breast cancer.

What are the genetic changes associated with 
invasive and metastatic breast cancer?

Little is known about what genetically distinguishes CIS from
invasive breast cancer. One clue is that loss of PTEN expres-
sion appears to occur in carcinomas and is rarely seen in CIS.
Similarly, no genetic lesions have been identified that mark the
transition to metastasis. However, a distinct gene expression
pattern is associated with tumors that are destined to become
metastatic.114 This suggests that one or more programs of gene
expression are altered in tumor to favor metastasis.

Are there other genes altered 
in breast cancer?

Our understanding of the genetic basis for the pathogenesis of
breast cancer is incomplete. In the past 15 years, great strides
have been made to delineate some of the pathways targeted for
mutation. Most of these alterations seem to occur in pathways
affecting proliferation and genomic stability. Nothing is
known of the initiating events in sporadic breast cancer, nor
has the actual chain of genetic events been determined 
for familial tumorigenesis involving BRCA1 or BRCA2.
Identification of a breast stem cell population should lead to 
a better understanding of breast epithelial development.
Aberrant expansion of breast stem cells may provide the basis
for tumor initiation and expansion.115,116 Furthermore, no
genes that are responsible for the transition from CIS to inva-
sive carcinoma have been identified, although one locus has
been implicated in this transition. Finally, the transition from
locally invasive to metastatic disease is also likely to be associ-
ated with specific genetic alterations. Characterization of
these genetic events will define the pathogenesis of breast can-
cer and hopefully produce the rational targets for drug 
therapy that are needed to improve patient care.
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this may be found in a number of living species. For example,
duck-billed platypuses have mammo-pilo-sebaceous units,
which secrete milk that is lapped by their hatchlings from the
ends of specialized hairs; koala bears form vestigal mammary
hairs that regress as nipples form; and squirrels show bilateral
development of sensory hairs and nipples from the same 
original epidermal anlage.1 Molecular evidence suggests 
that lactation evolved from cutaneous secretions serving as
antimicrobial protectants and as egg supplements.1 Prolactin,
the hormone that stimulates milk protein expression,
belongs to the inflammatory cytokine gene family, and the a-
lactalbumin subunit of the lactose synthetase enzyme re-
sembles lysozyme, an antimicrobial component of egg yolk.

The ability of the mammary gland to promote bone resorp-
tion is thought to have evolved from ancient mechanisms
involving estrogenic mobilization and transfer of maternal
skeletal calcium reserves to eggshell in birds and to egg vitel-
logenin in freshwater fish.2 Mammary glands mobilize bone
calcium by secreting parathyroid hormone–related protein
(PTHrP). This protein was discovered as a tumor product that
induced humoral hypercalcemia of malignancy (HHM), a
metabolic complication of many cancers. Expression of
PTHrP within primary breast tumors is predictive of bone
metastases. PTHrP is proposed to promote osteotropism by
enabling breast cancer metastases to carve a foothold and
simultaneously release growth factors from bone. Thus, bone
tropism of breast cancer metastases may be considered 
an unintended consequence of a physiologic mechanism 
that evolved to trigger bone resorption for the purpose of
lactation.2

How do mammary glands develop in the 
embryo?

PTHrP is essential for the earliest stages of embryonic mam-
mary development. Mammary glands form during early
embryonic development as bilateral epidermal placodes that
coalesce and invaginate to form mammary buds (Fig. 3–1).
Epithelial cells within the mammary buds secrete PTHrP,

CHAPTER 3

Molecular, Cellular, and
Developmental Biology 
of Breast Cancer
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Breast is a dynamic gland that undergoes considerable post-
natal development and dramatic, cyclic morphologic changes
throughout a woman’s reproductive life. The temporal and
spatial synchronization of these events requires endocrine and
paracrine signals as well as a host of self-regulatory con-
straints. The chain of command begins with temporal signals
from globally dispersed hormones. These are sensed by cells,
discretely positioned throughout the breast, expressing hor-
mone receptors. Hormone receptor–positive cells respond to
hormones by producing highly localized growth factors that
activate their receptors on neighboring cells. This in turn gen-
erates intracellular signals that produce the expression of
cytoskeletal, adhesion, and extracellular matrix proteins as
well as protein involved in tissue remodeling, cell cycle, and
apoptosis.

Cancer research has approached breast biology with two
major goals: to identify proteins that could serve as prognostic
indicators or tumor cell markers and to curb breast cell prolif-
erative pathways. Yet breast tumors grow slowly, developing
with long latency, and mortality from breast cancer relates
principally to metastatic spread and high rates of tumor recur-
rence. Cancers arise from inherited or acquired mutations.
An increasing number of genetic mouse models, which pro-
vide powerful and incisive tools to dissect the consequences of
such mutations, have suggested links between normal devel-
opment and pathology of mammary gland. Moreover, a recent
focus on stem cell biology has highlighted potential connec-
tions between normal breast stem-progenitor cells and cancer
stem cells that are thought to be responsible for tumor recur-
rence. This chapter focuses on a selection of proteins and
processes implicated in breast cancer viewed through the lens
of their normal role in breast development and function.

Does the evolution of mammary glands 
suggest a mechanism for breast cancer 
metastases to bone?

Mammary glands are epidermal appendages that likely
evolved from hair-associated apocrine glands.1 Evidence for
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which induces underlying stromal cells to become mammary
mesenchyme.3 Mammary mesenchymal cells signal back,
inducing the epidermis to form nipple skin and suppress hair
follicle formation.3 PTHrP induces mesenchymal expression
of androgen receptor (AR) and the transcription factor Lef-1,
which is critical for elongation and formation of the rudi-
mentary mammary tree.3 Male fetal androgens stimulate
mammary mesenchymal cells to constrict around the mam-
mary bud, leading to its degeneration. PTHrP-/- and Lef-1-/-

mice fail to specify the mammary mesenchyme, extend the
mammary ductal tree, or show sexual dimorphism.3,4 This
phenotype is seen in Blomstrand chondroplasia, a form of
human dwarfism resulting from mutations in the PTHrP
gene.5 During embryogenesis in females, the mammary bud
elongates and branches to form a rudimentary mammary tree
that remains quiescent until puberty.

What are the normal roles of estrogen, 
growth hormone, and insulin-like growth 
factor in pubertal mammary development?

Pituitary and ovarian hormones produced during puberty
induce proliferation of cap cells occupying multilayered club-
shaped structures known as terminal end buds (TEBs) (Fig.
3–2). This results in rapid ductal elongation and progressive
branching6 (see Fig. 3–1). Both estrogen and growth hormone
(GH) are required for this to occur.7 These hormones act 
synergistically on stromal cells to induce insulin-like growth
factor-1 (IGF-1).8 This protein appears to be the critical
paracrine effector because ductal extension does not proceed
in the absence of IGF-1, even when estrogens and GH are
present.7 At the end of puberty, TEBs disappear, and the gland
again becomes dormant.

What are the contributions of estrogen 
to breast cancer?

Alveola-like eruptions appear transiently in response to hor-
monal surges in estrogen and progesterone accompanying
estrus or ovulation. The number of ovulatory cycles is a sig-
nificant risk factor in breast cancer, suggesting that such tran-
sient hyperplasia could be important in the etiology of breast
tumors. However, because epithelial estrogen receptor (ER) 
is required for progesterone receptor (PR) expression, it is
presently unclear whether ovulation-induced hyperplasia is
stimulated by estrogen or progesterone.9 Estrogen’s role in
breast cancer was first noted when oophorectomy in pre-
menopausal women resulted in tumor regression.10 The role
of estrogen in breast cancer was further supported by the
observation of enhanced risk for breast cancer associated with
early menarche, late first full-term pregnancy, late menopause,
or oral contraception use. This has been interpreted as result-
ing from increased lifetime exposure to estrogen. However, the
finding of the Women’s Health Initiative Trial that estrogen-
only hormone replacement therapy does not increase the risk
for breast cancer suggests that these earlier epidemiologic data
need re-evaluation regarding the potential detrimental role of
progesterone in these processes.11

Estrogen’s biologic activities are mediated through ER,
which occurs in a and b isoforms. In normal breast, ER-
positive cells are seldom associated with markers of prolifera-
tion. Estrogen is thought to exercise its mitogenic effects by
stimulating further paracrine signals.12 In breast cancer, ER
expression and proliferative markers overlap. About 70% of
breast cancers express ER, and ER-positive breast tumors pro-
liferate in response to estrogen when implanted into athymic
nude mice.12 The acquisition of proliferative capacity by ER-
positive cells occurs at the earliest stages of tumorigenesis and
therefore appears to contribute to breast tumor formation.12

In the absence of estrogen, ER is complexed with chaperone
proteins (Hsp90, p23, Cyp-40, and FKBP52) that modulate ER
DNA binding abilities. In the presence of estrogen, ER 
dissociates from chaperone proteins that bind to estrogen
response elements (EREs) in the 5¢-flanking regions of
estrogen-responsive genes and initiates transcription in 
conjunction with coactivators (SRC-1, GRIP1, AIB1). ER
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Figure 3–1 Diagram of the development of the mammary gland
during puberty and pregnancy indicating some of the major sig-
naling proteins involved. The mammary bud forms on about
embryonic day 13 when epithelium, under the control of parathy-
roid hormone–related protein (PTHrP) and lymphoid-enhancer
binder factor 1 (Lef1), grows down into the mammary mes-
enchyme and branches to form the small ductal structure present
at birth. The gland stays quiescent until puberty, when estrogen
receptor (ER), growth hormone (GH), and insulin-like growth fac-
tor (IGF) induce ductal elongation. In early pregnancy, proges-
terone receptor (PR) and Wnt4 stimulate side branching.
Alveologenesis occurs in mid to late pregnancy and is controlled
by b-catenin (bcat), CCAAT-enhancer binding protein beta
(C/EBP), STAT5 (Signal transducer and activator of transcription),
prolactin (PRL), cyclin D1 (cycD1), and receptor activator of NF-
Kappa B ligand (RANKL). At the cessation of lactation, involution
is mediated by matrix metalloproteinases (MMPs), STAT3, and
IGF-binding protein (IGBP), where the gland undergoes remodel-
ing to resemble a virgin gland.



coactivators function by recruiting a histone acetyltransferase
(CBP/p300) and basal transcription machinery (RNA poly-
merase, TBP, TFIIB). EREs are found in many promoters, and
a large number of estrogen-responsive genes have been
described (http://research.i2r.a-star.edu.sg/promoter/Ergdb-v11/
index.htm). Genes encoding growth factors, such as IGF-1, and
cell cycle regulators cyclin D1 and c-myc are important tran-
scriptional targets in the mitogenic response of breast to estro-
gen. In addition to its transcriptional targets, ER may also
affect growth through “nongenomic activity.” An alternative
plasma membrane–associated ER is proposed to stimulate
growth through activation of the mitogen-activated protein
kinase (MAPK) pathway by forming complexes with the
MNAR scaffold protein and src, or with shc.13 Despite the
demonstrated mitogenic effects of estrogen, ER-positive
tumors are associated with better clinical outcome than 
ER-negative tumors, likely because ER also stimulates breast
differentiation and contributes to epithelial stability and archi-
tecture by indir-ectly regulating expression of the E-cadherin
breast tumor suppressor gene (discussed subsequently).

ER expression predicts tumor responsiveness to selective
estrogen receptor modifiers (SERMs) such as tamoxifen and a
related drug, raloxifene. SERMs have been used successfully as
anti-cancer adjuvant therapies against hormone-responsive
breast cancer.10 They compete with estrogen for ER binding
and act in a tissue-specific manner as estrogen agonists or
antagonists. ER crystal structures indicate that the receptor
adopts different conformations when bound to specific lig-
ands (estrogen, tamoxifen, and raloxifene).14,15 The type of
steroid receptor coregulator in the tissue determines the
effects of the ligand. For example, in the breast cancer cell line
MCF7, both tamoxifen and raloxifene recruit corepressors
and histone deacetylases (HDACs) to inhibit transcription of
estrogen-stimulated genes, such as c-myc and IGF-1. However,
in the uterus, tamoxifen, but not raloxifene, recruits the SRC-
1 coactivator and promotes transcription of these genes.16

This explains the observations of the STAR (Study of
Tamoxifen and Raloxifene) trial in which tamoxifen, but not
raloxifene, increased the risk for uterine cancer in breast can-
cer patients treated with these drugs. Although SERMs are
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Figure 3–2 Diagram of a terminal end bud showing the major pathways involved in ductal extension during puberty. Estrogen and
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epidermal growth factor; TGFa, transforming growth factor-a.



effective adjuvant therapies, reducing the incidence of ER-
positive breast cancer and significantly prolonging survival,
the benefits of these drugs are complicated by significant
increases in gynecologic cancer and in cardiovascular deaths.
In addition, most patients who show an initial response 
to SERMs eventually develop resistance to the treatment.
Alternatively, aromatase inhibitors, such as anastrozole, which
inhibits estrogen production rather than selectively modulat-
ing ER activity, have been effective. The ATAC (Arimidex,
Tamoxifen, Alone or in Combination) trial has shown that
anastrozole is superior to tamoxifen in reducing the incidence
of contralateral invasive breast cancers. Anastrozole is better
tolerated and induces fewer cardiovascular events and
endometrial carcinomas. Side effects include bone loss from
estrogen deprivation.17

What are the connections between cell–cell 
adhesion proteins and breast cancer?

Mammary ductal and alveolar epithelia are arranged in two
layers (Fig. 3–3). Epithelial cells (expressing keratins 8, 18, and
19) line the central lumen and are surrounded by myoepithe-
lial cells (expressing keratins 5 and 14) that directly contact
the basal lamina. Cells in both layers are connected by cad-
herins (calcium-dependent cell–cell adhesion proteins). These
proteins are essential for cell adhesion and exert profound
effects on cell polarity, growth factor–mediated cell survival,
and cell migration. Luminal cells adhere to one another by E-
cadherin, and myoepithelial cell adhesion is mediated by P-

cadherin.18,19 Luminal and myoepithelial layers interconnect
through the desmosomal cadherins, desmogleins (Dsg 2/3),
and desmocollins (Dsc 2/3). Each of these proteins has a doc-
umented role in mammary development and breast cancer.

E-cadherin, the best characterized breast tumor suppressor
protein, mediates luminal cell–cell adhesion.20 It also stabilizes
growth factor receptors, sustains survival signals, and is
required for the formation of tight junctions, which maintain
cell polarity and seal the alveolar lumen during lactation.21

Loss of E-cadherin-/- in the mouse mammary gland causes
precocious apoptosis and involution during late pregnancy.22

Germline mutations in the E-cadherin gene, CDH1, mildly
predispose individuals to breast cancer. Loss of heterozygosity
(LOH) of 16q22.1, which contains CDH1, is the second most
frequent somatic genetic event in sporadic breast cancer,
occurring in both lobular breast cancer and ductal carcinoma
in situ (DCIS).23 LOH with subsequent inactivating mutations
in CDH1 occurs in 50% of lobular breast cancers and is used
as a diagnostic indicator of this type of tumor. LOH also
occurs early in the more common grade 1 DCIS and preinva-
sive lobular carcinoma in situ (LCIS) but is not accompanied
by further CDH1 inactivating mutation.23–28

Abundant evidence links poor E-cadherin expression 
with tumor invasion and metastasis, which has been corre-
lated with metastasis and poor prognosis.23 Increasing E-
cadherin expression reduces the invasive capacities of cells 
in vitro by restoring cell–cell adhesion, sequestering the 
b-catenin proto-oncogene, and elevating expression of the
p27 cell cycle inhibitor. However, several studies of human
breast cancer cell lines have shown that decreased E-cadherin
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Figure 3–3 Diagram of a cross-
section through mammary duct
showing expression of markers com-
monly used to distinguish myoep-
ithelial and luminal cell populations.
Adherens junctions contain P-
cadherin between myoepithelial
cells and E-cadherin between lumi-
nal epithelial cells. Desmosomal
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stem cell antigen-1 (SCA1), and
musashi. EpCAM, epithelial cell
adhesion molecule; ER, estrogen
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expression level is not an absolute predictor of tumor invasive
and metastatic behavior and that derivative metastases 
frequently show strong E-cadherin expression.29–31 In con-
trast, increased expression of other cadherins, N-, P-, and 
OB- (osteoblast cadherin 11), correlates with experimental
parameters of invasion and metastasis. Little is known about
expression patterns of these cadherins in normal breast,
but they have been noted in several invasive breast cancer 
cell lines.29–32 P-cadherin-/- mice show precocious mammary
development, suggesting that loosening of myoepithelial 
cell junctions may be a key event precipitating alveologene-
sis.18 P-cadherin expression is associated with high histologic
grade of ER-negative DCIS and invasive carcinomas.19 N-
cadherin is proposed to enhance motility and epithelial-
to-mesenchymal transition (EMT) by stabilizing the 
surface expression of the fibroblast growth factor receptor-1
(FGFR-1), enhancing its responsiveness to fibroblast growth
factor-2 (FGF-2), and sustaining activation of the MAPK
pathway.33 This, in turn, increases expression of matrix
remodeling agents, such as matrix metalloproteinase-9
(MMP-9).33

The intracellular domain of cadherins associates with
catenins.26 a-Catenin, which connects the adhesion complex
to the actin cytoskeleton, is down-regulated in breast cancer.31

b-Catenin, which forms a modulatable link between cad-
herins and a-catenin, shows aberrant expression and phos-
phorylation in human breast cancer and induces mouse
mammary adenocarcinomas.34–37 Reduction in cell adhesion
due to down-regulation of the desmosomal cadherin, Dsc 3,
or the desmosomal plaque proteins desmoplakin and plako-
globin has been reported in poorly differentiated and invasive
ductal carcinomas.36,38

What do slug and snail transcription 
factors have to do with metastasis? 
Is estrogen good or bad?

Studies have suggested that estrogen regulates epithelial 
architecture through modulating E-cadherin.39,40 Estrogen-
activated ER indirectly stimulates expression of MTA3, a com-
ponent of Mi-2/NuRD, nucleosome-remodeling complex.39

This represses expression of snail, a transcription factor and
master regulator of epithelial-to-mesenchymal transition.
Snail, like its related transcription factors slug and SIP,
represses transcription from the E-cadherin promoter.41 Snail
expression correlates with infiltration by ductal carcinomas
and down-regulation of the aromatase gene.42 Slug expression
correlates with lack of E-cadherin transcripts in breast cancer
cell lines.43,44 Estrogen is hypothesized to maintain epithelial
architecture by constraining these transcriptional repressors
of E-cadherin expression.39,40 Studies in Drosophila species
have also identified genetic connections between taiman, the
homologue of the estrogen coactivator amplified in breast
cancer (AIB1), cadherin expression, and cell migration.45–47

Thus, evidence is accumulating that estrogens, ER, and estro-
gen coactivators function to regulate cell morphology and
migration in addition to proliferation. Each of these factors
likely functions in the continual remodeling that is required of
normal breast throughout the mammary cycle, but when dys-
regulated, each promotes invasion and metastasis, which lie at
the root of breast cancer mortality.

What are the contributions of growth 
hormone and insulin-like growth factor 
to breast cancer?

IGF-1 is a potent mitogen that is essential during puberty for
ductal proliferation and extension. Estrogens induce IGF-1, its
receptor IGFR-1, and the downstream signaling molecules
insulin receptor substrate-1 (IRS-1) and IRS-2, leading to
enhanced epithelial survival in response to IGF-1.48 IGF-1 is
also a key survival factor for the breast epithelium during 
lactation.49 Involution, following cessation of lactation, is 
triggered by STAT3–induced expression of an IGF-binding
protein (IGF-BP), which provokes breast epithelial apoptosis
by sequestering the IGF survival factor.50 High IGF-BP levels
have been associated with both increased and decreased risk
for premenopausal breast cancer.51 Increased levels of GH and
IGF-1 are found in premenopausal breast cancer, and IGFRs
are increased 40-fold.51,52 IGFR-1 represses apoptosis that
would result from the unbridled activity of other oncopro-
teins.53 Its antiapoptotic effects may also negatively affect 
therapies dependent on radiation-induced cell death and
underlie resistance to HER-2 inhibitors, such as trastuzumab
(Herceptin), that develop under selective pressure of breast
cancer treatment.52

What is the role of the HER family in 
mammary development and breast cancer?

All four members (HER-1–4) of the HER/erbB/EGFR gene
family are expressed in breast.54 The HER genes encode trans-
membrane receptors that bind growth factors and initiate
internal mitogenic signal transduction pathways through their
tyrosine-kinase domains. Although they are potent breast
mitogens, they can also stimulate apoptosis when overex-
pressed.53 HER-1 binds epidermal growth factor (EGF), trans-
forming growth factor-a (TGF-a), and amphiregulin. HER-1
and HER-4 bind betacellulin, epiregulin, and HBEGF. HER-3
and HER-4 bind neuregulins 1 to 4.55 Many of these ligands
are lipid bound in precursor form to the surface of the cells
that produce them. Their polarized expression, cleavage, bind-
ing to heparin sulphate proteoglycans, and subsequent recep-
tor internalization are important points of regulation that
affect the initiation and duration of their signals. HER-2 and
HER-3 are unusual in that so far no HER-2 ligand has been
identified and HER-3 lacks intrinsic kinase activity.54

On binding to ligand, members of the HER receptor family
dimerize and phosphorylate specific tyrosine residues within
their cytoplasmic domains. Each receptor contains specific
phosphorylation sites that form binding sites for different
downstream signaling molecules. Phosphorylation can lead 
to the association of Src-homology 2 proteins (SH2) and
phosphotyrosine-binding domain proteins (PTBs), such as
Src, PLCg, and PI3K, and to adaptor proteins, such as Shc,
Grb2, Grb7, and Nck.54 These proteins link to intracellular sig-
naling pathways, including the MAPK/ERK1. Downstream
mediators also provide ample opportunity for integration
with TGF-b and BMP2 signaling through MAPK-mediated
phosphorylation of the Smad pathway.

The complexities introduced by receptor dimerization, lig-
and redundancy, and multiple levels of signal regulation make
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defining the roles of individual HER proteins in breast biology
challenging. This remains a work in progress. However, the
following generalizations may be made. Epithelial amphireg-
ulin and stromal HER-1/2 heterodimers play significant roles
in ductal extension and maintain the survival of periductal
stromal cells. During pregnancy, HER-1 TGF-a heterodimers
affect side branching and alveologenesis. The naturally occur-
ring HER-1 hypomorph, waved-2 mouse, shows impaired 
lactation. HER-3 and the neuregulins play a major role 
in proliferation and differentiation, and HER-4 is critical for 
lactation.55

Deregulated expression of HER-1 and HER-2 occurs 
frequently in breast cancer and may provide routes to 
estrogen-independent growth. HER-2 is amplified in 30% of
breast cancers, and this overexpression results in ligand-
independent activation of its kinase domain.56 Expression of
activated or wild-type HER-2 under the control of the MMTV
promoter in mice causes tumors, supporting the hypothesis
that HER-2 is important in tumorigenesis.57,58 MMTV-HER-2
tumors form with long latency, resemble human comedocar-
cinomas, and can develop metastasis to the lung.58

HER-2 is the preferred dimerization partner for other 
family members and is required for activating downstream
signaling of the kinase-dead HER-3 receptor. High levels of
phosphorylated HER-3 are frequently found in tumors over-
expressing HER-2, and this particular heterodimer appears to
be the most potent.58 Activation of HER-2/3 recruits PI3K,
which promotes the antiapoptotic AKT/PKB survival pathway
and stimulates proliferation through effects on cyclin D3 and
p27 elements of the cell cycle machinery. These observations
have led to the use of antibodies directed against HER-1
(C225), HER-2 (Herceptin), and the HER-2/3 heterodimer
(2C4) and to the development of small molecule inhibitors of
HER-1 ZD1839 (Iressa) and OSI774.59

Overexpression of HER-2 also promotes invasion and
metastasis. It may achieve this either by inhibiting E-cadherin
transcription or by sequestering b-catenin.25,60 HER-2 may
also increase invasiveness by associating with ASGP2, the
transmembrane component of MUC4, a protein that steri-
cally hinders cadherin-mediated cell adhesion.61 HER-2 has
been proposed to increase cell motility by stimulating expres-
sion of MMP-9, uPA, and uPAR through MAPK pathways.

What changes take place in mammary 
glands during pregnancy? What are the 
roles of progesterone receptor and its 
paracrine pathways in breast cancer?

During pregnancy, mammary glands undergo extensive duc-
tal side branching followed by alveolar development. These
morphologic changes are accompanied by sequential expres-
sion of the milk proteins: WDNM1, casein, whey acid protein
(WAP), and a-lactalbumin. Genetically engineered mice have
provided definitive evidence of signaling pathways regulat-
ing these proliferative and differentiating processes as well as
increased risk of cancer. Mice lacking progesterone receptor
(PR-/-) or Wnt-4-/- show impaired ductal side branching,
whereas those overexpressing Wnt-1 show increased branch-
ing.62,63 This form of increased branching is a premalignant
condition. P-cadherin-/- mice or those overexpressing b-
catenin, cyclin D1, or one of several MMPs show precocious

alveolar development, again a premalignant condition.18,35,64–66

In contrast, mice expressing b-catenin suppressors or lacking
cyclin D1, RANKL/osteoprotegerin (OPGL), or the transcrip-
tion factor C/EBP-b are impaired in alveologenesis.67–71 Mice
lacking prolactin receptor (PrlR-/-) or STAT5a-/- show
impaired development and milk synthesis.72–74 The fact 
that several of these mice develop tumors suggests links
between activation of developmental pathways and breast
cancer.35,65,66,75,76

Hormone receptors (ER, PR, and PrlR) are expressed uni-
formly in virgin epithelial cells but adopt an intermittent
expression pattern in adults.77 This change is critical for 
proliferation and further development and is dependent 
on the transcription factor C/EBP-b.71,78,79 Proliferative cells 
lack steroid hormone receptors but reside near hormone-
responsive cells.12,80,81 Thus, steroid receptor–positive cells 
may represent a stem-progenitor cell or a niche that acts as a
sensor to influence the activity of nearby steroid receptor–
negative stem or progenitor division-competent cells.82 An
increased incidence of breast cancer in postmenopausal
women receiving combined hormone replacement therapy
(estrogen plus progesterone), compared with those receiving
estrogen only, suggests that prolonged stimulation of PR may
predispose to breast cancer.11 Tumors that are positive for PR,
however, have a better prognosis because they must also
express ER and are therefore likely to respond to SERMs. In
the current model of breast development, receipt of proges-
terone by PR-positive cells stimulates release of paracrine
growth factor survival signals, including IGF-II, RANKL, and
Wnt-4.83,84 These factors are prime candidates to mediate 
hormone-independent proliferation of tumors. IGF-II expres-
sion is responsive to hormone stimulation and is constitu-
tively expressed in estrogen-independent MDA-MB-231 breast
cancer cells. RANKL, a key osteoclast differentiation or activa-
tion factor that is essential for bone remodeling, is secreted by
breast during pregnancy.70 RANKL interaction with its recep-
tor RANK results in activation of NFk-B and up-regulation of
cyclin D1, both of which are highly expressed in many breast
tumors.84 Ectopic expression of Wnt-1, which is presumed to
mimic the endogenous Wnt-4 gene, rescues the PR-/- block in
side-branching and induces mammary adenocarcinomas.63,85

What is the evidence that cancer stem cells 
are central to breast cancer development 
and progression?

The long time lag (up to 30 years) in breast cancer incidence
following radiation exposure in atomic bomb victims has
strongly suggested that long-lived and possibly immortal
stem-progenitor cells are targets for transformation. Further
circumstantial evidence in support of this concept comes
from high rates of breast cancer in women exposed to radia-
tion during adolescence, a time when stem cells reside close to
the surface of the epidermis and hence are more exposed to
damage. The concept that breast tumors arise from transfor-
mation of stem cells, or from transformation of differentiated
cells that revert to stem cell–like behavior, is of paramount
importance for the design of therapeutic strategies.86,87

Current radiotherapy and chemotherapies target rapidly
dividing cells, and their effectiveness is measured by their abil-
ity to reduce tumor mass and induce tumor regression by
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apoptosis. As such, they effectively kill the differentiated and
harmless progeny of stem cells, which form the tumor bulk,
and quickly become limited in their effectiveness by the emer-
gence of therapy-resistant cancer cells. Similarly, adjuvant
therapies such as tamoxifen are directed at the ER-positive or
HER-2-positive differentiated cells. They are not tailored to
target stem cells, which by their nature are slowly dividing and
resistant to apoptosis owing to higher levels of expression of
the antiapoptotic factor BCL-2 and of multidrug resistance
channels, such as breast cancer–related protein-1 (BCRP1),
which efficiently export chemotherapeutic agents.86–91 Stem
cells therefore remain, causing tumor recurrence. Tumors
contain heterogenous mixtures of different cell types.
However, studies in mouse models of breast cancer have
shown that all cells within a tumor contain the same genetic
mutational fingerprint, supporting their origin from a com-
mon precursor.92 Nevertheless, very few of these cells are 
capable of reforming tumors.93,94 Such a subset of cells may 
be considered “tumor stem cells” that produce heterogenous
progeny, of limited tumorigenic capacity, that form the tumor
bulk.86,87,93,94 Studies have shown that epithelial-specific 
antigen (ESA-positive, CD44-positive, CD24-negative, lineage
marker-negative) cells, isolated from nine different human
breast tumors, are enriched 50-fold in their ability to form
xenografted tumors compared with unsorted cells. Signi-
ficantly, these cells are perpetuated within serial transplants
and reproduce the heterogenous complexity of the original
tumor, suggesting that they possess the twin stem cell capabil-
ities of self-renewal and the ability to generate differentiated
progeny.94

Where are mammary stem cells and their 
cancer-prone progenitors?

The relationship between tumor stem cells and normal stem
cells is implied but not proven. Identification of mammary
stem cells has been approached from many angles.
Transplantation studies established that stem cells, dispersed
throughout the mammary epithelial tree, are capable of
regenerating an entire gland.95,96 The presence of “small light
cells” (SLCs), which occupy a niche intermediate between
luminal and myoepithelial cell layers (see Fig. 3–3), correlates
with regenerative capacity of such serial transplants.97 These
cells are capable of mitosis but are generally quiescent and dis-
play other stem cell–like features, including undifferentiated
ultrastructural characteristics; an ability to retain BrdU label
(indicating a low proliferative rate); expression of putative
stem cell markers, such as Sca-1, p21, a6-integrin, ESA, cyto-
keratin 19, telomerase, and musashi; and lack of differentia-
tion markers.98,99 Recent work has applied the Hoechst dye–
effluxing technique to the mammary gland. This approach 
led to isolation of hematopoietic stem cells by fluorescence-
activated cell sorting into a side population (SP). Mammary
SP overlaps with SLCs and label-retaining cells.99,100 A further
approach has been to analyze cells capable of perpetuating
three-dimensional mammosphere cultures, a technique that is
proposed to select for stem cells. Gene expression profiles of
such cells have revealed the presence of many proteins com-
mon to hemopoietic, neural, and embryonic stem cells.101

It is currently a matter of debate as to whether mammary
stem cells are ER positive or ER negative.12,80,81 In addition to

stem cells, the mammary gland appears to regenerate itself
through a hierarchy of progenitors, which may also be targets
for oncogenic transformation. Mammary gland contains
three types of lineage-limited progenitor cells. In serial trans-
plantation studies, these give rise to outgrowths composed of
ducts, alveoli, or both, the latter case indicating the presence of
a common bipotent progenitor for ductal and alveolar struc-
tures.96 In each case, outgrowths contain both luminal and
myoepithelial cells. Wnts and their downstream signal trans-
ducer b-catenin play key roles in expanding specific mam-
mary stem-progenitor populations.26,35,82,92,102 b-catenin expands
an alveolar progenitor population and induces tumors when
ectopically expressed in mammary gland.35,82 Inactivating
mutations or down-regulation of Wnt and b-catenin sup-
pressors, such as FRP, AXIN, and APC, and high levels of
expression of b-catenin target genes, such as cyclin D1 and 
c-myc, have been reported in a significant proportion of
human breast tumors.26 These studies suggest a connection
between mammary stem-progenitor cell expansion and can-
cer susceptibility.

What is the involvement of cell cycle 
proteins in breast cancer?

An alternative view is that breast cancer is a disease of abnor-
mal or uncontrolled proliferation resulting from deregulated
growth factor signaling or aberrations in cell cycle control
machinery. Thus, a great deal of interest has focused on the
potential role of cell cycle elements in breast cancer. The cell
cycle (Fig. 3–4) comprises four phases: G1(gap 1), S (DNA
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synthesis), G2, and M (mitosis), in which cells duplicate their
chromosomes and divide in two. Progression through this
cycle is promoted by cyclin-dependent kinases (CDKs), which
are positively regulated by cyclins and negatively regulated by
CDK inhibitors. Cyclins are synthesized at different times in
the cell cycle and are rapidly degraded by protein complexes
that target them for proteasomal destruction. D-type cyclins
provide a fundamental link between mitogens such as erbB-2
and ras, which activates the MAPK cascade, and the cell cycle
machinery. D-type cyclins interact with CDK4 and CDK6 to
drive the progression of a cell through early and mid G1 phase.
They promote the activity of cyclin E–CDK2, which forms an
active complex in late G1 and directs entry into S phase, by
sequestering the p21 and p27 inhibitors. Both cyclin D–CDK4
and cyclin E–CDK2 phosphorylate Rb, leading to the dissoci-
ation of E2F transcription factor from the pRb–E2F complex.
E2F activates genes necessary for further cell cycle progres-
sion. S-phase progression to G2 is directed by the cyclin
A–CDK2 and cyclin A–CDK1 complexes. Lastly, cyclin
B–CDK1 complex is necessary for the entry into mitosis.

Cyclin D1 is the most studied cell cycle protein in breast
cancer. Cyclin D1 serves an essential role in alveologenesis, as
demonstrated by the failure of alveoli to expand during late
pregnancy in cyclin D1-/- mice.69,103 The cyclin D1 gene is
amplified in 10% of breast cancers, and cyclin D1 protein is
elevated in a further 40%.104 The significance of these correla-
tive findings in humans is bolstered by the observation that
MMTV–cyclin D1 mice develop tumors, albeit with long
latency and at low frequency.64 Mammary glands of cyclin 
D1-/- mice are resistant to transformation by oncogenic ras
and HER-2/neu.105 Thus, ras and HER-2 signal exclusively
through cyclin D1 to provoke hyperplasia and tumors. In con-
trast, although cyclin D1 is up-regulated in human tumors
displaying nuclear b-catenin and in MMTV–Wnt-1 and b-
catenin mouse tumors, the latter form tumors in the absence
of cyclin D1 and indeed are suppressed to some extent by its
presence.82,105 The involvement of cyclin D1 in tumor forma-
tion or promotion is currently a matter of debate. The partial
rescue of the cyclin D1-/- phenotype by placing the cyclin E
gene under the control of the cyclin D1 promoter or by loss of
the p27 cell cycle inhibitor gene has suggested that cyclin D1
functions solely to advance the cell cycle. However, recent data
have shown that cyclin D1 has additional roles in differentia-
tion.106,107 Indeed, patients with tumors expressing high levels
of cyclin D1 generally have a better outcome. Cyclin D1 can
act as a transcriptional coactivator of estrogen receptor and
associate with and antagonize the transcriptional functions of
C/EBP-b.106 Statistical investigation of a large panel of human
tumors shows a tight association of cyclin D1 up-regulation
with a set of C/EBP-b–regulated genes, suggesting that this
function contributes significantly to tumor progression.106

C/EBP-b has several different isoforms. Cyclin D1 antagonizes
the full-length form, LAP, which acts as a constitutive repres-
sor of cyclin D1 target genes. A shorter dominant negative iso-
form of C/EBP-b, LIP, mimics the effects of cyclin D1 on these
transcriptional targets. The LAP/LIP ratio is tightly regulated
and increases during terminal differentiation. This ratio is
decreased markedly in breast tumors owing to increased levels
of LIP.108

Cell cycle inhibitors, such as p27 and p21, have also received
attention as potential prognostic indicators. Their expression
has been correlated with proliferation and differentiation.

Thus, p27 and p21 inhibit cyclin E–CDK-2 and arrest the cell
cycle by halting G1 progression. However, they facilitate the
formation and action of cyclin D1–CDK-4, promoting differ-
entiation. The p27-/- mice show multiorgan hyperplasia. In
addition, p27 is rarely mutated in breast cancer, but the cell
cycle inhibitory action of this protein is often impaired
through accelerated degradation, sequestration by cyclin
D–CDK complexes and mislocalization. Reduction of p27
does not alone cause cancer but accelerates tumor formation
by tumor promoters. Many studies have suggested that loss of
p27, or cytoplasmic p27, is a strong independent predictor of
decreased disease-free survival and correlates with ER-positive
status and high cyclin D1 expression.109 However, others have
suggested that p27 has no prognostic value.109 Increased
cytosolic p21 is associated with poor prognosis and is an early
event in many neoplasias.110 It is highly expressed in stem 
cells and is responsible for maintaining them quiescent.98

Furthermore, p21 arrests growth after DNA damage to allow
repair. Thus, p21-deficient tumors are sensitive to radiation.
Attenuating p21 in tumor cells can lead to an increased 
susceptibility to currently used DNA-damaging thera-
peutic agents, suggesting this may be a viable target for cancer
therapy.

What role do apoptotic and survival pathways 
play in involution and breast cancer?

After weaning, the mammary alveolar epithelium undergoes
apoptosis, causing the mammary gland to involute, resuming
an appearance similar to that of the pubertal ductal tree.6

Studies in mice have shown that proteins that play a normal
physiologic role as survival signals for the breast epithelium
during lactation or as apoptotic or adipogenic signals during
involution play significant roles in human breast cancer.

The p53-/- mice fail to induce p21 at the end of lactation,
resulting in a reduced apoptotic response and delayed involu-
tion.111 Sixty percent of p53-/+ mice produce significant 
numbers of mammary tumors after about 50 weeks, and
mammary epithelial cells derived from p53-/- mice produce
mammary tumors when transplanted into wild-type fat-
pads.111 The long latency with which these tumors develop
indicates the need for other genetic events. Inactivating muta-
tions in p53 are the most common mutation of sporadic
breast cancer, being present in about 60% of tumors.112

Germline mutation of p53 is found in less than 1% of breast
cancers and is not accompanied by LOH.112 Thus, p53 defi-
ciency promotes mammary tumors in mice and humans, and
loss of one allele is sufficient to increase risk. Germline muta-
tions in p53 are present in Li-Fraumeni syndrome, which is
characterized by an increased risk for many cancers, including
an 18-fold higher risk for developing breast cancer before the
age of 45 years.113

In addition, p53 forms a tetrameric transcription factor
that plays important tumor suppressor roles guarding the
integrity of the genome. Its levels are tightly regulated by a
complex feedback mechanism involving its transcriptional
target mdm2, which binds to p53 and facilitates its ubiquiti-
nation and hence proteolysis (Fig. 3–5). Although p53 levels
are kept low by this mechanism, p53 is stabilized and activated
in response to stressful stimuli such as DNA damage or
hypoxia. It induces cell cycle arrest and apoptosis in response
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to these stresses by regulating expression of p21 and Bax,
respectively. In addition, p53 has 3¢, 5¢ exonuclease activity
that contributes to fidelity of DNA replication. Thus, in the
absence of functional p53, cells are retained that are gene-
tically damaged and genomically unstable.112

The observation that p53+/- mice replicate Li-Fraumeni
syndrome only when bred onto a BALB/c background indi-
cates the importance of modifier genes that cooperate in
tumor progression. Cooperativity between p53 and BRCA1
and BRCA2 in the rate of tumor incidence has been demon-
strated by crossing mice deficient for these genes. Inactivation
of p53 is seen in less than 90% of BRCA-mediated breast can-
cers. Crosses between mice depleted in p53 and those overex-
pressing HER-2/neu, ras, and Wnt-1 show accelerated tumor
incidence.111

Mice with targeted deletion of STAT3 within the mammary
gland show reduced expression of IGF-binding proteins,
reduced apoptosis, and delayed involution.114 Thus, the physi-
ologic role of STAT3 within the mammary gland is to regulate
the early apoptotic stage of involution through inhibition of
IGF-1 survival signals. STAT3 transcriptionally regulates genes
involved in both apoptosis and the cell cycle and therefore can
function as an oncogene or tumor suppressor depending on
the cellular context. Cytoplasmic expression of STAT3 and
phosphorylated (Tyr705) STAT3 is seen in a large number of
breast cancers but does not correlate with survival. However,
activated nuclear STAT3 (23% of tumors) and phospho-
STAT3 (45% of tumors) predicts significantly improved sur-
vival.115 These observations support the possibility that STAT3
acts as a tumor suppressor in breast, consistent with its 
physiologic role in the gland in promoting apoptosis and
involution.

Mice expressing constitutively activated AKT under the
MMTV promoter show delayed involution and apoptosis.
AKT lies downstream of PTEN and HER signaling through
the PI3K survival pathway and therefore is activated in many
breast cancers. Activated AKT phosphorylates p27, preventing
nuclear import and cyclin–CDK complex formation, thereby
leading to tumor progression.116

What is the involvement of DNA repair 
genes in breast cancer?

Germline mutations in several DNA repair genes have been
linked to inherited predisposition to breast cancer. The
BRCA1 gene (17q21), isolated in 1994, accounts for almost
95% of familial breast and ovarian cancer but for less than 5%
of all breast cancers. Somatic mutations are rare, but promoter
hypermethylation is thought to occur in a significant propor-
tion of sporadic breast cancers, and loss of the BRCA1 protein
is reported in high-grade ductal carcinomas. BRCA1 serves
multiple roles as a tumor suppressor in breast cancer tumori-
genesis by coordinating multiple processes required for the
maintenance of genomic integrity during DNA replication. It
interacts directly and indirectly with many proteins, including
DNA repair components (RAD50 and RAD51, BRCA2, p53,
ATR and ATM, and BRCA1-associated surveillance complex
[BASC]) and a large number of cell cycle and checkpoint con-
trol proteins (Rb, Esf1 E2F, c-Myc, and p53).117 Loss of BRCA1
function is associated with defects in S-phase checkpoint and
G2-to-M transition. BRCA1-deficient cells are radiation sensi-
tive and defective in the rate of homologous recombination.118

In addition, BRCA1 forms complexes with transcriptional
activators and repressors, participates in chromatin remodel-
ing (RNA polymerase II, RHA, HDAC complex, and CtIP),
and may function in ubiquitination.119,120 BRCA2 (13q12-13),
discovered in 1995, bears no resemblance to BRCA1.121 It
functions exclusively in DNA repair by homologous recombi-
nation through interaction with RAD51, a key component of
the double-strand break repair pathway. BRCA2 is proposed
to sequester RAD51 in an inactive state and to facilitate
RAD51 binding to single-stranded DNA at double-strand
breaks. In the absence of BRCA2, critical events in the initia-
tion of homologous recombination are impaired, and repair
and replication errors accrue with each cell cycle. BRCA1-/-

mice die embryonically (~E8) with severe growth deficit 
and elevation of p21. Mice with conditional knockout of
the BRCA1 or BRCA2 gene in mammary gland fail to 
differentiate properly and develop tumors with long latency
(1.6 years).122,123

What other genes and gene expression 
profiles are associated with breast cancer?

In addition to BRCA1 and BRCA2, other breast cancer sus-
ceptibility genes are proposed to exist on 8p11-21 and
13q21.124 Several rare genetic syndromes account for about
1% of familial breast cancer. The PTEN gene is mutated in
80% of patients with Cowden syndrome, and truncating
mutations confer a 25% to 50% increased lifetime breast can-
cer risk. Germline and somatic mutations in PTEN are rare in
the general population, but LOH occurs in 11% to 40% of
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sporadic breast cancers. Truncating mutations in the LKB1
gene, found in Peutz-Jeghers syndrome, confer increased
breast cancer risk on patients with this syndrome. Mutations
in the APC gene confer increased risk for developing breast
cancer in patients with familial adenopolyposis coli, in the
Min mouse model of this disease, and are found in a small
percentage of sporadic breast tumors. A number of polymor-
phisms increase breast cancer susceptibility. These include
polymorphisms in the p53 and mdm2 genes that increase and
decrease susceptibility and rare alleles of HRAS: cytochrome
P-450 genes CYP1A1, CYP2D6, and CYP19; vitamin D re-
ceptor; and glutathione-S-transferase genes GSTM1 and
GSTP1.125 These low penetrance genes add incrementally to
breast cancer risk.

Microarray technology has been deployed to classify breast
cancer into subtypes with specific gene expression pro-
files.126–131 Botstein and colleagues have classified breast
tumors into five subsets based on a marker profile indicative
of a predominant cell type: luminal type A, luminal type B,
basal epithelial, HER-2–positive, and “normal.”127 Their find-
ings support the concept that tumors arise from different
breast cell types. The luminal group had improved survival
rates, whereas the basal and HER-2–positive subtypes had the
worst survival rates. Basal cells have been proposed to repre-
sent bipotent stem-progenitor cells that give rise to both lumi-
nal and myoepithelial lineages. BRCA1 tumors display basal
cell phenotypes. HER-2–positive cells are usually ER negative,
a known indicator of poor survival.130,131 This report also
noted that gene expression patterns do not change substan-
tially between early DCIS and later stages, indicating that the
various molecular events in breast tumor progression occur
before metastasis.129 A second study by van’t Veer and col-
leagues identified a set of 70 genes that together form a “poor
prognosis signature.”128 These include cell cycle, invasion,
metastatic, and angiogenic markers. Patients with the poor
prognosis signature had almost half the likelihood of remain-
ing free of metastases or of surviving 10 years compared with
those of the “good prognosis” category. This gene expression
signature predicts disease outcome with 83% accuracy, per-
forming better than St. Gallen’s and National Institutes of
Health’s (NIH) standards, which use histologic and clinical
criteria.132 However, the false-negative rate with this profile
would result in undertreatment for 9% of patients and there-
fore requires further refinement before it can be used within a
clinical setting. Several studies have evaluated the prognostic
and predictive value of gene expression profiles found within
early-stage breast cancer. Currently, issues of lack of validation
of gene sets across platforms point to the need for further
investigation and refinement of this otherwise promising
approach.

What other cells promote tumorigenesis?

Although 90% of tumors are epithelial in origin, communica-
tion between different cell types within breast can contribute
to tumor progression and metastasis. Myoepithelial cells
modify the behavior and organization of epithelial cells.133 For
example, mammary epithelial cells plated onto plastic fail to
differentiate. Addition of myoepithelial cells to the culture
leads to correct apical polarization, tight junction formation,
and differentiation.134–136 Myoepithelial cells are thought to

achieve this by secreting basement lamina components, such
as laminin, and by regulating the access of luminal cells to
these proteins. Normal myoepithelial cells have been proposed
to act as natural tumor suppressors. Myoepithelial cells from
human breast tumors fail to interact with epithelial cells and
induce epithelial organization and show impaired laminin
production capabilities.137 Cells attach to proteins of the basal
lamina, including collagens, fibronectin, and laminins,
through members of the integrin family of cell surface recep-
tors that are composed of a and b subunits. Integrin engage-
ment by the ECM conveys critical survival and differentiating
signals to epithelial cells.138 They achieve these effects by syn-
ergizing with growth factors to cause sustained elevation of
signaling pathways, including MAPK, GSK-3b, and PI3-K.
The repertoire of integrins changes when cells become 
invasive. The importance of integrin-mediated survival sig-
nals has been vividly demonstrated in mice expressing
MMTV-polyoma middle-T antigen. Inactivation of b1-integrin
induced apoptosis and inhibited metastasis.

Stromal cells surrounding the epithelial ducts and
macrophages clustered in front of growing terminal end buds
promote proliferation of epithelial cells by secreting growth
factors, such as IGF-1, FGF-7, and CSF-1.139 In addition, stro-
mal cells can secrete proteins, such as scatter factor and hepa-
tocyte growth factor, which induce changes in cell shape and
motility, referred to as epithelial-to-mesenchymal transitions
(EMTs), which induce migration.140 Stromal cells further facil-
itate the processes of cell migration, extravasation, and metas-
tasis by secreting proteases that degrade and compromise the
basement membrane, remodel the extracellular matrix, and
release and activate ECM-bound growth factors. Epithelial
tumor cells stimulate stromal cells to secrete MMPs, a large
family of ECM-degrading proteins that include collagenases,
stromelysins, membrane-type MMPs, and gelatinases.141

Many are secreted in latent precursor forms that are activated
in a cascade fashion by other members of the family. MMP-3
and MMP-7 give rise to preneoplastic and malignant mam-
mary tumors, respectively, in mice, and MMP-3-/- mice show
decreased incidence of chemically induced tumorigene-
sis.66,142,143 MMP-2, MMP-9, and MMP-11 are more highly
expressed in invasive breast cancer than in premalignant and
normal breast, and a higher ratio of activated to latent forms
is present in breast cancer samples.144 MT-MMP, MMP-2, and
MMP-11 are secreted in the stromal compartment around
tumors. MMP activity is regulated by a family of three tissue
inhibitors of metalloproteinase (TIMPs), and the balance
between MMPs and TIMPs likely regulates many aspects of
invasive and metastatic phenotype. Paradoxically, high levels
of TIMP-1 and TIMP-2 in breast tumors predict adverse out-
come for patients.144 The extracellular matrix surrounding
tumors is remodeled by the action of MMPs in a unique 
fashion that exposes “tumor-specific” collagen epitopes.145

The exposure of such cryptic epitopes assists migration and
metastasis and promotes the formation of new blood vessels,
a process known as angiogenesis.

What is the role of angiogenesis in breast 
cancer development and metastasis?

For tumors to grow to more than a few millimeters, an exten-
sive neovasculature must develop to supply the tumor with
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oxygen and nutrients. A consistent body of experimental and
clinical evidence has demonstrated the necessity of angiogen-
esis for the growth of solid tumors, including breast carcino-
ma.146,147 Angiogenesis is observed in all phases of breast
cancer from benign hyperplastic breast lesions to DCIS and
invasive ductal cancers.148,149 Tumor-associated angiogenesis is
a complex process dependent on a variety of growth factors
that are also associated with non-neoplastic vascularization
seen in wound healing, ischemic tissue, reproduction, and
development.150,151 Non-neoplastic vascularization is a tightly
regulated process balanced by angiogenesis activators (vascu-
lar endothelial growth factor [VEGF], FGF-2, platelet-derived
growth factor [PDGF]) and inhibitors (thrombospondin-1,
angiostatin, endostatin). In the developing tumor bed,
angiogenesis occurs when the balance of regulators favors
angiogenesis activators, which allows tumors to grow and
metastasize to the detriment of the host.152 The tumor vascu-
lar network is derived from two sources: sprouting of capillar-
ies from preexisting blood vessels and endothelial progenitor
cells (EPCs) that are mobilized from the bone marrow
(BM).153 Successful metastasis of a tumor is dependent on
angiogenesis at both primary and metastatic sites. In order for
a tumor cell to metastasize, it must gain access to the vascula-
ture. In highly angiogenic tumors, multiple contact points
between tumor cells and endothelial cells facilitates tumor cell
entry into the circulation.154

What initiates angiogenesis?

There have been several proangiogenic factors described, the
most potent of which is VEGF. Up-regulation of VEGF by a
tumor will result in stimulation of local endothelial ingrowth
into the tumor bed and recruitment of EPC to traffic from the
BM to the tumor bed. There are several potential mechanisms
for VEGF up-regulation in breast cancer. In the developing
tumor bed as the mass of rapidly dividing cells enlarges, oxy-
gen diffusion is limited, resulting in local hypoxia. Hypoxia 
is a potent angiogenic stimulus that triggers vessel growth
through hypoxia-inducible transcription factor (HIF). HIF
induces expression of the potent proangiogenic growth factor
VEGF and its receptor VEGF receptor-1 (VEGFR-1). Higher
levels of HIF are associated with more advanced pathologic
stage in breast cancer and are higher in poorly differentiated
tumors. Increased levels of HIF-1 are also associated with
increased expression of VEGF, suggesting that increased levels
of HIF-1 are potentially associated with more aggressive
breast cancers.155 HER-2/neu contributes to angiogenesis by
up-regulating VEGF expression.156 Breast cancer overexpres-
sion of MMP-9 promotes the release of sequestered VEGF
from the extracellular matrix.157 The net result of these early
local factors is up-regulation of VEGF production, which can
be found even in noninvasive high-grade DCIS.158

What factors are required for angiogenesis 
to progress?

The previous section should not be taken to suggest that
VEGF is the lone growth factor responsible for angiogenesis;
it merely outlines the most convincing data on the initiation
of angiogenesis in breast cancer. Once angiogenesis is initiat-

ed and the tumor begins rapid growth, a host of additional
factors, including FGF-2, Ang1, and placenta growth factor
(PlGF), act in concert to maintain the developing vascular
network. It is not clear why the balance favors proangiogenic
factors over angiogenesis inhibitors such as angiostatin, endo-
statin, or thrombospondin-1. The new developing vascular
channels are leaky in response to VEGF and allow extravasa-
tion of plasma proteins to provide a new matrix for endothe-
lial cell migration. EPCs are recruited from the bone marrow
by a complex sequence of events, whereby MMP-9 releases
membrane-bound Kit ligand (mKitL), allowing soluble Kit
ligand (sKitL) to induce trafficking of cKit-positive EPCs from
the BM to the tumor.159,160

What is the effect of neovascularization 
on prognosis?

Several methods have been proposed to measure tumor
angiogenesis.161,162 Microvessel density has been accepted as
the standard to evaluate the angiogenic potential of a
tumor.163 Using this technique, several studies have demon-
strated an inverse relationship between survival of patients
with breast cancer and angiogenesis measured by microvessel
density.147,164,165 The recognition that the level of tumor angio-
genesis may predict a poor outcome in invasive cancer is valid
for several solid malignancies. A unique finding in noninva-
sive breast cancer was that high-grade DCIS with increased
vascularity, measured by microvascular density, was more
likely to recur following resection.149 In another series,
inflammatory breast cancers expressed higher levels of proan-
giogenic mRNA (VEGF, flt-1, Ang1/2, Tie2) than noninflam-
matory breast cancers.166

An alternative measure of tumor angiogenic potential is the
number of circulating endothelial progenitors (CEPs) in the
peripheral circulation. CEPs are bone marrow–derived EPCs
that are found in the peripheral circulation, in transit from the
bone marrow as they traffic to the neovasculature of the
tumor bed.167,168 Resting and activated CEPs were found to be
significantly increased in the peripheral blood of patients with
breast cancer. CEPs decreased to healthy control levels follow-
ing curative surgical resection.167 Breast cancer patients have
been found to have a fivefold increase in these cells when com-
pared with non–tumor-bearing individuals. This observation
was confirmed in another study that found CECs to be
increased in cancer patients, including breast cancer patients,
with progressive disease when compared with patients with
stable disease.169 These data would suggest that breast cancer is
angiogenesis dependent even at the earliest stage and that the
switch to an angiogenic phenotype is associated with more
aggressive tumors.

What are the therapeutic implications of 
angiogenesis in breast cancer?

The ability to develop antiangiogenic strategies would be an
important new weapon to treat breast cancer. Agents that
inhibit angiogenesis have been shown to block tumor growth
and promote tumor regression in animal models.170,171 The
translation of laboratory observations that inhibition of
angiogenesis can block tumor growth and metastasis is now
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clinically applicable because angiogenesis inhibitors are being
used to treat cancer patients.172 One approach to breast cancer
treatment is to target the potent proangiogenic growth factor
VEGF. High tumor levels of VEGF have been associated with
recurrence of node-negative breast cancer and resistance to
radiation and systemic chemotherapy.173–175

Clinical trials of bevacizumab, a humanized monoclonal
anti-VEGF antibody (Avastin), suggest that inhibition of
angiogenesis is beneficial to patients with breast, renal cell,
and colorectal cancer, although this agent is presently only
approved for patients with colorectal cancer.176–178 As the 
clinical experience with angiogenesis inhibitors grows,
synergy between angiogenesis inhibitors and conventional
chemotherapy may be exploited.178 This is certainly one of the
more exciting areas in anticancer therapy and will likely affect
treatment in the near future.
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mammalian tissues contain small amounts of ER. The unique
characteristic of the hormone-dependent tissues is the magni-
tude of their ER content.

The ER is a member of a large nuclear hormone receptor
superfamily, of which more than 20 members have now been
identified; all bind steroid or nonsteroid ligands (retinoic acid,
vitamin D3). Steroid hormone receptors are located in the
interior of the cell, whereas polypeptide hormone receptors
are located on the cell surface. Receptors for estrogen, proges-
terone, and androgens are probably located in the nucleus.
Thyroid hormone receptors also reside in the cell nucleus.
Steroid receptors have a common domain structure with two
highly conserved regions: one in about the middle of the pro-
tein (known as domain C), which is involved in interaction
with DNA; and a C-terminal region (known as domain E/F),
which binds hormone. The ER carries out four functions: (1)
ligand binding (estrogen and antiestrogen), (2) dimerization,
(3) DNA binding, and (4) transcription activation. These 
four functions have been localized to distinct domains in the
protein9–13 (Fig. 4–1).

Upon binding estrogen, the ER is believed to bind as a
dimer to estrogen response element DNA, a 13-nucleotide
palindromic sequence, usually located in the 5¢-flanking
region of estrogen-responsive genes. The estrogen-occupied
receptor is then thought to interact with transcription factors
to modulate gene transcription14–16 (Fig. 4–2). The actions of
estrogens on the breast and uterus are antagonized by anti-
estrogens (e.g., tamoxifen), which bind to the ER in a manner
that is competitive with estrogen, but, unlike estrogens, do not
effectively activate gene transcription.17,18

What are the clinical uses of estrogen 
receptor levels?

ER levels are used to identify hormone-dependent breast can-
cers. This developed from the early observation that female
reproductive tissues take up and bind tritiated estrogens and
by the subsequent recognition that estrogens exert their 
biologic effect in combination with a receptor protein of
intracellular origin. An early study demonstrated that patients
with breast cancer who responded favorably to adrenalectomy

CHAPTER 4

Hormonal Influences 
on Oncogenesis and Growth
of Breast Cancer
Allan Lipton

The specific cause of breast cancer remains unknown, as it
does for many human cancers. Physicians looked to normal
breast development for clues as to what would make a breast
cancer grow and spread. It has long been recognized that some
human breast cancers are “hormone dependent.” The growth
of such tumors is influenced by fluctuations in the level of
steroid sex hormones, and the tumors undergo regression
after surgical removal of sex hormone–producing glands. As
early as 1836, Cooper1 observed a relationship between breast
tumor growth and the menstrual cycle. This relationship
between estrogens and breast cancer was strengthened by 
the report in 1896 by Beatson2 that regression of metastatic
lesions followed oophorectomy in premenopausal women.
For postmenopausal women, Huggins and Bergenstal3

demonstrated in 1952 that excision of the adrenal glands can
result in striking remissions of metastatic disease. Similar
results were obtained by Pearson and Ray4 following hypophy-
sectomy. In recent years, regression of metastatic disease has
been obtained using drugs that prevent production of estro-
gens by the ovaries or adrenal glands.5,6

The adult female breast is composed of epithelial lactiferous
ducts that terminate in secretory alveoli embedded in a
fibrous tissue framework and fat. Breast growth and develop-
ment are regulated by the interactions of many hormones and
growth factors, the most important of which is estrogen. In
fact, estrogens influence many organs in the body. These
include tissues of the reproductive system such as the breast
and uterus; cells in the pituitary, hypothalamus, and brain;
bone, where estrogens play an important role in maintenance;
the liver; and the heart, where estrogens exert a cardioprotec-
tive effect.

What is the estrogen receptor?

Investigations during the 1960s elucidated the mechanisms of
interaction of steroid hormones with their target tissues.
Female reproductive tissues were shown to contain a charac-
teristic estrogen-binding component, the estrogen receptor
(ER). These tissues took up and retained tritiated estrogens,
either after the administration of physiologic doses in vivo or
on exposure of excised tissues to the hormone in vitro.7,8 Most
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incorporated more radioactivity into their tumors when the
patients were injected with tritiated hexestrol than those who
did not respond.19 Subsequent studies have confirmed that
ER-positive breast cancer patients with metastatic disease are
more likely to respond to hormone treatment than are ER-
negative breast cancer patients.

A second use for ER is as a prognostic marker in patients
with primary breast cancer. Breast cancer patients with oper-
able lesions can be segregated into two prognostic subgroups
by ER status. An analysis of patients who had receptor assays
on their primary tumor showed that patients with ER-
negative tumors had recurrences at twice the rate of those
with tumors containing ER and were dying at a faster rate
than those with ER-positive tumors (Fig. 4–3). Furthermore,
this difference was independent of other potential prognostic
factors, including age or menopausal status, size of the pri-
mary tumor, axillary lymph node status, or treatment deliv-
ered after surgery.20,21

What other receptors are found 
in breast cancer?

Androgen receptors, glucocorticoid receptors, and proges-
terone receptors (PgRs) are found in many breast cancers.
They are thought to play a role in normal breast growth and
development. Their precise role in breast cancer development
is not known. Presumably, the effects of endocrine therapy
with pharmacologic doses of these agents are mediated
through their respective specific receptors. The presence of
PgR, along with ER, is more predictive of an endocrine-
responsive tumor than the presence of ER alone.22 Androgen
receptor has been found in 35% to 50% and glucocorticoid
receptor in up to 77% of breast cancers. Both are associated
with the presence of ER and PgR and are thought to be bio-
chemical markers of tumor differentiation.23–25 There is some
evidence that androgen receptors, glucocorticoid receptors,
GR, or both may correlate with response to endocrine 
therapy and with patient survival. At present, determination
of levels of these receptors does not improve on the predictive
value of ER and PgR and is thus not employed in routine 
clinical practice.

Normal breast development is also influenced by thyroid
hormone. Specific nuclear thyroid receptors have been identi-
fied in cultured human breast cancer cell lines. The prolifera-
tion of several human breast cancer cell lines is stimulated by
triiodothyronine. These findings have not resulted in clinically
significant observations.

How do hormones influence breast cancer 
development?

Hormonal factors are thought to play a major role in the cause
of breast cancer. In 1962, Bulbrook and colleagues26 suggested
that low excretion of androgen metabolites in the urine may
precede the onset of clinical breast cancer. More recently, it
was observed that bilateral oophorectomy before the age of 40
years reduced the breast cancer risk by at least 50%.27

Figure 4–1 Four functions of the estrogen receptor: ligand bind-
ing, dimerization, DNA binding, and transcription activation.
(From Katzenellenbogen BS, Fang H, Ince BA, et al. Estrogen receptors:
Ligand discrimination and antiestrogen action. Breast Cancer Research
and Treatment 1993;27:17–26.)

Figure 4–2 Biochemical mechanism of estrogen action in
human breast cancer cells. E, estrogen; ER, estrogen receptor;
PgR, progesterone receptor. (From Osborne CK. Receptors. In Harris
JR, Lippman ME, Murrow M, Hellman S [eds]. Breast Diseases.
Philadelphia, JB Lippincott, 1996, p 301.)

Figure 4–3 Overall survival of patients with stage I or II breast
cancer (calculated together) according to estrogen receptor (ER)
status. (Data from Osborne CK. Estrogen receptor and prognosis in
breast cancer. In McGuire WI [ed]. Breast Cancer, vol 4, Advances in
Research and Treatment. New York, Plenum, 1981, p 33.)
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Alterations in hormone levels are thought to influence
breast carcinogenesis through several mechanisms. One
hypothesis is that the total number of ovulatory cycles, and
thus exposure to higher estrogen levels, is the principal factor
contributing to the risk for breast cancer.28,29 Estrogen expo-
sure may contribute to carcinogenesis by increasing the rate 
of cell division and proliferation, thereby allowing for an
increase in the accumulation of random genetic errors.29,30

Another hypothesis is that the continued cell division and
proliferation resulting from multiple ovulatory cycles, princi-
pally between menarche and first birth, increases the suscepti-
bility of breast tissue to carcinogenic environmental insults.31

The duration of exposure to both endogenous and exogenous
estrogens is directly related to the risk for developing breast
cancer. The role of prolactin in breast cancer development has
been clearly established in the rat, but no clearcut role for pro-
lactin has yet been established in humans.

What menstrual and reproductive factors 
influence breast cancer risks?

1. Age at menarche. One of the most significant associations
established to date is age at menarche and subsequent
development of breast cancer. Early age at menarche has
been demonstrated as a risk factor for breast cancer in
most case-control studies. Each earlier year of onset of
menarche appears to add about 4% to 5% to the risk for
breast cancer.28,32 Women with early menarche (£12 years
of age) and rapid establishment of regular cycles have an
almost fourfold greater risk for breast cancer than women
with late menarche (≥13 years of age) and long duration of
irregular cycles.33,34

2. Age at menopause. Age at menopause is another factor in
breast cancer risk. Premenopausal women who undergo
oophorectomy dramatically lower their risk for breast can-
cer. As mentioned earlier, bilateral oophorectomy before
the age of 40 years reduces breast cancer risk by at least
50%.27 In similar fashion, women who experience natural
menopause (defined as cessation of periods) before age 45
years have only half the breast cancer risk of those in whom

menopause occurs after age 55 years.35 Each additional year
until menopause adds a risk of about 4%.35 The influences
of menarcheal and menopausal age may partly explain
some of the geographic variance in breast cancer incidence
around the world.36 For example, in Asian countries, the
age at menarche is later and menopause occurs earlier than
in the United States. The expected lower breast cancer inci-
dence is observed in Asian women.

3. Age at first term pregnancy. Parity and age at first birth are
other endogenous hormonal factors that influence breast
cancer risk. Nulliparous women are at greater risk for the
development of breast cancer than parous women, with a
relative risk of 1.4.37 The age at first birth is extremely
important for subsequent development of breast cancer.
Age younger than 20 years at first childbirth can reduce
breast cancer risk by about 50%, compared with first birth
beyond age 35 years.37–39 Abortion, whether spontaneous or
induced, before full-term pregnancy has no protective
effect and has been shown to increase breast cancer risk.40

Breast-feeding, once thought to decrease the risk for breast
cancer and then abandoned as a factor in decreasing breast
cancer risk, has been restudied and does appear to have a
small protective effect.41

Does the use of oral contraceptives predispose 
to the development of breast cancer?

Oral contraceptives were introduced in the 1960s and each
year are taken by millions of women. On the basis of proposed
hypotheses of breast carcinogenesis, a role for exogenous hor-
mones, such as oral contraceptives and hormone replacement
therapy, might be expected. Numerous studies examining the
association between exogenous hormones and the risk for
breast cancer have been published. The results are conflicting
and difficult to interpret because of changes in dose of hor-
mones over time and in methods of delivery (e.g., sequential
versus combination).

When the overall risk for breast cancer in birth control 
pill users has been studied in large populations, no increased
risk has been seen (Fig. 4–4). Despite this, there is continuing

Figure 4–4 The relative risk for being diagnosed
with breast cancer as a function of years of birth con-
trol pill (BCP) usage (summary of 17 studies). Almost
all studies cluster around a relative risk of 1, indicat-
ing no influence of birth control pills on the occur-
rence of breast cancer. (Data from Abeloff MD,
Lichter AS, Niederhuber JE, et al. Breast. In Abeloff MD,
Armitage JO, Lichter AS, et al. [eds]. Clinical Oncology.
New York, Churchill Livingstone, 1995, p 1626; adapted
from Schlesselman JJ. Cancer of the breast and reproduc-
tive tract in relation to use of oral contraceptives.
Contraception 1989;40:1–39.)



women with benign breast disease has been associated with an
increased risk for the development of breast cancer.61,62

Recently, a large prospective study was performed to deter-
mine the effect of a family history of breast cancer on other
risk factors for this disease. A cohort of 89,132 women aged 
30 to 55 years was followed for 14 years (1.1 million person-
years of follow-up). Reproductive factors were associated 
with different degrees of risk in women with and without a
family history of breast cancer.63 In women with a family his-
tory of breast cancer, there was little protection from later 
age at menarche; no protection from multiple births when
compared with nulliparity; and no protection from early, as
compared with later, age at first birth. The most significant
finding was a consistent increase in risk for breast cancer
among women with a mother or sister with a history of
the disease that was exacerbated by first pregnancy. This
adverse effect of pregnancy persisted to age 70 years. In con-
trast, among women with no family history of breast cancer,
first pregnancy was associated with a smaller risk. The greater
magnitude of the adverse effect of first pregnancy among
women with a positive family history of breast cancer is 
consistent with the hypothesis that a subset of these women
inherit genetic changes that are multiplied during cell pro-
liferation of first pregnancy. History of benign breast disease,
past use of oral contraceptives, and use of postmenopausal
hormones showed relative risks that did not differ between
women with a family history and those without a family 
history of the disease. In summary, among women with a fam-
ily history of breast cancer, many of the traditional reproduc-
tive risk factors should not be used to predict risk for breast
cancer.

Should women with a personal history of 
breast cancer receive hormone replacement 
therapy after menopause?

With more widespread use of mammography over the past
decade, more women are being diagnosed with very-
early-stage breast cancer. In addition, as adjuvant chemother-
apy and hormone therapy are employed more commonly 
in premenopausal women, increasing numbers of young
women will undergo premature menopause. These women
will live longer and be at greater risk for the complications 
of menopause. Should they receive estrogen replacement 
therapy?

Relatively few studies have been performed examining 
the risk for administration of estrogen replacement therapy 
to women with a history of breast cancer. Most studies are
nonrandomized and of small size and have a short duration 
of follow-up.64–69 A large study of breast cancer survivors in
Sweden was conducted.70 Patients were randomized to hor-
mone therapy for menopausal symptoms or placebo. The
study was halted when an increase in recurrent breast 
cancer was detected in the women receiving hormone therapy.
Thus, women who have had breast cancer should avoid 
hormones and find other ways to treat menopause.
Bisphosphonate treatment is one such alternative therapy.
Bisphosphonates such as Actonel and Fosamax can retard the
rate of bone loss and development of fractures in post-
menopausal women.

45Chapter 4. Hormonal Influences on Oncogenesis and Growth of Breast Cancer

concern about the potential risks in several subgroups. Several
studies have demonstrated an increased risk for breast cancer
in long-term users of oral contraceptives. Risk estimates range
from 1.7 for use longer than 8 years to 4.1 for use for 10 or
more years.42–46 One of the largest case-control studies, the
Cancer and Steroid Hormone Study,47 found no association
between breast cancer and oral contraceptive use for women
up to the age of 54 years. A risk was again found only among
a subgroup of women, that is, those who experienced menar-
che before age 13 years and who had used oral contraceptives
for at least 10 years before the birth of their first child.48 At
present, oral contraceptive use appears to be safe and benefi-
cial to women, especially women older than 25 years and
women who have already had their first pregnancy.

Are replacement estrogens safe for 
postmenopausal women?

Many studies and meta-analyses have examined the possible
relation between estrogen replacement therapy and breast
cancer. Most studies have found no association between breast
cancer and short-term use of replacement estrogens (5 years
or less).49–52 Several meta-analyses have discovered an increase
in relative risk for development of breast cancer for each year
after 5 years of estrogen use.53–55 The highest risk calculated
was 1.3 (95% confidence interval, 1.2–1.6) for more than 15
years of use.51

Hormone use has dropped sharply since July 2002, when a
large study in the United States called the Women’s Health
Initiative was stopped ahead of schedule because it detected
an increased risk for breast cancer in women who took
Prempro, a widely used hormone combination.56 The
Women’s Health Initiative included 16,608 postmenopausal
women aged 50 to 79 years with an intact uterus at base-
line recruited by 40 U.S. clinical centers from 1993 to 
1998. Participants received conjugated equine estrogens,
0.625 mg/day, plus medroxyprogesterone acetate, 2.5 mg/day
in one tablet (n = 8506) or placebo (n = 8102). On May 31,
2002, after a mean of 5.2 years of follow-up, the Data and
Safety monitoring board recommended stopping the trial
because the test statistic for invasive breast cancer exceeded
the stopping boundary. The hazard ratio for breast cancer in
the patients who received hormone replacement therapy was
1.26 (166 invasive cancers on Prempro versus 124 on placebo).
The 26% excess of breast cancer is consistent with estimates
from pooled epidemiologic data, which reported a 15%
increase for estrogen plus progestin use for less than 5 years
and a 53% increase for use for more than 5 years. In summa-
ry, overall health risks exceeded benefit from use of combined
estrogen plus progestin for an average 5.2-year follow-up
among healthy postmenopausal U.S. women.

Does a family history of breast cancer affect 
other risk factors for this disease?

Older studies suggest that the use of estrogen replacement
therapy by postmenopausal women with a positive family 
history of breast cancer has been associated with an elevated
risk for breast cancer.57–60 In similar fashion, estrogen use in
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Is pregnancy advisable after a diagnosis 
of breast cancer?

This question is frequently asked by patients because adjuvant
oophorectomy in the surgical management of breast cancer is
not common, and women are bearing children in later years.
About 7% of women who are fertile after mastectomy have
one or more pregnancies, and 70% of these pregnancies occur
within the first 5 years.71

Several studies have examined the influence of pregnancy
before, during, or after a diagnosis of breast cancer, but in each
study, the number of women was relatively small. In these
studies, there was no adverse effect on relapse rate or survival
associated with subsequent pregnancy.72–77 In fact, in one
recent study, there is a suggestion of a decreased incidence of
distant metastases in women who became pregnant after their
breast cancer.78

When counseling women about becoming pregnant after
breast cancer, the clinician needs to consider that the reports
of the effect of pregnancy on breast cancer prognosis are of
limited sample size and include select populations. We cannot,
at this time, be certain about the effect of pregnancy. Most
women are advised to wait 2 to 3 years before becoming preg-
nant to allow aggressive disease to become manifest. Despite
these limitations, the consistent lack of an adverse influence of
pregnancy on breast cancer prognosis should reassure young
women with breast cancer who want to have children.

What effect do growth factors have on 
breast cancer?

About two thirds of breast malignancies are dependent on
estrogens for growth, but not all breast cancers that express
the ER respond to hormone manipulation. Furthermore,
many breast cancers that initially express ER gradually
become hormone independent and capable of sustaining
themselves without the need for estrogenic stimulation. What,
then, promotes the growth of the estrogen-independent breast
cancer cell?

Growth factors are polypeptides that regulate cell growth by
binding to specific receptor molecules in the plasma mem-
brane and stimulating receptor-mediated activation of intra-
cellular signal transduction pathways. More than 60 growth
factors have been described. The main group of non-
hematopoietic growth factors mediate their effects by means
of receptors containing an intrinsic protein, tyrosine kinase.
Growth factor receptors are transmembrane glycoproteins.
They have an extracellular ligand-binding domain, a trans-
membrane portion, and an intracellular tyrosine kinase
domain; these domains mediate signal transduction into
growth regulatory pathways. The binding of ligand alters the
state of the receptor (monomeric to oligomeric), and this
stimulates the internal tyrosine kinase domain to carry out
transphosphorylation of other cell proteins. This results in
activation of a cascade of biochemical reactions collectively
referred to as the signal transduction pathways. These pathways
initiate cell cycle traversal and differentiation (Fig. 4–5).

Growth factors are found in all tissues of the body.
Simultaneous production of a growth factor and expression of

its specific receptor by the same cell is called autocrine growth.
When the growth factor for a particular cell is produced by a
neighboring cell, this is called paracrine growth. This latter
type of interaction can be between cells of the same or differ-
ent histologic type. For example, breast cancer cell lines can be
stimulated by insulin-like growth factor-2 (IGF-2), which is
produced by fibroblasts in adjacent normal tissues. Platelet-
derived growth factor (PDGF) produced by breast cancer cells
can in turn activate the fibroblasts, which bear PDGF recep-
tors, but not breast cancer cells, because they do not express
PDGF receptors.

Many primary human tumors and human tumor cell lines
express high levels of growth factor receptors and are capable
of producing the relevant growth factors, thus establishing
conditions necessary for autocrine or paracrine growth stim-
ulation. Membrane receptors for prolactin, insulin, IGF-1,
epidermal growth factor (EGF), and transforming growth 
factor-b (TGF-b) have been identified in cultured human
breast cancer cell lines and also in human breast cancer biop-
sy specimens. Expression of high levels of growth factor recep-
tors in primary human tumor specimens correlates with a
poor clinical outcome for these patients. For example, high
epidermal growth factor receptor (EGFR) levels predict a poor
prognosis in adenocarcinoma of the breast, transitional blad-
der cancer, and squamous cell lung carcinoma.79–82 In similar
fashion, increased expression of HER-2/neu/c-erbB-2 (a short-
ened molecule similar to EGFR) is associated with a worse
prognosis in breast and ovarian cancer.83–85

What is the significance of HER-2/neu
in breast cancer?

About one fourth of primary or metastatic breast cancers
overexpress HER-2/neu. As a result, some breast cancers 
that are ER positive also are HER-2/neu positive. They have 
an intact mechanism to be stimulated by either an estrogen 
or a growth factor pathway. Recent observations have 

Figure 4–5 Model depicting protein kinase and estrogen recep-
tor transcriptional synergism. AC, adenylate cyclase; ATP, adeno-
sine triphosphate; cAMP, cyclic adenosine monophosphate; P,
phosphorus; PKA, protein kinase A; PKC, protein kinase C; PLC,
phospholipase C; R, receptor; S, steroid; TK, tyrosine kinase.
(From Katzenellenbogen BS, Montano MM, LeGoff P, et al. Anti-
estrogens: Mechanisms and actions in target cells. J Steroid Biochem Mol
Biol 1995;53:390.)
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demonstrated that ER-positive, HER-2/neu-positive metasta-
tic human breast cancers are less likely to respond to hormone
therapy than are cancers that are only ER postive.86,87 This is
consistent with the in vitro observation that MCF-7 cells (ER
positive) become resistant to tamoxifen after they are trans-
fected with the HER-2/neu oncogene.88 Recent biochemical
evidence suggests that HER-2/neu activation can result in an
alteration of the ER. Treatment of cells that overexpress HER-
2/neu with estrogen decreases HER-2/neu mRNA, as well as
down-regulating the HER-2/neu product.89 Conversely, treat-
ment of ER-positive cells with HER-2/neu ligand leads to
decreased ER expression.90,91 This crosstalk between a poly-
peptide growth factor receptor–activated pathway and a hor-
mone receptor pathway appears to be a mechanism by which
the cell can become hormone independent. Preliminary
experiments suggest that blocking both pathways may result
in an enhanced antiproliferative effect.92

REFERENCES

1. Cooper AP. The Principles and Practice of Surgery. London, Cox, 1836,
pp 333–336.

2. Beatson GT. On the treatment of inoperable cases of carcinoma of the
mamma: Suggestions for a new method of treatment with illustrative
cases. Lancet 1896;2:104.

3. Huggins C, Bergenstal DM. Inhibition of mammary and prostatic can-
cer by adrenalectomy. Cancer Res 1952;12:134.

4. Pearson OH, Ray BS. Results of hypophysectomy in the treatment of
metastatic mammary carcinoma. Cancer 1959;12:85.

5. Cash R, Brough AJ, Cohen MNP, et al. Aminoglutethimide (Elipten-
CIBA) as an inhibitor of adrenal steroidogenesis. Mechanism of action
and therapeutic trial. J Clin Endocrinol Metab 1967;27:1239.

6. Lipton A, Santen RJ. Medical adrenalectomy using aminoglutethimide
and dexamethasone in advanced breast cancer. Cancer 1974;33:
503–512.

7. Jensen EV, DeSombre ER. Estrogen-receptor interaction. Science 1973;
182:126.

8. Jensen EV, DeSombre ER. The diagnostic implications of steroid bind-
ing in malignant tissues. Adv Clin Chem 1977;19:57.

9. Kumar V, Green S, Staub A, et al. Localization of the oestradiol-binding
and putative DNA-binding domains of the human oestrogen receptor.
EMBO J 1986;5:2231–2236.

10. Beato M. Gene regulation by steroid hormones. Cell 1989;56:335–344.
11. Evans RM. The steroid and thyroid hormone receptor superfamily.

Science 1988;240:889–895.
12. Carson-Jurica MA, Schrader W, O’Malley B. Steroid receptor family:

Structure and functions. Endocr Rev 1990;11:201–220.
13. Green S, Chambon P. The oestrogen receptor: From perception to

mechanism. In Parker M (ed). Nuclear Hormone Receptors. New York,
Academic Press, 1991, pp 15–38.

14. Ryffel GU, Klein-Hitpass L, Druege P, et al. The estrogen-responsive
DNA-element: Structure and interaction with the estrogen receptor. J
Steroid Biochem 1988;35:219–222.

15. Kumar V, Chambon P. The estrogen receptor binds tightly to its respon-
sive element as a ligand-induced homodimer. Cell 1988;55:145–156.

16. Meyer ME, Gronemeyer H, Turcotte B, et al. Steroid hormone receptors
compete for factors that mediate their enhancer function. Cell 1989;57:
433–442.

17. Katzenellenbogen BS, Miller MA, Mullick A, et al. Antiestrogen action
in breast cancer cells: Modulation, proliferation and protein synthesis,
and interaction with estrogen receptors and additional antiestrogen
binding sites. Breast Cancer Res Treat 1985;5:213–243.

18. Jordan VC, Murphy CS. Endocrine pharmacology of antiestrogens as
antitumor agents. Endocr Rev 1990;11:578–610.

19. Folca PJ, Glascock RF, Irvine WT. Studies with tritium-labelled hexo-
estrol in advanced breast cancer. Comparison of tissue accumulation of
hexoestrol with response to bilateral adrenalectomy and oophorectomy.
Lancet 1961;2:796.

20. Walt AJ, Singhakowinta A, Brooks SC, et al. The surgical implications of
estrophile protein estimations in carcinoma of the breast. Surgery 1976;
80:506.

21. Knight WA III, Livingston RB, Gregory EJ, et al. Estrogen receptor as an
independent prognostic factor for early recurrence in breast cancer.
Cancer Res 1977;37:4669.

22. McGuire WL, Horwitz KB, Pearson OH, et al. Current status of estro-
gen and progesterone receptors in breast cancer. Cancer 1977;39:
2934.

23. Bryan RM, Mercer RJ, Bennett RC, et al. Androgen receptors in breast
cancer. Cancer 1984;54:2436.

24. Ochi H, Hayashi T, Nakao K, et al. Estrogen, progesterone, and andro-
gen receptors in breast cancer in the Japanese: Brief communication. J
Natl Cancer Inst 1978;60:291.

25. Teulings FAG, Van Gilse HA. Demonstration of glucocorticoid recep-
tors in human mammary carcinoma. Horm Res 1977;8:107.

26. Bulbrook RD, Hayward IL, Spicer CC, et al. Abnormal excretion of uri-
nary steroids by women with early breast cancer. Lancet 1962;2:1238.

27. Adami H-O, Adams G, Boyle P, et al. Breast cancer etiology. Int J Cancer
Suppl 1990;55:22039.

28. Henderson BE, Ross R, Bernstein L. Estrogens as a cause of human can-
cer: The Richard and Hinda Rosenthal Foundation Award Lecture.
Cancer Res 1988;48:246–253.

29. Henderson BE, Ross RK, Pike MC. Hormonal chemoprevention of can-
cer in women. Science 1993;259:633–638.

30. Preston-Martin S, Pike MC, Ross RK, et al. Epidemiologic evidence for
the increased cell proliferation model of carcinogenesis. Prog Clin Biol
Res 1991;369:21–24.

31. DeWaard F. Prevention intervention in breast cancer, but when? Eur J
Cancer Prev 1992;1:395–399.

32. Henderson BE, Pike MC, Casagrande JT. Breast cancer and the estrogen
window hypothesis. Lancet 1981;2:363.

33. Henderson BE, Ross RK, Judd HL, et al. Do regular ovulatory cycles
increase breast cancer risk? Cancer 1985;56:1206.

34. Henderson BE, Gerkins V, Rosario I, et al. Elevated serum levels of
estrogen and prolactin in daughters of patients with breast cancer.
N Engl J Med 1975;293:790.

35. Trichopoulos D, MacMahon B, Cole P. The menopause and breast can-
cer risk. J Natl Cancer Inst 1972;48:605.

36. Kvale G, Heuch I, Eide GE. A prospective study of reproductive factors
and breast cancer. I. Parity. Am J Epidemiol 1987;126:831–840.

37. MacMahon B, Cole P, Lin TM, et al. Age at first birth and breast cancer
risk. Bull WHO 1970;43:209–221.

38. Ewertz M, Duffy S, Adami HO, et al. Age at first birth, parity and risk of
cancer: A meta-analysis of 8 studies from the Nordic countries. Int J
Cancer 1990;46:597–603.

39. Leon DA. A prospective study of the independent effects of parity and
age at first birth on breast cancer incidence in England and Wales. Int J
Cancer 1989;43:986–991.

40. Hadjimichael OC, Boyle CA, Miegs JW. Abortion before first live birth
and risk of breast cancer. Br J Cancer 1986;53:281.

41. Newcomb PA, Storer BE, Longnecker MP, et al. Lactation and a reduced
risk of premenopausal breast cancer. N Engl J Med 1994;330:81–87.

42. Miller D, Rosenberg L, Kaufman D. Breast cancer before age 45 and oral
contraceptive use: New findings. Am J Epidemiol 1989;129:269–280.

43. Bernstein L, Pike M, Krailo M, et al. Update of the Los Angeles study 
of oral contraceptives and breast cancer. In Mann R (ed). Oral
Contraceptives and Breast Cancer. London, Parthenon, 1990, p 169.

44. Meirik O, Lund E, Adami H. Oral contraceptive use and breast cancer
in young women. Lancet 1986;2:650–653.

45. McPherson K, Vessey M, Neil A. Early oral contraceptive use and breast
cancer. Results of another case-control study. Br J Cancer 1987;56:
653–660.

46. The Centers for Disease Control Cancer and Steroid Hormone Study.
Long-term oral contraceptive use and the risk of breast cancer. JAMA
1983;259:1591–1595.

47. Cancer and Steroid Hormone Study of the Centers for Disease Control
and the National Institute of Child Health and Human Development.
Oral contraceptive use and the risk of breast cancer. N Engl J Med
1986;315:405–411.

48. Schlesselman JJ. Cancer of the breast and reproductive tract in relation
to use of oral contraceptives. Contraception 1989;40:1–38.

49. Colditz GA, Stampfer MT, Willet AC, et al. Prospective study of oestro-
gen replacement therapy and risk of breast cancer in postmenopausal
women. JAMA 1990;264:2648–2653.



73. Rissanen PM. Pregnancy following treatment of mammary carcinoma.
Acta Radiol Ther 1968;8:415–422.

74. Holleb AL, Farrow JH. The relation of carcinoma of the breast and
pregnancy in 283 patients. Surg Gynecol Obstet 1962;115:65–71.

75. Sutton R, Buzdar AU, Hortobagyi GN. Pregnancy and offspring after
adjuvant chemotherapy in breast cancer patients. Cancer 1990;65:
847–850.

76. Cooper DR, Butterfield J. Pregnancy subsequent to mastectomy for
cancer of the breast. Ann Surg 1970;171:429–433.

77. Ariel IM, Kempner R. The prognosis of patients who become pregnant
after mastectomy for breast cancer. Int Surg 1989;74:185–187.

78. Von Schoultz E, Johannsson H, Wilking N, et al. Influence of prior and
subsequent pregnancy on breast cancer prognosis. J Clin Oncol 1995;
13:430–434.

79. Harris AL, Nicholson S, Sainsbury JRC. Epidermal growth factor recep-
tor: A marker of early relapse in breast cancer and tumor stage pro-
gression in bladder cancer interactions with NEU. In Furth M, Greaves
M (eds). The Molecular Diagnostics of Human Cancer, vol 7. Cold
Spring Harbor, NY, Cold Spring Harbor Laboratory Press, 1989, pp
353–357.

80. Sainsbury JRC, Malcolm AJ, Appleton DR, et al. Presence of epidermal
growth factor receptor as an indicator of poor prognosis in patients
with breast cancer. J Clin Pathol 1985;38:1225–1228.

81. Neal DE, Bennett MK, Hall RR, et al. Epidermal growth factor receptors
in human bladder cancer: Comparison of invasive and superficial
tumors. Lancet 1985;1:366–368.

82. Hendler F, Shum-Siui A, Nanu L, et al. Increased EGF receptors and the
absence of an alveolar differentiation marker predict a poor survival in
lung cancer [abstract]. Proc Am Soc Clin Oncol 1989;8:223.

83. Slamon DJ, Godolphin W, Jones LA, et al. Studies of the HER-2/NEU
proto-oncogene in human breast and ovarian cancer. Science 1989;244:
707–712.

84. Wright C, Angus B, Nicholson S, et al. Expression of c-erbB-2 oncopro-
tein: A prognostic indicator in human breast cancer. Cancer Res 1989;
49:2087–2090.

85. Gullick WJ. The role of the epidermal growth factor receptor and the 
c-erbB-2 protein in breast cancer. Int J Cancer 1990;5S:55–61.

86. Wright C, Nicholson S, Angus B, et al. Relationship between c-erbB-2
protein product expression and response to endocrine therapy in
advanced breast cancer. Br J Cancer 1992;65:118–121.

87. Leitzel K, Teramoto Y, Konrad K, et al. Elevated serum c-erbB-2 antigen
levels and decreased response to hormone therapy of breast cancer.
J Clin Oncol 1995;13:1129–1135.

88. Benz CC, Scott GK, Sarup JC, et al. Estrogen-dependent, tamoxifen-
resistant tumorigenic growth of MCF-7 cells transfected with HER2/
neu. Breast Cancer Res Treat 1992;24:85–95.

89. Read LD, Keith D Jr, Slamon DJ, et al. Hormonal modulation of HER-
2/neu proto-oncogene messenger ribonucleic acid and p185 protein
expression in human breast cancer cell lines. Cancer Res 1990;50:
3947–3951.

90. Pietras RJ, Arboleda J, Reese DM, et al. HER-2 tyrosine kinase pathway
targets estrogen receptor and promotes hormone-independent growth
in human breast cancer cells. Oncogene 1995;10:2435–2446.

91. Kumar R, Mandal M, Ratzlain B, et al. NDF induces expression of a
novel 46 kD protein in estrogen receptor positive breast cancer cells.
J Cell Biochem 1996;62:102–112.

92. Witters L, Kumar R, Chinchilli V, et al. Enhanced anti-proliferative
activity of the combination of tamoxifen plus HER-2/neu antibody.
Breast Cancer Res Treat 1997;42:1–5.

SECTION I. MOLECULAR AND EPIDEMIOLOGIC ISSUES48

50. Schairer C. Risk of breast cancer after menopausal estrogen: A meta-
analysis of the published literature to examine the effect of method of
classification. Cancer Detect Prev 1992;16:67–72.

51. Steinberg KK, Thacker SB, Smith SJ, et al. A meta-analysis of the effect
of estrogen replacement therapy on the risk of breast cancer. JAMA
1991;265:1985–1990.

52. Colditz GA, Egan KM, Stampfer MJ. Hormone replacement therapy
and risk of breast cancer: Results from epidemiologic studies. Am J
Obstet Gynecol 1993;168:1473–1480.

53. Armstrong BK. Oestrogen therapy after the menopause–boon or bane?
Med J Aust 1988;148:213–214.

54. Dupont WD, Page DL. Menopausal estrogen replacement therapy and
breast cancer. Arch Intern Med 1991;151:67–72.

55. Sillero-Arenas M, Delgado-Rodriguez M, Rodrigues-Canteras R, et al.
Menopausal hormone replacement therapy and breast cancer: A meta-
analysis. Obstet Gynecol 1992;79:286–294.

56. Writing Group for the Women’s Health Initiative Investigators: Risks
and benefits of estrogen plus progestin in healthy postmenopausal
women. JAMA 2002;288:321–333.

57. Hoover R, Glass A, Finkle WD, et al. Conjugated estrogens and breast
cancer risk in women. J Natl Cancer Inst 1981;67:815.

58. Hulka BS, Chambless LE, Deubner DC, et al. Breast cancer and estrogen
replacement therapy. Am J Obstet Gynecol 1982;143:638.

59. Nomura AMY, Kolonel LN, Hirohata T, et al. The association of
replacement estrogens with breast cancer. Int J Cancer 1986;37:49.

60. Wingo PA, Layde PM, Lee NC, et al. The risk of breast cancer in post-
menopausal women who have used estrogen replacement therapy.
JAMA 1987;257:209.

61. Hoover R, Gray LA, Cole P, et al. Menopausal estrogens and breast can-
cer. N Engl J Med 1976;295:401.

62. Ross RK, Paganini-Hill A, Gerkins VR, et al. A case-control study 
of menopausal estrogen therapy and breast cancer. JAMA 1980;243:
1635.

63. Colditz GA, Rosner BA, Speizer FE. Risk factors for breast cancer
according to family history of breast cancer. J Natl Cancer Inst 1996;88:
365.

64. Stoll BA. Hormone replacement therapy in women treated for breast
cancer. Eur J Cancer Clin Oncol 1989;25:1909–1913.

65. DiSaia PJ, Odicino F, Grosen EA, et al. Hormone-replacement therapy
in breast cancer. Lancet 1993;342:1232.

66. Powles TJ, Hickish T, Casey S, et al. Hormone replacement after breast
cancer. Lancet 1993;342:60–61.

67. Wile AG, Opfel RW, Margileth DA, et al. Hormone replacement 
therapy does not affect breast cancer outcome [abstract]. Proc Am 
Soc Clin Oncol 1991;10:58.

68. Cobliegh MA, Berris RF, Bush T, et al. Estrogen replacement therapy in
breast cancer survivors. A time for change. JAMA 1994;272:540–545.

69. Eden J, Bush T, Nand S, et al. The Royal Hospital for Women Breast
Cancer Study: A case-controlled study of combined continuous hor-
mone replacement therapy amongst women with a personal history of
breast cancer. North Am Menopause Soc 1995;2:66–72.

70. Holmberg L, Anderson H: HABITS (hormonal replacement therapy
after breast cancer—is it safe?), a randomised comparison: Trial
stopped. Lancet 2004;363:453–455.

71. Donegan WL. Pregnancy and breast cancer. Obstet Gynecol 1977;50:
244–251.

72. Harvey JC, Rosen PP, Ashikari R, et al. The effect of pregnancy on the
prognosis of carcinoma of the breast following mastectomy. Surg
Gynecol Obstet 1981;153:723–725.



age; when age and incidence are plotted logarithmically, a
straight line is seen, as in Figure 5–1 for colorectal cancer in
white U.S. women.8 The incidence of these common non–
hormone-dependent cancers rises continuously and increas-
ingly rapidly with age. The incidence at age t, I(t), of such a
cancer rises as the k power of age and can be written as I(t) =
constant ¥ t k.9 This pattern is consistent with such cancers
arising from a multistage process in which the stochastic rate
of change from stage to stage is relatively independent of age,10

consistent with modern molecular biology concepts of cancer
as a multistep process.

A similar logarithmic plot of age and breast cancer inci-
dence is shown in Figure 5–28; in contrast to non–hormone-
dependent cancers, this curve is best described as two straight
lines—a steeply sloped line until about age 50 years, followed
by a second line with a more gentle slope after this age. The
implication of this observation is that elements important in
the genesis of breast cancer decline at about 50 years of age.
Ovarian and endometrial cancers have the same complex rela-
tionship between age and incidence.11

Is age at menopause a risk factor for 
breast cancer?

Early natural menopause substantially reduces breast cancer
risk.12,13 Similarly, early bilateral oophorectomy reduces breast
cancer risk, an observation that effectively proves a cause-and-
effect relationship between ovarian function and breast cancer
risk. Menopause is the proximate cause of the complex rela-
tionship between age and breast cancer risk. If menopause 
did not occur, then the age-incidence curve for breast 
cancer would in all likelihood be similar to that for other adult
malignancies.

The data from the large case-control study of Trichopoulos
and colleagues14 are given in Table 5–2, whereby artificial
menopause before age 35 years is associated with a breast can-
cer relative risk of 0.36 (a 64% reduction). Feinleib15 noted in
his large cohort study that among 1278 women with artificial
menopause before age 40 years, 6 had breast cancer, as 
compared with an expected incidence of 24.0—a 75% reduc-
tion. The epidemiologic study of breast cancer by Hirayama

CHAPTER 5

Risk Factors for
Development of 
Breast Cancer
Darcy V. Spicer and Malcolm C. Pike

Epidemiologic research has clearly identified important
reproductive risk factors for breast cancer, including age at
menarche, age at menopause, and age at first-term pregnancy
(Table 5–1). These provide important clues to the hormonal
origin of this disease. The widespread use of exogenous sex
steroids as contraceptive agents by premenopausal women
and as hormone replacement therapy (HRT) by post-
menopausal women has provided a unique opportunity for
epidemiologists to further understand the role of sex steroids
in the genesis of breast cancer, and recent randomized clinical
trials testing the impact of HRT have provided important
insights into their effects on breast cancer (and other dis-
eases). As we will show, the effects of sex steroids on the 
normal breast in women are increasingly well understood—
estrogen induces some breast epithelial cell proliferation, but
estrogen plus progesterone produces much greater cell prolif-
eration.1 Proliferating cell populations are more susceptible to
carcinogenic effects, and the rise in cancer risk associated with
cell proliferation is secondary to an increased chance of muta-
tion.2–6 Thus, breast cancer risk would be predicted to increase
to the greatest extent during periods of exposure to both
estrogen and progestin, as in the premenopausal period or in
women receiving oral contraceptives; to be less during periods
of estrogen-only exposure, as in postmenopausal women
receiving estrogen replacement therapy (ERT) or in obese
postmenopausal women; and to be least during periods of
exposure to neither hormone, as in slender postmenopausal
Asian women. These predictions fit very well with epidemio-
logic observations. The more complex effects of term preg-
nancy on breast cancer risk are discussed below.

Is age a risk factor for breast cancer?

It is essential to understand the relationship of breast cancer
incidence to age (i.e., the risk for breast cancer diagnosis dur-
ing a 1-year period at different ages). Although breast cancer
risk rises throughout life in almost all populations (although
not after menopause in some “traditional” Asian popula-
tions),7 the rate at which risk rises declines significantly
around age 50 years. Most common non–hormone-
dependent adult cancers increase in incidence with advancing
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and Wynder16 found that the relative risk for breast cancer was
0.56 for women with bilateral oophorectomy; for women who
had oophorectomy before age 37 years, the relative risk was
0.41 (i.e., a 59% reduction). What is of key importance is the
consistency of these findings and the magnitude of the risk
reduction. Menopause before age 35 years is associated with a
60% to 75% reduction in breast cancer risk. This effect of
early menopause on the age-incidence curve of breast cancer
is depicted in Figure 5–2. Age at menopause determines the
transition point from the steeply rising premenopausal curve
to the slower rising postmenopausal curve. Thus, the factors
involved in the genesis of breast cancer are sharply reduced
with cessation of ovarian function. This indicates that the hor-
monal pattern of premenopausal women with cyclic produc-
tion of relatively large amounts of estradiol and progesterone
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Table 5–1 Factors That Influence Breast Cancer Risk

Effect on
Factor Risk

BRCA1 or BRCA2 or chk2 mutations ≠

Family history of early-onset or bilateral disease or ≠
multiple first-degree affected members 

Increasing age ≠

Early menarche ≠

Irregular menses, with long interval between menses Ø

Physical activity (exercise) Ø

Late menopause ≠

Early bilateral oophorectomy Ø

Proliferative breast disease ≠

Late first term pregnancy or nulliparity ≠

Increasing parity Ø

Breast-feeding Ø

Premenopausal obesity Ø

Postmenopausal obesity ≠

Current or recent oral contraceptive use ≠

Postmenopausal estrogen-progestin replacement ≠
therapy

Greater mammographic density ≠

Ionizing radiation exposure ≠
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Figure 5–1 Age-specific incidence rates for colorectal cancer in
U.S. white women (1969–1971).
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Figure 5–2 Age-specific incidence rates for breast cancer in U.S.
white women (1969–1971).

Table 5–2 Effect of Natural and Artificial Menopause on Breast
Cancer Risk

RR (c), relative risk expressed relative to a natural menopause at age 50
years.

Data from Trichopoulos D, MacMahon B, Cole P. Menopause and breast
cancer risk. J Natl Cancer Inst 1972;48:605–613.

Type of Age at 
No. of Patients Menopause Menopause (yr) RR(c)

2578 breast cancer Natural <45 0.73
patients and 45–49 0.93
2682 controls 50–54 1.07

55+ 1.48

524 breast cancer Artificial <35 0.36
patients and 35–39 0.68
754 controls 40–44 0.65

45–49 0.73
50+ 0.98



causes a greater rate of increase in risk for breast cancer than
the hormonal pattern of postmenopausal women (constant
low estradiol and very low progesterone). Age at menopause
provides no information concerning the relative importance
of either ovarian hormone in determining breast cancer risk.

How do sex steroids affect breast 
cell proliferation?

To properly interpret the age-incidence curve for breast can-
cer and other epidemiologic studies of breast cancer risk, an
understanding of the specific effects of sex steroids on rates of
epithelial cell proliferation in the normal breast is critical.
With few exceptions, sex steroids are not genotoxic, but they
do influence cell division rates, and their effects on the gene-
sis of breast cancer are thus most likely to be through their
effects on cell proliferation. Evidence from studies of chemical
carcinogenesis, molecular genetics, and epidemiology suggests
that repetitive cell proliferation is central to the risk for many
common human cancers.2–6 Factors that increase cell prolifer-
ation in a tissue can result in malignant transformation by
increasing the probability of conversion of DNA damage,
however caused, into stable mutations.

Because the effects of hormones on cell proliferation are
dependent on dose and duration, the effects of endogenous
and exogenous hormones are relevant only within the context
of dose and duration. Considerations of ever-never use of a
particular exogenous hormone are of little value.

How does premenopausal status affect 
breast cell proliferation?

In the premenopausal period, 14% to 20% of the volume of
the breast consists of epithelial cells, decreasing to about 2% to
5% by age 60 years.17 The growth of the normal breast epithe-
lium is under the endocrine control of the ovarian hormones

estrogen and progesterone. Most breast cancers undoubtedly
arise from the epithelial cells of the terminal duct lobular unit
(TDLU), and an understanding of the cell proliferation kinet-
ics in the TDLU is thus critical to our understanding of breast
cancer. Cell proliferation kinetics of normal breast epithelial
cells has been studied in benign surgical specimens, in normal
tissue removed at reductive mammoplasty, and at autopsy.
Cell proliferation rates have been assessed both by mitotic
counts and 3H-thymidine labeling index (TLI).

In nonpregnant premenopausal women, the breast epithe-
lium undergoes repetitive periods of cell proliferation and cell
loss secondary to cyclic ovarian activity. During the follicular
phase of the menstrual cycle, the ovary produces substantial
amounts of estrogen but very little progesterone. After ovula-
tion, in the luteal phase, the corpus luteum produces proges-
terone. Cell proliferation is low during the follicular phase of
the menstrual cycle but increases about twofold in the luteal
phase.1,18–22 Table 5–3 shows the TLI and mitotic rates by week
of the menstrual cycle, and in Figure 5–3, the rates (weighted
mean) are shown with normal cyclical estradiol and proges-
terone levels.

These results suggest that the estrogen levels of the follicu-
lar phase induce some breast cell proliferation. However, the
combined effect of estrogen and progesterone together pro-
duces greater breast cell proliferation; that is, both estrogen
and progesterone are mitogens in the normal human breast
TDLU epithelium. The correlative morphologic study of
Longacre and Bartow20 defined the cyclic morphologic
changes in the premenopausal breast, and consistent with the
breast cell proliferative rates, the size and number of terminal
ductules peak during the late-luteal phase. If fertilization and
pregnancy do not ensue, progesterone levels fall, breast cell
division decreases, and a wave of cell death by apoptosis fol-
lows the peak in cell proliferation.19

Recent studies in the mouse mammary gland are generally
in agreement with what has been observed in humans and
provide a deeper insight into the effects of sex steroids and
growth factors and the interrelationship between epithelium
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*Percentage of cells labeled with 3H-thymidine or in division according to histologic criteria. Values are
averages. The numbers in parentheses are the number of observations.

†Value for weeks 1 and 2.
‡Value for weeks 3 and 4.
TLI, 3H-thymidine labeling index; MI, mitotic index.

Table 5–3 Proliferation* in Normal Breast Epithelium during Different Weeks of the
Normal Menstrual Cycle

Week of Menstrual Cycle

Investigators (Yr) Method 1 2 3 4

Meyer (1977)18 TLI 0.17† 0.79‡

(21) (19)

Anderson et al. (1989)21 TLI 0.51 0.37 0.78 1.25
(20) (53) (53) (48)

Williams et al. (1991)22 TLI 1.8 1.5 3.4 3.6
(33) (37) (31) (26)

Anderson et al. (1982)19 MI 0.10 0.07 0.11 0.40
(24) (25) (21) (29)

Longacre & Bartow (1986)20 MI 0.25 0.25 0.25 0.60
(19) (20) (12) (24)



and stroma. Similar to its effects in the human breast, proges-
terone is an important mitogen in the adult mouse mammary
gland and produces increased ductal side branching and 
lobuloalveolar development.23,24 Epidermal growth factor and 
its receptor influence ductal cell growth,25–27 and the effects of
ovarian hormones in the mouse mammary epithelium may be
mediated, in part, through epidermal growth factor receptor
levels.28 Transforming growth factor 1, sequestered within the
periductal extracellular matrix, locally inhibits ductal growth
and side branching, as a mechanism for local regulation of
morphogenesis.29 Undoubtedly, local growth factors regulate
morphogenesis in the normal human breast as well.

How does postmenopausal status affect 
breast cell proliferation?

Only one study has determined the rate of cell proliferation in
the postmenopausal breast.30 The mean TLI in the normal
lobule of the postmenopausal breast was only 25% of that
found in the follicular phase in the premenopausal breast.
This finding is consistent with the morphologic studies
demonstrating a reduction in the epithelial component of the
postmenopausal breast.17 The very low breast cell proliferative
rate of postmenopausal women undoubtedly accounts for the
sharp slowing down of the rate of increase in breast cancer
risk seen after menopause.

Does age at menarche affect breast 
cancer risk?

Age at menarche determines the time of exposure to the mito-
genic effect of ovarian hormones. It is thus understandable
that later menarche decreases breast cancer risk. The effect is
substantial: there is an approximately 15% decrease in breast
cancer risk with each year that menarche is delayed.7 The 
pattern of menses following menarche also influences breast

cancer risk. The sooner regular menstruation is established,
the greater the subsequent risk for breast cancer.31

Do parity and age at first-term pregnancy 
affect breast cancer risk?

Most epidemiologic studies have found a clear association
between age at first-full-term pregnancy (FFTP) and risk for
breast cancer. Women with an FFTP under the age of 20 years
have about half the breast cancer risk of nulliparous women.
Additional babies after the first provide additional long-term
protection of approximately 7.0% per birth.32 The protection
from FFTP decreases with increasing age at FFTP, and women
who have an FFTP after about age 32 years have a greater
breast cancer risk than nulliparous women.12 Each birth, par-
ticularly the first birth, is followed by a transient increase in
breast cancer incidence.13 We have previously shown that this
is likely to be the same phenomenon as a late age at FFTP
increasing breast cancer risk past that of a nulliparous
woman,7 but the mechanisms of these effects are poorly
understood. Several possible explanations exist: (1) it has been
suggested that pregnancy alters the susceptibility of breast 
tissue to carcinogenic exposure33; and (2) hormone levels are
decreased permanently after FFTP.34,35 The sparse available
information suggests that breast cell proliferation increases
during the first half of pregnancy and then decreases during
the second half of pregnancy, when cell differentiation
occurs.36 The increased cell proliferation during the first half
of the pregnancy provides an explanation of the transient
increase in risk after each birth. Pregnancy also provides pro-
tection against chemical-induced breast cancer in rodents,
and there has been considerable progress in elucidating the
differences between nulliparous and parous breast tissue in
rodents and the mechanism by which these differences
arise.37–39 Further research correlating this rodent work 
with similar work in human breast tissue could be most
informative.
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Does breast-feeding affect breast cancer risk?

Patterns of breast-feeding have undergone substantial change
over time and differ considerably in different countries. The
results of epidemiologic studies relating breast cancer risk to
breast-feeding patterns have been quite variable. For example,
in a recent U.S. prospective assessment of breast-feeding, no
association was found between history of breast-feeding and
subsequent risk for breast cancer except for women who had
given birth only once.40 However, protective associations
between breast-feeding and breast cancer risk have been con-
sistently found in studies from Asian countries, where the
duration of breast-feeding has been substantially greater than
in the United States.41 The Collaborative Group on Hormonal
Factors in Breast Cancer recently analyzed almost all epidemi-
ologic studies of this issue and found from this analysis of 47
studies that the risk for breast cancer was statistically signifi-
cantly but that the effect is quite small.32 This analysis esti-
mated the effect to be a decrease of 4.3% in risk for every 
12 months of breast-feeding, so that the protective effect
becomes clearly evident only after many years of breast-
feeding. In the single study of the breast cell mitotic activity
during breast-feeding in the first 3 months after delivery, the
mitotic activity was extremely low.36

Does postmenopausal weight affect breast 
cancer risk?

Obesity during the postmenopausal years increases breast
cancer risk, but obesity during the premenopausal years actu-
ally reduces risk.42 This inverse relationship can be explained
in terms of the differential effects of premenopausal and post-
menopausal obesity on endogenous hormone levels. Although
premenopausal obesity decreases sex hormone–binding glob-
ulin and may minimally increase exposure to estrogen,43 it is
associated with increased anovulation and decreases breast
exposure to progesterone.44 Postmenopausally, what appears
to happen is that the decrease in risk associated with pre-
menopausal obesity is gradually eliminated, and eventually,
the increased bioavailable estrogen levels associated with post-
menopausal obesity produce an increased risk for breast can-
cer. There is, however, no evidence that postmenopausal
weight is positively correlated with estrogen levels in the
breast, a gap in our knowledge that needs to be filled if we are
to fully explain how the effect of increasing weight on breast
cancer comes about.45

Does exercise affect breast cancer risk?

Physical activity (exercise) has been consistently found to be
associated with a decreased risk for breast cancer, with a
greater amount of exercise being associated with a greater
decrease in risk.46 There is good evidence that exercise before
menarche and as a premenopausal woman decreases risk,47

and some evidence that exercise in the postmenopausal period
is also protective.48 Moderate exercise of about 4 hours per
week is associated with a reduction in risk of about 30%. This
is a measure of the effect of a long-term exercise pattern; it

does not represent what can be achieved in the short term.
Exercise delays the onset of menarche and in teenage girls
increases the frequency of anovulatory cycles.49 Intense 
exercise clearly decreases estrogen and progesterone, and
moderate exercise may also reduce sex steroids, although the
evidence for this is not compelling. Exercise in the post-
menopausal period may be protective through a change in
body composition.

Do race or ethnicity affect the risk for 
breast cancer?

There is substantial international variation in the age-adjusted
incidence of breast cancer. Until about 1970, some of the low-
est rates were seen in Asia; of particular interest to epidemiol-
ogists and endocrinologists, the incidence in Japanese women
living in the United States was five to six times higher than that
in Japanese women living in Japan. About half of this differ-
ence could be explained by the 2- to 3-years-later average age
at menarche in Japan and the low average postmenopausal
weight of Japanese women (45 kg).7 The rest of the difference
is probably due to lower sex steroid levels in these “traditional”
Japanese women.50–53 Why their estradiol levels, in particular,
were lower than in U.S. and U.K. women is not understood.
The incidence of breast cancer has now increased significantly
in Japan,54 and Japanese Americans in Hawaii now have the
same breast cancer incidence as do whites.55,56

Does family history affect breast cancer risk?

Familial clustering of breast cancer has long been recognized.
Epidemiologic studies have shown the risk for breast cancer to
be greatest in women with a first-degree relative with early-
onset bilateral breast cancer and in those with early-onset
breast cancer affecting two first-degree relatives.

Highly penetrant mutant forms of the BRCA1 and BRCA2
genes account for not more than 20% of the excess familial
risk for breast cancer.57 Other genetic abnormalities asso-
ciated with an increased risk for breast cancer are p53, chk2,
and ATM, but they account for very few familial cases of the
disease. There is an intense ongoing search for other highly
penetrant genetic abnormalities as well as for genes that have
low penetrance but when acting together could give rise to
familial aggregation of cases. The mechanism by which these
genetic abnormalities confer the increase in cancer risk
remains to be elucidated.58

Does benign breast disease affect
breast cancer risk?

Women with a history of prior breast biopsy for benign breast
disease have an increased risk for breast cancer. This increase
in risk is associated with specific epithelial abnormalities, and
those without proliferative breast disease do not have an
increase in risk. Biopsy-proven atypical hyperplasia is associ-
ated with an approximately fivefold increase in breast cancer
risk, and proliferative lesions without atypia are associated
with a twofold increase in risk.59 Identification of atypical
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hyperplasia by cytologic examination of periareolar fine-
needle aspirates and nipple aspiration fluid is also associated
with increased breast cancer risk.60,61

Can mammographic parenchymal pattern 
affect breast cancer risk?

Most of the breast consists of adipose and fibrous tissue. In
premenopausal women, less than 15% of the volume of the
breast consists of epithelial cells, and this decreases to less than
5% by age 60 years.17 Fibrous tissue is radiopaque, and adipose
tissue is radiolucent; the relative amounts of fibrous and 
adipose tissue are what determine the appearance of the
mammographic image. Increased fibrous tissue equates to
increased mammographic densities. Classification of mam-
mograms into different breast cancer risk patterns, essentially
based on radiographic densities, has been done in a number 
of ways. Epidemiologic studies have consistently found that
these classification schemes are strongly associated with breast
cancer risk, independent of other breast cancer risk factors,
with increased densities being associated with greater risk, and
the variation in risk is greater than that seen with almost all
other breast cancer risk factors.62 Mammographic patterns
with substantial densities are also associated with proliferative
breast disease and carcinoma in situ.63

Densities vary enormously between different women. This
variability has a strong genetic component64 and is also asso-
ciated with a woman’s hormonal status. Densities decrease
after menopause or oophorectomy, and the decrease after
treatment with a gonadotropin-releasing hormone analogue
that blocks ovarian function is reversed when the treatment is
stopped.65–67 An important point to note is that, while breast
cancer risk increases with age, mammographic densities
decrease: the association of increased densities with greater
breast cancer risk is for women of the same age.

Is the use of oral contraceptives a risk factor 
for breast cancer?

Oral contraceptives (OCs) inhibit gonadotropin secretion,
thus reducing ovarian steroidogenesis, but the ovarian steroid
loss is compensated for by the synthetic estrogen and pro-
gestin in the OC. The combined estrogen and progestin of
the OC is present for three fourths of the 28-day OC cycle,
whereas in the natural cycle, progesterone is effectively present
only for less than half the cycle. Common OCs also contain
the synthetic estrogen ethinylestradiol combined with one of
a number of synthetic progestins. Given the evidence that pro-
gestins do not oppose estrogen in breast cells (i.e., breast cell
proliferation is not decreased during the luteal phase of the
natural menstrual cycle) and that the progestin potency of the
progestin component of OCs is higher than normal luteal
phase progesterone,68,69 it is unlikely that OCs will reduce nor-
mal breast cell proliferation, and available data show that the
level of sex steroids necessary to provide acceptable contra-
ception from OCs appears to produce breast cell proliferation
to about the same extent as a normal ovulatory cycle.1

The effect of OCs on breast cancer risk has been the 
subject of a large number of epidemiologic studies. In the
Collaborative Group analysis of 54 such studies, current OC

users showed a 40% increase in the risk for breast cancer,70 but
the risk declined after stopping use, and by 10 years after stop-
ping use, there was no excess risk. A large U.S. population-
based case-control study completed more recently to
determine the risk for breast cancer later in life among OC
users found no evidence for an increased risk in current or
prior users, including in women with a family history.71

Is the contraceptive use of depot 
medroxyprogesterone acetate a risk factor 
for breast cancer?

Depot medroxyprogesterone acetate (DMPA) is a long-lasting
(90-day), injectable progestin releasing medroxyprogesterone
acetate (MPA), now approved as a contraceptive in the United
States. DMPA suppresses ovulation, and estradiol levels aver-
age slightly below those of the normal early follicular phase
level, without a preovulatory or mid-luteal phase peak.72,73

Although endogenous progesterone is completely suppressed,
substantial amounts of the synthetic progestin MPA are pres-
ent. Epidemiologic studies of the effect of DMPA on breast
cancer risk have found no evidence for a reduction in breast
cancer risk,74,75 despite the reduction in estradiol levels, con-
sistent with the belief that progestins are important in the
genesis of breast cancer. An analysis of the case-control stud-
ies conducted by the World Health Organization (WHO) and
in New Zealand showed a slight increased breast cancer risk in
current users but not in past users.75

Is postmenopausal hormone replacement 
a risk factor for breast cancer?

The effect of postmenopausal HRT on breast cancer risk has
been the subject of numerous epidemiologic studies.
Compared with the pronounced effect of postmenopausal
unopposed ERT on the risk for endometrial cancer, the effects
of HRT on breast cancer risk are of much smaller magnitude.
However, given the high incidence of breast cancer, even small
relative risks are important. HRT has been prescribed for 
control of menopausal symptoms and for long-term use for
the prevention of osteoporosis and cardiovascular disease
(although the latter claim for HRT is now in serious dispute).
In women with prior hysterectomy, ERT is prescribed; in
women with an intact uterus, estrogen combined with various
regimens of progestin (estrogen-progestin replacement 
therapy; EPRT) designed to protect the endometrium is used.

The likely effect of HRT on breast cancer risk can be pre-
dicted on the basis of the effects of ovarian hormones on
breast cancer risk. After menopause, breast cancer incidence
increases about 2% per year; this compares to an approxi-
mately 10% per year increase that one would predict if the
incidence curve for breast cancer in the premenopausal 
period continued.7 The effect of OCs on breast cell prolifera-
tion is about the same as normal menstrual cycling,1 and HRT
given as EPRT is administered at lower total estrogen and
progestin doses than OCs (at least in the United States), so
that EPRT should at most increase the postmenopausal breast
cancer rate to what it would have been if the woman had con-
tinued to cycle regularly. This implies that EPRT should
increase breast cancer risk by at most 10% per year of use, and
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the single study of breast cell proliferation in women on
EPRT, which showed proliferation levels comparable to those
seen over the menstrual cycle in cycling women, suggests that
it will be close to this value.76 The effects of ERT would be pre-
dicted to be much less.

Relative risks of this magnitude are difficult to detect
because of confounding effects. Most notably is the effect of
age at menopause, which is difficult to establish when HRT is
initiated before menopause has clearly occurred. Further, it is
not possible to correctly adjust for age at menopause in
women who underwent hysterectomy, and such women need
to be excluded from consideration in studying the effects of
HRT on breast cancer risk.77 Failure to correctly deal with age
at menopause and the inclusion of hysterectomized women
will tend to nullify the measured effects of HRT on breast can-
cer risk.

The results of epidemiologic studies suggest that ERT 
causes an approximately 10% increase in breast cancer risk
after 5 years of use—that is, a 10% increase in risk at the 5-
year point after 5 years of use, or a cumulative increase in risk
for 5 years of use of about half this amount, or a relative risk
of 1.02 per year of use.78 This increase in breast cancer risk is
in agreement with the relative increase in effective estrogen
levels with ERT.79 The increased risk diminishes with time
after stopping use, and there is little residual effect 10 years
after stopping use. In the Women’s Health Initiative (WHI)
randomized trial of ERT, women with prior hysterectomy
were treated with conjugated estrogens (CE) alone at a dose of
0.625 mg/day or placebo.80 The study was designed to evaluate
the effects on cardiovascular events and was stopped early
because of a lack of cardiovascular disease benefit and an
increased risk for stroke in the ERT arm. In this study, the
incidence of breast cancer was actually lower in the ERT arm,
but the difference was not statistically significant, and chance
must be considered as the likely explanation for the decreased
risk. This study does suggest, however, that the 2% per year of
use increase estimated from observational studies is an over-
estimate of effect.

Epidemiologic studies of menopausal EPRT have found a
considerably greater increased risk in the range of 25% to 40%
after 5 years of use—that is, a 25% to 40% increase in risk at
the 5-year point after 5 years of use or a cumulative increase
in risk for 5 years of use of about half this amount.78,81–83

Two randomized studies have tested EPRT compared with a
placebo. The Heart and Estrogen/Progestin Replacement
Study (HERS) tested EPRT (0.625 of CE and 2.5 mg of MPA
per day) in women with prior coronary disease and found a
30% increased breast cancer risk after an average of 4.1 years
of follow-up.84 The WHI study compared the same EPRT reg-
imen and was terminated early after an average of 5.2 years of
follow-up because of a 26% excess risk for breast cancer,85 and
the breast cancers were diagnosed at a more advanced stage in
the women in the EPRT arm than in the placebo arm.86 The
EPRT also increased the percentage of women with abnormal
mammograms, in line with the known effect of EPRT to
increase mammographic breast density.87

Our meta-analysis of these studies and studies published
since shows an approximately 40% increased risk after 5 years
of use (relative risk of 1.07 per year of use).88 At the progestin
doses given in the United States (MPA at 5–10 mg/day for
10–12 days with sequential therapy or 2.5 mg/day with con-
tinuous-combined therapy), there is little difference in the

breast cancer risk from these regimens. At the doses commonly
given in Scandinavia, the continuous-combined regimen has
two to three times the progestin dose of the sequential regi-
men, and the relative risk is much greater with the continuous
regimen, showing again that it is the progestin component of
EPRT that conveys most of the risk.
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causes of morbidity or mortality, such as other malignancies
and cardiovascular disease.

What prevention strategies are available or 
under investigation?

Potential strategies for breast cancer prevention include mod-
ification of reproductive factors and hormone use (e.g., early
pregnancy, lactation, prophylactic oophorectomy), modifica-
tion of lifestyle (e.g., diet, exercise), chemoprevention (e.g.,
tamoxifen), and removal of the target organ (e.g., prophylac-
tic mastectomy).

MODIFICATION OF REPRODUCTIVE 
FACTORS AND EXOGENOUS HORMONE USE

What role do steroid hormones play in the 
pathogenesis of breast cancer?

Although the pathogenesis of breast cancer is not completely
understood, a popular theory is that mutagenesis and mito-
genesis are important factors.6 Sex steroid hormones have
potent mitogenic effects and also increase the susceptibility of
breast epithelia to mutagens. Breast epithelial cells undergo
cycles of cell proliferation and cell loss in response to ovarian
production of estrogen and luteal production of progesterone.
The cells of the terminal duct lobular units increase in num-
ber in response to progesterone during the luteal phase and
stop dividing and enter apoptosis when progesterone produc-
tion wanes. Such proliferating cells are more susceptible to
mutagens and are more likely to develop somatic mutations.
Numerous clinical observations support the importance of
hormones in the pathogenesis of breast cancer; they have been
reviewed in Chapter 4. The role of hormones is believed to be
manifested in a protective effect of early menopause,7 the
steeper age-related increase in breast cancer incidence that
occurs in premenopausal compared with postmenopausal
women,1 the multifactorial effects of pregnancy on breast 
cancer risk,8 the association between more prolonged ovarian
cycling (i.e., early menarche, late menopause) and increased
breast cancer risk,9 and the association between relatively 
high circulating estrogen levels and breast cancer in post-
menopausal women.10 Factors supporting a mutagenic role
for hormones include the increased incidence of oxidative

CHAPTER 6

Prevention of Breast Cancer
Polly R. Etkind and Joseph A. Sparano

The potential benefits of a disease prevention strategy depend
on the incidence of the disease in the population and the asso-
ciated morbidity and mortality. Breast cancer is very common
in North America and Western Europe. For the average white
American woman, there is a 1 in 8 lifetime risk of developing
breast cancer, and a nearly 1 in 28 chance of dying of breast
cancer.1 Furthermore, breast cancer results in substantial cost
and morbidity because of the need for screening, surgery,
adjuvant local or systemic therapy, and follow-up. It is clearly
reasonable, therefore, to consider breast cancer prevention in
healthy populations, particularly in those that have a high
incidence of the disease.

PREVENTION STRATEGIES

What populations should be targeted 
for prevention?

The likelihood of benefit from prevention is increased by 
targeting high-risk populations for prevention, although this
assumes that the intervention strategy is equally effective in
such targeted populations. A germline mutation in the tumor
suppressor gene BRCA1 or BRCA2 is the most reliable predic-
tive factor because it is associated with up to an 80% lifetime
risk for developing breast cancer as well as about a 20% to
40% lifetime risk for ovarian cancer.2 However, it is estimated
that BRCA1 gene mutations account for only 5% of all breast
cancers.2 Age is perhaps the next most important factor: the
incidence of the disease increases with each decade of life.3

Other factors are outlined in Table 6–1 and include family his-
tory,4 reproductive factors, and exogenous hormone use (as
reviewed in Chapter 4). Although there are many risk factors,
nearly one half of patients with the disease have no identifi-
able risk factor.5

What factors should be considered
in selecting a prevention strategy?

The characteristics of a sound prevention strategy include a
substantial reduction in risk, a reasonable likelihood of
deriving benefit, absence of any short-term or long-term 
deleterious effects, feasibility of implementation, and reason-
able cost. The appeal of a prevention strategy would be greatly
strengthened by secondary benefits in reducing other major
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DNA damage in the peripheral blood and breast tissue of
women with breast cancer.11,12

What is the relationship between pregnancy 
and breast cancer?

Pregnancy is associated with a short-term increase in breast
cancer risk followed by a long-term protective effect. Lambe
and colleagues8 reported a case-control study involving 12,666
patients with breast cancer and 62,121 age-matched residents
of Sweden. Uniparous women had a higher risk for breast can-
cer than nulliparous women for up to 15 years following deliv-
ery. For women aged 25 to 35 years at the time of delivery, the
risk steadily declined over 10 to 15 years following delivery
until a protective effect began to be evident. For women aged
20 years at first delivery, long-term reduction in breast cancer
occurred without a short-term increase. Having a second
delivery at 30 years old or younger also had a protective effect
without a short-term increase. This study provides explana-
tions of why nulliparous women have reduced breast cancer
risk during the childbearing years despite having a higher life-
time breast cancer risk, why the average age at diagnosis of
breast cancer is younger in parous compared with nulliparous
women, and why previous studies that did not consider the
potential interaction among age at delivery, age at breast can-
cer diagnosis, and parity demonstrated conflicting results.13 A
plausible biologic interpretation is that pregnancy increases
the short-term risk for breast cancer by stimulating the
growth of cells that have undergone the early stages of malig-
nant transformation, but confers long-term protection by
inducing the differentiation of normal mammary stem cells,
which, when undifferentiated, have a greater potential for
neoplastic change.

The Russos and their colleagues14 have proposed a biologic
model that provides an explanation for these clinical observa-
tions. They have shown that in rats, pregnancy results in 
complete differentiation of terminal end buds to lobules and
renders the mammary gland relatively resistant to malignant
transformation. In humans, the Russos15 have identified 
four distinct lobular structures in the breast, each represent-
ing sequential developmental stages in mammary develop-
ment. Type 1 lobules are the most undifferentiated and are

most prevalent in the immature female breast before menar-
che. Type 2 lobules arise from type 1 and have a more complex
morphology. Type 3 lobules are seen during pregnancy.
Type 4 lobules are present only during the lactation period
and are considered the most differentiated lobules. Type 1 
lobules are postulated to give rise to invasive and noninva-
sive ductal carcinomas. Pregnancy between the ages of 14 
and 20 years results in an increase in type 3 lobules that 
persists until the age of 40 years, when the lobules involute.
It has been postulated that the artificial induction of a preg-
nancy-like state in the late teens could theoretically reduce
breast cancer incidence by about one third.15 Although the
timing of such an intervention and the optimal hormonal 
differentiation-producing combination are under intense
investigation, there are considerable research and ethical hur-
dles to clear before any clinical applications of this idea are
possible.

What is the relationship between lactation 
and breast cancer?

Most epidemiologic studies demonstrate that lactation is
associated with a small but significant reduction in breast can-
cer risk, although its protective effect is observed only in pre-
menopausal women and only after relatively long periods of
lactation.16,17 Newcomb and colleagues16 studied 5878 women
who had nursed their offspring and 8216 parous women who
had not nursed offspring. All of these women were home-
makers whose duration or extent of lactation was not limited
by a return to employment. The relative risk for developing
breast cancer in women who had ever nursed a child was 0.72
for premenopausal women and 1.04 for postmenopausal
women. Increasing duration of lactation was associated with
significantly more protection for premenopausal women, with
a significant protective effect observed for women who lac-
tated for at least 4 months after one pregnancy. Younger age 
at first lactation was associated with significantly lower breast
cancer risk, although protection was observed for patients
who initiated lactation up to 29 years of age. In contrast to
previous data suggesting that insufficient milk production was
associated with increased breast cancer risk, the authors found
no difference in breast cancer risk whether insufficient milk

Table 6–1 Classification of Breast Cancer Risk

*Reproductive factors include (1) menarche £11 years of age, (2) menopause ≥55 years of age, (3) nulliparity, (4) first pregnancy after age 30 years, (5)
current use of hormone replacement therapy.

Lifetime Risk for
Group Breast Cancer (%) Risk Factors

Average risk 11–12 No family history or reproductive factors*

Increased risk 10–20 No family history but at least two reproductive factors
Atypical hyperplasia without a family history
Weak family history (no more than two second-degree or more distant relatives with breast 

cancer)

High risk >20 Atypical hyperplasia with a family history
Lobular carcinoma in situ
Strong family history (any first-degree relative, any second-degree relative with onset <40 yr, or 

3 or more family members with breast cancer)

Very high risk Up to 85 Breast cancer susceptibility gene (BRCA1, BRCA2, or other cancer susceptibility
syndromes)



production or other reasons were the cause of a short (less
than 4 months) period of lactation. The use of hormones to
discontinue milk flow was reported by an equal proportion in
the case-control group and had no effect on breast cancer 
risk. A similar, more recent study involving 110,604 pre-
menopausal Korean women provided additional empirical
evidence that lactation decreases the risk for breast cancer
among premenopausal women.18 Lactation may be protective
against breast cancer by modifying pituitary and ovarian hor-
mone production, thereby resulting in more anovulatory
cycles.19 In mice, lactation also results in relative resistance to
chemical carcinogens, lowers the rate of epithelial prolifera-
tion, and allows the elimination of carcinogen through the
mammary gland.20

Can modification of endogenous steroid 
hormone production protect against 
breast cancer?

For women seeking contraception, Spicer and Pike6 have pro-
posed that a combination of a gonadotropin-releasing hor-
mone agonist (to suppress ovarian function) and low-dose
hormone replacement therapy (with exogenous synthetic
estrogen and progestogen) can produce effective contracep-
tion and reduce breast cancer risk. This treatment results in
hormone levels that are insufficient to promote ovulation or
stimulation of breast epithelium but sufficient to prevent
vasomotor symptoms, urogenital atrophy, atherosclerosis, and
osteoporosis. It has been estimated that this method can
reduce lifetime breast cancer risk by 50% if used for 10 years
and by as much as 70% if used for 15 years. This strategy also
results in a significant reduction in mammographic density at
1 year in premenopausal women.21 Increased mammographic
density is associated with increased breast cancer risk for both
premenopausal and postmenopausal women and is inde-
pendent of other recognized variables.22 This strategy has not
been tested in large-scale trials.

Therefore, for women seeking to have children, pregnancy
at a young age, multiple pregnancies, and lactation at an early
age can all have a substantial protective effect. On the other
hand, education, employment, and other societal factors may
make this approach impractical for many women.

What is the role of prophylactic 
oophorectomy in reducing breast cancer risk?

Observational studies have suggested that bilateral oopho-
rectomy performed before menopause is associated with 
a reduced breast cancer risk.23,24 Although prophylactic
oophorectomy may be impractical to consider in average-risk
women, it may be a reasonable option for women with a her-
itable predisposition to breast cancer. Because mutations in
the BRCA1 and BRCA2 genes are associated with an increased
risk for not only breast cancer but also ovarian cancer, it is log-
ical to consider this procedure for women with mutations in
these genes. Kauff and colleagues enrolled 170 premenopausal
women at least 35 years of age who had BRCA1 or BRCA2
mutations and had not yet developed breast or ovarian can-
cer.25 All were offered risk-reducing salpingo-oophorectomy,
of whom 98 chose surgery and 72 chose surveillance. After a

mean follow-up of 2 years, there were 3 cases of breast cancer
and 1 case of peritoneal cancer among the 98 women in a sur-
gery group, compared with 8 cases of breast cancer, 4 cases of
ovarian cancer, and 1 case of peritoneal cancer among the 72
patients in the surveillance group. The hazard rate for a breast
or gynecologic cancer among patients who chose risk-
reducing salpingo-oophorectomy was significantly reduced
(hazard ratio, 0.25%; 95% confidence interval [CI], 0.08%–
0.74%). Risk-reducing salpingo-oophorectomy may therefore
be a reasonable option for premenopausal women known to
have BRCA1 or BRCA2 mutations and who have completed
childbearing. The procedure may also have a role in post-
menopausal women, although when used in that setting it
would not likely have a protective effect in reducing breast
cancer risk.

Would avoidance of oral contraceptives help 
in breast cancer prevention?

In the past, some studies have suggested increased risk for
breast cancer with the use of oral contraceptives (OCs),26–29

whereas others have shown no association.30,31 Most studies do
not show a consistent effect of various OC formulations and
risk, although some studies have found a higher breast cancer
risk among patients who took OCs containing high-risk pro-
gestins,32 perhaps owing to progestin-related increases in breast
epithelial replication.33 Recent studies suggest that newer 
low-potency/low-estrogen-dose contraceptives may impart a
lower risk for breast cancer than those associated with earlier
high-potency/high-dose preparations.34 An exhaustive analy-
sis representing about 90% of all worldwide epidemiologic
evidence on breast cancer risk and birth control pills has con-
cluded that there is no evidence of an increase in risk for hav-
ing breast cancer diagnosed 10 or more years after cessation of
use.35 This meta-analysis did report that women who are cur-
rently using combined OCs or have used them in the past 10
years are at a slightly increased risk for having breast cancer
diagnosed, although the cancers diagnosed in these women
tend to be localized to the breast.

Is hormone replacement therapy associated 
with an increase in breast cancer risk?

Hormone replacement therapy (HRT) became a popular
treatment for postmenopausal women because it effectively
relieves vasomotor symptoms and urogenital atrophy and was
thought to protect against bone fractures and cardiovascular
disease based on case-control retrospective studies. The
Women’s Health Initiative36,37 prospectively evaluated the
health effects of conjugated equine estrogens (0.625 mg daily)
plus medroxyprogesterone acetate (2.5 mg daily) in 16,608
postmenopausal women who had a uterus, and estrogen alone
in those who had prior hysterectomy. The trial was halted by
the data and safety monitoring board when it was determined
that HRT increased the risk for cardiovascular disease (non-
fatal myocardial infarction or death due to coronary heart dis-
ease), which was the primary efficacy outcome; after a mean
follow-up of 5.2 years (planned duration, 8.5 years), HRT was
associated with about a 25% increase in this end point. The
incidence of breast cancer was also increased in the HRT
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group compared with placebo (hazard ratio, 1.24%; P < .001).
The invasive breast cancers diagnosed in the HRT group were
at a more advanced stage (regional/metastatic 25.4% vs.
16.0%, respectively; P = .04), although they did not differ in
histology or grade. The percentage of women with abnormal
mammograms was significantly higher at 1 year in the HRT
group (9.4% vs. 5.4%; P < .001). The study also included
women without a uterus receiving estrogen alone, and that
part of the study remains in blinded follow-up with no evi-
dence of increased risk for cardiovascular disease or breast
cancer for estrogen alone.

LIFESTYLE MODIFICATION

Is there a role for exercise in breast
cancer prevention?

Recreational physical activity appears to be inversely related to
risk for breast cancer,38,39 yet some results remain inconsis-
tent.40,41 Bernstein and associates38 reported a case-control
study involving personal interviews with a total of 545 women
(aged 40 years and younger at diagnosis) who had been newly
diagnosed with invasive or in situ carcinoma and 545 control
subjects matched for age, race, parity, and neighborhood of
residence. Lifetime histories of participants in physical exer-
cise activities on a regular basis were obtained during the
interview. After adjustment for potential confounding factors,
the average number of hours spent in physical exercise activi-
ties per week from menarche to 1 year before diagnosis was a
significant predictor of reduced breast cancer risk during 
the reproductive years. More recently, Dirx and colleagues39

reported on their findings from the Netherlands Cohort Study
on diet and breast cancer in which exercise information was
collected by questionnaire from 62,537 women aged 55 to 69
years at baseline. After 7.3 years of follow-up, 1208 incident
breast carcinoma cases were available for case-cohort analysis.
A summed total of baseline exercise showed an inverse 
association between exercise and breast carcinoma for post-
menopausal women.

Although physical activity in untrained women results in
acute increases in estradiol and progesterone levels,42 with
continued physical activity performed on a regular basis, there
is a reduction in the length of the luteal phase and in luteal
phase progesterone levels.43 Strenuous activity may even result
in secondary amenorrhea during adolescence.44 This may
explain why menarche is delayed in premenarcheal girls who
engage in regular exercise and why physical activity may 
result in anovulatory cycles in adolescent girls.45 It is 
unclear whether the protective effect of exercise, however, is
due to reduction in ovulatory cycles, later menarche, earlier
menopause, or other factors that tend to be associated with
exercise, such as leaner body weight, reduced fat consump-
tion, or other unrecognized factors. The etiologic window in a
woman’s life for a protective effect of physical activity on
breast cancer prevention has not been determined. Given the
other known benefits of regular exercise, however, including
its effects in reducing the risk for atherosclerotic heart disease,
diabetes mellitus, osteoporosis, and colon and endometrial
carcinoma, it seems justified to advise regular exercise 

beginning early in life, specifically during puberty, and con-
tinuing into adulthood.46–48

Is there a role for dietary modification in 
breast cancer prevention?

Epidemiologic studies have consistently noted a lower risk for
breast cancer, gastrointestinal cancers, and cardiovascular 
disease among persons whose diets include relatively large
amounts of fruits and vegetables.49,50 Ecologic studies have
also noted a positive correlation between national per capita
fat consumption and breast cancer51 and an inverse correla-
tion between soy consumption and both breast cancer and
cardiovascular disease.52–54

Does dietary fat have any effect on breast 
cancer development?

Dietary experiments in rats and mice demonstrate a mam-
mary tumor–promoting effect of diets high in total fat
(approximately 35% to 40% fat in calories, which is similar to
the typical American diet) as compared with diets low in total
fat (approximately 10% fat in calories, which is similar to the
Japanese diet). Moreover, diets with a greater proportion of
unsaturated fats (specifically corn oil) were more effective
than diets rich in saturated fats in increasing the mammary
tumor incidence or reducing the latent period of mammary
tumor appearance.55–59 Monounsaturated fat (e.g., olive oil),
on the other hand, appears either to act as a poor promoter or
to have a protective effect.59 In humans, ingestion of a low-fat
diet reduces endogenous estradiol and estrone levels without
affecting ovulation.60

Hunter and colleagues61 reported a meta-analysis of seven
prospective cohort studies that included 4980 breast cancer
cases among 337,819 women in four countries: the United
States, Canada, Sweden, and the Netherlands. When women in
the highest quartile of energy-adjusted total fat intake were
compared with women in the lowest quartile, there was no sig-
nificant difference in breast cancer risk when adjusted for other
factors. There was also no association when intakes of choles-
terol, saturated fat, monounsaturated fat, and polyunsaturated
fat were considered individually. In contrast, Howe and col-
leagues,62 in a meta-analysis of 12 case-control studies that
included 4427 breast cancer cases and 6095 controls, revealed a
highly significant positive association between saturated fat
intake and breast cancer risk in postmenopausal women. The
relative risk for the highest to lowest quintile was 1.46. Cho and
associates reported a slight increased risk for dietary fat and
breast cancer for premenopausal women.63 In this study,
dietary fat and breast cancer risk were assessed among 90,655
premenopausal women in the Nurses’ Health Study II. During
the 8 years of follow-up, 714 women developed incident breast
cancer. The relative risk for the highest to lowest quintile was
1.25. The increase was associated with intake of animal fat but
not of vegetable fat. Among food groups contributing to ani-
mal fat, red meat and high-fat dairy foods each was associated
with an increased risk for breast cancer.

Changing one’s dietary habits to protect against breast can-
cer may mean lowering fat levels far below what the average
American woman consumes. In addition, the times of
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consumption of dietary fat such as during childhood and ado-
lescence may play an important role in prevention.

Do dietary monounsaturated fats protect 
against breast cancer?

Some evidence suggests a protective effect from monounsatu-
rated fats. Although corn oil, a polyunsaturated fat, promotes
mammary cancer in animal models, olive oil, a monounsatu-
rated fat, either acts as a poor promoter or has a protective
effect.59 Furthermore, Greek women have a substantially lower
breast cancer mortality than American women despite their
higher relative energy intake from fat.64 Three case-control
studies have evaluated the effect of monounsaturated fats in
the form of olive oil consumption on breast cancer risk in
Greece, Italy, and Spain, all of which have high per capita con-
sumption of olive oil.65–67 Two of the studies (performed in
Greece and Spain) demonstrated a protective effect for rela-
tively high olive oil consumption. A protective effect for
monounsaturated fat was not found in the pooled analysis of
cohort studies reported by Hunter and colleagues,61 although
none of the cohort studies included in this analysis were per-
formed in countries with high consumption of olive oil. Cho
and associates reported that both saturated and monounsatu-
rated fat were related to modestly elevated breast cancer risk.63

Is there a role for soy or soy derivatives
in breast cancer prevention?

Soybeans and soy-based products and derivatives of soy-based
products, such as genistein and daidzein, contain isofla-
vonoids, which are naturally occurring phytoestrogens that
inhibit carcinogen-induced mammary tumors in animals.68

The isoflavonoids are weak estrogen agonists and may inter-
fere with the promoting effects of physiologic concentrations
of estrogens. Soy-based products are also rich in protease
inhibitors, which also inhibit carcinogen-induced mammary
tumors. Although there are epidemiologic data that demon-
strate an inverse correlation between soy consumption and
breast cancer risk,69 other studies have not been consistent in
this correlation.70,71 Also, there is no evidence that supplemen-
tation of a typical Western diet with soy-based products mod-
ifies breast cancer risk.

Does obesity control play a role in breast 
cancer prevention?

Obesity is associated with an increased risk for breast cancer,
specifically in postmenopausal women.72,73 Obesity is also
associated with a higher recurrence rate and poorer survival in
women with breast cancer.74 In a prospectively studied popu-
lation of more than 900,000 U.S. adults who were free of can-
cer at enrollment and followed for up to 16 years, there was a
positive association between high body mass index (BMI—
weight in kilograms divided by the square of the height in
meters) and breast cancer mortality. In addition, there was 
a linear association between increasing BMI and breast 
cancer mortality; the relative risk (RR) was 1.34% for a 
BMI between 25 and 29.9, 1.63% for a BMI between 30 and

34.9, 1.70% for a BMI between 35 and 39.9, and 2.12%
(1.41%–3.19%) for a BMI of 40 or more (P < .001 for trend).75

Avoidance of weight gain during adulthood has many benefits
that are likely to include reduction in risk for postmenopausal
breast cancer.76

What role does fiber play in breast
cancer prevention?

Fiber ingestion inhibits the intestinal resorption of estrogens
in humans and reduces mammary cancer incidence in ani-
mals.60,77 Asian women eating a traditional low-fat, high-fiber
diet have lower estrogen levels before and after menopause and
have a lower breast cancer risk compared with Western popu-
lations.78 Ingestion of a low-fat (less than 10% of calories),
high-fiber (35 to 45 g/day) diet by white women significantly
reduces serum estrone and estradiol levels during the early fol-
licular and late luteal phases of the menstrual cycle without
affecting ovulation.79 In another study, however, ingestion of
pure fiber (20 g of a-cellulose daily) without modification of
fat intake had no effect on estrogen metabolism.80

Despite a strong biologic rationale, epidemiologic data do
not demonstrate a consistent benefit for fiber. Howe51 re-
ported a meta-analysis of 12 case-control studies in which 
the relative risk for breast cancer was 0.85 for subjects who
consumed more fiber. Other studies employing prospective
cohort methodology observed no effect or a marginally sig-
nificant effect of fiber ingestion.81–83

What role do vitamins play in breast
cancer prevention?

There has been increasing scientific and public interest in sup-
plemental vitamin ingestion to reduce cancer risk, including
breast cancer risk. Observational studies had suggested that
people who consume more fruits and vegetables containing
the antioxidant vitamins A, C, and E have somewhat lower
risks for cancer.49,50,84 Vitamin A reduces the proliferative
capacity and promotes the differentiation of primary human
mammary epithelial cells.85 The antioxidant vitamins may
prevent cancer-causing DNA damage and inhibit atherogene-
sis by their ability to scavenge free radicals, the byproducts 
of normal metabolism.86,87 In order to assess the impact of
vitamin ingestion on cancer risk, Hunter and colleagues88

prospectively studied 89,494 women aged 34 to 59 years in
1980 who did not have cancer, assessing their intakes of vita-
mins C, E, and A at baseline and 4 years later with a validated
semiquantitative food frequency questionnaire. During the 8-
year follow-up period, large intakes of vitamins C and E were
not protective against breast cancer. A low intake of vitamin A
from food was associated with increased breast cancer risk;
this was reduced by ingestion of vitamin A supplements.
Similar results were recently published by Michels and
coworkers89 based on a large population-based prospective
cohort study in Sweden. This study comprised 59,036 women,
40 to 76 years of age, who were free of breast cancer at base-
line and 1271 of these women who later developed breast can-
cer. Trials are underway to determine whether the retinoids,
which include vitamin A and its synthetic analogues (i.e., fen-
retidine), may play a role in breast cancer prevention.
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There has also been interest in a possible relationship
between calcium and vitamin D intake and breast cancer.
There is an inverse correlation between sunlight exposure (as
a source of vitamin D) and breast cancer.90 The promoting
activity of high dietary fat in animals is enhanced by low
intake of calcium and vitamin D and can be inhibited by
increased calcium (and probably vitamin D) supplementa-
tion.91 Vitamin D and its synthetic analogues have been shown
to promote the death of breast cancer cells grown in the labo-
ratory.92 Vitamin D and calcium intake is well below the rec-
ommended daily allowance in American women in all age
groups, but especially in elderly people.93 Breast cancer pre-
vention, and simultaneous prevention of osteoporosis, might
be achieved by increasing dietary intake of calcium and vita-
min D to recommended dietary allowance (RDA) levels. This
may be particularly applicable to females during puberty and
adolescence. There is currently no proof, however, that cal-
cium or vitamin D supplements are protective against breast
cancer development.

Can consumption of no alcohol or decreased 
consumption of alcohol be associated with 
breast cancer prevention?

The available evidence from more than 50 epidemiologic
studies, as well as numerous meta-analyses involving cohort
and case control studies, indicates that alcohol consumption
(i.e., beer, wine, and spirits) is associated with a moderate
increase in breast cancer risk.94,95 Data indicate a modest pos-
itive association between alcohol and breast cancer (an
approximately 25% increase in risk with daily intake of the
equivalent of two drinks) and a dose-response relation.94 The
biologic basis for the effect of alcohol is unclear, although
some data suggest that alcohol may augment gonadotropin-
induced increases in serum estradiol levels.96 The alcohol–
breast cancer hypothesis is important because alcohol 
consumption is common and drinking is a potentially modi-
fiable behavior for a motivated individual. In one survey, 61%
of women reported being “current drinkers” (at least 12 drinks
yearly). Of the current drinkers, 39% were light drinkers (up
to 3 drinks weekly), 27% were moderate drinkers (4 to 13
drinks weekly), and 9% were heavy drinkers (14 or more
drinks weekly).94

MODIFICATION OF EXPOSURE TO 
ENVIRONMENTAL FACTORS

What role does radiation exposure play
in breast cancer development?

The risk for breast cancer is increased in women exposed to
relatively high doses of ionizing irradiation, such as in thera-
peutic use (for postpartum mastitis, thymic enlargement, and
Hodgkin’s disease) and after inadvertent or accidental expo-
sure (fluoroscopy for tuberculosis or nuclear fallout from an
atomic bomb).97–100 Exposure during puberty or earlier is
associated with a substantially greater risk for breast cancer
than comparable exposure at an older age, and thus the 

benefit of using diagnostic radiation, particularly in women
younger than 20 years, should be considered carefully. The 
low irradiation dose employed in a routine mammogram
(0.15 cGy to each breast) and chest film (0.002 cGy to each
breast) and the relatively advanced age during which these
modalities are employed make it extremely unlikely that they
in any way contribute to breast cancer risk. Furthermore,
annual screening mammography clearly reduces breast cancer
mortality in women 50 years or older, indicating that the ben-
efits far outweigh any risks that may be involved.101

Exposure to diagnostic radiation may be associated with
increased breast cancer risk, however, in patients who are het-
erozygotes for the ataxia-telangiectasia (AT) gene, a group that
makes up about 1.4% of the general population.102 AT het-
erozygotes are healthy persons, whereas homozygotes have a
characteristic disorder including cerebellar ataxia, oculocuta-
neous telangiectases, endocrine disorders, and humoral and
cellular immune defects. The homozygotes have a markedly
increased risk for developing lymphoid and epithelial neo-
plasms, and they exhibit tissue necrosis after exposure to 
therapeutic irradiation, effects that are due to an inherent
deficiency in repairing damaged DNA.103 Evidence suggests
that AT heterozygotes have a fivefold increased risk for breast
cancer and that exposure to diagnostic irradiation (in the
form of fluoroscopic examination of the chest, back, or
abdomen) contributes to this increased risk.104,105 Although
screening of the general population for the AT gene is not yet
practical, it may be prudent to screen relatives of AT homozy-
gotes. It appears that special measures involving low-dose
radiation exposure could help prevent breast cancer develop-
ment in these persons and others who are heterozygous for
familial and chromosomal breakage syndromes.

Is electromagnetic radiation exposure 
associated with breast cancer?

Increased breast cancer risk has been reported in female and
male electrical workers.106,107 In contrast, others have found 
no association between low-frequency field exposure in the
workplace and breast cancer risk.108–110 A recent study of the
effect of exposure of magnetic fields to female residents of Los
Angeles county, California (743 breast cancer cases and 699
controls) suggest that residential magnetic field exposure did
not influence risk for breast cancer.111 Similarly, a case-control
study of the relationship between electromagnetic fields and
breast cancer on Long Island (the Electromagnetic Field
Breast Cancer Long Island Study, or EBCLIS) reported no
association between breast cancer and residential electromag-
netic field exposures.112

CHEMOPREVENTION

What is the rationale for chemoprevention 
with tamoxifen and other selective
estrogen modulators?

The selective estrogen receptor modulators (SERMs) are
chemically diverse compounds that lack the steroid structure
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of estrogen yet bind to the estrogen receptor (ER) and medi-
ate antagonist or agonist effects, depending on the conforma-
tion of the SERM, differing level of ER expression in the target
tissue, and differing expression and binding of coregulatory 
proteins.113 Both tamoxifen and raloxifene are SERMs that
have many attributes of a good chemoprevention agent.
Both are taken once daily, are commonly prescribed for 
other conditions, and are generally safe and well tolerated.
Furthermore, substantial preclinical and clinical evidence has
demonstrated potential chemopreventive effects for these
agents. Tamoxifen has been approved for many years for the
treatment of early-stage and advanced breast cancer in both
premenopausal and postmenopausal women, whereas ralox-
ifene is approved for the treatment and prevention of osteo-
porosis in postmenopausal women.114 Tamoxifen significantly
reduces the risk for contralateral breast cancer in patients with
a prior history of breast cancer. In the meta-analysis per-
formed by the Early Breast Cancer Trialists’ Collaborative
Group, tamoxifen reduced the rate of contralateral breast 
cancer by 47%.115 Raloxifene has likewise been associated 
with a reduced breast cancer risk in patients with osteopenia
or osteoporosis. The Multiple Outcomes of Raloxifene
Evaluation (MORE) Trial included 7704 healthy post-
menopausal subjects with osteoporosis up to 80 years of age
who were randomized to receive either raloxifene (60 or 
120 mg daily) or a placebo.116 Although raloxifene was also
associated with an increased risk for thromboembolic disease
comparable to tamoxifen, it was not associated with an
increased risk for endometrial cancer. Although these studies
would seem to indicate that these drugs have equivalent
chemopreventive effects, there were important differences
between the study populations. Tamoxifen was evaluated in
both premenopausal and postmenopausal patients with a pre-
vious diagnosis of breast cancer, a condition known to be
associated with an increased risk for breast cancer. Raloxifene
was evaluated only in postmenopausal patients with osteo-
porosis, a condition known to be associated with reduced
breast cancer risk.117 These findings have prompted the evalu-
ation of SERMs as chemopreventive agents.

Does tamoxifen reduce the risk for 
developing breast cancer?

The National Surgical Adjuvant Breast and Bowel Project
(NSABP) performed a trial that included 13,388 healthy
female subjects who had an elevated risk for developing breast
cancer (P-1 trial). Selection criteria included prior diagnosis
of lobular carcinoma in situ of any age, age of at least 60 years,
or age between 35 and 59 years with a 5-year risk for develop-
ing breast cancer as estimated by the Gail model to be at least
equivalent to that of a 60-year-old woman (at least 1.66%).118

Seventy-seven percent had at least one first-degree relative
with breast cancer, and the age distribution was fairly evenly
balanced between older women (30% older than 60 years),
middle-aged women (31% between 50 and 60 years), and
younger women (39% between 35 and 49 years). All women
were followed with annual physical examination and mam-
mography. After a median follow-up of 3.5 years, the Data
Monitoring Committee recommended unblinding the treat-
ment arms because of a 49% reduction in the risk for devel-
oping breast cancer (both invasive and noninvasive cancer) in

the tamoxifen arm compared with the placebo arm. Other
noteworthy findings included the following: (1) about 4% of
women in the placebo arm developed invasive breast cancer
during the course of the study, indicating that the eligibility
criteria used were successful in selecting a group at elevated
risk for developing breast cancer; (2) tamoxifen reduced the
risk for estrogen receptor (ER)–positive breast cancers but had
no effect on the development of ER-negative breast cancers;
(3) there was a reduction in the risk for both invasive and in
situ carcinoma; and (4) tamoxifen reduced the risk for breast
cancer in all age groups, in patients with a family history, and
in patients with lobular carcinoma in situ (LCIS) or atypical
hyperplasia. Tamoxifen had no effect on survival, although a
beneficial effect on survival was not expected.

On the basis of these findings, the U.S. Food and Drug
Administration approved tamoxifen for reducing the risk for
breast cancer in women at high risk for developing the disease.
Three other trials evaluating tamoxifen were ongoing at the
time that these findings were initially reported, prompting
early reporting of the trials. The results of these trials are con-
trasted with the P-1 trial in Table 6–2.119–121 The trials varied in
their sample size, selection criteria, and other factors, includ-
ing the use of concurrent hormone replacement therapy in
20% to 40% of patients in these trials. Only IBIS-I trial
demonstrated that tamoxifen significantly reduced the risk for
breast cancer by 33%. A meta-analysis that included these four
trials confirmed a significant reduction in breast cancer risk of
38% (95% CI, 28%–46%; P < .0001) for tamoxifen, with no
significant reduction in the risk of ER-negative breast cancer
but a 48% reduction (95% CI, 36%–58%; P < .0001) in the
risk for ER-positive breast cancer.122 It also confirmed that
tamoxifen was associated with an increased risk for endome-
trial cancer (RR 2.4%; 95% CI, 1.5%–4.0%; P = .0005), an
effect that was not seen with raloxifene. Both tamoxifen and
raloxifene were associated with an increased risk for throm-
boembolic events (RR, 1.9%; 95% CI, 1.4%–2.6%; P < .0001).
The American Society of Clinical Oncology Technology
Assessment Panel123 concluded, “For women with a defined
five year projected breast cancer risk of > 1.66%, tamoxifen (at
20 mg/day for 5 years) may be offered to reduce their risk.”
The panel did not recommend against the use of raloxifene,
aromatase inhibitors, or retinoids for prevention. Other
expert panels, including the Canadian Task Force on
Preventive Health Care124 and the National Comprehensive
Cancer Network,125 came to similar conclusions.

How should subjects be selected for 
tamoxifen prevention therapy?

Healthy subjects were selected for participation in the P-1
trial. Ideally, an individual should not have a significant
comorbid condition or history of or known predisposition to
thromboembolic disease. Individuals were selected by the Gail
model, which includes the following factors in estimating risk:
(1) current age, (2) age at menarche, (3) age at first live birth
[nulliparous, <20, 20–24, 25–29, >29, unknown], (4) number
of first-degree relatives with breast cancer [0, 1, 2 or more,
unknown], (5) number of prior breast biopsies [0, 1, 2 or
more, unknown], (6) did any prior biopsy show atypical
hyperplasia [yes, no, unknown], and (7) race [white, black,
Hispanic].126–128 The model calculates a 5-year risk and a 
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lifetime risk for the individual, and a comparison risk of a
woman having the same current age but with average risk fac-
tors. Individuals were required to have an estimated 5-year
risk of at least 1.66% to be eligible for the P-1 trial. The Gail
model is appropriate for women without prior breast cancer
and those who are not known to have or to be at increased risk
for having a BRCA1 or BRCA2 mutation. In addition, for
women who have family members with breast cancer diag-
nosed before the age of 50 years, the Claus model may be
preferable.129

A version of the Gail Model may be found on the National
Cancer Institute website (http://bcra.nci.nih.gov/brc).

What are the side effects of tamoxifen 
therapy when used for risk reduction?

The NSABP trial demonstrated that tamoxifen has a 2.5-fold
elevation in the risk for uterine carcinoma and a nearly 2-fold
elevation in the risk for thromboembolic disease in women 50
years of age or older, but not in younger women. Women tak-
ing tamoxifen were also slightly more likely to be diagnosed
with cataracts and to require cataract surgery. There was no
significant difference in the risk for bone fracture, and there
was no difference in mortality between the tamoxifen and
placebo groups. There was an increased prevalence of bother-
some symptoms (described as extremely bothersome or quite
a bit bothersome), including hot flashes (46% vs. 29%) and
vaginal discharge (13% vs. 3%).118 There was no difference
found in the health-related quality-of-life measures (includ-
ing depression and physical well-being). Patients taking
tamoxifen reported problems with sexual function at a defi-
nite or serious level, although the overall rates of sexual activ-
ity in the two groups were not different.130

Does the risk-to-benefit ratio favor
taking tamoxifen?

A key question for an individual considering tamoxifen for
risk reduction is whether the benefits of tamoxifen outweigh

the risk. The risk-to-benefit ratio is therefore dependent not
only on the subject’s underlying risk for developing breast
cancer but also on the subject’s likelihood of developing seri-
ous problems such as thromboembolic disease or uterine 
carcinoma. Gail and colleagues131 have developed models for
estimating risk-to-benefit ratio for individuals considering
tamoxifen for risk reduction. The models are based on
assumptions regarding underlying risks for uterine cancer,
thromboembolic disease, fractures, and cataracts in the gen-
eral population, factors that vary by race. In general, women
who are younger, who have a higher risk for breast cancer, and
who have had a prior hysterectomy are more likely to have 
a favorable risk-to-benefit ratio. For example, the risk-to-
benefit ratio using this model does not favor use of tamoxifen
for any white or black women with a uterus who is 60 years of
age or older. For women between the ages of 50 and 59 years,
the risk-to-benefit ratio is favorable only for white women
who have a 5-year breast cancer risk exceeding 4%, or black
women who have a 5-year risk exceeding 6.5%. For women 49
years or younger, the risk-to-benefit ratio is favorable for 
both black and white women of all risk groups. For women
who have had a prior hysterectomy, the risk-to-benefit 
ratio becomes favorable for white women between 50 and 
59 years, and between 60 and 69 years if their risk exceeds
3.5%, but is generally not favorable for black women of
the same age. Subjects considering tamoxifen prophylaxis
should be routinely counseled regarding their risk-to-benefit
ratio.

Is tamoxifen beneficial in women with 
hereditary breast cancer?

Tamoxifen is clearly effective in reducing the risk for breast
cancer in women who have at least one first-degree relative
with the disease. There is less information regarding its effec-
tiveness in subjects with known heritable mutations predis-
posing to breast cancer, such as BRCA1 or BRCA2. Because
about 80% of breast cancers in women with BRCA1 muta-
tions are ER negative, there is concern that tamoxifen may not
be effective in such women; on the other hand, risk-reducing

Table 6–2 Phase III Trials Comparing Tamoxifen with Placebo in Healthy Female Subjects

NS, not significant; HRT, hormone replacement therapy; LCIS, lobular carcinoma in situ; RR, risk reduction includes both invasive and noninvasive breast
cancer.

NSABP P-1 Royal Marsden Italian Trial IBIS-I

Reference (no.) Fisher et al., 1998 (118) Powles et al., Veronesi et al., IBIS, 2002 (121)
1998 (119) 1998 (120)

No. of subjects 13,388 2494 5408 7410

Selection 5-year risk ≥ 1.66% Age 30–70 yr Age 35–70 yr and Age 35–70 yr with family
due to age (≥60 yr), and family prior hysterectomy history, LCIS, or atypia
Gail model, or LCIS history

Family history 77% 96% 18% 97%

Age ≥ 50 yr 61% 39% 62% <50%

Concurrent HRT use None 42% 19% 40%

Mean follow-up 55 mo 70 mo 46 mo 50 mo

Risk reduction (RR) 49% NS NS 33%
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salpingo-oophorectomy seems to reduce breast cancer risk in
this setting. King and associates reported on a subset of 288
women participating in the P-1 trial who developed breast
cancer, of whom only 8 had BRCA1 mutations and 11 had
BRCA2 mutations.132 Because of the relatively small sample
size and relative wide confidence intervals, firm conclusions
could not be drawn. However, a case-control study demon-
strated a protective effect of tamoxifen against contralateral
breast cancer for women with BRCA1 mutations but not
BRCA2 mutations.133 There is currently a need for additional
information concerning the use of tamoxifen in women with
BRCA1 or BRCA2 mutations.

Are there alternatives to tamoxifen?

No drug other than tamoxifen has been proven to reduce the
risk for breast cancer in women at elevated risk for developing
the disease, but other agents are currently being evaluated in
ongoing clinical trials, including retinoids, other SERMs, and
aromatase inhibitors. Raloxifene is being evaluated as an alter-
native to tamoxifen because it does not seem to be associated
with an increased risk for uterine cancer. Aromatase inhibitors
offer a promising route of chemoprevention through suppres-
sion of estrogen formation within the breast tissue. Aromatase
converts androgens to estrogen and is expressed at a higher
level in breast tissue than in the surrounding tissue.
Aromatase inhibitors (e.g., anastrozole, letrozole, exemestane)
are being evaluated based on sound preclinical and clinical
rationale,134 a position that is supported by several recently
reported trials in women with early-stage breast cancer. For
example, the risk for contralateral breast cancer was reduced
by about 60% in women treated with anastrozole compared
with tamoxifen in the ATAC trial.135 In addition, letrozole
reduced the risk for contralateral breast cancer by approxi-
mately 45% when used following 5 years of tamoxifen 
therapy.136 Ongoing trials evaluating these agents are summa-
rized in Table 6–3.136–140

The studies evaluating SERMs and aromatase inhibitors
outlined above are generally being performed in patients with
either natural or induced menopause, either because of the
lack of safety information in premenopausal women (i.e.,
raloxifene) or because the drug requires a menopausal state to

be effective (i.e., aromatase inhibitors). Veronesi evaluated the
synthetic retinoid fenretinide (200 mg daily) compared with 
a placebo for 5 years in 2972 women with early-stage breast
carcinoma. Although there was no effect in reducing con-
tralateral breast cancer in the entire study population, there
was a significant reduction in contralateral breast cancer in
premenopausal women.141 There is insufficient evidence,
however, to recommend retinoids for this indication. Recently,
grapes and red wine have been shown to contain the com-
pound resveratrol that inhibits aromatase. Resveratrol has
been shown to inhibit the development of preneoplastic
lesions in mouse mammary tumor cells and human cancer
cells grown in the laboratory.142

What other candidate chemopreventive 
agents may be considered in the future?

There are numerous additional agents that are currently
under active evaluation as potential chemopreventive agents.
In addition, recent studies suggest that protocols based on
combinations of chemopreventive agents should be the focus
of future investigations. A few of the more promising com-
pounds under evaluation are reviewed here.

Nonsteroidal anti-inflammatory agents (NSAIDs), includ-
ing inhibitors of cyclo-oxygenase-2 (COX-2), have received
much attention as potential chemopreventive agents.143 For
example, regular NSAID use (2 or more tablets/week) for 10
or more years was associated with a 28% reduction in the
incidence of breast cancer (RR, 0.72%; 95% CI, 0.56%–
0.91%) in the Women’s Health Initiative, and there was a sta-
tistically significant inverse linear trend of breast cancer inci-
dence with the duration of NSAID use (P < .01).144 Regular
use of acetaminophen (an analgesic agent with little or no
anti-inflammatory activity) or low-dose aspirin (<100 mg)
was unrelated to the incidence of breast cancer. The inducible
prostaglandin synthetase COX-2 is normally expressed pre-
dominantly in kidney and brain. COX-2 overexpression has
been described in numerous human cancers, and recently
COX-2 has been shown to be present in approximately 40% of
invasive breast cancers, particularly those that overexpress
HER-2/neu. There is an increasing body of evidence support-
ing a role for COX-2 in breast cancer development and pro-

Table 6–3 Summary of Chemoprevention Trials Evaluating Alternatives to Tamoxifen

RUTH, Raloxifene for Use in the Heart; STAR, Study of Tamoxifen and Raloxifene; HOT, Hormone Replacement Therapy Opposed by Low-Dose Tamoxifen;
IBIS-2, International Breast Intervention Study-2; ApreS, Aromasin Prevention Study.

RUTH STAR HOT IBIS-2 ApreS

Reference Mosca et al., Vogel et al., Decensi et al., Cuzick et al., Goss et al., 
(no.) 2001 (137) 2001 (138) 2003 (139) 2001 (140) 2003 (134)

Accrual goal 10,000 19,000 85,000 10,000 666

Selection › Risk for heart › Breast cancer › Breast cancer › Breast cancer BRCA1/2 mutation
disease risk risk risk

Arms Raloxifene, Tamoxifen, Tamoxifen, Anastrazole, Exemestane,
60 mg QD 20 mg QD 20 mg QD 1 mg QD 25 mg QD
vs. vs. vs. vs. vs.
placebo placebo placebo placebo placebo

Duration 5 yr 5 yr 5 yr 5 yr 5 yr
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gression through effects on angiogenesis and apoptosis as 
well as through effects on intramural aromatase.143 A large
clinical trial is currently evaluating the role of the COX-2
inhibitor celecoxib when used as secondary prevention in
conjunction with aromatase inhibitors in women with early-
stage breast cancer.136

The peroxisome proliferator–activated receptor (PPAR)
gamma, whose inactivation occurs during mammary gland
carcinogenesis, is a nuclear receptor that is activated by
polyunsaturated fatty acids (PUFAs), eicosanoids, and anti-
diabetic agents. Such activation, which is enhanced by ligands 
of the retinoic receptor (RAR) and the retinoid X receptor
(RXR), suppresses breast carcinogenesis in experimental
models and induces differentiation of human liposarcoma
cells. Selective PPAR ligands or modulators (SPARMs) are
currently being designed to have desired effects on specific
genes relevant to breast cancer development. Recent evidence
for a synergistic interaction between RAR as well as RXR with
PPAR gamma suggests that appropriate selective ligands from
these two groups of receptors might be combined in breast
cancer chemoprevention studies.145,146

Histone deacetylation inhibitors, combined with demeth-
ylating agents, are promising as a means of rehabilitating
silenced tumor suppressor genes. Inhibitors of activated 
tyrosine kinases (receptor tyrosine kinase inhibitors) offer a
means of inhibiting increased growth factors and growth fac-
tor receptor expression and activation.147

The statins atorvastatin, fluvastatin, lovastatin, and simva-
statin were shown to inhibit proliferation of MCF-7, a human
breast cancer cell line, by up to 90%. These data have led to
studies to determine whether statins, in addition to their 
cholesterol-lowering effect, may have clinical significance in
chemoprevention of human breast cancer.148

The monoterpenes, including limonene and perillyl alco-
hol, prevent carcinogen-induced and spontaneous rodent
mammary tumors during the initiation phase as well as 
the promotion/progression phase. Limonene, a monocyclic
monoterpene that is the major component of the peels of
oranges and lemons, has little or no toxicity. Both D-limonene
and perillyl alcohol, a more potent analogue of limonene, are
in phase I and II prevention trials.149,150

The isothiocyanates, thiocyanates, and other sulfur-
containing compounds (disulfiram and allyl sulfides) are
effective chemopreventive agents in animal models in which
they have been utilized as anti-initiators against carcinogen-
induced mammary tumors.151 They inhibit cytochrome P-450
phase I hepatic enzymes or induce phase II detoxification
enzymes.152 Increased consumption of cruciferous vegetables
(e.g., cabbage, broccoli, cauliflower, Brussels sprouts), which
are rich sources of isothiocyanates, are associated with a
reduced incidence of intestinal cancers in humans.153

Cruciferous vegetables are also rich in indole-3-carbinol, an
effective chemopreventive agent in animals.154 Ingestion of
indole-3-carbinol by humans (400 mg/day) produces a signif-
icant increase in 2-hydroxyestrone, resulting in decreased pro-
duction of 16-a-hydroxyestrone.78 16-a-Hydroxyestrone is
genotoxic to mammary cells, and its production correlates
closely with the development of mammary tumors in ani-
mals.155 Women with breast cancer often have a low urinary
ratio of 2-hydroxyestrone to 16-a-hydroxyestrone compared
with age-matched controls, suggesting that endogenous dif-
ferences in estrogen metabolism may account for increased

breast cancer risk.156 Preliminary human trials have demon-
strated that indole-3-carbinol is well tolerated and has a sus-
tained estrogen-modifying effect.157 Therefore, the evidence
suggests that indole-3-carbinol, by modulating estrogen
metabolism, may be chemopreventive.

Lycopene, a carotenoid present in tomatoes, processed
tomato products, and other fruits, is one of the most potent
antioxidants among dietary carotenoids. Although some
recent studies have suggested that lycopene and other plasma
carotenoids may reduce the risk for developing breast cancer,
others have not seen an association.158–160

Calcium glucarate, which is normally synthesized in human
liver cells and is also present in vegetables and fruits, has been
shown to inhibit chemically induced mammary tumors in the
rat. Oral supplementation of calcium-D-glucarate has been
shown to inhibit b-glucuronidase, an enzyme whose elevated
expression is associated with an increased risk for breast can-
cer. The chemopreventive ability of this nontoxic agent may
be twofold in that it may act as a regulator of estrogen metab-
olism and also as a detoxifying agent of carcinogens responsi-
ble for breast cancer.161

Organic and inorganic selenium inhibits both chemically
induced and spontaneous mammary tumors in animal 
models.162 Although selenium inhibits the initiation and 
postinitiation phases of carcinogenesis at both the cellular 
and molecular levels, its toxicity has been of concern.
Recently, however, synthetic organoselenium compounds,
such as Se-methylselenocysteine, that have optimal chemo-
preventive potency and low toxicity in animals have been
developed and should allow for the adequate investigation 
of selenium as a chemopreventive agent in human breast 
cancer.163

Dihydroepiandrosterone (DHEA) is an adrenocortical
steroid that prevents carcinogen-induced mammary tumors
in animal models. DHEA appears to affect the promotion
stage of tumorigenesis, suggesting that this agent may be use-
ful in inhibiting the transition from human ductal carcinoma
in situ (DCIS) to invasive carcinoma.164

REMOVAL OF THE TARGET ORGAN 
(PROPHYLACTIC BILATERAL MASTECTOMY)

What is the rationale for prophylactic 
bilateral mastectomy?

Prophylactic bilateral mastectomy (PBM) is a logical,
although extreme, measure for the prevention of breast can-
cer. Indeed, occult cancer has been detected in up to 5% of
prophylactic mastectomy specimens in untargeted popula-
tions that included low-risk and high-risk patients.165 On the
other hand, occult cancer has been reported to be found inci-
dentally at autopsy in 20% of young and middle-aged women
who died of causes other than breast cancer.166 Mammary
tumors can occur in animals, however, despite prophylactic
removal of mammary tissue, and risk reduction is not pro-
portional to the percentage of mammary tissue removed.167,168

In humans treated with mastectomy for breast cancer, residual
mammary tissue is often left behind in the axilla and pec-
toralis fascia.169
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What are the results of prophylactic 
bilateral mastectomy?

Hartmann and colleagues retrospectively evaluated all women
with a family history of breast cancer who underwent PBM 
at the Mayo Clinic over a 33-year period.170 Of the 1065
women who underwent the procedure, 214 met their 
criteria for “high-risk” family history and 425 met their crite-
ria for “moderate-risk” family history. High-risk family 
history was defined as established criteria suggestive of a her-
itable breast cancer predisposition, whereas moderate risk
included those who had a family history in first-degree or
more distant relatives but who did not meet the high-risk 
criteria.171 The median age at mastectomy was 42 years,
and the median length of follow-up was 14 years. Using the
Gail model to estimate the expected incidence in the moder-
ate-risk group, there was a 90% reduction in the observed-to-
expected incidence of breast cancer (0.9% vs. 8.8%). When
comparing the 214 high-risk probands with their 403 sisters
who had not undergone a mastectomy, there was a significant
reduction in the incidence of breast cancer in the probands
compared with their sisters (1.4% vs. 38.7%). Recurrent can-
cers most often were diagnosed only on the chest wall and
occurred after a median of 6 years (range, 2–25 years). PBM
also resulted in about a 90% reduction in the risk for death
from breast cancer. A subsequent report from this same group
retrospectively identified 26 women with an alteration in
BRCA1 or BRCA2, 18 of which were known to be deleteri-
ous.172 None of the 26 women who had PBM developed breast
cancer after a median of 13.4 years of follow-up (range,
5.8–28.5 years), suggesting a beneficial effect in mutation 
carriers.

Meijers-Heijboer prospectively evaluated the effectiveness
of PBM in 139 healthy women known to have BRCA1 or
BRCA2 mutations but no prior history of breast cancer, of
whom 76 chose PBM and 63 chose surveillance.173 After a
mean follow-up of about 3 years, there were no cases of breast
cancer in the PBM group compared with 8 cases in the sur-
veillance group. The annual incidence of breast cancer in the
surveillance group was 2.5% and was consistent with the
number of cases expected for this population.

Although these studies seem to indicate a clear protective
effect for PBM, some experts have pointed out that it is 
difficult to accept the notion that prevention of the disease 
by PBM is not too extreme a procedure as a cure of estab-
lished disease, which can often be managed with breast-
conserving surgery.174 In addition, most women with 
established disease are cured, and up to 50% of women 
with heritable mutations may never develop breast cancer.
Furthermore, the PBM is not protective against ovarian can-
cer, which is less common among mutation carriers than
breast cancer but much more lethal. Finally, risk-reducing
salpingo-oophorectomy is protective against both ovarian and
breast cancer (when performed in premenopausal women)
and does not induce the physical and psychosocial conse-
quences of breast loss, nor does it result in the need for addi-
tional reconstructive breast surgery. For individuals who are
more fearful of a breast cancer diagnosis than the surgery
required to prevent it, however, PBM may be an appropriate
choice.

Is there a role for prophylactic mastectomy in 
women with a prior history of breast cancer?

McDonnell and coworkers175 followed 745 women with a first
breast cancer and a family history of breast or ovarian cancer
who underwent contralateral prophylactic mastectomy
(CPM) at the Mayo Clinic over a 33-year period. There was
about a 95% reduction in the risk for contralateral breast can-
cer, a result similar to that obtained for PBM in high-risk
women with no prior breast cancer history.

What is the optimal procedure for patients 
who undergo prophylactic bilateral 
mastectomy?

Bilimoria and Morrow176 have recommended that preventive
surgery should be simple mastectomy, which encompasses
removal of the entire breast, including the nipple, the areola,
and the breast tissue that extends into the axilla. Axillary
lymph node dissection is not appropriate in these prophylac-
tic procedures. Simple mastectomy may be followed by imme-
diate reconstruction using implant or myocutaneous flaps.
Subcutaneous mastectomy may not be adequate because 
substantially more glandular tissue remains beneath the 
nipple–areolar complex, beneath the skin flaps, and in the
axilla than after simple mastectomy.

What are the physical and psychological 
consequences of prophylactic bilateral 
mastectomy and breast reconstruction?

Prophylactic mastectomy and reconstruction are associated
with sensate loss, particularly of the nipple–areolar complex.
Another important consideration is the need for additional
surgery in those individuals who choose breast reconstruc-
tion.177 In the Mayo Clinic experience, approximately one half
of those women who had reconstruction with implants
required at least one unanticipated reoperation during a
median follow-up of 14 years. Implant-related issues were the
most common cause for reoperation.

One report indicated that approximately 60% of women
indicated negative impact of the surgery on their sex lives, and
20% of women were not satisfied with the cosmetic result.178

On the other hand, Frost and colleagues reported that among
women who chose PBM at the Mayo Clinic, about 70% were
satisfied with the procedure, compared with 30% who were
either dissatisfied (19%) or neutral (11%).179 Importantly,
74% reported a diminished level of emotional concern 
about developing breast cancer. Most women reported 
no change/favorable effects in levels of emotional stability
(68%/23%), level of stress (58%/28%), self-esteem (69%/
13%), sexual relationships (73%/4%), and feelings of femi-
ninity (67%/8%). In addition, 48% reported no change in
their level of satisfaction with body appearance, and 16%
reported favorable effects. These findings indicate that most
women who choose PBM are satisfied with their decision,
although a substantial minority may be dissatisfied.
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Who should be offered prophylactic bilateral 
mastectomy? What are the alternatives 
to the procedure? How should a woman
be counseled?

There are no absolute indications for prophylactic bilateral
mastectomy. Close clinical observation and mammographic
surveillance are a reasonable alternative for high-risk patients
and offer the advantage of sparing the procedure in a sub-
stantial proportion of them. On the other hand, advanced 
disease may still occur in patients who undergo close surveil-
lance, and even patients with early-stage invasive carcinoma
are at risk for cancer-related mortality. Furthermore, routine
screening mammography in patients younger than 50 years,
the age at which close follow-up begins for the high-risk
patient, is not associated with reduced breast cancer mortali-
ty.101 In addition, there is no information regarding the efficacy
of clinical and mammographic surveillance in high-risk pop-
ulations. On the other hand, the finding that the 60% to 90%
of premenopausal women with breast cancer have mammo-
graphically detectable cancers suggests that this approach is
reasonable and likely to be efficacious in this population.176

It is well known that most women with a family history of
breast cancer substantially overestimate their risk for develop-
ing the disease, which in turn results not only in unnecessary

anxiety but also in diminished compliance with screening rec-
ommendations for some women and unnecessary requests for
genetic testing or prophylactic mastectomy by others.180–182 A
limited period of regular counseling and education signifi-
cantly reduces risk perception and enhances compliance with
screening.183 Other investigators have demonstrated, however,
that breast cancer risk continues to be overestimated by most
patients despite formal, standardized counseling sessions.184

CONCLUSION

Is there any effective strategy for a woman to 
prevent breast cancer at the present time?

The measures that a woman may wish to consider to prevent
breast cancer are dependent on her underlying risks for devel-
oping the disease (see Table 6–1; see also Chapter 5). Measures
that might be taken and previously discussed in detail in this
chapter are summarized in Table 6–4 and have also been
reviewed by experts in the field.185 Early or multiple pregnan-
cies, lactation, regular exercise, ingestion of adequate amounts
of fruits and vegetables, limiting alcohol consumption,

Table 6–4 Modifiable Factors in Breast Cancer Prevention

Factors Effect Comments

Reproductive or Hormonal

Term pregnancy before age 30 yr Up to 30% decrease in risk Increased risk for up to 15 yr after delivery
followed by reduced risk

Multiple pregnancies Up to 20% decrease in risk

Lactation Small but significant decrease in risk Protection for premenopausal women who
initiate lactation before age 29 yr and continue
for at least 4 mo

Oral contraceptives, ever use No increased risk ≥ 10 yr after
cessation of use

Oral contraceptives, current use Slight increased risk for having
or in past 10 yr breast cancer diagnosed

Hormone replacement therapy, No risk effect
ever use

Hormone replacement therapy, Increases risk up to 50% Greatest relative risk is for those with a family 
current use for >15 yr history

Contraceptive to suppress ovarian May decrease risk by 50% (10-yr use); Not yet tested in large trials
function through use of by 70% (15-yr use)
gonadotropin-releasing
hormone agonist

Lifestyle 

Ingestion of adequate amounts of Decreased risk
fruits and vegetables, olive oil,
and soy products

Alcohol consumption Increased risk Proportionate to amount consumed

Exercise Decreased risk Proportionate to amount

Obesity Increased risk Applies to postmenopausal women

Tamoxifen Decreases risk about 40% Applies to contralateral breast cancer in women
with prior breast cancer history
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avoidance of obesity in postmenopausal women, and perhaps
the use of olive oil and soy products may all have a protective
effect and should be considered sufficient by women at aver-
age risk. Preventive measures that include diet, exercise, and
avoidance of alcohol may be especially important during ado-
lescence. For high-risk women, all of the aforementioned
measures may also afford some protection, although the risk
may be sufficiently high to warrant consideration of a chemo-
prevention trial or screening by those older than 50 years.
Close observation and mammographic surveillance are clearly
indicated for this group. For very-high-risk women, such as
those who have a BRCA1 or BRCA2 gene mutation, partici-
pation in a chemoprevention trial, close observation, and
prophylactic oophorectomy or bilateral mastectomy are rea-
sonable considerations. Screening average-risk individuals
with mammography and selected high-risk individuals with
magnetic resonance imaging is always an option, not to pre-
vent the disease but rather to detect it at an earlier time.
Chemoprevention is not a substitute for screening, and
screening should continue in those who elect chemopreven-
tion. In addition, chemoprevention or prophylactic bilateral
mastectomy should always be discussed in the context of
screening as a possible alternative.
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What is the magnitude and location of risk for 
later invasive breast cancer after atypias?

Prediction of later untoward events, specifically the develop-
ment of invasive breast carcinoma, is the important practical
and biologic association of the specifically defined AHs.
Although there are some characteristics that are especially rel-
evant to either the lobular or ductal pattern of AH, the practi-
cal consequences of the AHs may be discussed as a cohesive
group because in the important age group of 35 to 55 years,
the consequences and presentations are similar.6,7

A major part of this discussion is the difference between
AHs (see Table 7–1) and the conceptual “parent” carcinoma in
situ (CIS) lesions.8–10 Before the 1980s, a woman with benign
breast disease was understood to have had a history of a
benign breast biopsy. It was accepted as common knowledge
that these women had a threefold increased risk for breast
cancer.11 Since the late 1980s, we have widely accepted the fact
that most women undergoing breast biopsy for a benign
lesion have no increased risk for subsequent breast cancer, and
that a subset of these women may be identified as being at
some risk of later breast cancer on the basis of histologic pat-
terns of disease4,5,10,12,13 (see Table 7–1).

Figures 7–1 and 7–2 present data from follow-up studies of
women with hyperplastic lesions of various types and the
philosophic underpinnings of these and analogous observa-
tions. Only three other cohort studies12,14,15 similar to the one
presented in Figure 7–1 have been performed using the same
criteria for stratification of hyperplastic lesions. These have
been essentially confirmatory, with small differences discussed
elsewhere.6,7,15,16 Other studies using analogous criteria or cri-
teria derived from different pathologists without using crite-
ria-driven terminology are essentially supportive in that the
more complex (or “atypical”) the hyperplastic lesions,
the more elevated the risk.17,18 However, the cancer risk of the
atypical hyperplastic lesions is highest when strict criteria are
used for their evaluation. Considering that none of these pre-
dictions is absolute, there may actually be little practical 
difference between a patient with extensive usual-pattern
hyperplasia and a patient with a small amount of AH. These
risk implications may also vary somewhat with age and are

CHAPTER 7

Pathologic Evolution of
Preinvasive Breast Cancer:
The Atypical Hyperplasias
David L. Page

The precursors of breast cancer are unknown, but there 
are histologic patterns associated with an increased risk for
developing breast cancer. The associations are of differing
magnitude for different anatomic lesions and are potentially
useful for determining prevention strategies. They also pro-
vide current guidelines for clinical management and patient
counseling.

How do the atypical hyperplastic lesions differ 
in clinical significance from ductal carcinoma 
in situ?

The major thrust of this chapter is to differentiate the atypical
hyperplastic lesions from ductal carcinoma in situ (DCIS),
which is discussed in detail in Chapter 8. When minimal
examples of DCIS are identified and these samples are incom-
pletely removed, the invasive cancer that may develop later is
regularly in the same breast at the same site.1,2 This differs
from the later cancers developing after identification of atyp-
ical hyperplasia (AH) of the lobular or ductal type, which are
largely and evenly distributed within each breast at any site.3–5

Thus, it has become well established (Table 7–1) that the AHs,
including lobular carcinoma in situ (LCIS), are markers of
increased risk for cancer development anywhere within either
breast over the next 10 to 15 years at least. This is very differ-
ent from the obviously local progression to malignant behav-
ior of the DCIS lesions, although there is a regional
implication for the lesions of atypical lobular hyperplasia
(ALH) that is strongly supported by the fact that 70% of the
later-developing invasive carcinomas are in the ipsilateral
breast, with the biopsy showing ALH. This tendency toward
favoring one breast rather than having the even and bilateral
distribution found with atypical ductal hyperplasia (ADH)
has been recognized since the 1970s, when contralateral biop-
sies for lobular neoplasia (ALH) and LCIS frequently demon-
strated no disease in the contralateral breast. However, there
are differences of risk magnitude and site of later cancers, as
discussed elsewhere.
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certainly of less importance in older women, who are more
likely to develop cancers of increasingly lower malignant
capacity and whose mortality is increasingly likely to result
from cardiovascular causes.

The occurrence of fibroadenomas has also been studied,
with attempts made to stratify the 1.4 to 1.7 times increased
risk found for all fibroadenomas. One large study has found
that some elements occurring with fibroadenomas identify

women as being at a slightly increased risk for breast cancer,
and about 70% of women with fibroadenomas and without
the added risk elements are left without an increased risk
(Table 7–2).19

Figure 7–1 presents percentages of women developing inva-
sive breast cancer and indicates that the most relevant and
practical information is obtained in the first 15 or so years
after diagnosis. The information more than 15 years after
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Table 7–1 Characterization of Breast Histopathology, from Benign through Carcinoma In Situ

ADH, atypical ductal hyperplasia; ALH, atypical lobular hyperplasia; LCIS, lobular carcinoma in situ; CIS, carcinoma in situ; DCIS, ductal carcinoma in situ.

Definition Clinical Implications Diagnoses

Benign No increased risk for later invasive cancer compared Cysts, fibrosis, apocrine change, most fibroadenomas
with similar women (age most important)

Benign; similar to Slightly increased cancer risk, reliably approaching Well-developed patterns of usual hyperplasia; 
above group in double that of comparable women sclerosing adenosis; subsets of fibroadenoma; 
practical terms possibly, many larger and recurring cysts

Benign; elevated cancer Moderate magnitude, and generalized (anywhere in Specific patterns of atypia; cytologic and histologic 
concern in some age breasts) increased risk criteria of ADH and ALH/LCIS
groups

CIS, low-grade DCIS Prolonged, local evolution into invasive carcinoma Low-grade DCIS, <1 cm

CIS, high-grade DCIS Shorter and more certain local evolution into High-grade CIS, ductal pattern, regional disease, 
invasion, about 50% in 3 yr for larger lesions regularly >1 cm in greatest extent; can be large
incompletely removed

Figure 7–1 This Kaplan-Meier life table presents the experience of women after benign breast biopsy and records the incidence of later
development of invasive breast cancer. Patients were excluded when lost to follow-up and if they died of other conditions, which accel-
erates the apparent incidence after 15 years; thus, the absolute risk indicated by the findings on breast biopsy should properly be cut off
at 10 to 15 years. Note that this represents an average experience of women of average age (mid- to late mid-40s) in the initial Nashville
series. Thus, a woman of that age with atypical hyperplasia experiences a risk for invasive carcinoma in the next 10 to 15 years of 10%.
This risk might be slightly higher for older women, certainly for those into their 50s at the time of biopsy, but other causes of death after
that age (certainly in the late 60s) would not increase this incidence. The incidence in women without proliferative disease may be extrap-
olated from the incidence in the general population, with an error rate of about 10%. In this series from the premammographic era,
women developing invasive breast carcinoma had a death rate of only 28% at 10 years after mastectomy.



biopsy is fragmentary and related to a small number of
women. It also should be recognized that those women are
now on average almost 20 years older than when their risk was
evaluated initially. Because this is a cumulative risk statement,
women who have developed cancer in the early years are also
included in the statement. Basically, the relative risk for these
older women (15 to 20 years after biopsy) may change to be
more like that of comparable women of the same age at that
period of time. Because of this somewhat confusing aspect, we
believe that for practical reasons, predictiveness should be
truncated at 10 to 15 years.6,20 The relationship of relative risk
(a comparison with similar women in magnitude of risk) to
absolute risk (an indication of the specific risk in percentage
likelihood applying to the woman being counseled) is pre-
sented by Dupont and Plummer.21 One of the most important
aspects of risk assessment is that breast disease and its treat-
ment are constantly changing. Any decision based on what
might happen to a woman more than 15 or 16 years in the

future would seem best made at that time, rather than at a
time 10 to 20 years earlier that does not integrate the other
events that may occur in that time.

Figure 7–2 presents a stochastic model proposing that can-
cer development takes place through a series of steps whose
recognition determines the likelihood or probability of devel-
opment of carcinoma. The individual lesions cannot be 
identified as specific precursors. This model must take into
consideration the fact that any lesion that is viewed under the
microscope and categorized has been removed from the
breast. Presumably, then, lesions remaining within the breast
or nonanatomically defined factors are the causative or pro-
voking agents for later cancer development. Thus, the DCIS
lesions that proved to be local precursors may be so because
even the smallest lesions usually have dimensions in the 5- to
10-mm range1,21 and are more likely to remain after biopsy
than after planned wide excision (see Chapter 8).

What is the histologic definition of atypical 
ductal hyperplasia and its special features?

Atypical ductal hyperplasia (ADH) is most often a solitary
lesion on biopsy and confined within a single lobular unit, sel-
dom larger than about 3 mm overall. Figure 7–3 presents a
theoretical progression of lesions to invasion through levels of
hyperplasia, although in reality very few lesions progress.
Some of the particulars of histologic diagnosis were discussed
earlier, but Figure 7–4 indicates more precisely the criteria
used to arrive at a specifically defined lesion of ADH.22 Three
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Figure 7–2 This graph indicates levels of likelihood of developing true malignancy over time as measured by anatomic lesions at benign
biopsy. The implication is that women who developed proliferative disease (PD) or atypical hyperplasia (AH) are more likely to proceed
to the next step, carcinoma in situ (CIS). This is certainly not a guaranteed progression but must be viewed as one that is likely; for that
reason, the connections between the different levels are in dotted lines, indicating a more tenuous link. The arrows pointing up and down
indicate that lesions may recede or progress; the dashed lines indicate that they may maintain stability over a long period of time. It is
believed that as one progresses, certainly to and past the level of atypical hyperplasia, recession of lesions is less likely. However, there is
good indication that even low-grade ductal carcinoma in situ may remain stable or regress about 50% of the time.

Complex histology: any combination of apocrine change, cysts,
sclerosing adenosis, or calcification (epithelium related)

Usual patterns of hyperplasia; moderate and florid in
surrounding parenchyma (similar to women without
fibroadenoma)

History of breast cancer in first-degree relative (slightly higher
than the history of cancer in a relative alone)

Table 7–2 Features Associated with Fibroadenoma* That
Elevate Breast Cancer Risk

*Most of the risk is operative 10 to 15 years after diagnosis.



criteria are important: cytology, histologic pattern, and extent
(or size) of lesion.23 Agreement among pathologists is usually
obtained when consistent criteria are used.24

Recognizing that these specifically defined, atypical lesions
are clinically important indicators of increased risk will also
lead to the recognition of anatomic patterns that mimic and
may be confused with these lesions. An excellent example is
that of “collagenous spherulosis,” originally described by
Clement and colleagues.26 Further studies have confirmed that
this hyaline element is usually related to basement membrane
materials.27 The importance of collagenous spherulosis lies in
the fact that with its sharply defined, round spaces it strongly
mimics the histologic pattern of ADH. However, the lack of
a uniform population of neoplastic-appearing cells makes 
its recognition as an AH (identifying moderate risk) inappro-
priate. Both the cytologic features of an appropriate popula-
tion of cells and the histologic pattern criteria are necessary
for a diagnosis of AH, which is indicative of a moderately
increased cancer risk (four to five times that of comparable
women; see Table 7–1). The risk implications of ADH are
slightly smaller in the studies from the Nurses’ Health Study at
Harvard. This may relate to the selection of cases during the
mammographic era.

The incidence of ADH probably continues to rise for 10 
to 20 years after menopause, a major differential feature 

from ALH, which tends to decrease in incidence after
menopause.4,6,9

What is the histologic definition of atypical 
lobular hyperplasia and its special features?

Special considerations of ALH relate to its regular multicen-
tricity. Although usually complete lobular units are involved,
many units may be involved without involvement of interven-
ing ducts. This multicentricity has been thought to be the rea-
son for dispersion of sites of later-developing carcinomas,
although the breast with identified ALH is twice as likely to be
the site of later invasive cancer.28

Of special note is the terminology related to ALH and LCIS.
The histologic criteria demand alteration of lobular units as
well as a characteristic and uniform cytology. The diagnosis is
less difficult than with ADH, but problems with the use of
the term LCIS remain. These problems may be considered
resolved when one recognizes the slightly different criteria
used to describe the same spectrum of change from “fully
developed” (LCIS) to “minor deformity of lobular units” (just
a few atypical cells without distention). When pathologists
agree on criteria, they usually agree on diagnostic assess-
ment.25 Basically, this is a problem in terminology only
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Figure 7–3 The hypothetical progression of lesions to invasion through levels of hyperplasia is presented. Note that each of these units
is a space bounded by a basement membrane. These are usually acini or terminal ducts within the breast, but they could be major ducts
as well. A, Normally, there is a single luminal layer of cells and a single outer layer of basal or myoepithelial cells. B, A slight increase in
cell number, three to four cells above the basement membrane, is not associated with a measurable increase in likelihood of breast can-
cer incidence in the next 10 to 15 years. C, The usual hyperplasia, with irregularity in placement of cells and irregularity of intercellular
spaces. D, More regular arches are present, similar to those seen in low-grade ductal carcinoma in situ (DCIS), with maintenance of 
normally polarized cells around the outside. E, Patterns of atypical ductal hyperplasia or DCIS of very low grade are indicated, with the
arches and bars formed by a uniform population of cells. F, It is suggested that microinvasion into stroma occurs from the in situ lesions,
with the protrusion of cells in the lower portion indicating loss of basement membrane materials and invasion. However, an in situ com-
ponent is often absent, and invasive lesions can form basement membrane components, a further example of the heterogeneity of these
processes.



because recently performed studies in fairly large groups of
patients4,29–32 have shown that lesser changes within the lobu-
lar units indicate a lesser risk than the more fully developed
lesions that may be identified as LCIS.27,29–33 In this way, use of
the term ALH is understood to mean an implication of
increased risk only, without an implication of “carcinoma
attached with LCIS.” Others accept lobular neoplasia as a clin-
ically useful term,31,32,34 although the term ALH for most of
these cases is appropriate and clinically useful. The term LCIS,
which has historical precedent and wide clinical acceptance, is
then reserved for the most fully developed lesions, which
probably have a greater associated cancer risk.9,29,31 Also, dense
local disease, approaching 1 cm in size, may have lobular
cytology. Fisher and coworkers have presented a group of such
patients with excellent follow-up after excision.29

In 1996, Bodian and associates30 stated that all of the
changes should be called “lobular neoplasia,”34 while docu-
menting that lesser examples of this phenomenon, called
“ALH” by others, are associated with a significantly lower risk.
It would seem immaterial whether one calls these “lobular
neoplasia types 1 and 2” rather than “ALH” or whether one

calls the fully developed examples of LCIS by that name or by
“lobular neoplasia number 3.”

Fisher and coworkers29 document the cases of LCIS pre-
senting within the National Surgical Adjuvant Breast Project
(NSABP). These cases are particularly valuable because they
document a subset of LCIS that is quite advanced and that
mimicked DCIS in the view of the original pathologist. These
cases have a significant risk for later cancer development,
which is not as high if the changes are not as advanced.

What are the nonclassic forms of
atypical hyperplasia?

In addition to the relatively common and verified lobular and
ductal series of AHs, other lesions presenting in the breast
may also be considered “atypical” in the sense that they are
close in their characteristics to those recognized as CIS. Such
lesions include the hypersecretory atypias and the apocrine
atypias.35,36 Basically, the available literature has not pro-
ceeded beyond the stage of recognizing these as a potential
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Figure 7–4 The specific histologic features in the sequence of ductal pattern lesions. Florid hyperplasia without atypia (FHWA) is shown
with irregular spaces between the cells. The insert above FHWA shows the irregularity of cell placement and nuclear features. These irreg-
ularities may indicate atypia in another organ but within the breast usually indicate the variation of ordinary hyperplasia, unless advanced
nuclear atypia, as seen in comedocarcinoma in situ, is present. The anatomically intermediate lesion of atypical ductal hyperplasia (ADH)
has specific features of ductal carcinoma in situ (DCIS) in less than completely developed form, usually best measured by the extent of
the lesion (see text). Note that the even placement of similar-appearing cells is seen in both low-grade DCIS and ADH but that remain-
ing areas within the same basement membrane–bounded space of normally polarized cells (insert below ADH) and also intermixtures of
the varied cell population of usual hyperplasia are present. In DCIS, the uniform population of cells is present throughout the space with-
out another cell population (although myoepithelial cells can be present). Usually, at least two spaces are completely involved, and the
area of discernible atypia is greater than approximately 3 mm in overall size.



problem. Some lesions with these cytoplasmic characteris-
tics37–40 may appropriately be considered CIS because of their
extent and seemingly neoplastic population of cells. Basically,
each of these types of CIS presents as DCIS, with extensive
areas of the breast involved in continuity through the branch-
ing system of ducts. O’Malley and associates39 considered the
criteria for minimal DCIS of the apocrine type and primarily
used the clustering size and cytology. They recommended that
lesions larger than 8 mm and involving multiple lobular units
and ducts in continuity be considered apocrine DCIS. With
lesions of this extent, the implication of local recurrence is
evident. This approach was used because the pattern criteria
so useful in classic forms of DCIS are often lacking. The
hypersecretory atypias present an even greater problem
because of their variety of presentations.40

Lobular units may present quite remarkable alterations,
including enlargement and cellular change, the latter of which
may include extreme nuclear atypia. The confinement of these
changes to solitary lobules indicates that these changes have
little clinical significance, except that adjacent lobular units
and tissue may contain similar or more advanced changes.41–45

The enlargement of these other adjacent lobular units involves
unfolding and occasionally some cystic alteration; hence,
these units have been called “unfolded lobules.” These changes
associated with prominent snouts and secretions have been
associated with contiguous changes of AH or DCIS in the set-
ting of limited biopsy by core needle. Various studies have
focused on the enlarged unit or the cytologic changes. We have
taken the approach of using the background of the enlarged
lobular unit as a descriptor46 and follow with an explanation
of the remarkable cytologic and hyperplastic changes that may
be present within the unit.

These altered lobular units are about 3 to 8 mm and are
usually enlarged compared with other lobular units. Their
abundance is usually due to the active nature of the involved
stroma. The enlarged involved cells are frequently apocrine or
apocrine-like and may involve a range of other nuclear and
cytoplasmic changes. Most often, the cells are columnar with
apocrine-like cytoplasm and frequent apical cytoplasmic 
blebs or snouts. Such lesions may be termed enlarged lobular
units with columnar alteration (ELUCA). Nuclei are usually
enlarged and occasionally very atypical, but cytologically nor-
mal cells are almost always intermixed unless there are specif-
ically defined features of ADH or ALH. The secretory activity
of the cells is important because it is the calcification of the
secretions that renders these lesions detectable by mammog-
raphy. Sometimes, individual lobular units will appear as
completely normal lactational units with secreted foamy
material within the lumen as well as a similar foamy appear-
ance of the cytoplasm. There are quite a few variations of this
alteration between the secretory change and apocrine change.

Although clinical implications are not completely known,
the mere local association of ELUCA with invasive cancer
(often, the low-grade tubular lesions47,48) does not provide
malevolent implications when ELUCA is found alone. The
predictive implication for later or associated cancer is mini-
mal without further hyperplastic changes. This assertion was
first supported in the mid-1970s in the important subgross
studies of Wellings and colleagues,49 who ascertained the
abnormality of lobular units by viewing specimens at slight
magnification; indeed, most of the specimens’ changes were
classified on the basis of the altered and enlarged lobular unit

for assignment to at least the first two or three major cate-
gories in Wellings and Jensen’s system. The enlarged lobular
unit with columnar and apocrine alteration that did not also
have hyperplasia they termed ALA-1. The subsequent cate-
gories in the ductal series 2, 3, and 4 included various aspects
of hyperplasia within the enlarged lobular units, recognizing
that these are favored foci for the presentation of hyperplasias.
Wellings and colleagues49 found that these enlarged lobular
units had a small association with concurrent carcinoma.
Follow-up studies sought to separate the enlarged lobular
units, as identified by the subgross evaluation48 from the
hyperplastic changes. When the enlarged, distorted lobular
units and the hyperplasias were evaluated, there was a slight
tendency for the larger lesions to have an increased risk for
later invasive cancer, at 1.9. When the specifically defined AHs
were removed from the analysis, the levels of risk were not sig-
nificant statistically.50 This does not clarify the meaning of
these lesions when identified mammographically because
there is a selectivity for calcifications and because ELUCA
indicates possible associations with other lesions of greater
neoplastic significance.51

Can fine-needle aspiration cytology and core 
needle biopsy allow an accurate diagnosis
of atypical hyperplasia?

There have been some attempts to recognize different forms of
hyperplasia, atypical and otherwise, by cytologic examination
of fine-needle aspirates.52–54 Most investigators have main-
tained that these attempts are extremely difficult and the
results from cytology alone cannot relate directly to the find-
ings from specifically defined AHS that are recognized by his-
tologic and extent criteria in addition to cytologic criteria. This
has been supported by the studies of Stanley and associates55

and Sneige and Staerkel.56 Thus, it is currently impossible to
maintain that one detects the same AH lesions in fine-needle
aspirations by cytologic criteria alone. However, rarely, cluster-
ing of cells may be appreciated in cytologic preparations,
which with proper cytology may suggest ADH or ALH.56,57

The recent emergence of core needle biopsy techniques
under stereotactic or ultrasound guidance has introduced a
need to understand the role of the special aspects of AH in this
setting. Most researchers have held that the presence of AH on
a biopsy of this type should lead to an open biopsy.58–60 This
appears to be appropriate and accepts the fact that more
extensive lesions of similar morphology may be diagnostic of
CIS. This is more important in the ductal than in the lobular
series of lesions. Also, if a larger specimen is removed with
many core samples and with use of larger needles, then further
biopsy may not be necessary if the atypia is proved to be 
of limited extent. Both Ely and coworkers61 and Sneige and
colleagues62 have stated that if only one or two lobulocentric
foci of ADH are present in a specimen of multiple cores, re-
excision will be regularly negative for atypia and CIS.63

What are the clinical implications of a 
diagnosis of atypical hyperplasia?

The most important consideration in the area of histopa-
thology and its interface with clinical management is the 
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difference between ADH and minimal examples of DCIS.7,22,25

This concept demands the separation and stratification of
different forms of DCIS, a fact now widely established (see
Chapter 8).

A diagnosis of AH recorded in the clinical record indicates
an increased risk for breast cancer in the next 15 years. This
increased risk applies to either breast and is of a magnitude
greater than double that of the general population of similar
women. This risk is not as great as that associated with the
most minor DCIS left untreated or with fully developed LCIS.
It is notable that this risk implication of AH is largely confined
to women between the ages of 35 and 55 years. AHs are
uncommon in women younger than 35 years, and the associ-
ation of risk in women older than 55 years is complicated by
the fact that the risk probably becomes less for the lobular
series of lesions in women older than 60 years. Also, with
regard to women older than 60 to 65 years, risk for death from
other causes makes the increased risk for breast cancer less
important. There is certainly no direct clinical implication of
these diagnoses in an individual woman except for the accep-
tance of some increase in later breast cancer risk. This clinical
situation is currently answered by mandating frequent mam-
mographic surveillance.

It should be recalled that lesions now widely recognized as
ALH and ADH were frequently diagnosed as lobular or ductal
CIS in the 1970s and early 1980s. Thus, one of the important
features of the AHs is that they avoid overdiagnosis of CIS and
provide clinical implications that are clearly much less than
those associated with CIS.

The specific, criteria-driven definition of ADH is widely
accepted in the Americas as well as in Australia and much of
Europe. The definition of ADH includes criteria of cytology as
well as histologic pattern and some indication of size or
extent. Basically, ADH-like lesions of uniform cytology and
even placement found in areas greater than 5 to 8 mm are
accepted as examples of minimal DCIS. The problem with this
definition is that sometimes individual spaces are not com-
pletely involved; hence, others have used a “two-space rule,”
which demands that two basement membrane–bound spaces
(usually acini or ductules within lobular units) be completely
involved by the same population of cells. Both approaches
(extent vs. number of spaces completely involved) recognize
essentially the same cases. There are a small number of cases
that may be most fruitfully recognized as the borderline
between ADH and DCIS. Most of these may be viewed as large
examples of ADH.

The clinically practical important difference between these
diagnoses is that a portion of an area with a lesion recognized
as low-grade DCIS, left untreated, will eventuate in invasive
carcinoma in the same site in the same breast in at least 30%
of cases within 15 years.1
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terminal floret of small ductules, the lobule-acinus—or as
Wellings referred to it, the terminal ductolobular unit
(TDLU)—was the site of origin of most of the distinctive
metaplastic, hyperplastic, and neoplastic lesions of the breast,
including both ductal and lobular carcinoma in situ.

The current clinical paradigm synthesized from these stud-
ies regards lobular neoplasia (LCIS and ALH) as a risk marker
(a morphologic lesion that indicates a patient at greater risk
for subsequent invasive carcinoma) but not as a precursor
lesion. The paradigm dictates that risk is equally distributed to
either breast and bears no relationship to the prior biopsy site
or involved margins. As a result, surgical intervention to pre-
vent an invasive event following a diagnosis of lobular neo-
plasia requires bilateral mastectomy; there is no rationale for a
re-excision to achieve free margins because they have no bear-
ing on local control because subsequent invasive events have
no relationship to either the biopsy site or involved quadrant.
Lobular neoplasia was seen as a multicentric process, and
cumulative risk for a subsequent invasive event was relatively
low, about 18% at 20 years of follow-up. This paradigm for
surgical and oncologic practice for lobular neoplasia has
become the most prevalent but is now in flux.

Lobular Neoplasia as a Precursor Lesion
The clinical paradigm of lobular neoplasia as a marker lesion
has been challenged by two more recent studies showing that
most subsequent events occur in the ipsilateral breast; in one
of the studies, they usually occurred within the same quadrant
and were predominantly of the same histologic type (i.e.,
invasive lobular carcinoma).

Fisher and colleagues7 provide a prospective outcome for
patients with lobular neoplasia—the majority ALH—entered
into the National Surgical Adjuvant Breast Project (NSABP)
protocol B-17 DCIS trial. After 5 years, there were six subse-
quent invasive breast cancers among 182 patients with lobular
neoplasia: four ipsilateral and two contralateral. Five of six of
these subsequent invasive carcinomas were of lobular subtype;
all subsequent invasive events occurred in the same quadrant.
There were also five subsequently diagnosed cases of DCIS
among this group: four ipsilateral and one contralateral. In a
recent update with a 12-year follow-up,8 19 patients developed
a subsequent invasive event; these were equally distributed 
to the ipsilateral9 and contralateral breasts.10 Fifteen of 17
invasive events were lobular or lobulotubular subtypes.
Lobular neoplasia equivalent to minimal ALH exhibited a

CHAPTER 8

Pathology of In Situ 
Breast Cancer
Michael D. Lagios

In situ carcinoma of the breast refers to two disparate types of
lesions, with very different biologies, risks for invasive carci-
noma, and treatment approaches. It is in fact a semantic
anachronism that joins lobular carcinoma in situ (LCIS) with
ductal carcinoma in situ (DCIS) and Paget’s disease of the 
nipple, a form of DCIS involving the nipple epidermis, as a
single entity.

LCIS and atypical lobular hyperplasia (ALH; generically,
lobular neoplasia) are not obligate precursor lesions to inva-
sive growth and are usually incidental microscopic features
that are neither palpable nor mammographically visible. LCIS
and ALH signify a variable level of risk equally distributed to
either breast. In contrast, both DCIS and Paget’s disease are
usually obligate precursor lesions to invasive growth; are usu-
ally detected by mammography, palpation, or visual examina-
tion; and indicate a variable but substantially larger risk than
LCIS as a whole, but limited to the ipsilateral breast.

What is lobular neoplasia?

The term lobular carcinoma in situ, coined by Foote and
Stewart in 1941,1 was meant to describe a definitive precursor
lesion to invasive lobular carcinoma and to document a sepa-
rate anatomic origin for lobular as opposed to all other types
of invasive breast carcinoma. The original paper does not cite
a specific number of cases of LCIS but suggests that the
authors noted three or four, only one of which was followed
prospectively. The others were examples of invasive carcino-
mas concurrently associated with LCIS.

Subsequent studies have shed considerable light on the
biology of LCIS. The blinded retrospective follow-up studies
of Rosen and colleagues,2 the prospective follow-up studies 
of Haagensen and associates,3 and the disturbing study of
Wheeler and coworkers,4 along with an update of Haagensen’s
data,5 challenged the concept, as set forth in 1941, that LCIS
was a direct precursor of invasive lobular carcinoma. Rather,
LCIS was seen to be associated with a cumulative risk for sub-
sequent invasive carcinoma of about 1% per annum. Most
important, in these early studies the risk for subsequent inva-
sion to either breast was nearly equally distributed, a biology
incompatible with a direct precursor status. Wellings and col-
leagues,6 in a three-dimensional study of cleared mastectomy
specimens, put an end to speculation about a special site 
of origin for lobular carcinoma by demonstrating that the 
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mean annual rate of subsequent events less than one third that
of more significant ALH and frank LCIS (0.55 per 100 patient-
years vs. 1.84 per 100 patient-years).

Fisher noted that only 10.5% of the 181 patients with lobu-
lar neoplasia developed a subsequent invasive carcinoma
within the 12-year follow-up, whereas Page and associates,9 in
a retrospective cohort study, noted that 21% of all lobular
neoplasia patients (predominantly with ALH) developed an
invasive event after a mean 17.2 years of follow-up.

Page and associates,9 in a separate database and analyzing
ALH as opposed to LCIS, noted an even greater preponder-
ance of ipsilateral subsequent events: 70% were purely ipsilat-
eral, 25% contralateral, and the remainder bilateral.

Impact of Lobular Neoplasia on Local Control
in Programs of Breast Conservation for 
Invasive Disease
Regarding lobular neoplasia as a risk marker, there would be
no rationale for its re-excision; in contrast, regarding it as a
precursor for an ipsilateral invasive event, there would be a
potential role for such re-excision. Sasson and colleagues10

identified 65 women with an LCIS component in their resec-
tions for stage I or II breast carcinoma. Subsequent follow-up
revealed a threefold increase in risk for an in-breast local
recurrence, as compared with non-LCIS patients (15% vs.
5%), although numbers were small. A first-order family 
history of breast cancer increased the 10-year cumulative inci-
dence dramatically to 47% for patients with LCIS, as com-
pared with 3% for those patients whose resections did not
disclose this lesion. Ninety percent of in-breast recurrences
were invasive in the LCIS group, and of these, 44% were of
lobular or mixed lobular subtypes (4 of 9), compared with
8.3% (4 of 48) in the non-LCIS cohort. Mean interval to
recurrence for true misses at the excision site was 6.9 years for
the LCIS subset, compared with 3.6 years for the non-LCIS
subset. Recurrence was not related to margin involvement by
lobular neoplasia.

On the other hand, Abner and associates,11 in a larger study
of the impact of LCIS on local control in breast conservation
therapy (BCT) for invasive disease, noted no increase in local
recurrence at 8 years for either the presence or the extent of
LCIS in surrounding tissue. Goldstein and coworkers,12 in a
compulsive analysis of factors affecting local control in BCT,
also noted no impact for the presence of LCIS.

Does lobular carcinoma in situ or atypical 
lobular hyperplasia in a core biopsy require 
open excision?

The finding of either atypical ductal hyperplasia (ADH) or
DCIS within a core biopsy is generally regarded as an indica-
tion for a subsequent open biopsy because of the frequency of
diagnostic upgrades at excision to either DCIS or invasion. In
studies of ADH, the gauge of the biopsy needle, the number of
cores, the number of TDLUs with ADH, and the completeness
of sampling of the mammographic target microcalcification
affect the frequency of upgrades. Lobular neoplasia (LCIS or
ALH) is much less frequently encountered than either ADH or
DCIS in biopsies (about 1.5% or less), and the management of
the patient with such a diagnosis has not been completely
resolved.

A common feature of studies that have failed to document
a significant number of upgrades with an initial core diagno-
sis of lobular neoplasia, however, is a more extensive and thor-
ough examination of the core biopsy specimen and careful
mammographic pathologic correlation. Renshaw and associ-
ates13 limited the number of cores per cassette to improve
processing and then cut through the entire block with 10 lev-
els for 14- and 11-gauge ultrasound and stereotactic core
biopsy material. Liberman and colleagues14 noted upgrades at
open excision with initial core diagnoses of LCIS in certain
specific situations: when the lesion could not be definitively
classified as LCIS as opposed to cancerization of lobules; when
another marker lesion was present (e.g., ADH); and when the
diagnosis was discordant with the mammographic target.
There were no upgrades when LCIS occurred alone and when
the diagnosis was concordant with imaging. Similarly, Berg
and coworkers15 recommended open excision for lobular neo-
plasia associated with microcalcification only when the mam-
mographic microcalcific target remained, and Bauer and
colleagues16 recommended open excision only when carcino-
ma or another marker lesion was present. Berg and cowork-
ers15 reported on 25 cases of lobular neoplasia (15 ALH and 10
LCIS) detected in a core biopsy (40% vacuum assisted), 16 of
which went on to open excision. Only one of the excisions
revealed DCIS, six showed ADH with microcalcification, and
another showed DCIS but in a patient with known ipsilateral
disease.

In contrast, studies that fail to adequately examine the
pathology specimen, or by correlation fail to confirm that the
mammography target had been sampled, indicate that open
biopsy is necessary for cores with lobular neoplasia.17,18

Histopathology
Morphologically, LCIS represents a solid proliferation of small
cells within a TDLU and in a “pagetoid” fashion, that is,
beneath the luminal epithelium of extralobular ducts.
Classically, LCIS exhibits nuclear grade I (NG I) morphology
(Table 8–1) and a discohesive pattern of growth. These lesions
have been shown to be diploid with a low S-phase fraction
(Fig. 8–1).

Distinguishing between LCIS and solid, ductal-type prolif-
erations within a TDLU in a pattern of cancerization of lob-
ules can be difficult, particularly when the DCIS also exhibits
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Table 8–1 Ductal Carcinoma In Situ: Grading

Diameter, nuclear diameter in red blood cell diameters; chromatin and
nucleoli, chromatin pattern and nucleolar development; mitotic index,
number of mitoses per 10 high-power fields—numbers refer to the usual
case.

*The mitotic index can be quite variable. Some high-grade lesions have
rare mitoses; others exceed indexes of 20 or more.

Data from Bloom HJG, Richardson WW. Histological grading and
prognosis in breast cancer. A study of 1409 cases of which 359 have been
followed for 15 years. Br J Cancer 1957;9:359–377.

Nuclear Morphology

Chromatin; Mitotic
Grade Diameter Nucleoli Index* Necrosis

High 2+ Vesicular; ≥1 2+ +++

Intermediate 1–2 Coarse; 1–2 +
infrequent

Low 1.0–1.5 Diffuse; none 1 0



NG I morphology. Ductal-type lesions tend to exhibit a
greater degree of cohesiveness and often demonstrate some
architectural organization (e.g., subtle microacinar or cribri-
form structures). The recent introduction of E-cadherin
immunohistochemistry has permitted the distinction of most
such lesions on the basis of the presence or absence of an
adhesion protein located on the cell membranes. Ductal-type
lesions exhibit a pronounced membranous reaction product,
whereas lobular lesions are usually negative, except for
myoepithelial and residual luminal epithelial elements.19

Pleomorphic Lobular Carcinoma In Situ 
and Its Significance
Although lobular neoplasia characteristically exhibits small,
very uniform nuclear morphology, variants that exhibit more
significant nuclear pleomorphism have been long recognized.
Haagensen and associates3 described lobular neoplasia type B
as exhibiting larger and more pleomorphic nuclei but found
no differences in outcome for this variant in the subsequent
risk for an invasive carcinoma. Similarly, Bodian and col-
leagues,5 in an update of this database, were unable to demon-
strate a significant difference in risk related to the nuclear
morphology and cytology of the process.

A small fraction of such cases exhibit zonal necrosis (come-
donecrosis) and dystrophic microcalcification, and are de-
tected by mammographic surveillance, as is DCIS. In the
recent past, many of these lesions were likely to be classified as
DCIS with comedonecrosis and so treated (Fig. 8–2). Only
since the recent introduction of E-cadherin immunohisto-
chemistry has the identification of such variant lobular 

neoplasias become feasible (Fig. 8–3). Several studies have
now shown that lobular neoplasia characteristically loses an
adhesion molecule (E-cadherin), which ductal lesions exhibit 
uniformly. New studies have shown some differences in 
biomarkers between typical examples of lobular neoplasia 
and pleomorphic variants. Sneige and associates20 noted that
patients with pleomorphic LCIS exhibit a much higher per-
centage of Ki-67 (47% of patients with Ki-67 greater than
20%) and p53 (30% of patients) than typical lobular neopla-
sia. They reported a short (mean, 17-month) follow-up of
seven patients with pleomorphic lobular neoplasia, five of
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Figure 8–1 Lobular carcinoma in situ. A, Three ductolobular
units (terminal ductolobular units, lobules), all drained by the
same small extralobular duct, exhibit a solid small cell neoplastic
proliferation that also extends into the extralobular duct as page-
toid spread. B and C, Higher magnifications of a lobule showing
complete effacement by a uniform small cell neoplastic prolifera-
tion. Note the tendency to discohesiveness and absence of any
architectural differentiation.

Figure 8–2 Interval development of pleomorphic microcalcifica-
tion in the left breast in a 51-year-old patient.



whom had undergone needle-localized excision and had a breast
at risk. Only one of these five had a recurrence; this patient
had an initial margin smaller than 1 mm that was additional
pleomorphic lobular neoplasia. Georgian-Smith and Lawton21

reported that two of five patients with pleomorphic lobular
neoplasia undergoing excision exhibited invasive lobular car-
cinoma but provided no follow-up data on cases with pleo-
morphic lobular neoplasia alone after excision. Fisher and
colleagues7 relegated all comparable cases of pleomorphic lob-
ular neoplasia (ductolobular carcinoma in situ, in their termi-
nology) to treatment as DCIS in the NSABP B-17 protocol.

Because knowledge of the biology of pleomorphic lobular
neoplasia, particularly of the type detected by microcalcifica-
tion, is presently so limited, treatment will necessarily repre-
sent speculative projections based on the significance of more
pleomorphic nuclear morphology, higher proliferative index,
or p53, but not on outcome studies. Although it would appear
reasonable to excise pleomorphic lobular neoplasia in cases in
which the mammographic target has only been sampled, re-
excision for the presence of the histologic finding alone near
or at a margin may be over-reaching.

How does lobular carcinoma in situ differ 
from atypical lobular hyperplasia?

LCIS differs from ALH only by degree morphologically and
biologically; both are risk markers. Current criteria for LCIS
established by Page and Anderson22 require uniform efface-
ment of the ductular architecture and uniform involvement of
the entire lobule with significant distention of each terminal
ductule. In practice, this generally requires distention of the
affected ductule equivalent to the sum of the diameters of six
to seven neoplastic cells or more. Lesser degrees of involve-
ment are classified as ALH. Biologically, ALH is associated
with a lesser relative risk for breast cancer; women with ALH
have about four or five times the risk of the general 
population, and their risk is also influenced by a first-order

family history (mother, sister, daughter) and menopausal 
status. The presence of a first-order family history in a pre-
menopausal patient essentially doubles the relative risk 
for ALH.23,24 Such a patient experiences a risk similar to that
associated with LCIS itself. In patients with ALH who are
postmenopausal, in contrast, the relative risk is lower than
that associated with proliferative breast disease in a pre-
menopausal patient (relative risk [RR] of 2.6).24

From the therapeutic point of view, patients with LCIS and
ALH, both of which generically are lobular neoplasia, receive
no benefit for local control from attempts at re-excision—the
risk remains the same. Lobular neoplasia tends to be diffuse in
the ipsilateral breast, in contrast to the segmental distribution
of DCIS, and may occur in the contralateral breast in some
30% to 35% of cases. There is no medical rationale for the
ipsilateral treatment of lobular neoplasia, and the cumulative
risk even at 20 years of follow-up does not warrant the treat-
ment popular 20 years ago, which was bilateral total mastec-
tomy. Well-documented cases of invasive carcinoma
occurring after mastectomy for LCIS exist25 and emphasize the
limitations of a surgical approach to a diffuse disease in a
nonencapsulated organ system.

What is ductal carcinoma in situ?

DCIS and Paget’s disease of the nipple, by contrast with 
lobular neoplasia, are variably obligate precursors to invasive
growth with risk limited to the ipsilateral breast. Unlike LCIS,
DCIS and Paget’s disease are infrequently bilateral at their dis-
covery, and in follow-up series of treated DCIS, the risk for
contralateral disease remains low, comparable to that seen for
invasive carcinoma.

In contrast to LCIS, DCIS exhibits an exceedingly heteroge-
neous appearance in regard to both nuclear morphology or
grade and histologic (i.e., architectural) pattern. Moreover,
a significant number of DCIS cases exhibit a spectrum of
nuclear grades and architectural patterns within a single
lesion.26

How is ductal carcinoma in situ detected?

DCIS has only recently been clearly separated from invasive
carcinoma and had been considered the same disease in actual
practice.27 In the early 1970s, DCIS constituted 2% to 5% of
all new breast cancer diagnoses. Mammographic technology
increased this rate 7- to 10-fold within a few years of its intro-
duction.28,29 Before mammography became available, DCIS
was generally an extensive or diffuse disease that presented as
a clinical mass, nipple discharge, or concurrent Paget’s disease.
DCIS was frequently associated with occult areas of invasive
growth detected at mastectomy (the only available treatment
at the time) but was rarely associated with axillary metastases.
Mammographically detected DCIS, in contrast, had generally
progressed to a far more limited extent, was less frequently
associated with invasive growth, and never exhibited axillary
metastases. The small size at which DCIS was detected with
mammography led to attempts at BCT, and this shift in
approach formed the basis for the explosive interest in the 
disease that followed. These studies have demonstrated 
that DCIS comprises numerous entities, all with distinctive
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Figure 8–3 E-cadherin immunohistochemistry. Three duct
spaces on the right represent columnar alteration with prominent
apocrine snouts. Note the uniform cell membrane reaction prod-
uct with E-cadherin antiserum characteristic of ductal prolifera-
tions. On the left, pleomorphic lobular carcinoma in situ shows no
such reaction product, except for myoepithelial elements at the
duct periphery and surrounding the pseudocribriform spaces,
which are invaginations of the ductal wall.



biologies and risks for progression. Clearly, DCIS is biologi-
cally as well as morphologically very heterogeneous, like inva-
sive breast carcinoma itself. It became clear from studies of
BCT that not all DCIS progresses to invasive growth within a
given follow-up period; rather, it is possible to provide for
local control of this disease without a mastectomy. Moreover,
there is a relationship between the morphology of the DCIS
and the risk for local recurrence and invasion,30–34 as well as a
relationship between extent of disease and the risk for inva-
sion.29,35 More recently, the impact of the size and margin sta-
tus of DCIS on local recurrence rate has become clear.33,36

What are the pathologic determinants of 
clinical outcome for ductal carcinoma in situ 
with breast conservation?

Three features largely determine clinical outcome for attempts
at BCT in DCIS: (1) the grade of the DCIS; (2) the extent or
size in the carcinoma; and (3) the width and adequacy of the
resection margins.

The grade or subtype of the DCIS is currently based on the
nuclear grade and the presence of comedonecrosis. This sys-
tem has begun to supersede an older, conventional classifica-
tion based largely on the architectural features of DCIS (e.g.,
solid, cribriform). The older system provides little prognostic
separation for DCIS patients and has been largely abandoned.
Nuclear grading for DCIS follows the Bloom Richardson
System (see Table 8–1). For purposes of clinical classification,
patients with NG III lesions and comedonecrosis of any extent
are classified as having high-grade lesions (Fig. 8–4). A small
group of NG III DCIS cases in which comedonecrosis is 
not detected are also included in the high-grade subset.
Intermediate-grade lesions are variously defined as NG II 
with or without necrosis or NG I and II with necrosis28,30,33;
low-grade DCIS is variously defined as NG I without necrosis
or NG I and II without necrosis (Fig. 8–5). Analyses of out-
come by grade, whether by the criteria of Lagios and associ-
ates32,37 or Silverstein and colleagues,30,33 are comparable
(Table 8–2).

High-grade DCIS as defined here has been shown to have
the highest frequency of local recurrence and invasive 

transformation of the three subtypes.32–34,38 Comparably
defined high-grade DCIS39,40 shows similar high frequencies of
local failure.

Outcomes of BCT for high-grade DCIS depend a great deal
on the extent of the DCIS in the breast and the adequacy of
the resection margins. For example, high-grade DCIS of small
size (<15 mm) and with margins of 10 mm or more has an
8% local recurrence rate at 7 years of follow-up without irra-
diation and a 0% recurrence rate with irradiation. Patients
with high-grade DCIS with more extensive disease in the
breast or narrower margins are at greater risk for local recur-
rence, but the risk can be somewhat reduced with successful
attempts at re-excision to produce more adequate margins.33,38

The Van Nuys Prognostic Index (VNPI) provides a method
for weighing these three prognostic features (grade, extent,
and width) that is most useful for high-grade DCIS (Table
8–3).

In the VNPI system, scores of 3 and 4 are associated with
excellent local recurrence-free survival at 8 years without irra-
diation. Patients with scores of 5, 6, and 7 have an intermedi-
ate local recurrence-free survival and benefit from radiation
therapy, but the actual benefit is only 14% over those who do
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Figure 8–4 Specimen radiograph of 11-gauge cores. Note that
most of the microcalcification is spherical.

Figure 8–5 Uniform proliferation with pseudocribriform spaces
in pleomorphic lobular carcinoma in situ. Note the large psam-
momatous microcalcification (arrow).

Table 8–2 Van Nuys Prognostic Index Scores in Ductal
Carcinoma In Situ*

*See text for explanation of scores.

Margin Width (mm)

Extent (mm) >10 1–9 <1

High grade
1–15 5 6 7
16–40 6 7 8
>41 7 8 9

Intermediate grade
1–15 4 5 6
16–40 5 6 7
>41 6 7 8

Low grade
1–15 3 4 5
16–40 4 5 6
>41 5 6 7



Table 8–5 Van Nuys Prognostic Index Scores in Low-Grade
Ductal Carcinoma in Situ*

Table 8–4 Van Nuys Prognostic Index Scores in Intermediate-
Grade Ductal Carcinoma in Situ

Table 8–3 Van Nuys Prognostic Index Scores in High-Grade
Ductal Carcinoma in Situ

not receive radiation. Patients with scores of 8 and 9 have very
poor local recurrence-free survival with BCT and are candi-
dates for mastectomy. For high-grade DCIS, two thirds of the
nine prognostic subtypes are amenable to breast conservation
(with or without irradiation), and the remaining three may be
candidates if their margins were reduced by re-excision (see
Table 8–3).

In intermediate-grade DCIS (group II, NG I and II with
necrosis), all VNPI scores are compatible with BCT except for
a single prognostic subset with the largest extent of disease
(>41 mm) and with inadequate margins (Table 8–4).

Among low-grade DCIS (NG I and II without necrosis), all
nine subsets are amenable to BCT. One third would expect no
benefit from irradiation, and two thirds could achieve a lower
score after a successful re-excision with wider margins (Table
8–5).

Conventional pathologic classification of DCIS has been
based predominantly on architectural pattern. Papillary, crib-
riform, micropapillary, and solid growth patterns were 
recognized as specific types of DCIS. Central coagulative or
comedonecrosis within DCIS was often interpreted as a 
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*Nuclear grades I and II plus necrosis.

Figure 8–6 Duct carcinoma in situ (DCIS). Examples of different
nuclear grades at the same magnification. A, DCIS involving a
small, minimally distended lobule (cancerization of a lobule).
Note the large nuclear size, prominent degree of pleomorphism,
and presence of nucleoli and mitotic figures. Nuclei are grade III
(NG III, high grade). B, Larger duct space demonstrates DCIS with
cribriform pattern. Note the smaller nuclear size and absence of
nucleoli and mitotic figures. Nuclei are grade II (NG II, intermedi-
ate grade). C, A large duct space with a rigidly cribriform DCIS
composed of small uniform (monomorphous) cells. Note the
small nuclear size, diffuse chromatin pattern, and absence of
nucleoli and mitotic figures. These nuclei are grade I (NG I, low
nuclear grade).

Margin Width (mm)

Extent (mm) >10 1–9 <1

1–15 5 6 7

16–40 6 7 8

>41 7 8 9

Margin Width (mm)

Extent (mm) >10 1–9 <1

1–15 4 5 6

16–40 5 6 7

>41 6 7 8

Margin Width (mm)

Extent (mm) >10 1–9 <1

1–15 3 4 5

16–40 4 5 6

>41 5 6 7

specific type of DCIS with the term comedo-type DCIS. A 
solid growth pattern and central necrosis would define most
cases of comedo-type DCIS, although it was the only conven-
tionally defined DCIS for which a specific nuclear morphol-
ogy (i.e., high grade or NG III) was included as a characteristic
if not requisite diagnostic feature. The remainder of conven-
tionally classified DCIS cases were defined on the basis of pre-
dominant architectural patterns regardless of nuclear grade
(Figs. 8–6, 8–7, 8–8, and 8–9).



How does age affect local recurrence rate 
in ductal carcinoma in situ?

Age at diagnosis is frequently cited as one of the significant,
nonpathologic prognostic variables for local control in pro-
grams of breast conservation with irradiation for DCIS. Vicini
and colleagues41,42 noted a greater than threefold increase in
local failure among patients younger than 45 years (26.1% vs.
8.6%) in their series of DCIS patients. However, the high rate
of local failure in these patients was associated with smaller
excision volumes. Among patients who underwent re-
excision, the actuarial rate of true recurrence–to–marginal
miss was significantly greater only in those patients with exci-
sion volumes of less than 40 mL. This variable had the highest
P value (P = .005) for ipsilateral breast failure at 10 years in
their study.

Silverstein38 has shown a significant increase in local in-
breast failures for DCIS patients younger than 40 years—a rel-
ative risk 2.5 times that of women 60 years of age and older.
However, if this small subset of patients (7% of the patient
database) is stratified by margin width 10 mm or greater or
negative re-excision, the added risk of younger age disappears
for low- and intermediate-grade DCIS patients and is markedly
reduced for younger patients even with high-grade lesions.

These observations suggest that much of the adverse impact
of younger age on local recurrence reflects a bias toward breast

cosmesis resulting in smaller excision volumes with a greater
likelihood of inadequate surgical resection. An extensive
intraductal component (EIC) previously had been shown in
analogous fashion to affect local control only when the mar-
gins of resection were inadequate or the entire extent of the
component was not included in the resection.

What is the importance of pathology practice 
in determining treatment of ductal carcinoma 
in situ?

All discussions of DCIS must take into consideration the 
variations in tissue sampling and capabilities of identifying
margins that are encountered in pathology practice. These
limitations, not obvious in a statistical analysis of a popula-
tion, come into sharp focus in a second-opinion practice for
individual patients. A recent example illustrates this point: A
49-year-old grammar school teacher sought a consultation for
a palpable and mammographically evident focus of DCIS.
Formal request for the slide materials resulted in receipt of
2 of 4 slides prepared of a biopsy described as 5 ¥ 4 ¥ 3 cm.
The 2 slides demonstrated intermediate-grade DCIS extend-
ing to the margins and no microinvasion. An inquiry to the
reference laboratory obtained the release of the remaining
slides and also revealed that sufficient unsampled wet tissue

91Chapter 8. Pathology of In Situ Breast Cancer

Figure 8–7 A–D, Architectural features of ductal carcinoma in situ (DCIS). A–C, Three examples of high-nuclear-grade (NG III) DCIS with
different architectural patterns. Follow-up studies have shown that such features are not significant as prognostic indicators. A, Solid
growth pattern; B, cribriform growth pattern; C, micropapillary growth pattern; D, contrasting micropapillary DCIS with low nuclear
grade (NG I) at the same magnification.



remained to require 9 additional blocks. One of the 9 addi-
tional slides, 1 of the total of 13 now prepared, contained a
T1a invasive carcinoma. Such foci of microinvasion and min-
imal invasion profoundly affect local recurrence rates in the
ipsilateral breast, particularly in situations in which radiation
therapy is not offered.

Some would argue that because of current practice stan-
dards in pathology, all presumptive DCIS patients would ben-
efit (statistically) from radiation therapy, given that pathology
practice is “immutable.” This is a costly presumption given the
expense, time, and in some cases morbidity that radiation
therapy entails. In addition, it is important to remember that
radiation therapy can be utilized only once, and its use in a
prophylactic setting will obviate its more effective use for a
future invasive recurrence. In this specific example, the cost
saved by not processing the additional 9 blocks is about $56.70
(at $6.30 total cost per slide for processing). In contrast, the
expense, on average, of radiation therapy is $15,000 (80%
Medicare reimbursement for whole breast exclusive of node
bearing tissues = $7000).

Data on local recurrence-free survival from my prior
work29,32,43 was obtained with thorough pathologic evaluation
of the biopsy and the re-excision. This type of examination

mandates that all of the biopsy sample be processed and in
sequence, that all margins be inked and evaluated, and that
microinvasion or greater areas of invasion be excluded. This
requirement is now generally recognized.35,44,45 Treatment
options for DCIS that exclude radiation therapy in programs
of BCT will not be successful without the requisite thorough
pathologic examination.

Although this discussion focuses on the pathologic aspects
of noninvasive carcinoma, some mention must be made of the
controversy surrounding radiation therapy for DCIS. Our
work on DCIS antedates the first of the more recent publica-
tions on radiation therapy for DCIS by 9 years,46 at which time
we had a growing experience with BCT for DCIS without irra-
diation.29 Most of the studies on radiation for DCIS have been
conducted by single institutions without a comparison arm.

Three published randomized trials of radiation therapy in
programs of breast conservation for DCIS have all shown a
50% significant benefit in reducing ipsilateral local recur-
rences. However, the outcome data from these trials are 
limited by the now historic, suboptimal pathologic prac-
tice employed at the time. Both NSABP B-17 and EORTC
1085340,47–51 entered patients without prospective mammo-
graphic pathologic correlation and with incomplete sampling
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Figure 8–8 Necrosis and microcalcification. A, Central zones of necrosis in this high-grade ductal carcinoma in situ (DCIS) have a 
linear distribution following the anatomy of the extralobular ducts and terminal ductolobular units. Dystrophic microcalcification 
deposited in the necrotic debris results in a linear and branching mammographic pattern characteristic of DCIS with comedonecrosis. 
B, High-grade DCIS with central comedo-type necrosis (top right). Note karyorrhectic fragments with the debris. C and D, Psammomatous
microcalcifications tend to be rounded both mammographically and microscopically. They can be seen as laminated in favorable 
preparations. They are characteristic of DCIS, exhibiting a papillary and cribriform architecture, and are generally associated with lower-
nuclear-grade DCIS. Psammomatous microcalcifications do not require necrotic debris but represent calcification within proteinaceous
secretions of the neoplastic epithelium.
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Figure 8–9 Heterogeneity in ductal carcinoma in situ (DCIS).
DCIS can be markedly heterogeneous in its morphology and
ploidy, in the expression of oncogenes, and in its biology. A, Two
adjacent lobules (terminal ductolobular unit [TDLU]) demonstrate
DCIS of different nuclear grade, architecture, and ploidy. The crib-
riform-pattern DCIS exhibited NG II, necrosis, and aneuploidy; 
the solid-pattern DCIS exhibited NG I morphology, absence of
necrosis, and diploid DNA status. B, Sometimes heterogeneity is
expressed within a single lobule (TDLU). In this case, the lobule
exhibits a solid, discohesive pattern of lobular neoplasia, but 
the terminal extralobular duct exhibits a cribriform architecture. 
C, Single duct exhibiting DCIS with heterogeneous population 
of larger HER-2/neu–positive and smaller HER-2/neu–negative cells.

of the resected tissue and therefore with an inherent inability
to define margin status accurately and exclude invasion.
Inking of margins was not required in B-17 or the UK/ANZ
trial, and margins were defined as positive only when tran-
sected in all three trials.40,48,52–54 The local control rate achieved
with radiation therapy in these circumstances was subopti-
mal. In B-17, a local recurrence rate of 7% at 43 months was
reported, with 16% at 12 years in the irradiated arm. In
EORTC 10853, the local recurrence rate was 11% at 8 years.
The UK/ANZ trial achieved a superior local control rate of
4.8% (vs. 9% EORTC and 10% B-17) at 5 years of follow-up.

Because the age of the patients was comparable in the
EORTC 10853 trial and the UK/ANZ trial, this difference
probably reflects a well-developed pathologic protocol that
requires determination of disease extent and mammographic
pathologic correlation, with extensive excision of margins 
and with inking of margins advised in the UK/ANZ trial.
However, 3% of patients had “microinvasion,” and breast can-
cer mortality at 52 months’ median follow-up was 2.6%, com-
parable to the rates in the EORTC and B-17 trials. A similar
overall breast cancer mortality rate is seen in the VNPI data-
base only at 12 years, but this largely reflects progressive dis-
ease in patients whose previous radiation therapy obscured
and delayed discovery of local invasive recurrences.55

In summary, all of the published randomized trials are lim-
ited by a type of pathology practice that was current at their
inception in 1985 and 1986. The quality of mammography,
localization procedures, and need for correlation and patho-
logic techniques today are quite different from those that
existed at that time. The conclusions of these trials cannot be
projected into contemporary practice, for which they were not
designed and for which they are largely noninformative. This

is particularly true regarding their inability to define low-risk
subsets, for which irradiation provides little if any benefit.

Previous studies of radiation therapy in DCIS had shown
that local recurrences increase substantially after 5 years, and
in all studies with 5- and 8-year comparisons, the local recur-
rence rate at least doubled by 8 years.56,57 These studies had
shown that radiation therapy is very effective for local control
within the first 5 years, but as noted by Solin and coworkers,
the in-breast local recurrence rate is 16% by 86 months (i.e., 7
years) and 19% at 15 years.31,57 Fisher and colleagues,50 in a
further update of B-17, noted a local recurrence rate of 16%
in the irradiated arm at 12 years. Although these local recur-
rence rates are roughly half of the rate in the nonirradiated
arm in B-17 and EORTC 10853, they are very high relative to
control rates for invasive breast cancer with radiation therapy.
An actuarial analysis of our initial 79 patients,32 none of
whom received irradiation or tamoxifen, demonstrates a 19%
local recurrence rate at 15 years of follow-up.37 Although these
patients were carefully selected for size and margin status, this
recurrence rate is comparable to that reported by Solin and
coworkers58 and Fisher and colleagues50 in studies that in-
cluded irradiation.

The conclusions of Silverstein and associates33,36,38 provide a
marked contrast. These studies were all based on complete tis-
sue processing, evaluation of margins, and a consistent analy-
sis of pathologic subtype. All cases reported were complete
with regard to grade size and margin analysis. There was 
no difference in local recurrence-free survival with or 
without irradiation in patients with low- and intermediate-
grade DCIS at 82 months, and there was only a modest 
benefit of radiation therapy (14%) in patients whose sum
prognostic index score was 5, 6, or 7. Because low- and 



intermediate-grade DCIS cases constitute more than 50% of
all DCIS cases, a substantial portion of the 25% to 30% of
newly diagnosed DCIS cases will not require irradiation for
local control.

What is Paget’s disease of the nipple?

Paget’s disease of the nipple represents in situ carcinoma with-
in the nipple epidermis, where it commonly simulates an
eczematoid inflammatory response (Fig. 8–10). Most cases of
Paget’s disease of the nipple, in contrast to the same disease in
the anogenital area, are associated with underlying demon-
strable breast carcinoma, either DCIS or invasion.

Historically, Paget’s disease was thought of as an epider-
motropic carcinoma (i.e., cancer cells originating in the ducts)
that migrated to the nipple epidermis either through the duct
system or by direct invasion or lymphatic permeation. In most
cases, the pathologic findings at mastectomy were at least con-
sistent with this hypothesis, with frequently demonstrated

contiguous DCIS involving one or more distal lactiferous duct
profiles or invasive carcinoma underlying the epidermis itself.

Where does Paget’s disease originate?

Paget’s cells are usually large with pleomorphic nuclei and
exhibit immunohistochemical markers similar to DCIS (e.g.,
HER-2/neu, estrogen and progesterone receptors, AE1 cyto-
keratin, casein, carcinoembryonic antigen, and lactalbumin).59

The prevalent association of Paget’s disease with underlying
breast cancer and its distinctive immunohistochemistry sup-
ported the concept of epidermotropism. As a consequence,
BCT was not considered for patients with Paget’s disease.

There are, however, a number of discrepancies in the epi-
dermotropic concept of Paget’s disease. Ashikari and associ-
ates60 reported that in 2.8% of patients undergoing radical
mastectomy for Paget’s disease, no underlying carcinoma
could be found. Excluding patients with palpable abnormali-
ties raised this frequency to 6%.

It was clear even before the availability of mammography
that in some patients, Paget’s disease of the nipple is limited to
the epidermis, the predominant pattern seen in anogenital
Paget’s disease. If Paget’s disease can exist without underlying
carcinoma in 6% of patients without a palpable mass,
then underlying carcinoma with epidermotropic tendencies
will not account for this distribution. Where do Paget’s cells
originate?

Some older, as well as more recent, studies of Paget’s disease
would suggest an intraepidermal origin. Darier in 188961

described what he interpreted as parasites in the stratum
corneum of Paget’s but what we would now interpret as corps
ronds, that is, abnormal nuclei exhibiting a kind of paraker-
atosis as they mature into the more superficial epidermis.
They can be detected in exfoliative cytologic analyses with an
appearance reminiscent of cervical intraepithelial neoplasia.
More recent morphologic evidence demonstrates complex tri-
partite desmosomal attachments with abundant tonofibrils
between Paget cells and keratinocytes,62–64 similar to those
developed between keratinocytes in the stratum malpighii,
and the presence of specific types of cytokeratins within Paget
cells that are shared with epidermal basal epithelium.65 These
findings support a neoplastic origin of Paget cells within the
epidermis of the nipple itself, rather than some mysterious
traverse of an in situ carcinomatous cell through an intact
benign ductal epithelium and epidermis. Recent studies com-
paring the clonality of Paget cells and underlying carcinoma
support separate origins in at least some cases.66 One can then
think of Paget’s disease and underlying breast cancer as sepa-
rate events. When DCIS involves underlying distal lactiferous
ducts, it can be regarded as multifocal in distribution. When,
as not infrequently occurs, the underlying carcinoma is sepa-
rated by 8 cm or more of uninvolved breast, it can be 
regarded as multicentric.

How might pathologic assessment of Paget’s 
disease affect treatment?

With greater surveillance for breast cancer in recent decades, a
larger proportion of Paget’s cases can be identified without
either palpable or mammographic findings. In a select few
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Figure 8–10 Paget’s disease limited to the nipple epidermis.
Note the distribution of the Paget cells from the basal portion of
the epidermis into the stratum corneum. Paget cells are carried 
by the growth of the epidermis to its surface, like melanoma, 
but many Paget cells tend to exhibit maturation with nuclear 
and cytoplasmic changes similar to that of the adjacent non-
neoplastic keratinocytes.



patients, an initial alternative to mastectomy is complete 
nipple-areolar resection. Based on a methodical analysis of the
nipple-areolar resection, patients can be categorized as having
either (1) limited or more extensive noninvasive disease or (2)
invasive disease. Patients with limited noninvasive disease
have either Paget’s disease alone (epidermal involvement) or
Paget’s disease and DCIS. If the ductal and epidermal margins
were free, we had proposed64 follow-up alone as a treatment
option. It should be understood that this option can be
offered only when meticulous and complete pathologic exam-
ination and correlative preoperative imaging are available.
Eleven patients who had elected the breast conservation
option without irradiation and who were previously re-
ported64 were updated through 1992. Two of these patients
developed ipsilateral recurrences at 128 and 65 months. Two
other patients died without recurrences, one of congestive
heart failure after 49 months and the other of a cerebrovascu-
lar accident after 60 months.

Of the 11 patients not receiving radiation therapy, 1 patient
had recurrence after 128 months after initial treatment with
an axillary tail de novo breast cancer, a T1b node-negative
mucinous carcinoma of low grade. She was treated with re-
excision and radiation therapy and remains without evidence
of disease at last follow-up. The second patient, who was the
youngest in the series (38 years old) at the time of the initial
diagnosis, developed a T1c N1 duct carcinoma recurrence at
65 months of follow-up. She underwent modified radical
mastectomy but developed a chest wall recurrence and con-
current distant metastases 18 months later and died of brain
and liver metastases after 98 months of follow-up. More
recent discussions on conservative management for Paget’s
disease have adopted similar approaches but have advocated
radiation therapy.67,68

Breast conservation for Paget’s disease is a practical option
only when the underlying disease in the breast is limited and
can be resected with some semblance of adequate margin.
Kothari and colleagues,69 in a retrospective study, concluded
that breast conservation is not an acceptable option for
patients presenting with clinical Paget’s disease based on a
pathologic analysis of the extent of disease in mastectomy
specimens, but their accrual period (1977 to 1999) would sug-
gest patients with more extensive disease than seen currently.
In their analyses, however, 25% of their patients had disease
limited to the central quadrant, and 41% exhibited central
quadrant and less than one additional quadrant of involve-
ment. Twenty-nine percent of cases exhibited only DCIS, with
a 96% overall survival rate at 20 years of follow-up; 17 cases
were node negative and exhibited a 68% overall survival rate
at 20 years of follow-up.

A recent study and subsequent update of BCT in patients
presenting with Paget’s disease without underlying palpable
mass or mammographic density have concluded that breast
conservation provides excellent local control. Pierce and
coworkers70 note 5- and 8-year actuarial estimates of local 
failure rate as the only site of failure of 9% and 16%, respec-
tively, among 30 cases in a collaborative multi-institutional
study. Only one of the 30 cases exhibited microinvasion; the
remainder were entirely noninvasive in an examination of the
nipple-areolar resection. In an update of this database,
Marshall and associates71 noted a 97% cause-specific survival
rate and a 13% breast-only local recurrence rate as first failure
rate at 15 years of follow-up.

SUMMARY

In situ carcinomas of the breast represent a morphologically
and biologically diverse assemblage of noninvasive lesions
whose clinical significance has only been partially clarified in
the past 20 years. Therefore, treatment options for these
lesions are still evolving and often result in contradictory rec-
ommendations for management.

LCIS (lobular neoplasia of Haagensen) is presently under-
stood to represent a marker for increased risk rather than 
a precursor lesion. LCIS has a predominantly multicentric 
distribution in the ipsilateral breast, is significantly bilateral,
and is associated with a modest but cumulative risk for subse-
quent invasive breast cancer of about 1% per annum, equally
distributed to either breast. Some recent studies describe a
predominantly ipsilateral risk for subsequent invasion, but
not at the level associated with DCIS. LCIS differs only quan-
titatively from ALH. ALH is affected by both first-order 
family history and menopausal status. LCIS and ALH are not
surgically resectable diseases, except by bilateral total mastec-
tomy. Education, reassurance, and appropriate follow-up
examination are the most rational approaches to these 
diseases.

DCIS, in contrast, is a segmental disease in the ipsilateral
breast and can be an obligate precursor to invasive growth.
The grade, extent of the lesion, and status of the margins all
determine the risk for local recurrence after attempts at BCT.
Young age variously defined as younger than 40 or 45 years
also has a significant impact on local recurrence rates in pro-
grams of breast conservation, but not when corrected for the
adequacy of the resection. Surgical intervention with adequate
margins is the most rational treatment option for this disease.
Radiation therapy has provided limited benefit to certain sub-
sets of patients, but its use in this setting is not as successful as
when used for invasive carcinoma.

Paget’s disease of the nipple based on all the available evi-
dence most likely represents a separate intraepidermal mani-
festation of DCIS. It is usually, but not invariably, associated
with underlying duct carcinoma, either in situ or invasive.
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carcinoma, no special type have been applied. Standard meth-
ods of histologic grading account for these varying micro-
scopic patterns and are discussed later.

What are the pathologic features of invasive 
duct carcinoma?

Invasive duct carcinoma is composed of accumulations of
large cells that have broken free of the restraints of the duc-
tolobular system to infiltrate the fibrous and fatty stroma of
the breast, usually in a haphazard manner (Fig. 9–1). This per-
turbation of the normal milieu is detected by the body, and
dense fibrosis is produced in reaction to it, the so-called
desmoplastic response, frequently accompanied by variable
degrees of chronic inflammatory cells. The desmoplastic
response can be extremely intense, as in scirrhous carcinoma
(Fig. 9–2), or it may be minimal. The irregular patterns in
which the tumor cells invade are a model on which the fibrous
response is laid down, and thus the usual invasive duct carci-
noma is a mass with ill-defined, irregular borders (see Fig.
9–1) correlating with a stellate radiodensity mammographi-
cally, a solid lesion sonographically, and, often, a palpable
tumor. In the current era of breast imaging, it is not uncom-
mon for such lesions to be detected well under 1 cm in size,
below the generally accepted threshold for clinical palpability;
however, invasive tumors of all sizes from microinvasive 
(<1 mm) to those replacing the breast may also be encountered.

Grossly, a typical invasive duct carcinoma is a hard mass,
distinct from its surrounding tissue, tan-white with ill-
defined, irregular borders, although some, usually higher
grade, tumors are well circumscribed. The low-power micro-
scopic findings mirror the gross appearance in that the
advancing edge of the tumor shows an irregular but usually
definable interface with the adjacent benign breast tissue (see
Fig. 9–1). These findings are generally due to the tendency for
invasive duct carcinoma to provoke fibrosis in its path. Thus,
the gross and imaging (especially sonographic) measurements
of the tumor tend to correlate with the microscopic size of
the lesion fairly accurately, especially when the immediately
surrounding breast tissue is fatty rather than fibrous.
Microscopically, most invasive duct carcinomas are character-
ized by large tumor cells with abundant, typically lightly
eosinophilic cytoplasm; the cells usually infiltrate in groups,
retaining intercellular adhesion, often either forming small,

CHAPTER 9

Pathology of Invasive 
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Invasive carcinoma of the breast is truly the raison d’etre for all
modern methods aimed at prevention, early diagnosis, and
treatment of breast cancer. Even the diagnosis and treatment
of intraductal carcinoma (ductal carcinoma in situ [DCIS]) 
is, in effect, aimed at the prevention of invasive carcinoma,
largely because breast cancer has no lethal potential unless it is
invasive. It is clear that one of the major contributions of
high-quality mammography has been the detection of breast
carcinoma before it has become invasive, thereby saving lives.

Invasive carcinoma is pathologically defined as malignant
cells that have gained access to the stroma of the breast, no
longer being delimited by the natural boundary of the base-
ment membrane, the wall that surrounds the entire ductolob-
ular system of the breast. By doing so, the tumor cells also, at
least theoretically, may gain access to the lymphatic or vascu-
lar system, potentially giving rise to distant metastases, often
with lethal consequences. The likelihood of this occurrence is
directly proportional to the size of the invasive component, as
will be discussed later; thus, the second great advance made
possible by modern breast imaging is the detection of non-
palpable invasive carcinomas small enough to have not yet
metastasized at the time of their diagnosis.

This chapter describes the two main histologic types of
invasive carcinoma of the breast: invasive duct carcinoma and
invasive lobular carcinoma. Together they constitute the vast
majority of infiltrative malignancies that will be encountered
in routine practice. Also discussed is invasive tubulolobular
carcinoma, a variant that has combined features of the two
but is probably more closely related to the lobular phenotype.
Issues regarding histologic prognostic factors, margins, and
pathologic specimen handling are also addressed.

What is invasive duct carcinoma?

Invasive duct carcinoma is the most common form of infiltra-
tive malignancy of the breast. It is something of a misnomer
because the name implies ductal origin, yet most carcinomas
of the breast are thought to originate at the level of the termi-
nal ductolobular unit (TDLU). It is typically a unifocal lesion,
but it encompasses a wide spectrum of histologic appearances
ranging from gland-forming to solid undifferentiated prolif-
erations and is something of a catch-all term for invasive
tumors showing no specific histology but composed of larger
cells. Thus, the terms carcinoma, not otherwise specified and
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occasionally back-to-back (cribriform) glands or aggregating
in nests. They have increased nuclear-to-cytoplasmic ratios
with varying degrees of nuclear pleomorphism and mitotic
activity. A nearly infinite variety of invasive growth patterns
are possible either in isolation or in combination. A central
part of the histologic evaluation of invasive duct carcinoma is

its classification as well, moderately, or poorly differentiated,
that is, determination of histologic grade.

What is the value of histologic grading and 
how is it performed?

Histologic grading is an essential aspect of routine micro-
scopic examination of invasive duct carcinoma. The prognostic
value of grading has been amply and repeatedly demon-
strated.1 As might be expected, well-differentiated invasive
duct carcinomas (Fig. 9–3) confer a better prognosis than
those that are moderately differentiated (Fig. 9–4), which, in
turn, confer a better prognosis than those classified as poorly
differentiated. In a similar vein, a patient with a poorly differ-
entiated invasive duct carcinoma (Fig. 9–5) will be far more
likely to have axillary lymph node metastasis than one with a
well-differentiated tumor, given invasive tumors of the same
size; a tumor considered moderately differentiated will have
an intermediate risk. The grading schemes commonly in use
today are largely based on the findings of Bloom and
Richardson2 and include the assessment of three parameters:
amount of gland or tubule formation, degree of nuclear 
atypia or pleomorphism, and mitotic rate. Although their eval-
uation is fraught with greater or lesser degrees of subjectivity,
reasonable consistency can be obtained,3 especially using the
Nottingham modification of the Bloom-Richardson criteria.
This scheme is the one in most frequent use today and is rec-
ommended by most authorities because of its consistent suc-
cess in prognostication.4 It provides specific guidelines in
order to assign scores to each of the three criteria. The indi-
vidual scores are totaled to reach an overall point total that
determines the assigned tumor grade (Table 9–1). The system
is easily applicable to most invasive duct carcinomas;
however, difficulty will be encountered in smaller lesions,
especially with regard to mitotic rate, because some cancers
are too small to allow assessment of adequate numbers of
microscopic fields. In such instances, we assign grade based
largely on nuclear features and gland formation.

Figure 9–1 Invasive carcinoma. Nests of gland-forming tumor
cells infiltrate surrounding fatty breast tissue in a haphazard fash-
ion (arrows), forming the leading edge of the tumor. An inciden-
tal benign cyst is present on the right (arrowhead).

Figure 9–2 Invasive carcinoma, scirrhous type. Irregular groups
of tumor cells are embedded within extremely dense collagen
(arrow), such that the actual tumor cells are histologically the rel-
ative minority component of the mass.

Histologic Parameter Score

Tubule Formation
>75% 1
10%–75% 2
<10% 3

Nuclear Pleomorphism
Minimal 1
Moderate 2
Severe 3

Mitotic Rate
0–9/10 high-power fields 1
10–19/10 high-power fields 2
>20/10 high-power fields 3

Allocation of Grade
3–5 total points: Grade I—well differentiated
6–7 total points: Grade II—moderately differentiated
8–9 total points: Grade III—poorly differentiated

Table 9–1 Histologic Grading of Invasive Duct Carcinoma

Data from Elston CW, Ellis IO. Pathological prognostic factors in breast
cancer. I. The value of histologic grade in breast cancer: Experience from a
large study with long-term follow-up. Histopathology 1991;19:403–410.
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at all or do so to a far lesser degree. Rather, the cells grow
around or in between normal glandular structures of the
breast and may even invade adipose tissue without inducing a
fibrous reaction. The result is that the radiologic, clinical, and
even gross estimation of size of invasive lobular carcinoma
may be inaccurate or misleading. Yet, invasive lobular car-
cinomas typically are as irregular in shape as most invasive
duct carcinomas and, in our experience, do not form well-
circumscribed lesions. Grossly, the tumor may consist of a
firm tan-white area, but it may merge imperceptibly with the
surrounding breast tissue. There is also a distinct tendency for
invasive lobular carcinoma to be multifocal (i.e., multiple,
often tiny, areas of invasion separated from each other by
benign tissue or intraductal carcinoma), complicating the
assessment of both size and margins (discussed later).

A B
Figure 9–3 Infiltrating duct carcinoma, well differentiated. A, Nearly all the tumor is composed of glands invading stroma in a disor-
ganized fashion. Normal terminal ducts and lobules are present in the upper third of the photograph. B, Higher power of the infiltrating
glands reveals uniform nuclei in terms of size and shape and minimal mitotic activity (arrow).

Figure 9–4 Infiltrating duct carcinoma, moderately differen-
tiated. Whereas parts of this invasive tumor are forming glands,
other areas are not. Higher power (not shown) would reveal an
intermediate degree of nuclear atypia and occasional mitoses.

Figure 9–5 Infiltrating duct carcinoma, poorly differentiated.
Only a minority of this invasive tumor is gland forming (arrow),
and there is severe nuclear pleomorphism with frequent mitoses.

What is invasive lobular carcinoma?

Invasive lobular carcinoma is the second most commonly
encountered type of invasive carcinoma of the breast and was
first described in 1946 by Foote and Stewart,5 who deemed it
the invasive counterpart to lobular carcinoma in situ (LCIS),
previously described by the same authors. Modern thinking
does not, however, classify LCIS as an obligate precursor lesion
to invasion but rather as a risk factor for its development. In
fact, most invasive carcinomas that develop in patients with
LCIS are ductal in type, and it is not uncommon to encounter
an invasive lobular carcinoma accompanied by an intraductal
component (DCIS).

In contrast to infiltrating duct carcinoma, most invasive
lobular carcinomas either provoke no desmoplastic reaction
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Pleomorphic invasive lobular carcinoma was first described
by Weidner and Semple6 and is characterized by larger cells
with pleomorphic nuclei and mitotic activity but maintenance
of the growth pattern of the classic form (Fig. 9–8). The 
criteria for such a designation are somewhat arbitrary and
overlapping with other designations such as alveolar.
Furthermore, the distinction of pleomorphic lobular carci-
noma from invasive poorly differentiated duct carcinoma may
be difficult or arbitrary, particularly if the classic pattern of
invasion is completely lacking. The signet-ring cell variant7,8

similarly is rarely pure, and it is debatable what percentage of
such cells is necessary for the designation; however, the cells
contain nuclei that are indented or pushed peripherally by
mucinous cytoplasm (Fig. 9–9). The cells of histiocytoid inva-
sive lobular carcinoma9 are so designated because they have
abundant, lightly eosinophilic foamy or granular cytoplasm
and resemble histiocytes (Fig. 9–10) to such an extent that the
diagnosis may be difficult, necessitating the use of immuno-
histochemical stains for cytokeratins for confirmation.

Alveolar invasive lobular carcinoma10 is composed of cells
forming small, well-circumscribed nests devoid of a fibrous
wall around them (Fig. 9–11). Because the nuclei of these
nests are frequently pleomorphic, the designation of this as an
entity separate from the pleomorphic type is an unsettled
issue. The appellation “solid”11 is applied when the invasive
tumor cells form large sheets without a dominant pattern,
except at the periphery, where a single-file pattern of invasion
is typically seen (Fig. 9–12).

What is the prognostic significance of 
classic and variant forms of invasive 
lobular carcinoma?

As a group, invasive lobular carcinomas are prognostically not
different from tumors of ductal type.12 Because of method-
ologic differences and variation in inclusion criteria, it is dif-
ficult to compare studies; however, some authors have
reported slightly better survival rates for invasive lobular car-
cinoma, at least at 5 and 10 years,13 whereas survival curves
may merge with longer term (>15 year) follow-up.10,13 Others

Figure 9–6 Invasive lobular carcinoma, classic form. Tumor cells
surround a benign ductal structure, creating a targetoid pattern.
The cells invade in a linear fashion (single file) and have relatively
uniform nuclei without mitoses.

Figure 9–7 Invasive lobular carcinoma, classic form. At the
periphery of a mass tumor cells invade adipose tissue (clear areas)
without provoking a desmoplastic reaction.

What is the classic form of invasive 
lobular carcinoma?

Invasive lobular carcinoma, in its classic, originally described
form, is composed of a uniform population of cells that infil-
trate the breast parenchyma in so-called single file, following
each other in a linear fashion to surround both benign ductal
or lobular structures and those containing in situ carcinoma.
This centripetal array is the basis of the designation “targe-
toid” for this pattern (Fig. 9–6). The cytology, however, truly
defines the classic form of invasive lobular carcinoma and
consists of relatively small cells with minimal cytoplasm, large
but nonpleomorphic nuclei, and few if any mitoses (see Fig.
9–6). Desmoplastic reaction is minimal and sometimes non-
existent, particularly at the periphery of lesions (Fig. 9–7). It is
extremely unusual to identify lymphatic invasion in such
cases, and lymph node metastases may be difficult to identify
without the aid of immunohistochemical stains.

What are the histologic variants of invasive 
lobular carcinoma?

Several forms of invasive lobular carcinoma have been charac-
terized since the initial description of the classic type. These
variants are only rarely seen in isolation because they nearly
always coexist with at least some areas of the classic type. As a
group, the variants tend to exhibit more aggressive histologic
characteristics and a greater tendency for lymph node metas-
tasis. Although the variant classifications are based on either
cytologic or growth pattern characteristics, in practice, mix-
tures of each are frequently encountered. The cytologically
based designators are pleomorphic, histiocytoid, and signet-
ring cell; the pattern-based classifications are alveolar, solid,
and tubulolobular (considered by some authors to be a vari-
ant of invasive duct carcinoma). The common thread among
all the variants, in our experience, is that they share the same
clinical and radiologic characteristics described earlier for the
classic invasive lobular carcinoma in general.
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A

B C
Figure 9–8 Invasive lobular carcinoma, pleomorphic type. A, The nuclei of these cells are extremely pleomorphic with mitoses (inset),
but both the targetoid (B) and linear (C ) growth patterns are maintained.

Figure 9–9 Invasive lobular carcinoma, signet-ring cell type. The
nuclei of these tumor cells are indented or pushed to the periph-
ery of the cells by abundant eosinophilic cytoplasm or by mucin
globules (arrow).

Figure 9–10 Invasive lobular carcinoma, histiocytoid type. These
tumor cells contain so much eosinophilic cytoplasm and such low-
grade nuclei that they are extremely difficult to distinguish from
histiocytes (arrows).
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report a statistically significant improved 10-year survival for
invasive lobular carcinoma (with inclusion of tubulolobu-
lar).14 When considered separately, the classic invasive lobular
phenotype conferred a small but significant survival advan-
tage.14 When allowing for variant lobular forms, the literature
becomes difficult to interpret because of overlapping inclu-
sion and classification criteria, differences in treatment proto-
cols, and relatively small numbers of patients. In general, the
classic pattern seems to have a relatively better prognosis when
compared with the solid and alveolar patterns10,14,15; however,
in practice, these patterns are rarely pure. It is also possible
that the poorer prognosis may actually be due to the pattern
variants’ frequent admixture with the cytologic variant pleo-
morphic lobular carcinoma. Weidner and Semple showed a
markedly increased recurrence rate and nonstatistically signif-
icant decreased survival for pleomorphic lobular carcinoma.6

In Eusebi and colleagues’ small series, 9 of 10 patients with

invasive pleomorphic lobular carcinoma either developed
recurrence or metastasis very rapidly or died within 42
months.16 Prognostically, the difference may be due to the
higher rate of lymph node positivity for this variant (9 of 10
of Eusebi’s patients exhibited positive axillary lymph nodes).
The signet-ring cell variant is generally thought to have a rel-
atively poor prognosis,17 whereas the histiocytoid type may
mirror the classic form in outcome.18 In our experience, pure
populations are rare, and the variants do not vary in progno-
sis, stage for stage; however, the poorer prognosis associated
with some variants (i.e., pleomorphic) may be ascribed to
their higher rate of lymph node positivity. Thus, pleomorphic
lobular carcinoma may represent an innately more aggressive
phenotype in that lymph node metastasis may be occurring
more frequently in smaller lesions with nuclear atypia and
mitoses than in those without. This might explain the lack of
prognostic difference between invasive lobular carcinoma as a
whole relative to invasive duct carcinoma.

What is invasive tubulolobular carcinoma?

Invasive tubulolobular carcinoma was first described by Fisher
and colleagues as part of the early National Surgical Adjuvant
Breast Project (NSABP) studies.19 Although historically it has
constituted only a small percentage of invasive carcinoma, our
experience is that this is due to its infrequent recognition by
pathologists. As its name implies, it is histologically a combi-
nation of tubular carcinoma and invasive lobular carcinoma in
which well-formed glands or tubules merge directly into a lin-
ear single-cell pattern of invasion surrounding normal struc-
tures (Fig. 9–13). Both patterns contain identical tumor cells
and are contiguous with each other. Calcifications may also be
seen in the invasive tumor. Although some authors have clas-
sified this lesion as a variant form of invasive duct carcinoma,
we believe it is more accurate to consider it a form of invasive
lobular carcinoma because it has a propensity for multifocali-
ty, has the same clinical and radiographic characteristics as
lobular type, and provokes less desmoplastic reaction than a
routine invasive duct carcinoma. In our experience, it is not
infrequent to encounter cases in which areas separate from an
invasive tubulolobular carcinoma are histologically composed
purely of tubular carcinoma or invasive lobular carcinoma.

Are mixed duct and lobular invasive 
tumors possible?

Although most invasive carcinomas are easily classified as
ductal or lobular, a significant subset of tumors has growth or
cytologic features of both. The different forms may be in sep-
arate areas of the same mass or intimately admixed. In either
case, the lesion is probably best treated with respect to the
dominant type of tumor present. In practice, such cases are
frequently designated as invasive carcinoma with mixed duc-
tal and lobular features.

What features distinguish metastatic lobular 
from metastatic duct carcinoma?

The growth pattern of metastatic breast carcinoma typically
recapitulates that of the primary lesion. Thus, the classic 

Figure 9–11 Invasive lobular carcinoma, alveolar type. Tumor
cells are grouped into nests (arrows) of variable size and shape
invading around a benign duct.

Figure 9–12 Invasive lobular carcinoma, solid type. Tumor cells
form a solid sheet that envelops adipose tissue. Linear growth of
the tumor is seen peripherally (arrows).
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single-file pattern of lobular carcinoma is often seen in distant
metastases. Deposits of lobular carcinoma in lymph nodes,
however, may consist of nests of cells, more diffuse involve-
ment of the sinuses, or scattered individual cells usually found
in the peripheral sinuses. Metastatic lobular carcinoma in
lymph nodes is often very subtle and may be difficult to dis-
tinguish from histiocytes, especially in classic and histiocytoid
forms. In such cases, immunohistochemical stains for cyto-
keratins are extremely helpful and often reveal far more tumor
cells than were evident on examination with routine stains
(Fig. 9–14). Metastatic duct carcinoma grows in cohesive clus-
ters, occasionally provoking a fibrous reaction (Fig. 9–15).

Several studies have documented a different spread pattern
for distant metastasis of lobular carcinoma as opposed to duct
carcinoma.20,21 Ductal carcinomas favor bony sites, followed
by lung, liver, and brain. Lobular metastases tend to occur
after a longer lag period, sometimes up to 15 to 20 years, and

its metastatic sites are far more variable, including peri-
toneum, retroperitoneum, ovaries, gastrointestinal tract, and
meninges, in addition to those sites typical of ductal spread.
Patients with metastatic lobular carcinoma may present in
unusual ways, such as with gastric outlet or ureteral ob-
struction. There may be diffuse involvement of pelvic and
peritoneal structures, and involvement of the stomach can
closely mimic a primary gastric signet-ring cell carcinoma.
Immunohistochemical stains are invaluable in the resultant
differential diagnosis.

Are patients with invasive lobular carcinoma 
candidates for breast conservation?

Given the predilection for invasive lobular carcinoma to form
multiple separate tumors apart from the main mass, often

A B
Figure 9–13 Invasive tubulolobular carcinoma. A, At low power, this invasive tumor grows in a lobular targetoid fashion (center) and is
largely composed of small angulated glands with uniform nuclei (tubular component). B, The glands (arrows) merge almost impercepti-
bly with the linear growth pattern (arrowhead) of classic invasive lobular carcinoma.

A B
Figure 9–14 Lymph node with metastatic lobular carcinoma. Immunohistochemical stains for cytokeratin reveal tumor cells spreading
into the nodal parenchyma from the peripheral sinuses (A) and as individual cells (B).
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clinically and radiographically undetectable because of their
small size and lack of desmoplastic reaction, it would be logi-
cal to assume that lumpectomy margins in such patients may
be falsely negative owing to the presence of tiny areas of in-
vasion retained in the breast. In fact, a lobular phenotype 
has been used as a rationale for mastectomy as opposed to
lumpectomy. Yeatman and associates22 reported a higher rate
of mastectomy in patients with lobular tumors than in those
with ductal carcinomas. In more than half of patients in
whom breast conservation was unsuccessful because of per-
sistently positive margins, the tumor was lobular.

One therefore would expect that such patients would have
an increased local recurrence rate when compared with iden-
tically treated patients with invasive duct carcinoma. Recent
studies of large numbers of patients, however, have not con-
firmed this and in fact show no difference in 5-year recurrence
rates between such groups of patients treated with lumpec-
tomy and radiation.23 Schnitt and colleagues24 showed similar
results, with 5-year local recurrence rates of 12% for lobular
and 11% for ductal carcinoma. Kurtz and coworkers25 showed
a slightly higher 5-year recurrence rate for lobular (13.5%)
than ductal (9%) carcinoma, but the result was not statisti-
cally significant. These authors noted, however, that lobular
recurrences tended to be multifocal and multicentric. Thus,
the available data would appear to indicate that breast conser-
vation with radiation is feasible in patients with invasive lob-
ular carcinoma.

What pathologic factors are of particular 
significance in breast conservation specimens?

Breast conservation specimens are commonly termed lumpec-
tomy, but the synonymous terms partial mastectomy, quadrant-
ectomy, and tumorectomy have also been applied. However
labeled, these specimens demand attention to several factors
that are less relevant in mastectomies. In most current prac-
tices, a diagnosis of invasive breast carcinoma is initially made
upon examination of a mammographically or sonographi-

cally directed core biopsy. It is crucial that the pathologist his-
tologically identify the site of this biopsy in the subsequent
lumpectomy specimen, regardless of whether there is residual
tumor. This ensures that the correct, originally targeted area 
of the breast has been removed. Occasionally, core biopsies
remove the entire invasive tumor, typically when the target
lesion consists of mammographic calcifications, and a small
or microinvasive carcinoma is found incidental to the imaging
findings. Complete removal can be confirmed only by identi-
fication and examination of the biopsy site in the lumpectomy
specimen. Finding the biopsy site in a mastectomy specimen
of such a patient is to be strongly encouraged; however, it is
not nearly as important as in breast conservation therapy.

Margins of resection are also of particular importance in
the pathologic examination of a lumpectomy specimen and
are known to affect the likelihood of local recurrence,
although the subsequent impact of local recurrence on 
disease-free and overall survival is controversial. Several
pathologic factors are important in assessing the surgical ade-
quacy of a lumpectomy specimen: status of the margins, clos-
est distance of tumor to a margin, presence or absence of an
extensive intraductal component, and lymphatic and blood
vessel invasion.

How are breast conservation specimens 
evaluated by pathologists?

Proper pathologic evaluation of lumpectomy specimens actu-
ally begins with their proper handling by the surgeon. Ideally,
such specimens should be removed intact, with surgeons
resisting the temptation to incise them to have a gross peek at
the tumor. At least two margins (or one if a segment of skin is
attached) should be designated, usually with sutures. This,
along with the specimen’s laterality, allows the pathologist to
orient any lumpectomy specimen in six planes. The external
surface of the specimen is then painted, usually with India ink,
and sections are typically taken perpendicular to the inked
surfaces or as pieces of tissue shaved from the surfaces. Many
color inks are available so that each individual margin (e.g.,
superior, lateral) can be assigned a color, keeping in mind that
the borders between these planes cannot be delineated and are
subjective at best. These inks are visible under the microscope
and thus histologically represent the surgical margins. Seepage
of these inks into folds and crevices presents a significant
problem, particularly in fatty breast tissue, and methods are
available that fix the ink to the external surface, decreasing its
tendency to run. Only after the inks are applied to the intact
specimen’s surface does the pathologist slice into the specimen
and grossly evaluate the internal aspect of the lumpectomy.
The macroscopic tumor or biopsy site is identified and mea-
sured in three dimensions, and its apparent distance from the
margins is noted, particularly with respect to its closest
approach to a margin. Often, the latter assessment is made
during the surgical procedure so that the surgeon can imme-
diately re-excise that specific margin. Frozen section can be
performed and is reasonably accurate in assessing invasive
tumor margins, especially in invasive duct carcinoma; how-
ever, it is inadequate in ruling out intraductal carcinoma at
margins because of a combination of sampling issues and
technical difficulties inherent in freezing of fatty tissue. Frozen
sections should be discouraged because they can hamper 

Figure 9–15 Lymph node with metastatic duct carcinoma. A
large area of the lymph node parenchyma is replaced by meta-
static tumor cells arranged in large cohesive, irregular groups with
extensive fibrosis.
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permanent histologic assessment, especially in small mammo-
graphically detected lesions; thus, they are usually performed
only in the currently unusual circumstance in which the diag-
nosis of invasive carcinoma has not already been established
by prior core biopsy. Sections of the tumor are taken so that
its largest grossly measured size as well as its relation to the
inked margins may be confirmed microscopically.

The India or multiple-colored inks are visible under the
microscope, and thus slides are examined such that if the cells
of intraductal or invasive carcinoma touch an inked surface,
that margin is considered positive (Fig. 9–16). The closest
proximity of tumor to individual margins can also be assessed
and reported. The use of cautery also produces specific histo-
logic effects and can be used as an adjunct to ink (or in lieu of
ink if the specimen is received in fragments or if ink is
unavailable). It should be kept in mind, however, that margin
evaluation is by no means precise. Microscopic examination 
is a two-dimensional representation of a three-dimensional
process, and thus deeper sections of tissue in a paraffin block
may reveal a positive margin where the original was read as
close or even negative. Nowhere is this more apparent than in
the situation of intraductal carcinoma or invasive carcinoma
with extensive intraductal component (discussed later). The
actual protocols and methods of sampling such specimens are
beyond the scope of this chapter but are highly variable and
dependent on institutional and individual practice.

What is the significance of margins?

The evaluation of margins in carcinoma of the breast builds
on the pivotal work of Holland and colleagues,26 who used a
mapping technique to document areas of malignancy separate
from a known “index” invasive tumor in mastectomy speci-
mens. These investigators found that the incidence of addi-
tional intraductal or invasive carcinoma decreased in direct
proportion to the distance of the margin from the index
lesion. Furthermore, intraductal carcinoma was found to be a
lesion of contiguous spread through the ductolobular tree
rather than one of multiple widely separated foci. Thus, such

tumors are generally unicentric even if large, and pathologic
assessment of margins should therefore theoretically be pre-
dictive of complete excision of the tumor. In practice, how-
ever, positive margins do not absolutely predict the presence
of residual tumor on re-excision, nor do negative margins
necessarily dictate its absence. This can be attributed to several
issues of sampling, including those described previously, and
the fact that it is impossible to examine histologically every
area of the margin even if all of the tissue of a lumpectomy is
embedded in paraffin blocks (not the typical situation). In
general, however, the more tumor found at or close to the
margins and the shorter the distance to the margins, the more
likely it is that residual tumor will be found. Put another way,
the likelihood of complete excision of a tumor is inversely
related to the amount of tumor at the margins and its prox-
imity to them.27–29

Numerous studies have addressed the importance of mar-
gins in terms of assigning risk for local recurrence, but a few
deserve special mention. Although radiation is currently
included for most lumpectomy patients, an early test of the
importance of margins alone was provided by Lagios and
associates,30 who reported relatively short follow-up time
(mean, 24 months) of a group of such patients in whom radi-
ation therapy was not given. The local recurrence rate was
45% in those patients with positive margins versus 9% when
the margins were clear. The short interval until recurrence and
the corresponding margin status indicate that local recurrence
is probably a phenomenon of progression of persistent disease
rather than the development of true de novo tumor. The addi-
tion of radiation therapy decreases the local recurrence rate,
but most studies indicate that it does not substitute for nega-
tive margins, with local recurrence rates ranging from 0% 
to 9% with negative margins, compared with 10% to 21% 
in patients with positive margins.29,31,32 Other authors have
expanded this idea, showing that risk for local recurrence is
directly proportional to the amount of tumor at the margins
and its proximity to them.33,34 For example, Schnitt and col-
leagues33 reported 5-year recurrence rates of 0%, 4%, 6%, and
21% for groups of irradiated lumpectomy patients with nega-
tive (no tumor within 1 mm), close (tumor within 1 mm),
focally positive, or positive margins, respectively. Similar find-
ings have been derived from studies of relatively larger surgi-
cal procedures, that is, quadrantectomy versus tumorectomy.35

The extreme variations of technique, evaluation criteria,
and treatment in such studies makes direct comparison diffi-
cult; however, it seems clear from all the accumulated data
that (1) the goal of breast-conserving surgery should be to
achieve negative margins; (2) the closer a tumor is histologi-
cally to the margin, the greater the likelihood that the margin
is, in fact, occultly positive; (3) the greater the amount of
tumor at or close to the margins, the higher the risk for local
recurrence; and (4) more extensive surgery decreases the risk
for local recurrence by increasing the likelihood of attaining
truly negative surgical margins.

What is meant by “extensive intraductal 
component” and what is its significance?

Extensive intraductal component (EIC) is a term that was first
introduced by Schnitt and colleagues.36 It applies only to inva-
sive carcinomas and refers to cases in which either (1) at least

Figure 9–16 Invasive tumor involving a margin. The tumor cells
of this invasive lobular carcinoma are present at the inked surface
of this tissue (arrows), representing a positive margin.
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25% of the mass of invasive tumor is histologically composed
of intraductal carcinoma, and the intraductal component is
also present in breast tissue clearly outside the tumor mass
(Fig. 9–17), or (2) there is microinvasive carcinoma (measur-
ing <1 mm) accompanying intraductal carcinoma (Fig. 9–18).
Cases classified as EIC positive were more likely to have resid-
ual DCIS in their respective re-excision specimens than cases
designated EIC negative.37 In irradiated patients, regardless of
whether margins were actually evaluated, EIC-positive cases
had higher local recurrence rates than those deemed to be EIC
negative.36 Furthermore, when margins were categorized as
negative, close, focally positive, or positive, the recurrence rate
for EIC-negative patients was half that of EIC-positive cases,
arguing for the importance of attaining negative margins for
local control.33

Because, at least theoretically, local recurrence risk should
be entirely attributable to the DCIS outside the invasive mass,
we additionally categorize tumors as EIC negative but DCIS in
surrounding breast tissue for those cases in which the amount
of DCIS within the invasive tumor is minimal or below 25%.
In our care, such cases have local recurrence rates identical to
those designated EIC positive. Other studies have cited no dif-
ference or a nonsignificant difference in local recurrence rates
between EIC-positive and EIC-negative groups of patients
with clear margins and radiation.38 Thus, achieving negative
margins is of paramount importance. Some clinicians have
used the designation EIC positive as a justification for mastec-
tomy as opposed to lumpectomy. Whereas the extent and
location of the tumor relative to the size of the individual
patient’s breast may necessitate mastectomy, the appellation
EIC positive can be applied to both large and small tumors
and should be interpreted to signify that a larger excision will
be necessary to achieve negative margins than in an EIC-
negative case. EIC positive is not an absolute contraindication
to breast conservation.33,37–39

What is the significance of lymphatic and 
vascular invasion?

The terms lymphatic invasion, vascular invasion, and lympho-
vascular invasion are commonly invoked by pathologists but
are applied somewhat loosely to what nearly always represents
lymphatic invasion. Strictly speaking, the term vascular inva-
sion should be reserved for the histologic finding of tumor
cells within a vessel containing a muscular wall; the presence
of red blood cells in its lumen is helpful but not specific.
Defined in this way, true vascular invasion in the breast is
identified exceedingly rarely. Lymphatic invasion, conversely,
is not infrequent and depends on the identification of intralu-
minal groups of tumor cells usually conforming to the shape
of the endothelial-lined space. The space may or may not 
contain red blood cells, but usually small arterial or venous

A B
Figure 9–17 Invasive duct carcinoma with extensive intraductal carcinoma (EIC). A, The majority of this tumor mass is composed of
invasive carcinoma, especially on the left side of the picture; however, more than 25% of the lesion is histologically intraductal carcinoma,
the rounded structures containing central necrosis (arrows) on the right side. B, Areas of intraductal carcinoma are also present in fatty
breast tissue outside of the mass. The two together fulfill criteria for the first definition of EIC.

Figure 9–18 Microinvasive duct carcinoma. An area of invasive,
poorly differentiated duct carcinoma measuring just below 1 mm
is present between the arrows. Four duct spaces containing intra-
ductal carcinoma surround it. This fulfills the criteria for the sec-
ond definition of extensive intraductal carcinoma (EIC).
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structures will be immediately adjacent to the lymphatic
channel (Fig. 9–19). In practice, lymphatic invasion can be
difficult to differentiate from retraction artifacts because of
tissue processing (in invasive carcinoma) or from DCIS. Thus,
the diagnosis should only be considered in breast tissue out-
side the invasive carcinoma. There is considerable disagree-
ment in the literature about the reproducibility of this
diagnosis even with careful adherence to diagnostic crite-
ria.40,41 The use of immunohistochemical markers has been
attempted but not universally accepted,42 in part because of
the lack, until recently, of antibodies able to differentiate lym-
phatic channels from other endothelial lined vessels.43

All studies have shown a greater than 50% predictive value
of lymphatic invasion for the presence of axillary lymph node
metastasis.44,45 Curiously, the amount of lymphatic invasion
(extensive areas may be termed lymphatic permeation) does
not imply the extent of lymph node involvement. The pres-
ence of any lymphatic invasion simply correlates with axillary
disease in a qualitative, not quantitative, sense. Most studies
have indicated a decrease in disease-free survival for patients
with lymphatic invasion or lymphatic and vascular invasion 
as a group, mostly in lymph node–negative patients;41,42,44–47

however, these were carried out before the current era of iden-
tifying microscopic metastases in sentinel lymph nodes, and it
is possible that lymphatic invasion may not contribute addi-
tional prognostic information in terms of survival. Although
there are far fewer data available, it does appear that lymphatic
invasion is a risk factor for local recurrence in patients 
treated with lumpectomy and radiation, especially when the
lymphatic invasion is present at or close to a surgical margin.47

Most studies have shown blood vessel invasion alone to be a
negative indicator of disease-free and overall survival.27,41,48,49

What is the importance of the size of the 
invasive tumor and how is it determined?

Size of the invasive tumor is arguably the most important 
factor determined by the pathologic evaluation of breast 

carcinoma.50 A classic study by Rosen and coworkers51 showed
that node-negative patients with invasive tumors greater than
1 cm had a significantly decreased survival compared with
those who had tumors smaller than 1 cm. Decisions regarding
the use or withholding of systemic therapy are often made on
the basis of tumor size regardless of lymph node status. Thus,
it is crucial to assess size accurately. Generally, the size of a
breast cancer is the measurement of the largest pathologically
identifiable area of contiguous invasive carcinoma. Although,
in our experience, tumor measurement using modern sono-
graphic equipment is often quite accurate, pathologic size may
or may not correspond to the clinical or radiographically
determined size. Clinically and radiographically determined
sizes should be regarded as estimates because they cannot
account for the possible contribution of adjacent benign
fibrous tissue or other masses (e.g., fibroadenoma, intraductal
papilloma) to their size assessment. In fact, this holds true,
although to a lesser degree, even for the examiner of the gross
specimen, particularly in cases of invasive lobular carcinoma
(discussed earlier). In practice, therefore, the grossly suspi-
cious mass is measured in three dimensions, and at least one
section is taken of the largest gross diameter to confirm the
largest size microscopically. In the case of multiple invasive
tumors, as is frequent in infiltrating lobular carcinoma, the
largest microscopic area of contiguous invasive tumor is used
for purposes of staging and systemic therapy decisions, while
noting the presence of the other invasive areas and their rela-
tionship to margins. This situation is created iatrogenically by
the use of preoperative chemotherapy when a large invasive
tumor is shrunken into multiple tiny dispersed areas of inva-
sion separated by fibrous tissue, often making postchemother-
apy pathologic size determination a futile exercise.

The current era of imaging-directed core biopsy followed
by sometimes multiple surgical specimens has added a layer of
complexity to the evaluation of tumor size. Substantial
amounts of invasive tumor may be removed by core biopsy,
sometimes leading to the situation in which the largest area of
invasive tumor is present in the core biopsy specimens rather
than in the lumpectomy. More commonly, however, the bulk
of the invasive tumor is present in the lumpectomy and,
despite the granulation tissue that forms in the interval
between core biopsy and surgery, the microscopic size of
tumor in the surgical specimen closely mirrors that measured
by imaging,52 with sonography being especially accurate. It is
incorrect to add the size of the invasive tumor seen on core to
that seen on excision, and it is similarly misleading to add the
size of any residual invasive tumor on re-excision of a positive
lumpectomy margin to the original size. Thus, it is important
that the same pathologist review the slides of each diagnostic
procedure in order to assign the proper size and therefore pro-
vide accurate information for staging purposes.

What other additional histologic factors 
are prognostic?

Numerous other histopathologic characteristics have been
evaluated as possible indicators of favorable or unfavorable
prognostic factors, among them inflammatory infiltrate, stro-
mal fibrosis, circumscribed versus irregular tumor border,
necrosis of invasive tumor, and perineural invasion.27,41,49

Most of these have not consistently yielded additional 

Figure 9–19 Lymphatic invasion. Cohesive clusters of tumor
cells are present in a dilated endothelial-lined (arrow) space adja-
cent to a muscular vein (arrowhead). The tumor cells conform to
the shape of the lymphatic space but appear to float in it.
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prognostic information in the literature; however, necrosis of
the invasive component may impart additional poor progno-
sis,53 probably because it is associated with rapid tumor
growth (Fig. 9–20). Perineural invasion does not, by itself,
impart a worse prognosis, but it is associated with lymphatic
invasion and therefore, by extension, with positive axillary
lymph nodes.

What additional prognostic and 
predictive actors should be tested for in 
invasive carcinoma?

A vast number of additional immunohistochemical and other
markers have been studied over the years with varying success,
and it is beyond the scope of this chapter to describe all of
them. Currently, testing for estrogen receptor protein, proges-
terone receptor protein, and HER-2/neu oncoprotein is stan-
dard for any newly diagnosed invasive carcinoma.54 Although
other methods are available, all of these parameters are most
commonly evaluated by direct immunohistochemistry, allow-
ing the pathologist to visually evaluate the number of tumor
cells staining and the intensity of the reaction (Fig. 9–21).
Most important, direct immunohistochemistry permits the
confirmation that it is truly the invasive tumor contributing 
to the test result, as opposed to normal tissue or in situ car-
cinoma. Immunohistochemical testing for HER-2/neu is often
inconclusive and may be supplanted by fluorescence in situ
hybridization if clinically necessary. Other, less frequently per-
formed tests include flow cytometry and immunohistochem-
ical evaluation for p53 protein and proliferation markers such
as Ki-67, but conflicting data can be found in the literature as
to the prognostic value of each.54 Newer tests, including
molecular characterization of invasive breast cancer by gene
expression assays,55 appear to hold great promise in separating
invasive carcinomas into prognostically relevant groups irre-
spective of their histologic categorization.
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1.0 cm.8 Tubular carcinoma may commonly be admixed 
with invasive lobular carcinoma, known as tubulolobular 
carcinoma.

What are the clinical features of 
tubular carcinoma?

Compared with IDC, tubular carcinoma is more likely to
occur in older patients and to be multicentric (10% to 56%),
bilateral (38%), and associated with a family history of breast
carcinoma (40%).9,10 Most tubular carcinomas (80% to 87%)
are less than 1cm, suggestive of slow growth.11–13 They are usu-
ally not palpable and thus are detected primarily by mam-
mography, presenting as spiculated densities or as trabecular
distortion.

Tubular carcinoma is associated with a favorable prognosis
owing to a combination of its small size at presentation,
well-differentiated histology, and low rate of axillary lymph
node metastases (0% to 29%).3,6,7,12–17 This favorable progno-
sis is maintained even when axillary lymph nodes are
involved. Multifocal tumor with its associated greater tumor
volume has a predisposition to lymph node metastases.
Cumulative survival rates for tumors of all sizes were 97.3% at
5 years, 87.8% at 10 years, and 77.3% at 20 years, compared
with 45.3%, 32.6%, and 19.8%, respectively, for IDC.3 The rate
of recurrence over an interval of 2 to 22 years is reported to be
about 3% to 4% and occurs more commonly in patients with
axillary lymph node metastases.5,6,11,12,15,18

A study comparing tubular carcinoma and tubulolobular
carcinoma found a higher incidence of multifocality (20%
versus 29%), axillary lymph node metastases (12% versus
43%), and recurrence rate (1% versus 12%) for the latter.18

However, analyses of these results failed to find any statistical
significance.19 Thus, the prognosis of these tumors is thought
to be intermediate between tubular carcinomas and invasive
lobular carcinomas. Additional studies are indicated to fur-
ther delineate the clinical features of these two tumors.

What are the pathologic features of 
tubular carcinoma?

Grossly and microscopically, tubular carcinomas recapitulate
the mammographic appearance of a stellate mass (Fig. 10–1).

CHAPTER 10

Pathology of Special Forms
of Breast Cancer
Shabnam Jaffer

Invasive carcinomas of the breast are ductal (65% to 80%),
lobular (5% to 15%), or mixed (6%).1,2 Most invasive duct
carcinomas (IDCs) are of the conventional type (see Chapter
9), also known as ordinary, classic, usual, and not otherwise
specified. A smaller proportion of breast carcinomas (10% to
25%) constitute the special or unusual variants of infiltrating
breast carcinoma owing to distinct cytoarchitecture and pat-
tern of spread.1 This chapter describes the pertinent clinical,
morphologic, and biologic features of these special types of
breast carcinomas.

How are the variants of breast cancer defined?

These distinct carcinoma variants are separated from IDC
owing to unique features, such as specific cell types (e.g.,
apocrine), secretion (e.g., mucinous carcinoma), architectural
features (e.g., papillary carcinoma), pattern of spread (e.g.,
micropapillary carcinoma), and biologic behavior (e.g., good
prognosis—tubular carcinoma; poor prognosis—metaplastic
carcinoma).

What is the implication of a diagnosis of 
a variant of invasive breast cancer when
it coexists with ordinary invasive 
breast carcinoma?

For prognostic reasons, it is important to qualify whether a
variant of IDC is present in pure or mixed form. In contrast to
the mixed forms, the pure types are endowed with unique bio-
logic behavior. Second, in most cases, the mixed form is more
common than the pure form. Inaccurate distinction of the
pure from the mixed forms leads to conflicting data in the lit-
erature regarding the behavior of these variants. For the pur-
poses of this chapter, we will discuss only the salient features
of the pure and not the mixed variants of IDC.

TUBULAR CARCINOMA

A well-differentiated invasive carcinoma, tubular carcinoma is
characterized by the formation of neoplastic tubules that
closely resemble breast ductules. It constitutes less than 2% of
all breast carcinomas3–7 and 9% of carcinomas smaller than
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Morphologically, it is composed of a haphazard distribution
of small open glands or tubules with irregular shapes and
angular contours lined by a single layer of neoplastic colum-
nar or cuboidal ductal cells infiltrating fat (Fig. 10–2). The
nuclei are bland, basally oriented, hyperchromatic, and round
to oval with inconspicuous nuclei. The cytoplasm is usually
amphophilic, rarely clear or eosinophilic. Apocrine-type cyto-
plasmic tufts or snouts may be present along the luminal bor-
der of the cells and are seen in one third of cases. Alternatively,
the glands may have open lumina containing basophilic secre-
tions or calcifications. Mitoses are rare to nil.

There is a lack of agreement with regard to the extent of
tubular differentiation necessary to make a diagnosis of tubu-
lar carcinoma. Criteria range from being strict, requiring
100% tubular differentiation,3,4 to others ranging from 75% to
90%.6,12,20,21 Most authors agree with a cutoff at 90%, such that
tumors with 50% to 90% tubular differentiation are labeled as
mixed type.

The interglandular stroma may be composed of altered col-
lagen that may contain myofibroblasts, myxoid matrix, calcifi-
cations, and/or elastin. Elastin may be seen in other IDC and
radial scars, raising the differential diagnosis and possible 

origin from radial scar. In fact, in some cases, tubular car-
cinoma has been found to arise from or to be associated with
radial scars.20,22 Microscopically, the distinction from radial
scar is made by the presence of glands lined by a single cell
type, that is, devoid of myoepithelial cells and infiltrating adi-
pose tissue (see Fig. 10–2). Associated low-grade intraductal
carcinoma, micropapillary or cribriform types, may be pres-
ent in 60% to 84% of tubular carcinomas.5,11,14,16

As the name indicates, tubulolobular carcinoma is the mor-
phologic sum of tubular carcinoma intimately admixed with
invasive lobular carcinoma that is characterized by cords of
small, uniform cells arranged in single linear file fashion (Fig.
10–3). It is more likely to be admixed with lobular carcinoma
in situ.

Most tubular and tubulolobular carcinomas are estrogen
and progesterone hormone receptor positive.23

CRIBRIFORM CARCINOMA

As the name suggests, the morphology of this tumor is 
characterized by a cribriform pattern. It is a form of well-
differentiated IDC whose incidence ranges from 0.3% to 4%.24–26

What are the clinical features of 
cribriform carcinoma?

As with IDC, cribriform carcinoma can present as a spiculated
mass or calcifications. Multifocal tumors are present in 20% 
of cases.25 The rate of axillary lymph node metastases (11%) 
is lower than in conventional IDC, portending a favorable
prognosis.24,25

However, studies on cribriform carcinoma are few in num-
ber, and the data are not standardized in terms of tumor size
or surgical treatment. Nevertheless, postmastectomy disease-
free survival approaches almost 100%, with follow-up times
ranging from 5 to 21 years.24–26 The role of conservative sur-
gery is currently unknown but worthy of future study.

SECTION II. PATHOLOGY112

Figure 10–1 Gross appearance of tubular carcinoma showing a
spiculated mass.

Figure 10–2 Histologic appearance of tubular carcinoma show-
ing neoplastic glands with angulated contours infiltrating fat.

Figure 10–3 Histologic appearance of tubulolobular carcinoma
showing features of both tubular carcinoma (arrows) and lobular
carcinoma (arrowheads).



What are the pathologic features of 
cribriform carcinoma?

A cribriform pattern is characterized by the presence of nests
of tumor cells containing sharply outlined cookie-cutter type
round to oval arched glandular spaces imparting a fenestrated
or sievelike appearance with a desmoplastic stroma (Fig.
10–4). The cells within these nests have low-grade nuclei and
rare mitoses. Cribriform carcinoma may also have tubular 
differentiation (see Fig. 10–4) and still qualify as cribriform
carcinoma as long as the tubular differentiation is less than
50%.24

A similar pattern is observed in cribriform intraductal car-
cinoma, distinguished by the presence of basement mem-
brane around the cribriform nests, rare myoepithelial cells,
and lack of stromal invasion (Fig. 10–5). Nevertheless, dis-
tinction of the in situ form from the invasive component may
be difficult, particularly because the invasive form is usually
associated with the in situ form. A cribriform growth pattern
is also seen in adenoid cystic carcinoma (described later) and
is differentiated by the absence of the cylindromatous base-
ment membrane in cribriform carcinoma. All tumors express
estrogen hormone receptor, and up to 70% also express prog-
esterone receptor.25

MEDULLARY CARCINOMA

The term medullary carcinoma was coined by Ewing in 194027

to describe a small group (1% to 7% of all IDC)6,28–33 of well-
circumscribed, poorly differentiated tumors, paradoxically
associated with good prognosis. It is for this reason that strict
morphologic criteria must be met in order to diagnose
medullary carcinoma. Alternatively, when most, but not 
all, diagnostic criteria are met, a diagnosis of atypical
medullary carcinoma or IDC with medullary features is made,
both of which are associated with a prognosis similar to that
of IDC.

What are the clinical features of 
medullary carcinoma?

Medullary carcinoma affects younger women (range, 45 to 54
years).28,34–36 It occurs more frequently in native Japanese
women37,38 and black women39 in the United States. Of all
BRCA1 tumors analyzed, 19% were pure medullary carcino-
mas,40,41 a higher rate than that of IDC. Radiologically, the cir-
cumscription of these tumors leads them to be mistaken for
fibroadenomas.42 Whereas in the past they were designated as
bulky adenocarcinomas, today smaller tumors are detected
(<3.0 cm).

The favorable prognosis associated with medullary carci-
noma in older series, even with involved axillary lymph nodes
(10%), has been confirmed in several newer series with post-
mastectomy survival rates as follows: 5 years, 78% to 88.5%;
10 years, 64%; and 20 years, 95% (stage I) and 61% (stage
II).31,33,34,43–46 In a few other series, patients have been treated
with conservative surgery followed by radiotherapy, also 
with favorable results.47,48 Despite a higher reported rate of
axillary lymph node metastases in some series (42% to 45%),
the prognosis is still better than in IDC.31,43 Patients with
medullary carcinoma typically experience reactive lym-
phadenopathy that is readily palpable and may lead to clinical
upstaging. However, the actual number of involved nodes is
usually less than three and limited to the lower axillary group.
When metastases occur in medullary carcinoma, they do so
within the first 5 years and are usually systemic, associated
with poor survival.27,43

What are the pathologic features 
of medullary carcinoma?

Grossly, these tumors differ from IDC by being brown, soft,
lobulated, and bulging (Fig. 10–6). Foci of necrosis and cystic
degeneration may also be present. Despite strict criteria for
the diagnosis of medullary carcinoma, this entity is unfortu-
nately overdiagnosed, as seen in previous series.49,50 As stressed
before, the pathologist should diagnose medullary carcinoma
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Figure 10–4 Histologic appearance of cribriform carcinoma
showing a fenestrated pattern with sharp cookie-cutter spaces in
a desmoplastic stroma and associated focal tubular carcinoma.

Figure 10–5 Histologic appearance of cribriform intraductal car-
cinoma showing prominent basement membrane and absence of
desmoplastic stroma.



only using strict histologic criteria to preserve its predictive
favorable prognosis.

First, the carcinoma must be microscopically circum-
scribed, characterized by a smooth rounded pushing border
(Fig. 10–7). Second, a lymphoplasmacytic reaction must be
present both within and at the periphery of the tumor (see
Fig. 10–7). Germinal centers may occasionally be present, such
that distinguishing a true medullary carcinoma from an intra-
mammary lymph node with metastatic carcinoma may be 
difficult, particularly on core biopsy. Thus, medullary carcino-
mas are rich in activated cytotoxic and HLA-DR–positive
lymphocytes, both of which may be related to its favorable
prognosis.51,52 In addition, the level of immunoglobulin G
(IgG) can be high and may be inversely related to diminished
expression of estrogen hormone receptor (<10%).53,54 Third, a
syncytial growth pattern, a prognostically important finding,55

is present, characterized by broad irregular sheets or islands of
cells devoid of any glandular differentiation, such that the
borders between the cells are indiscriminant. Finally, the 

carcinoma must be poorly differentiated, consisting of cells
with high nuclear grade and mitotic activity (Fig. 10–8). This
correlates with an increased expression of p53 and Ki-67 but
low bcl-2, consistent with rapid cell turnover and possibly
related to a good prognosis. HER-2/neu expression is variable
but usually negative.

Other microscopic features associated with, but not diag-
nostic for, medullary carcinoma may be present. The first is
the presence of high-grade intraductal carcinoma, usually at
the periphery of the tumor, also associated with a lympho-
plasmacytic reaction. Second, metaplastic change, particularly
of the squamous type, may be found in up to 16% of
medullary carcinomas.33 Finally, necrosis may be present,
directly related to size, such that with increasing tumor size,
cystic degeneration may occur.

The term atypical medullary carcinoma was introduced to
classify carcinomas that differ from typical medullary carci-
nomas by one or more histologic features. One or more of the
following may characterize them: invasive growth pattern,
diminished lymphoplasmacytic reaction, well-differentiated
carcinoma, and low mitotic count. The distinction is crucial
so as to make clear the favorable prognosis of medullary car-
cinoma versus atypical medullary carcinoma, which has a
prognosis equivalent to that of IDC.

MUCINOUS CARCINOMA

Initially recognized in 1826,56 mucinous carcinoma consti-
tutes 2% of all breast carcinomas. Also known as colloid or
gelatinous carcinoma, these tumors, as their name implies, are
composed of large amounts of extracellular mucus that is vis-
ible both grossly and microscopically.

What are the clinical features 
of mucinous carcinoma?

Mucinous carcinoma affects mostly elderly women (average
age, 62 years), with the exception of Japanese women (average
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Figure 10–6 Gross appearance of medullary carcinoma showing
a well-circumscribed brown soft tumor.

Figure 10–7 Low-power histologic appearance of medullary car-
cinoma showing a well-circumscribed tumor with central cystic
necrosis (arrow).

Figure 10–8 High-power histologic appearance of medullary
carcinoma showing a syncytial growth pattern, admixed rich lym-
phoid reaction, high-grade nuclei, and frequent mitoses (arrows).



age, 49 years)57–59 Clinical presentation is that of a soft to mod-
erately firm lesion, which may rarely be crepitant (“swish
sign”). The average time from onset of symptoms to biopsy
and diagnosis may be 3 months or less.60 Delay in seeking
treatment, particularly in elderly women, may lead to larger
tumor size at presentation.61 Although most mucinous carci-
nomas are mammographically occult, some may present as
either a circumscribed, lobulated mass lesion, deceptively
resembling a benign lesion, or rarely with calcifications.62–64

Based on serial mammograms, these carcinomas most likely
have a slow growth rate. This is further supported by the low
incidence of axillary lymph node metastases reported by sev-
eral series, ranging from 0% to 29%.60,64,65 Second, the survival
rate is also favorable, ranging from 79% to 90% at 10 to 20
years,59,61,66 with death from disease usually occurring after
more than 10 years.67 Thus, a small node-negative mucinous
carcinoma can be appropriately treated without the need for
systemic adjuvant therapy.61,68,69 However, postmastectomy
chest wall recurrence has been reported in up to 15% of cases,
and systemic recurrences have been described as long as 25 to
30 years after mastectomy.70–73 Rarely, cerebral metastases have
been described that manifest as a mucin embolus, leading to
fatal cerebral infarction.74,75

What are the pathologic features 
of mucinous carcinoma?

In contrast to IDC, mucinous carcinomas are usually well-
circumscribed, larger (range, 1 to 20 cm; mean, 2.8 cm)
tumors, with a soft, currant-jelly gelatinous cut surface (Fig.
10–9). Larger tumors may also have cystic degeneration.
Despite their gross circumscription, microscopically most
tumors (70%) have pushing borders demonstrated by irregu-
lar knobby contours protruding into normal breast tissue66

(Fig. 10–10). The key microscopic feature is the presence of
well-differentiated tumor cells floating in a sea of extracellular
mucin separated by fibrous septa (Fig. 10–11). Rarely, the car-
cinomas are poorly differentiated, probably representing
admixed invasive micropapillary carcinoma (described later),
the two being difficult to separate. The cells may be arranged

in strands, alveolar nests, macropapillae, or cribriform clus-
ters, usually correlating with the intraductal pattern that is
present in 20% to 75% of cases. The ratio of cells to mucin
may vary from case to case but is usually consistent within 
a case. The mucin is composed of neutral and acidic
mucopolysaccharides76 and expresses MUC-5 and MUC-2
(gel-forming mucin),77 the latter being highly specific for
mucinous carcinoma. The typical indolent behavior of muci-
nous carcinoma is probably related to MUC-2, which not only
confers tumor suppressor activity but also acts as a containing
factor, hindering the spread of cells.78

In contrast to mucin-rich tumors, hypercellular tumors
with diminished mucin are associated with a worse progno-
sis.59,65,71 Occasionally, the entire tumor may consist of mucin
and needs to be thoroughly sampled to identify the cells.
Thus, the margin of a mucinous carcinoma may be deemed
positive based on the presence of mucin with or without
admixed cells. Based on ultrastructural studies, the extent 
of neuroendocrine differentiation ranges from 25% to 50% 
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Figure 10–9 Gross appearance of mucinous carcinoma showing
a well-circumscribed tumor with a gelatinous or mucoid cut 
surface. Figure 10–10 Low-power histologic appearance of mucinous

carcinoma showing a predominantly well-circumscribed tumor
with focal pushing borders (arrows).

Figure 10–11 High-power histologic appearance of mucinous
carcinoma showing well-differentiated tumor cells in a sea of
mucin.



but is not prognostically significant.57,79–81 Most mucinous 
carcinomas express estrogen (>90%) and progesterone
(>50%) hormone receptors and only rarely (<5%) express
HER-2/neu.59,65,71

APOCRINE CARCINOMA

Apocrine carcinomas constitute less than 1% to 4% of all
breast carcinomas.82,83 It is hypothesized that these carcinomas
originate from ductal cells with apocrine differentiation
because of their normal existence in the breast and their
capacity to proliferate into atypical and eventually neoplastic
lesions. In fact, this spectrum of lesions may be found adjacent
to an invasive apocrine carcinoma.

What are the clinical features 
of apocrine carcinoma?

The clinical features of apocrine carcinoma are similar to
those of IDC and thus will be excluded from discussion, with
the exception of one report stating the frequent association 
of older age and or postmenopausal status with apocrine 
carcinoma.84

What are the pathologic features 
of apocrine carcinoma?

Although the architectural features of apocrine carcinoma
include the usual growth patterns found in IDC, it is the cyto-
logic features that justify its distinction as a unique entity.
The cells contain large pleomorphic nuclei with prominent
eosinophilic nucleoli (Fig. 10–12). The cytoplasm contains
abundant granular eosinophilia that is periodic acid–Schiff
(PAS) stain positive after diastase digestion. Alternatively, the
cytoplasm may contain fine empty vacuoles, such that the cells
may resemble histiocytes. Immunohistochemically, gross cys-
tic disease fluid protein (GCDFP-15) marks more than half of

all apocrine carcinomas and is thus considered a putative
marker of apocrine differentiation.83,85 These cytologic and
immunohistochemical features are also seen and overlap with
the histiocytoid variant of infiltrating lobular carcinoma,
making the distinction difficult.85

Studies on hormone receptor expression in apocrine carci-
nomas have been conflicting, with estrogen receptor positivity
ranging from 0% to 50% of cases, whereas progesterone
receptor expression is usually negative or low.82,83,86,87 Inter-
estingly, some apocrine carcinomas express androgen recep-
tors,88 a finding of uncertain significance at present.

MICROPAPILLARY CARCINOMA

First recognized in 1979 and later described in 1993,89,90 this is
the most recently described variant of IDC. It makes up less
than 2% of all IDC and is characterized by a distinctive “exfo-
liative” morphology and lymphotropism.

What are the clinical features 
of micropapillary carcinoma?

Women with invasive micropapillary carcinoma tend to be
older than those with other types of IDC. Patients may 
present with a palpable mass or radiologic abnormality.
Mammographically, a spiculated, irregular, or round, high-
density mass with or without calcifications may be present.
Sonographically, a homogeneously hypoechoic irregular or
microlobulated mass may be present.

The aggressive nature of these carcinomas is reflected in
high rates of both lymphatic invasion (>50%)91,92 and axillary
lymph node metastases (72% to 77%),93 regardless of size or
extent of differentiation.94 Thus, they are best treated with
mastectomy and axillary dissection93–98; chemotherapy is
advocated for tumors larger than 1.0 cm regardless of lymph
node status. However, the treatment of smaller tumors is not
clear. Despite studies indicating a shorter disease-free and
overall survival, when cases are stratified by involved lymph
nodes and other prognostic features, multivariate analysis
failed to show any difference between invasive micropapillary
carcinoma and IDC.95,96

What are the pathologic features 
of micropapillary carcinoma?

The distinctive growth pattern of this carcinoma is character-
ized by solid morules or nests floating within punched-out
spaces with a serrated border in the fibrous stroma (Fig.
10–13). On cross-section, the aggregates of malignant cells
have a tubular appearance with minimal to no lumina forma-
tion. These artifactual spaces represent shrinkage owing to fix-
ation, as proved by their absence on frozen sections. They
deceptively resemble angiolymphatic spaces but lack an
endothelial lining. Cytologically, the cells are cuboidal to
columnar, containing finely granular or densely eosinophilic
cytoplasm and intermediate- to high-grade nuclei. Apocrine
and mucinous differentiation may be present. In fact, as 
mentioned previously, mucinous carcinomas with high-grade
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Figure 10–12 Histologic appearance of apocrine carcinoma
showing cells containing granular eosinophilic cytoplasm and
pleomorphic nuclei with conspicuous nucleoli.



nuclear features may actually represent admixed invasive
micropapillary carcinoma, and the distinction may not 
always be feasible. A high mitotic rate and calcifications in 
the form of psammoma bodies may be present. Intraductal
carcinoma, micropapillary type, with intermediate- to high-
nuclear-grade and associated necrosis may be present.

Ultrastructurally, microvilli have been observed on the
peripheral cell surfaces, suggesting that the spaces around the
clusters are glandular lumina with an inside-out growth 
pattern.”97 Furthermore, immunohistochemical staining with
epithelial membrane antigen (EMA) demonstrates staining of
these peripheral spaces, supporting this hypothesis. It is this
reverse polarization that is hypothetically responsible for the
lymphotropic behavior.

Invasive micropapillary carcinoma is usually estrogen posi-
tive (73% to 90%) and progesterone positive (45% to 70%)
but paradoxically may also be HER-2/neu positive (36% to
100%).91,92,94,98

METAPLASTIC CARCINOMA

Metaplasia is defined as the change from one cell type to
another. In metaplastic breast carcinomas, it is the trans-
formation of IDC into a nonglandular component (i.e.,
mesenchymal differentiation). Composed of a heterogeneous
group of neoplasms, metaplastic carcinomas are characterized
by an admixture of mammary carcinoma with spindle, squa-
mous, chondroid, or osseous elements. The incidence of these
neoplasms ranges from 1% to 5%. Low-grade adenosqua-
mous carcinoma, a distinct variant of metaplastic carcinoma,
has unique morphologic and clinical features, described next.

What are the clinical features 
of metaplastic carcinoma?

These tumors usually present clinically and radiologically as
well-circumscribed, firm, palpable masses. They tend to be
rapidly growing with a short duration before detection. They
are larger than IDC, ranging in size from 1 to 21 cm (mean, 3

to 4 cm), with more than half greater than 5 cm. They may
reach massive sizes (>20 cm) with consequent ulceration and
displacement of the skin and nipple. Relative to their large
size, the frequency of axillary lymph node metastases is low,
ranging from 0% to 54%.99–105 Five-year mortality rates range
from 25% to 86%.99–101,103,105 The higher end of these two inci-
dences is true mostly for tumors with spindle and squamous
differentiation.98 Metastases are composed of ductal or meta-
plastic elements or both.

After adjusting for nodal status and tumor size, metaplastic
carcinoma has a more favorable prognosis than IDC; how-
ever, this difference is not statistically significant.106 In fact,
with the exception of extensive spindle cell metaplasia in a
squamous cell carcinoma, heterologous metaplasia does not
negatively affect prognosis.107 The above data are derived from
treatment by mastectomy and axillary dissection; the roles of
lumpectomy, chemotherapy, and radiotherapy are currently
unknown.

What are the pathologic features 
of metaplastic carcinoma?

Grossly, these tumors are large, cystic, and necrotic, with
pushing or infiltrative borders. Morphologically, they are usu-
ally poorly differentiated IDC that are further subdivided into
two arbitrary categories: squamous and heterologous differ-
entiation. Tumors with mixed components also occur.

Squamous Metaplasia
Given the identical histologic features of squamous cell carci-
noma from other body sites (i.e., formation of intercellular
bridges, dyskeratotic cells, and keratin pearl formation; Fig.
10–14), metastasis must be excluded. The most common
manifestation of metaplastic squamous cell carcinoma is focal
squamous metaplasia within a typical IDC, described in up to
3.7% of IDC.108 The IDC can range from poorly to well dif-
ferentiated, the latter known as low-grade adenosquamous car-
cinoma, described later. When squamous differentiation is
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Figure 10–13 Histologic appearance of micropapillary carcino-
ma showing morules of cells floating in punched-out spaces.

Figure 10–14 Histologic appearance of metaplastic squamous
cell carcinoma showing a cystic tumor with spindled (left) and
dyskeratotic cells with intercellular bridges and keratin pearl for-
mation (right).



predominant or diffuse, a spectrum of histologic patterns can
emerge singly or in combination as follows: keratinizing, large
cell, spindle cells, and acantholytic.

Tumors may be cystic, lined by bland-appearing cells that
become focally spindled as they invade the stroma (see Fig.
10–14). The acantholytic variant of squamous cell carcinoma,
associated with aggressive behavior, contains degenerated
squamous cells embedded in a rich spindle cell and
pseudovascular stroma and can be mistaken for angiosarcoma
(Fig. 10–15). The distinction of pure spindle cell variants of
squamous cell carcinoma from primary or metastatic sarcoma
is difficult, if not impossible. Extensive sampling may be nec-
essary to find areas of squamous differentiation; in situ and/or
invasive duct carcinoma usually presents at the periphery. In
the absence of any epithelial components, one can resort to
immunohistochemistry (discussed later). These tumors are
usually negative for hormone receptors.

Low-grade adenosquamous carcinomas, a distinct variant
of squamous metaplastic carcinoma, are similar to
adenosquamous carcinoma of the skin and are also known as
syringomatous squamous tumors.109 Smaller than other meta-
plastic carcinomas, they range in size from 0.5 to 3.4 cm. They
are composed of varying proportions of three components of
IDC: glands, solid nests, and stroma. The solid nests may be
cystic or solid, the latter composed of squamous cells or ker-
atin pearl formation. The stroma can also be variable, ranging
from fibrotic to having osseous and chondroid metaplasia.
Some low-grade adenosquamous carcinomas may be asso-
ciated with radial sclerosing papillary lesions or sclerosing
adenosis. Most of these carcinomas have an excellent progno-
sis, but some can be locally aggressive because of infiltrative
borders.

Heterologous Metaplasia
Carcinomas with heterologous metaplasia are biphasic, com-
posed of an epithelial component and a heterologous compo-
nent. The latter can range from bland to malignant and more
commonly consist of spindle cells, bone, and cartilage; less 
frequently, they consist of muscle, adipose, and vascular dif-
ferentiation.111 When both the epithelial and mesenchymal

elements are poorly differentiated, it is called carcinosarcoma.
When the heterologous elements are osseous or chondroid, it
is known as matrix-producing carcinoma. Although some
metaplastic carcinomas have a transitional myxoid or spindle
cell component bridging the two components (Fig. 10–16), in
both carcinosarcoma and matrix-producing carcinomas,
there is a sharp transition between these two elements without
an intermediary110 (Fig. 10–17). Multinucleated osteoclast
giant cells may accompany carcinomas with osseous, chon-
droid, and spindle cell differentiation.

Despite numerous immunohistochemical studies attempt-
ing to analyze the relation between the epithelial and mes-
enchymal components, the results are inconsistent.112–114

Typically, the epithelial elements express cytokeratin and
EMA, and the mesenchymal elements express vimentin and
actin, but these results can overlap. For instance, cytokeratin
expression may be present in 63% of spindle cell carcino-
mas,115 and EMA reactivity has been observed in 31% of
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Figure 10–15 High-power histologic appearance of metaplastic
squamous cell carcinoma (arrow) showing acantholytic areas with
a pseudovascular stroma resembling angiosarcoma (asterisk).

Figure 10–16 Histologic appearance of metaplastic carcinoma
with heterologous metaplasia showing an intermediate myxoid
stroma (asterisk) bridging between the chondroid elements and
invasive ductal carcinoma.

Figure 10–17 Histologic appearance of metaplastic carcinoma,
“matrix-producing” type, showing an abrupt transition between
the chondroid and ductal carcinoma.



heterologous carcinomas.103 However, the sarcomatous ele-
ments in carcinosarcomas and matrix-producing carcinomas
is usually negative for cytokeratin. The sarcomatous areas may
also stain with 34bE12, suggesting myoepithelial derivation.
Estrogen and progesterone hormone receptor expression is
usually negative, depending on the grade of the invasive 
component.

MAMMARY CARCINOMA WITH 
OSTEOCLAST-LIKE GIANT CELLS

As mentioned earlier, osteoclast giant cells may be admixed
with chondroid and osseous elements in metaplastic carcino-
ma. However, mammary carcinoma with osteoclast-like giant
cells is distinguished by the association with only IDC and no
heterologous elements. They constitute 0.5% to 1.2% of all
IDCs.116,117 The clinical features of this tumor are similar to
IDC and will not be discussed.

What are the pathologic features of mammary 
carcinoma with osteoclast-like giant cells?

Grossly, these tumors are fleshy, firm, and well circumscribed,
with a bulging, dark brown-red cut surface. The IDC compo-
nent is moderately to poorly differentiated but can occasion-
ally also be lobular. The osteoclast giant cells can be present in
the periphery, center, or glandular lumina of the IDC (Fig.
10–18). The stroma may contain extravasated erythrocytes 
or hemosiderin, suggestive of recent or old hemorrhage. It 
is unknown what induces the presence of the osteoclast 
giant cells, but one in vitro study suggested a role played by
interleukin-1 (IL-1).116 Both immunohistochemical and ultra-
structural studies definitively show these cells to be of mes-
enchymal rather than epithelial origin. They are hypothesized
to be a specific type of macrophage with osteoclastic func-
tional ability. Interestingly, they have higher progesterone than
estrogen hormone receptor expression.115,117–120

LIPID-RICH CARCINOMA

As the name suggests, this variant of breast carcinoma is char-
acterized by the predominant presence (>90%) of cells con-
taining abundant cytoplasmic neutral lipids.121 The incidence
ranges from 1% to 6% of all IDCs.122–124

What are the clinical features of 
lipid-rich carcinoma?

Because of a limited number of series in the literature with
short follow-up data, clinical data on these cases are also lim-
ited. These series indicate that these tumors are larger and
more aggressive than IDC, with a higher incidence of axillary
lymph node metastases.123

What are the pathologic features 
of lipid-rich carcinoma?

These carcinomas are characterized by cells containing neutral
lipids such that they contain clear, foamy to vacuolated cyto-
plasm as a result of lipid extraction during histologic process-
ing. Morphologically, they are poorly differentiated tumors
characterized by large pleomorphic cells arranged in an alve-
olar pattern with a hobnail appearance.

The differential diagnosis includes other IDCs containing
similar-appearing vacuolated cells (Fig. 10–19) and includes
apocrine carcinoma, glycogen-rich carcinoma, and secretory
carcinoma (described later). Metastatic carcinomas with 
clear cells, such as renal cell carcinoma, should also be ex-
cluded. The presence of lipids can be confirmed by specialized
tissue processing that preserves cytoplasmic lipids, electron
microscopy, or histochemical analysis (oil red O stain) of
fresh-frozen tissue for cytoplasmic lipid. When the latter 
is done, up to 75% of IDCs are reactive, but only 6% con-
tain lipids in large enough amounts to qualify as lipid-rich
carcinoma.119

119Chapter 10. Pathology of Special Forms of Breast Cancer

Figure 10–18 Histologic appearance of mammary carcinoma
with osteoclast giant cells (arrows) showing both components
with associated hemorrhage.

Figure 10–19 Histologic appearance of an invasive duct carci-
noma with clear cell features raising the differential diagnosis of
lipid-rich, glycogen-rich, and secretory carcinoma.



The carcinomas are usually negative for estrogen and pro-
gesterone hormone receptors but may express a-lactalbumin
and lactoferrin.

GLYCOGEN-RICH CLEAR CELL CARCINOMA

This is yet another carcinoma that contains cells with 
predominantly (>90%) clear cytoplasm, but it is composed 
of glycogen. It constitutes 1% to 3% of all breast 
carcinomas.125,126

What are the clinical features of glycogen-rich 
clear cell carcinoma?

Based on limited number of series, these tumors appear to be
more aggressive than conventional IDCs,127 with a high rate
(30%) of axillary lymph node metastases.126 This is reflected
in a low disease-free and overall survival rate, with up to 
30% to 50% of patients reported dying from metastatic 
disease.125,128

What are the pathologic features of 
glycogen-rich clear cell carcinoma?

This carcinoma is usually composed of architectural features
of IDC but rarely may also be of lobular origin. The cells have
sharply defined cell borders and polygonal contours. As with
lipid-rich clear cell carcinomas, extraction of cytoplasmic sub-
stances during processing causes the cytoplasm to acquire a
clear vacuolated to granular appearance, raising the same dif-
ferential diagnoses. However, in up to 58% of cases, these car-
cinomas may have no significant clear cell change.125 The cells
stain with the diastase-labile PAS stain. About half of these
tumors are estrogen hormone receptor positive, but they are
never positive for progesterone.125,128

SECRETORY CARCINOMA

Secretory carcinoma is a rare neoplasm with an incidence of
0.15% of all breast carcinomas. Because of its original descrip-
tion in children,129 it was labeled “juvenile” carcinoma. Today,
we know this carcinoma to occur over a wide age range (3 to
73 years),130,131 and it has thus been renamed secretory carci-
noma. Most patients are younger than 30 years of age.132

What are the clinical features 
of secretory carcinoma?

These tumors portend a good prognosis in children, but they
are slightly more aggressive in adults.133 Specifically, recur-
rences in children are rare. However, the incidence of axillary
lymph node metastases (15% to 27%) is similar in both age
groups.134,135 Recurrences can occur as late as 20 years, thus
warranting long-term follow-up.136 Although most patients
are treated by mastectomy, local excision should be attempted
in adolescents to maximize preservation of the breast bud.

The role of radiotherapy and chemotherapy is currently
unknown.

What are the pathologic features 
of secretory carcinoma?

Grossly, these carcinomas are usually circumscribed and 
lobulated owing to the presence of fibrous septa within the
tumor. Morphologically it is a compact tumor with solid,
papillary, tubular, and microcystic areas (Fig. 10–20).
Cytologically, the cells contain small, round, low-grade–
appearing nuclei with inconspicuous nucleoli. Secretions can
be extracellular or intracellular; the latter can be abundant
and variable from small to large, fusing to impart a microcys-
tic appearance (Fig. 10–21). Some of the cells may contain
vacuolated, granular, or eosinophilic cytoplasm, making 
the distinction from apocrine carcinoma difficult. Few to 
rare mitoses may be present. Low-grade intraductal car-
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Figure 10–20 Low-power histologic appearance of secretory
carcinoma showing peripheral solid and central cystic and papil-
lary areas.

Figure 10–21 High-power histologic appearance of secretory
carcinoma showing cells with low-grade cytology associated with
intraluminal (arrows) and extraluminal eosinophilic secretions.



cinoma may also be present. Histochemically, the secretory 
material stains with mucin and PAS, consistent with its
mucopolysaccharide nature. Immunohistochemically, reac-
tion with a-lactalbumin, S-100, and carcinoembryonic 
antigen (CEA) is present. Ultrastructurally, the secretions 
correspond to membrane-bound vacuoles. Most of the carci-
nomas are nonreactive with estrogen and progesterone hor-
mone receptors.

NEUROENDOCRINE CARCINOMA

These neoplasms encompass a heterogeneous group of
neoplasms defined by the presence of one or more of the 
following: most important, an endocrine growth pattern;
argyrophilic granules (positive Grimelius silver stain); expres-
sion of neuroendocrine markers (>50%); or ultrastructural
finding of neurosecretory granules. They make up 1% to 5%
of breast carcinomas. Although many carcinomas (mucinous
carcinoma, infiltrating lobular carcinoma) may exhibit some
of these features, to qualify as a neuroendocrine carcinoma,
these features must be predominant. The cell of origin is
hypothesized to be neuroendocrine, located between the basal
myoepithelial and luminal epithelial cell.137–140

What are the clinical features 
of neuroendocrine carcinoma?

Neuroendocrine carcinomas tend to occur in elderly women
in the sixth to seventh decade of life.138 Rarely, they may 
present with systemic ectopic endocrine hormone-related
syndromes such as adrenocorticotropic hormone (ACTH),
parathyroid hormone (PTH), calcitonin, and epinephrine.
Prognostic data on these carcinomas are limited owing to the
lack of case-controlled studies.

What are the pathologic features 
of neuroendocrine carcinoma?

Histologic features typical of endocrine neoplasms as seen in
other organs must be present and include cells with uniform,
low-nuclear-grade cytology arranged in solid nests, trabecu-
lae, rosettes, and alveolar arrangements (Figs. 10–22 and
10–23). A morphologic spectrum akin to neuroendocrine
neoplasms in other organs, ranging from carcinoid tumors to
small and large cell carcinomas, may be present. Although
small and large cell carcinomas represent poorly differentiated
carcinomas, most (85%) endocrine neoplasms in the breast
are well to moderately differentiated.

Immunohistochemically, they stain with neuroendocrine
markers such as neuron-specific enolase (NSE) (100%), and
about half are positive for chromogranin and synaptophysin.
Most of these carcinomas express estrogen and progester-
one hormone receptors, including half of all small cell 
carcinomas.141

Finally, it is important to be aware that extramammary
neuroendocrine metastases can rarely occur in the breast. The
presence of intraductal carcinoma and hormone receptor pos-
itivity helps confirm the mammary origin of these tumors.

ADENOID CYSTIC CARCINOMA

These low-grade tumors predominantly arise in salivary
glands and rarely occur in the breast (0.1%).142

What are the clinical features of adenoid 
cystic carcinoma?

Adenoid cystic carcinoma usually forms a palpable discrete
firm mass that may present later than conventional IDC
(mean, 24 months).143 About half occur in the subperiareolar
region and can be painful, tender, or cystic. By mammogra-
phy, adenoid cystic carcinoma appears as either a well-defined
lobulated mass or an ill-defined lesion.

As in the salivary gland, these tumors are low grade and
associated with a good prognosis, mastectomy being curative.
Few cases of axillary lymph node metastases are described in
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Figure 10–22 Low-power histologic appearance of neuroen-
docrine carcinoma showing cells arranged in nests, trabeculae,
and rosettes.

Figure 10–23 High-power histologic appearance of neu-
roendocrine carcinoma showing uniform cells with low-grade
cytology.



the literature.144 Distant metastases occur in 10% of cases,
usually to the lungs.145

What are the pathologic features of adenoid 
cystic carcinoma?

Despite their circumscribed and nodular gross appearance,
histologically, more than half of adenoid cystic ademomas
demonstrate an invasive growth pattern. Cystic areas may be
present in up to 25% of cases, particularly in larger tumors
with cystic degeneration. Morphologically, they are character-
ized by a variable mixture of proliferating glands and stromal
and basement membrane material (type IV collagen), creating
much intratumoral heterogeneity. The glandular component
may present in a myriad of patterns, including cribriform,
tubular, trabecular, solid, basaloid, and scirrhous (Fig. 10–24).

The cribriform pattern is the most characteristic, formed 
by nests of cells perforated by a sieve or fenestrated 
pattern. The spaces contain small spherules or cylinders of
hyaline material (Fig. 10–25), consistent with basal lamina,
which stains immunohistochemically with laminin and col-
lagen IV. The surrounding cells consist of predominantly
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Figure 10–24 Histologic appearance of adenoid cystic car-
cinoma showing patterns of increasing aggressive potential. 
A, Cribriform. B, Tubular. C, Solid.

Figure 10–25 High-power histologic appearance of adenoid
cystic carcinoma with cribriform pattern with associated basement
membrane material.



myoepithelial cells with basaloid features, followed by cells
with more eosinophilic cytoplasm and thirdly by cells with
sebaceous elements.

Cribriform carcinoma is differentiated from adenoid 
cystic carcinoma by the uniformity of its cells and absence 
of stromal component (see Fig. 10–4). Furthermore, whereas
adenoid cystic carcinomas are hormone receptor negative,
cribriform carcinomas are positive. Nevertheless, the distinc-
tion of cribriform carcinoma from adenoid cystic carcinoma
may be challenging on limited core biopsy material. Another
entity in the differential diagnosis is collagenous spherulosis
(Fig. 10–26), a benign proliferation composed of ductal and
myoepithelial cells associated with spherules of basement
membrane material.

A grading system using morphologic features such as cytol-
ogy, mitoses, and architecture is proposed.146 Architecturally,
adenoid cystic carcinoma is divided into a three-tiered 
system—cribriform, tubular, and solid, in order of increasing
aggressive potential. These features are directly associated
with large tumor size and increased rate of recurrence. In a
minority of cases, an associated in situ carcinoma may be
present. In fact, intraductal carcinoma is an important con-
tributing factor for recurrence. Although perineural invasion
and resultant pain is a common finding in salivary gland type
tumors, it is rare in the breast. It has been suggested that ade-
noid cystic carcinoma probably develops in a background of
and is continuous with microglandular adenosis, a benign
proliferative lesion. Atypical microglandular adenosis, a more
complex proliferative lesion both cytologically and architec-
turally, is found to have areas of transition with adenoid cys-
tic carcinoma and is interpreted as adenoid cystic carcinoma
in situ by some.147

INFLAMMATORY CARCINOMA

Inflammatory carcinoma is not a true variant of IDC, but
rather a specific mode of local spread of breast carcinoma.
Clinically, it is defined by the distinct appearance of erythema
of the skin of the breast. Morphologically, lymphatic 

obstruction from an underlying IDC is almost always present.
It is a misnomer because it lacks any inflammatory condition
clinically or morphologically. It is an advanced form of breast
cancer classified as T4d. The frequency of inflammatory carci-
noma ranges from 1% to 10% of all IDCs, depending on the
diagnostic criteria used and the nature of the institution
(community versus tertiary medical center),148–150 and inflam-
matory carcinoma occurs more commonly in younger
women. A strikingly high incidence of 28% has been reported
from Tunisia.151

What are the clinical features 
of inflammatory carcinoma?

On physical examination, the cardinal signs of inflammation
characterized by color, tumor, rubor, and dolor are present.
The mammary skin is thickened 2 to 8 mm (mean, 4 mm),152

manifesting with a palpable ridge at the edge of the involved
skin, and also has peau d’orange changes. Depending on the
stage of the tumor, the breast may contain a central palpable
tumor or may be diffusely indurated. The size of the tumor
can be large, ranging from 2 to 12 cm (mean, 6 cm).153

Most patients present with lymphadenopathy, affecting 
axillary lymph nodes more commonly than supraclavicular.
Mammography confirms clinical findings of skin thickening,
an underlying mass, stromal coarsening, and increased
parenchymal density. Although magnetic resonance imaging
(MRI) cannot distinguish between mastitis and inflammatory
carcinoma, it shows more than 100% enhancement in the first
minute after contrast administration.

Secondary inflammatory carcinoma occurs as a result of
metastases in the skin of patients who initially present with
axillary lymph node metastases and is clinically similar to pri-
mary inflammatory carcinoma. These patients can also pre-
sent with palpable tumor infiltrates in the chest wall, at the site
of prior mastectomy, within or outside of the radiated field.
They are more likely to be IDC, particularly of the apocrine
type.

The presence of morphologic changes in the absence of
clinical findings of inflammatory carcinoma is known as
occult inflammatory carcinoma. These patients have a large
central or multicentric tumor and are prone to inflammatory
recurrences. Although they have a less acute clinical course,
survival is similar to that of conventional inflammatory carci-
noma. Thus, irrespective of the clinical findings of inflamma-
tory carcinoma, dermal lymphatic involvement portends a
poor prognosis,

Before the advent of combined-modality intensive
chemotherapy, the prognosis of inflammatory carcinoma was
dismal. Although earlier studies indicated that patients with
clinical but no morphologic evidence of inflammatory carci-
noma did better than those with histologically proven inflam-
matory carcinoma,148 additional later studies refuted these
findings.154–156 Today, systemic chemotherapy, particularly 
preoperative anthracycline-based neoadjuvant chemotherapy
followed by radiotherapy, provides better local control and an
improved disease-free survival (5-year survival rate of 40% to
50%).156–158 Radiation and chemotherapy decrease or elimi-
nate the skin erythema, edema, and tumor size. Clinical features
associated with a poor prognosis include diffuse erythema,
chest wall adhesions, and axillary lymph node metastases.
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Figure 10–26 Histologic appearance of collagenous spherulosis
showing a benign glandular proliferation consisting of spherules
of basement membrane material.



What are the pathologic features 
of inflammatory carcinoma?

There are no specific histologic features of inflammatory car-
cinoma, and up to half of all skin biopsy samples may be neg-
ative.159,160 In fact, when the characteristic skin findings are
clinically present, a skin biopsy may not be required for diag-
nosis. Histologic changes in skin may be variable and may not
necessarily correlate with the clinical findings. The typical his-
tologic finding includes tumor emboli in dermal lymphatics
(Fig. 10–27). Other histologic changes in skin include a broad
reticular dermal layer due to edema and collagen deposition,
and dilated lymphocytes surrounded by a lymphoplasmacytic
cell population. A widespread, poorly differentiated IDC with
extensive carcinomatosis of lymphatics in the breast and skin
is usually present. In secondary inflammatory carcinoma, in
addition to tumor emboli in dermal lymphatics, dermal
plaques and nodules of IDC are also present. Estrogen hor-
mone receptor positivity ranges from 31% to 47%, whereas
progesterone positivity ranges from 30% to 34%.161–163 HER-
2/neu amplification has been observed in some tumors.164

PHYLLODES TUMOR

First characterized in 1838,165 this group of fibroepithelial
tumors was named cystosarcoma phyllodes because of its
leaflike and fleshy gross appearance. Although most phyllodes
tumors (PTs) are benign, the biologic behavior, that is, the
potential for recurrence and metastasis, cannot be reliably
predicted. Thus, today, we more appropriately call them phyl-
lodes tumors and histologically subclassify them as benign,
low-grade (borderline), or malignant. PTs make up 0.3% to
1% of all breast tumors.

What are the clinical features 
of phyllodes tumor?

Patients present with a discrete, painless, palpable mass that is
firm to hard, ranging in size from 1 to more than 20 cm

(range, 4 to 5 cm).166–169 Infrequently, PT may present as dif-
fuse enlargement of the breast. The nipple may become flat-
tened from the underlying PT, but skin changes are rare. PTs
occur in women over a wide age range (10 to 86 years), with a
mean and median of 45 years (at least 15 years later than the
mean age for fibroadenomas), and are rare in adoles-
cents.166–169 An unusual presentation with bloody nipple dis-
charge due to spontaneous infarction has been described in a
few adolescents.170,171 The age-adjusted incidence of PT is 
2.1 per 1 million women per year.172 A threefold to fourfold
higher incidence has been observed in foreign-born Latino
women from Mexico or the Americas compared with those
born in the United States.173 A younger age of onset (average,
25 to 30 years) has been described in Asian and Latino
patients.174

There are no specific clinical or radiologic features that can
reliably differentiate among the three histologic grades of
PT. By mammography, PTs are rounded, lobulated, sharply
defined opaque masses, occasionally with indistinct borders.
On sonography, a circumscribed heterogeneous mass is pres-
ent resulting from the presence of cysts and epithelial-lined
clefts. Even though size is not a reliable indicator of clinical
behavior, a diagnosis of PT is favored if the tumor is larger
than 4 cm. History of rapid growth suggests malignant trans-
formation of a benign PT or origin from a previous fibroade-
noma. The latter has further been supported by clonal analysis
of three fibroadenomas that recurred as PT.175 Furthermore, in
up to 40% of cases, coexistent fibroadenomas may be present
histologically.176

Based on histologic features, PTs are classified into benign,
low-grade/borderline, and high-grade/malignant (described
later) tumors. Although these features correlate with the fre-
quency of recurrence, metastases, and mortality, the biologic
behavior of PT cannot be reliably predicted, and there is much
interseries variability. Benign PT almost never metastasizes
and has a low probability (8% to 20%) of local recur-
rence.176–178 Low-grade PT has a low probability (<5%) of
metastasis and a slightly higher risk (25%) for recurrence.
High-grade PT metastasizes in about 22% to 25% of cases and
has the highest risk for recurrence (27% to 71%). Time to
recurrence was shortest in malignant PT, recurrence almost
always happening within a year of diagnosis. In contrast, less
than half of all benign PTs recurred within a year, the remain-
der from 3 to 17 years. Slightly more than half of low-grade
malignant PTs recurred within a year, most within 10 years.
Morphologically, the recurrences are usually of higher grade
(75%),175 may invade the chest wall, and are fibroepithelial or
stromal; the amount of stroma increases with each recurrence.

In addition to histologic classification, factors predictive of
recurrence include, most importantly, incomplete excision,
invasive tumor border, and secondary peripheral tumor 
nodules. Higher recurrence rates were reported for low-
grade/borderline PT (29% to 46%) and malignant PT (36% to
65%) when treated by lumpectomy,179 the lower rates reflect-
ing wider local excisions. Although smaller tumors may be
treated by lumpectomy and still be cosmetically acceptable,
mastectomy is indicated for larger tumors. Axillary dissection
is not necessary because of infrequent involvement (10% to
15%).178

Although metastases are more common in malignant PT, it
may not always be preceded by recurrence. However, in
benign and low-grade PT, metastases are rare and are usually
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Figure 10–27 Histologic appearance of inflammatory carcinoma
showing dermal lymphatics (arrows) containing tumor emboli.



preceded by recurrence. They usually spread hematogenously
to the lungs, bone, and heart and infrequently to the axillary
lymph nodes. If the cancer is unresponsive to chemotherapy
and radiotherapy, death from metastatic disease usually
occurs in malignant PT (primary or recurrent) within 5 years
of diagnosis.176,180 Whereas the 5-year overall survival rate for
all PT is about 90%,176 for malignant PT it decreases to
65%.169,181 By histologic grade, death from disease is estimated
as follows: benign, 0.3%; low-grade/borderline, 6.6%; and
malignant, 20%.

What are the pathologic features 
of phyllodes tumor?

Grossly, PTs are well-circumscribed, unencapsulated, firm,
bulging, singular to multinodular masses, which are amenable
to being shelled out surgically. Foci of degeneration, necrosis,
and infarction may be present, suggestive of malignancy. An
arborizing pattern can be grossly appreciated (Fig. 10–28),
owing to the histologic presence of elongated epithelial clefts
consisting of ductal and myoepithelial cells (Fig. 10–29).
These cells may show hyperplasia or metaplasia (apocrine or
squamous).

As members of the family of fibroepithelial tumors, PTs 
are distinguished from fibroadenomas by the expanded and
increased cellularity of the stromal component, particularly
along the periductal stroma, the favored site of origin of PT
(Fig. 10–30). The distinction of fibroadenoma with cellular
stroma from a benign PT is not always straightforward,
particularly on limited core needle biopsies. Furthermore,
the stroma in PT can be heterogeneous, with hypocellular,
hyalinized (Fig. 10–31), and myxoid areas, as in fibro-
adenomas. These areas may be adjacent to more cellular 
areas typical of PT, creating diagnostic difficulties on core
biopsies.

At a microscopic level, PTs are classified as benign, low-
grade malignant/borderline and high-grade/malignant
tumors based on the following histologic features: stromal cel-
lularity, cytologic atypia, tumor borders, mitotic rate, and
necrosis. Benign PTs (Fig. 10–32) are characterized by a uni-
form mild to moderate stromal cellular overgrowth, slight 
to moderate cytologic pleomorphism, well-defined tumor

borders, and few mitoses (1 or 2 per 10 high-power fields
[hpf]). Benign lipomatous (Fig. 10–33), chondroid, and
osseous metaplasia may occur in the stroma. Borderline PTs
have more aggressive histologic features that include greater
stromal cellularity and atypia, microscopically invasive bor-
der, and moderate mitotic activity (2 to 5 per 10 hpf) (Fig.
10–34). Metaplastic areas are infrequently present. At the
other end of the spectrum, malignant PT is characterized by
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Figure 10–28 Gross appearance of phyllodes tumor showing a
fleshy tumor with leaflike growth pattern.

Figure 10–29 Whole-mount section of phyllodes tumor show-
ing arborizing microscopic appearance owing to elongated
epithelial clefts.

Figure 10–30 Histologic appearance of a phyllodes tumor show-
ing cellular periductal stroma, the favored site of origin of a phyl-
lodes tumor.



extensively invasive tumor border (Fig. 10–35) and hypercel-
lular stromal overgrowth, with marked pleomorphism, high
mitotic rate (>5 per 10 hpf) (Fig. 10–36), and necrosis. An
important diagnostic criterion of malignancy is stromal over-
growth (Fig. 10–37), defined as stromal proliferation to the
extent that the epithelial elements are not identifiable in at
least one low-power field and may be seen only after extensive
sampling.182,183 In rare cases, the stroma may exhibit heterolo-
gous stromal elements, such as angiosarcoma, liposarcoma 
(Fig. 10–38A), rhabdomyosarcoma, chondrosarcoma, and
osteosarcoma (see Fig. 10–38B); the latter two more prone to
systemic metastases.184,185 Proliferative immunohistochemical
markers, such as Ki-67 and MIB-1, show a concordance with
the classification of PT, such that such markers are lowest in
benign PTs and highest in the malignant tumors. Progesterone
receptor positivity has been described in the stromal compo-
nent both biochemically and immunohistochemically.186
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Figure 10–31 A phyllodes tumor with a hyalinized area (aster-
isk), raising questions regarding histogenesis of phyllodes tumor
from fibroadenoma.

Figure 10–32 Histologic appearance of a benign phyllodes
tumor showing low stromal cellularity and minimal cellular atypia.

Figure 10–33 Histologic appearance of a benign phyllodes
tumor showing a section of phyllodes tumor adjacent to an area
of lipomatous metaplasia (asterisk).

Figure 10–34 Histologic appearance of a borderline phyllodes
tumor showing more stromal cellularity, cellular atypia, and
mitoses than a benign phyllodes tumor.

Figure 10–35 Histologic appearance of a malignant phyllodes
tumor showing infiltration into adipose tissue.



SARCOMAS

This heterogeneous group of malignant mesenchymal neo-
plasms is thought to arise from the interlobular mesenchymal
elements that constitute the supporting mammary stroma.
Given the rarity of mammary sarcomas, the diagnosis should
be made only after excluding metaplastic carcinoma and PT,
both of which can have sarcomatoid elements, as discussed
previously. Thus, sarcomas should be extensively sampled to
detect in situ and invasive carcinoma or PT.

Histogenetically, sarcomas in the breast are identical to
those from other body sites and include angiosarcoma,
leiomyosarcoma, liposarcoma, osteosarcoma, chondrosarco-
ma, malignant fibrous histiocytoma, rhabdomyosarcoma, and
fibrosarcoma, among others. Given that angiosarcoma is the
only sarcoma that has a predilection for the breast, we will dis-
cuss only this sarcoma.

What are the clinical features of sarcomas?

Patients usually present with a rapidly enlarging mass.
Grading is prognostically important, with 5- and 10-year sur-
vival rates as follows: low-grade, 75% and 63%, respectively;
intermediate-grade, 55% and 40%, respectively; and high-
grade, 29% and 19%, respectively.187 Whereas low-grade
lesions may be treated by local excision, higher grade sarco-
mas should be treated by mastectomy. As with PTs, axillary
dissection is not indicated because sarcomas are blood borne.
Death results from metastatic disease, especially to the lungs.
The role of radiation and chemotherapy is still investigative.

Postradiation sarcomas can occur in soft tissue or 
bone after mastectomy and radiation to the chest wall and
axilla and include almost always angiosarcoma (discussed
later), fibrosarcoma, malignant fibrous histiocytoma, and
osteosarcoma.
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Figure 10–36 Histologic appearance of a malignant phyllodes
tumor showing highly pleomorphic cells associated with frequent
mitoses (arrow).

Figure 10–37 Histologic appearance of a malignant phyllodes
tumor showing stromal overgrowth such that no epithelial ele-
ments are identified in one low-power field.

A B
Figure 10–38 Histologic appearance of a malignant phyllodes tumor showing malignant heterologous elements. A, Liposarcoma show-
ing lipoblasts. B, Osteosarcoma (asterisk).



What are the pathologic features of sarcomas?

Grossly, sarcomas can range in size from 1 to 30 cm (mean, 3
to 4 cm). They are typically fleshy with areas of hemorrhage
and necrosis. Despite their gross circumscription, they are
usually microscopically infiltrative. Grading of sarcomas is
three tiered (low, intermediate, high) based on the extent of
cytologic atypia, necrosis, pushing borders, and mitoses.
Immunohistochemically, all sarcomas express vimentin, a
nonspecific mesenchymal marker. As mentioned previously,
cytokeratin can serve as a useful marker to exclude metaplas-
tic carcinoma. To determine further histogenetic differentia-
tion, more specific connective tissue markers can be used.

ANGIOSARCOMA

Angiosarcomas of the chest wall, mammary skin, and
parenchyma are rare (0.05%), described almost exclusively
after radiation treatment. Although the incidence of primary
angiosarcoma has remained constant, the rate of postradia-
tion angiosarcoma (PRA) has risen. On the other hand,
the incidence of Stewart-Treves syndrome, characterized by
angiosarcoma in the skin and soft tissues of the arm after rad-
ical mastectomy, radiation, and lymphedema, has declined as
a result of more frequent lumpectomies versus mastectomies.

All postradiation sarcomas in the breast are almost always
angiosarcoma. The risk for developing PRA of the skin or
breast after breast conservation and radiation ranges from
0.06% to 1.35% from 3 to 12 years (mean, 6 years) and is
inversely related to age.188–192 No relationship has been found
between PRA and radiation dose, tumor site, and lymphede-
ma. Morphologically heterogeneous, the grading of these neo-
plasms is prognostically important.

What are the clinical features 
of angiosarcoma?

Patients with primary angiosarcoma range in age from 17 to
70 years (mean, 38 years). PRA usually occurs in older women
(range, 61 to 78 years) and more frequently affects the skin
rather than the breast. Mammary angiosarcomas usually also
involve the skin, are multifocal, and are high grade. In PRA,
age is inversely linked to tumor grade, with median ages as fol-
lows: low grade, 43 years; intermediate grade, 34 years; and
high grade, 29 years. Pregnancy-associated PRA is usually
high grade and portends a poor prognosis.

Skin changes may be subtle, with areas of blue or purple
discoloration. Hemorrhagic discoloration in adjacent breast is
indicative of tumor spread away from the primary lesion.
Patients with high-grade lesions may present with multiple
subcutaneous and dermal tumor nodules. Tumors may be
avascular and present as skin thickening or induration.
Patients with mammary lesions usually present with a painless
mass and rarely with diffuse breast enlargement. By mam-
mography, these neoplasms are noted to be ill-defined lobu-
lated tumors, whereas sonography demonstrates high and low
echogenicity, and MRI shows markedly enhancing lesions.

Initially angiosarcoma was regarded as a fatal disease; occa-
sional cases with prolonged survival (up to 18 years) are

described today.193 Stratified by grade, the disease-free and
recurrence-free survival rates at 5 years are as follows, respec-
tively: low-grade, 91% and 76%; intermediate-grade, 68% and
70%; and high-grade, 14% and 15%.192 All patients with high-
grade tumors died of recurrent disease within 5 years.193

Duration of disease-free survival was also directly related to
grade as follows: low-grade, 15 years or longer; intermediate-
grade, 12 years or longer; and high-grade, 15 months or
longer.192 Metastases occur soon after primary diagnosis, most
frequently to bone, lungs, liver, skin, and the contralateral
breast. The latter may prove challenging to distinguish from a
new primary. However, bilateral primary angiosarcomas are
much rarer than metastases, particularly given the cutaneous
tropism of these tumors.

As with PT, the recommended treatment is total mastec-
tomy without axillary dissection. The efficacy of radiation and
chemotherapy is presently investigative, even though studies,
albeit not statistically significant, indicate that recurrences are
consistently less frequent after treatment with radiation and
chemotherapy.192–194

What are the pathologic features 
of angiosarcoma?

Grossly, the tumors range in size from 1 to 20 cm (average,
5 cm). Smaller tumors (<2 cm) are rare and usually detected
by mammography. The cut surface reveals a friable, firm,
spongy, hemorrhagic tumor. Whereas well-differentiated
tumors may have a rim of vascular engorgement, poorly dif-
ferentiated tumors are ill-defined, indurated, fibrous lesions.

Morphologically, angiosarcomas consist of an infiltrative
tumor composed of vascular channels. There are two similar
proposed systems that divide angiosarcomas into three cate-
gories that directly correlate with prognosis: low grade (type
I), intermediate grade (type II), and high grade (type III).193,195

Low-grade tumors contain large open anastomosing vascular
channels with red blood cells that diffusely dissect the
intralobular stroma, causing lobular atrophy. Atypical
endothelial cells with prominent hyperchromatic nuclei line
the vessels in a flat, single cell fashion (Fig. 10–39). Occasional
papillary formation and few to rare mitoses may be present.
The differential diagnosis of low-grade angiosarcoma includes
atypical vascular lesions that may also occur after radiation
and may be difficult to differentiate.

Low-grade components may be the predominant con-
stituent in an intermediate- or high-grade lesion. In fact,
intermediate-grade lesions may contain mostly (75%) low-
grade elements, with scattered hypercellular areas, the transi-
tion between the two being sharp. Thus, limited material from
a core biopsy may cause erroneous grading of a tumor. They
are best graded on excision specimens and require extensive
sampling to identify the minor but prognostically more
important higher grade lesion. Intermediate-grade lesions
(Fig. 10–40) are distinguished from low-grade lesions by 
higher cellularity and more frequent mitoses. They are com-
posed of spindle and polygonal cells forming small papillae
that bud into the vascular luminal spaces.

High-grade angiosarcomas (Fig. 10–41) have obviously
malignant features consisting of interanastomosing vascular
channels admixed with solid and spindle cell areas. The vessels
show endothelial tufting and solid papillary formations 
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A B
Figure 10–39 A, Histologic appearance of a low-grade angiosarcoma showing an open vascular channel lined by and surrounding atyp-
ical endothelial cells. B, High-power view of marked area in A.

Figure 10–40 Histologic appearance of an intermediate-grade
angiosarcoma showing higher cellularity and atypia.

Figure 10–41 Histologic appearance of a high-grade angiosar-
coma in skin (arrow) showing solid and spindle cell areas and a
blood lake (asterisk).

composed of malignant endothelial cells (Figs. 10–42 and
10–43), frequent mitoses (>5 per 10 hpf), and necrosis.
Grossly and microscopically, areas of hemorrhagic necrosis,
also known as “blood lakes” (see Fig. 10–41), are only found in
malignant angiosarcomas. In more than half of the high-grade
tumors, the solid and spindle cell tumors are predominant
without any vascular component, a finding that can be mis-
taken for a metaplastic spindle cell carcinoma. Immuno-
histochemically, as mentioned earlier, metaplastic carcinoma
stains with cytokeratin but not with endothelial antigens
(CD34, factor VIII–related antigen).

MALIGNANT LYMPHOMA

Another rare neoplasm of the breast, malignant lymphoma,
occurs either as a primary (<5%) or, more commonly, as a
secondary form; the two forms are morphologically indis-
tinguishable. Criteria196 established to diagnose primary 

Figure 10–42 High-power histologic appearance of a high-
grade angiosarcoma in skin showing malignant spindle cells lining
vessels.



lymphoma stress that there should be no history of lymphoma
in extramammary organs or lymph nodes, with the exception of
axillary lymph nodes. Second, breast tissue should be involved
by the lymphoma. To broaden these restrictive criteria, lym-
phoma that initially presents in the breast but that subse-
quently is found in extramammary lymph nodes, organs, and
bone marrow during subsequent staging is also included.197,198

What are the clinical features 
of malignant lymphoma?

Malignant lymphoma affects mostly women and has a
bimodal age distribution in the mid 30s and 60s. As with
breast carcinoma, patients usually present with a solitary mass
ranging in size from 1 to 12 cm (mean, 2 cm) or multiple 
rapidly growing masses that may be painful, located in 
the upper outer quadrant. In contrast to IDC, mammary 
lymphoma affects the right breast more than the left.
Alternatively, there may be diffuse infiltration of the 
breast. The skin and nipple may be involved, mimicking
inflammatory breast cancer. Bilateral disease may occur in
10% of patients, particularly in postpartum or pregnant
patients with Burkitt’s lymphoma. Axillary lymph nodes may
be involved in 30% to 50% of patients. Mammary lymphoma 
has been described occasionally in association with silicone
breast implants,199,200 gynecomastia,201 autoimmune disease,202

and diabetic mastopathy.203,204

By mammography, malignant lymphomas can range from
being well circumscribed to irregular. Findings suggestive of
malignant lymphomas include the presence of multiple ill-
defined lesions and diffuse infiltration of the breast. By ultra-
sound, hypoechoic lesions are seen, and by MRI, rapid and
strong enhancement of multicentric lesions is present.

The behavior of breast lymphomas is similar to that of lym-
phomas of identical grade and type in other sites. Although
mastectomy used to be the standard treatment for malignant
lymphomas, better local control may be achieved today with
partial mastectomy followed by radiation, mastectomy being

indicated for bulky local disease or infected ulcerated lesions.
Consequently, the disease-free survival rate has improved
such that the 10-year survival rate is 47%.205–207 Although
grade and stage affect prognosis, tumor size and bilateral dis-
ease are not prognostically relevant. Most recurrences are in
the contralateral breast or are systemic.

What are the pathologic features 
of malignant lymphoma?

Grossly, malignant lymphomas are well-circumscribed, nodu-
lar, fleshy, grayish white tumors. Morphologically heteroge-
neous, most lymphomas are diffuse large B-cell type.
Other less common lymphomas include Burkitt’s, marginal
zone B-cell lymphoma of mucosa-associated lymphoid tissue
(MALT), follicular lymphoma, lymphoblastic lymphoma, and
T-cell lymphoma. Rare primary hematopoietic neoplasms 
of the breast include Hodgkin’s disease, myelocytic leukemia,
and plasmacytoma associated with serum monoclonal 
protein.

The discussion will begin with the general histologic fea-
tures of mammary lymphomas and then cover the specific
morphologic features of each subtype as seen in other organs
and lymph nodes. In general, malignant lymphomas are char-
acterized by a dense uniform lymphoid population that infil-
trates and obliterates the ductulobular units (see Fig. 10–43).
Immunohistochemical stains for cytokeratin may sometimes
be necessary to delineate the atrophic ducts and lobules. Few
reports describe estrogen and progesterone hormone receptor
positivity in lymphomas, but others interpret this as expres-
sion by entrapped mammary epithelium.198,206 Malignant 
lymphoma is distinguished from IDC by the presence of
discohesive lymphoid cells and the absence of an in situ com-
ponent. Nevertheless, it may sometimes be mistaken for
medullary carcinoma owing to the rich lymphoid infiltrate,
particularly on core biopsies. Another differential is infiltrat-
ing lobular carcinoma with its targetoid and linear growth
pattern, which may be focally present in lymphoma owing to
entrapped malignant lymphoid cells in the background scle-
rotic stroma.

Diffuse Large B-Cell Lymphoma
As the name indicates, diffuse infiltration by large pleomor-
phic cells that are mitotically active in a background of
smaller reactive lymphocytes is characteristic. The nuclei are
oval, indented, or lobated with one or more conspicuous
nucleoli, resembling centroblasts or immunoblasts.
Immunohistochemically, the cells are reactive for B-cell mark-
ers that include CD20, CD79a, and CD45RB.

Burkitt’s Lymphoma
The typical low-power picture is described as a “starry sky”
because of the admixture of neoplastic lymphoid cells and
tingible body macrophages (Fig. 10–44). The lymphoid cells
are uniform, primitive-appearing cells with round nuclei,
multiple nucleoli, coarse chromatin, thick nuclear mem-
branes, cytoplasmic lipid vacuoles, and frequent mitoses.
Immunohistochemically, the cells are reactive for pan B-cell
markers. Epstein-Barr virus (EBV) may be found in the
endemic African form.
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Figure 10–43 Histologic appearance of a malignant lymphoma
showing a dense infiltrate of uniform atypical lymphoid cells oblit-
erating the ductulolobular units of the breast (arrows).



Mucosa-Associated Lymphoid 
Tissue Lymphoma
The basis of the MALT lymphoma is founded on the 
tendency of malignant lymphoma to surround mammary
ducts, interpreted by some as originating from the MALT.208,209

According to this theory, the breast is supposed to be one of
the many components of the common mucosal immune
process.209,210 A characteristic feature of MALT lymphoma is
the lymphoepithelial lesion, characterized by the displace-
ment and replacement of the ductal epithelium by lympho-
cytes. Initially thought to be a prerequisite for MALT
lymphomas, it is now known to be present in from 0% to 75%
of cases,206,207,211 weakening the theory of a common mucosal
immune process.

Histologically, there is a diffuse proliferation of small lym-
phocytes, marginal zone, or monocytoid B cells and rare large
blastic cells. Because of the mixed cell population, MALT 
lymphomas may be misdiagnosed as reactive inflammatory
conditions. In fact, cases previously diagnosed as pseudolym-
phoma in the lung have been shown to progress and evolve
into lymphomas over time. Immunohistochemically, the cells
are reactive for pan B-cell markers and bcl-2.

Follicular Lymphoma

Follicular lymphoma is composed of neoplastic follicles with
varying portions of centrocytes and centroblasts, the latter
determining grade. Immunohistochemically, they are reactive
for pan B-cell markers.

METASTATIC TUMORS TO THE BREAST

Metastases account for 0.5% to 6% of all malignancies in the
breast.212,213 The breast may serve as the initial manifestation
of a nonmammary malignant neoplasm in the breast of pa-
tients with metastatic tumor. They include most commonly
lymphoma followed by melanoma. Metastatic melanoma may

be a challenging diagnosis, particularly if the primary is occult
or if no history is provided. Metastatic carcinomas to the
breast originate from the following sites: the opposite breast,
lung, kidney, stomach, ovary, cervix, and thyroid. In men,
prostatic carcinoma may rarely metastasize to the breast, pre-
senting as gynecomastia, and is questionably related to estro-
gen therapy. Carcinoid tumors are a frequent source of
metastasis to the breast.214 Sarcomas may also metastasize to
the breast, particularly rhabdomyosarcoma in children and
adolescents.

What are the clinical features of metastatic 
tumors to the breast?

Most patients with mammary metastases are women who
present within the first 2 years of the primary tumor. The
tumors are predominantly well-circumscribed, rapidly grow-
ing, solitary, superficial tumors ranging in size from 1 to 3 cm.
Less commonly, metastases present as multiple lesions or dif-
fusely. With progression of disease, bilateral metastases (8% to
25%) may occur.212 Disseminated disease is usually evident
before or at the same time as the mammary metastases.
However, rarely, the primary may be occult, such that the
mammary lesion masquerades as the primary tumor. Axillary
lymph nodes may be involved in 25% to 48%213 of cases, espe-
cially with lymphomas, melanomas, and carcinomas. Lymph
nodes with metastatic carcinoma and melanoma signify 
systemic spread such that additional metastases may be 
present in the supraclavicular and contralateral axillary lymph 
nodes.

Radiographically, metastatic tumors to the breast are non-
spiculated lesions that have discrete round shadows. Thus,
they can be mistaken for well-circumscribed variants of
duct carcinoma, such as medullary and colloid carcinoma.
Initially, they present as solitary lesions that may progress to
become multiple and bilateral. Most metastatic carcinomas
lack calcifications, with the exception of ovarian and thyroid 
carcinomas.

The prognosis of metastatic tumors to the breast is depend-
ent on the clinical characteristics of the specific primary neo-
plasm such that systemic treatment that is appropriate for the
primary lesion should be instituted. Although the diagnosis 
of metastatic tumors to the breast may be made on core 
biopsy or aspiration, excisional biopsy may be necessary for 
an accurate diagnosis and to perform ancillary studies such 
as immunohistochemistry (discussed later) and electron
microscopy. Mastectomy is usually not indicated except for
local control of bulky, ulcerated lesions. Axillary lymph node
dissection and radiotherapy may be supplemented as deemed
necessary.

What are the pathologic features 
of metastatic tumors to the breast?

When confronted with an unusual clinical history or tumor
morphology that is atypical of breast carcinoma, it is impor-
tant to be aware of metastatic tumors in the differential diag-
noses. Features suggestive of metastases include the presence
of two or more well-circumscribed lesions with unusual 
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Figure 10–44 Histologic appearance of a Burkitt’s lymphoma
showing a starry-sky appearance due to the admixture of malig-
nant lymphocytes and tingible body macrophages.



morphology that surrounds and displaces normal-appearing
breast tissue (Figs. 10–45 and 10–46). Elastosis, typical of IDC,
is not usually present in metastatic tumors.

Some morphologic patterns of metastatic carcinomas 
that overlap with primary breast carcinomas include squa-
mous, mucinous, clear cell, spindle cell, and papillary carcino-
mas. In such cases, a search for in situ carcinoma is useful but
not definitive because it can also occur in isolation. Lymphatic
invasion may be present, occasionally even in skin, mimicking
inflammatory carcinoma.215 Immunohistochemistry using
hormone receptors may be partially helpful but cannot com-
pletely exclude tumors of müllerian origin. GCFDP-15 is
expressed in normal breast and in up to 60% of breast carci-
nomas, particularly apocrine type. Thus, this marker may help
distinguish mullerian from breast origin.
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drain. Therefore, these lymph nodes are the first to harbor
metastatic carcinoma. The status of SLNs is a strong predictor
of the presence or absence of metastases in non-SLNs. SLN
biopsy is sensitive and specific for predicting the regional
lymph node status; thus, when SLNs are negative for metasta-
tic carcinoma after a thorough pathologic evaluation, com-
plete axillary dissection with its associated morbidity can be
avoided.6–8

SLN mapping is most widely performed for axillary staging
of patients with early invasive breast carcinoma, most often
belonging to the T1 and T2 categories, and with a clinically
negative axilla. The frequency of detecting metastasis in SLNs
increases proportionately with primary tumor size. SLN map-
ping is successfully performed not only in patients with pal-
pable breast tumors but also in those with nonpalpable, small
breast tumors in whom needle localization is combined with
lymphatic mapping.9 SLN mapping can also be successfully
performed in patients treated with neoadjuvant chemothera-
py.10 SLN mapping is not contraindicated in patients with a
history of excisional biopsy.11 A large biopsy cavity in the
upper outer quadrant may, however, compromise lymphatic
drainage in this region and may result in unsuccessful or false-
negative SLN mapping. In patients with multifocal invasive
carcinoma, the risk for having positive SLNs depends on the
size of the largest invasive focus. Therefore, the incidence of
metastasis in SLNs in patients with multifocal invasive carci-
noma does not usually differ appreciably from the incidence
in patients with a single tumor mass. However, SLN mapping
in patients with multifocal invasive carcinoma is not unani-
mously recommended because of the higher probability of
finding non-SLN metastases in these patients, even when their
SLNs are negative, than in patients with a unifocal tumor.12

SLN mapping is generally recommended in patients with a
relatively large, high-grade intraductal carcinoma because of
the increased probability of finding associated invasion in the
primary tumor and, therefore, the possibility of the occur-
rence of metastases in the SLNs.13

SLN mapping is performed by injecting a vital blue dye
such as isosulfan blue, a radioactive tracer such as 99mTc-sulfur
colloid, or a combination of these agents either around the site
of primary tumor in the breast or after subdermal or intra-
dermal injection over the tumor site.6,11,14,15 The blue dye is
injected intraoperatively and is transported to the SLN
through the lymphatic channels, thereby aiding in the local-
ization and dissection of the SLN. Infrequently an allergic
reaction to the blue dye can occur. Radioactive tracers are

CHAPTER 11

Pathology of Regional
Lymph Nodes
Savitri Krishnamurthy

How is axillary lymph node status ascertained, 
and what is the role of pathologic assessment 
of axillary lymph nodes in breast cancer?

Axillary dissection is an important component of the surgical
management of patients with breast cancer. Although axillary
dissection does not have a proven therapeutic benefit, it does
provide important prognostic information.

Axillary adipose tissue obtained during axillary lymph
node dissection is manually dissected in the unfixed state to
isolate lymph nodes, which are then submitted for histopatho-
logic examination. Although axillary fat can be cleared using
several agents to increase the yield of lymph nodes, which may
lead to an increase in the number of both positive and nega-
tive lymph nodes, it will usually not result in change in stage
of the breast tumor.1 Use of these agents is not recommended
for routine practice because the additional time and expense
incurred does not appear to be justified by an increase in
prognostic information.

Because other tissues, such as nerves, blood vessels, and firm
areas of fat, may be mistaken grossly for lymph nodes, the final
count of lymph nodes can be established only after histopatho-
logic examination. Small lymph nodes measuring 0.5 cm are
usually submitted whole, whereas lymph nodes measuring
between 0.5 and 1 cm are bisected before submission. Lymph
nodes containing grossly recognizable metastatic disease may
not be submitted entirely because the largest dimension of
metastasis can be recorded from gross contamination. Appro-
priately representative sections of lymph nodes that are most
likely to demonstrate extranodal spread should be submitted
to document the presence of metastasis and to measure extra-
nodal extension. The size of such lymph nodes should be
noted so that the amount of metastatic disease in such lymph
nodes can be determined. No consensus has been reached
regarding the processing of grossly benign lymph nodes larger
than 1 cm. Recommendations include submitting one half of a
bisected lymph node, submitting a representative sample, or
processing up to one full cassette of tissue per lymph node.2–5

What are sentinel lymph nodes, and how can 
they be identified?

Sentinel lymph nodes (SLNs) are those lymph nodes that
receive lymphatic drainage first from the organ that they
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injected preoperatively, and their localization in the SLN can
be detected preoperatively by lymphoscintigraphy and intra-
operatively by using a gamma probe to detect gamma radia-
tion (Fig. 11–1). The radiation exposure to staff involved in all
aspects of SLN mapping, including the surgeons and patholo-
gists, has been found to be low. Under normal circumstances
and levels of workload, standard biohazard precautionary
measures are sufficient to prevent direct radioactive contami-
nation, and routine radiation monitoring of individuals
involved with mapping and handling of SLNs is not re-
quired.16 A combination of radioisotope localization and blue
dye injection technique is superior to using either procedure
alone for the successful identification of SLNs in breast cancer.
The mean number of SLNs per case is usually 2, with an 
average of 1 to 12. The false-negative rate of SLN mapping
among women who also had axillary dissection is usually less
than 5%.11

Apart from being able to detect the SLN in the axillary
region, SLN mapping can also identify SLNs located outside
the area of axillary drainage. The most common extra-axillary
location is the internal mammary lymph nodes, followed in
frequency by the supraclavicular, interpectoral, and infracla-
vicular lymph nodes.17 Involvement of internal mammary
lymph nodes occurs most often in patients with breast tumors
located in the medial quadrants. No consensus has been
reached regarding whether internal mammary SLN biopsy
should be routinely performed. Some authors recommend
removal of these nodes in all patients to improve staging and
because their prognostic significance is as great as that of axil-
lary SLNs. Others consider internal mammary SLN biopsy
appropriate only for medially placed small breast tumors when
either lymphoscintigraphy or the intraoperative gamma probe
indicates internal mammary drainage of the isotope.11,18,19

How is pathologic examination of the sentinel 
lymph nodes performed?

Thorough pathologic examination of SLNs is mandatory with
the widespread use of SLN mapping for axillary staging in

patients with early invasive breast cancer and a clinically neg-
ative axilla. SLNs received fresh from surgery are examined
grossly, and their dimensions are recorded. The best method
for grossly sectioning the SLN has not been determined. The
College of American Pathologists recommends that SLNs be
sectioned as close to 2 mm as possible and submitted in their
entirety for histologic evaluation, regardless of node size.20

A single microscopic section from each lymph node block
is considered sufficient for evaluation and would identify vir-
tually all nodal metastasis larger than 2 mm. A College of
American Pathologists consensus statement indicates that
there are insufficient data at present to recommend routine
step sectioning or routine cytokeratin (CK) immunostaining
of axillary SLNs in breast cancer.20

Metastases are more likely to be identified at the junction of
the afferent lymphatics and nodal capsule.21 Afferent lymphat-
ics enter the node on the convex surface, generally in the coro-
nal plane; a less common entry point is on the flatter surfaces.
When afferent lymphatics are sparse, they congregate at the
poles of the lymph node.22 These lymphangiographic obser-
vations suggest that sectioning the node in the plane of the
two longest axes may maximize the likelihood of detecting
metastasis and may enhance determination of the dimension
of the largest metastasis in the plane of section. In addition,
long-axis sectioning reduces the number of sections per node,
which facilitates embedding the tissue sections flatly in paraf-
fin blocks. SLNs measuring less than 0.5 cm are bisected,
whereas those measuring more than 1 cm are serially sliced at
2-mm intervals along the long axis for pathologic examina-
tion. Intraoperative evaluation of axillary SLNs aids the sur-
geon in deciding whether to complete the axillary dissection
at the time of primary breast surgery. If the SLNs are found to
be positive during intraoperative examination, axillary dissec-
tion can be completed during the primary breast surgery in
one setting, thereby obviating a second surgical visit for com-
pletion of the axillary dissection alone.

Intraoperative assessment of SLNs can be performed by
using frozen section, imprint cytology, or a combination of
these two techniques. Each of these techniques has unique
advantages and disadvantages. Frozen section provides an
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Figure 11–1 Sentinel lymph node isolated after injecting radioactive tracers and blue dye. Note the sentinel lymph node (A) with a high
radioactive count (B).



intact tissue architecture, which eases interpretation of the tis-
sue section, but there is a chance of losing micrometastatic
disease while cutting through the tissue block during the
preparation of a frozen section. Touch imprint cytology is 
easier and faster to prepare, allows sampling of both surfaces
of a lymph node, and, most importantly, allows preservation
of the entire tissue for optimal histopathologic evaluation.
The reported sensitivities of frozen section and touch imprint
cytology are highly variable, ranging from 57% to 87% for
frozen section and from 29% to 94% for touch imprint cytol-
ogy. Much of the variation is probably due to different meth-
ods being used for gross and final pathologic evaluation.23

When SLNs contain multiple foci of metastases, the size of the
largest deposit is used to classify the metastatic deposit in the
SLN. Metastases are classified as macrometastases when they
measure more than 2 mm and as micrometastases when they
measure 2 mm or less (Fig. 11–2). When SLNs are sliced thin
at 2-mm intervals, both frozen section and touch imprint
smears are highly reliable in detecting macrometastatic dis-
ease but are usually not reliable for detecting micrometastasis
(Figs. 11–3 and 11–4). Most false-negative readings are refuted
by the discovery of micrometastases on permanent section
after cutting through the tissue block. No consensus has been
reached regarding the optimal intraoperative method for eval-
uating SLNs.

Similarly, no consensus among different laboratories has
been reached regarding the final pathologic examination 
of SLNs. Various protocols have tested the use of multiple 

sections stained with hematoxylin and eosin (H&E) and CK
immunostaining for examining SLNs. When the SLN is sliced
very thin for histopathologic examination, a single routine
H&E section alone can detect macrometastasis in an SLN in
most instances. Obtaining multiple sections or CK immuno-
staining facilitates detection of micrometastasis that may not
be detected by examining routine H&E sections of the SLN.
Examples of reported procedures include obtaining three
H&E levels at 40-mm intervals with a CK immunostain
accompanying each level; two H&E levels separated by 40-mm
and one CK immunostain; and H&E and CK immunostain
obtained on paired sections separated by 40 mm.24–26

The most frequent location of small metastatic carcinoma
is the subcapsular region. Although it is easy to recognize
small clusters of tumor cells, it can be difficult to identify scat-
tered, single tumor cells, especially those of lobular carci-
noma, on H&E sections. CK immunostaining of SLNs is
valuable for highlighting scattered, single cells as well as for
easing the detection of very small deposits of metastatic carci-
noma in SLNs (Fig. 11–5). Dendritic reticulum cells belonging
to the reticulohistiocytic system and distributed throughout
the lymphoid tissue, particularly in the subcapsular, paracor-
tical, and medullary regions, are also CK positive. However, in
contrast to the strong cytoplasmic and membranous staining
seen in carcinoma cells, dendritic reticulum cells show a weak
or moderate-strong cytoplasmic staining with branching
processes emanating from their cytoplasm. Reverse transcrip-
tase polymerase chain reaction (RT-PCR) has been used to
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Figure 11–2 Micrometastasis in the subcapsular region on a hematoxylin and eosin section (A) and on a cytokeratin immunostain (B).



detect metastasis in SLN using messenger RNA (mRNA)
markers such as CK19, CK20, carcinoembryonic antigen
(CEA), and MUC-1.27–29 Because the high sensitivity of the
procedure may lead to false-positive results and the detection
of low levels of marker expression in normal cells, the signifi-
cance of mRNA markers detected in SLNs with no evidence of
metastasis by H&E or CK immunostain is presently unknown.
The use of molecular methods to detect micrometastasis in
SLNs remains investigational; these techniques are not used in
clinical practice to examine axillary SLNs in breast cancer.

The results of a series of 696 patients who were followed for
a median of 38 months at the John Wayne Cancer Institute in
Santa Monica, California, led to recommendations for SLN
evaluation similar to those of the College of American
Pathologists. They found that the only patients with decreased
5-year disease-free and overall survival rates were those with
nodal metastasis larger than 2 mm. The 5-year disease free
survival rate was 95.1% for patients with SLNs negative 
by H&E and immunohistochemistry (IHC) and 98.3% for
patients negative or equivocal by H&E but positive by
immunohistochemistry. There was no significant difference in
disease-free or overall survival rates between SLN-negative

patients and SLN IHC-positive patients (P = .3775, P = .6593).
Thus, they concluded that metastasis detected by immunohis-
tochemistry does not appear to adversely affect prognosis and
that immunohistochemistry should not be routinely per-
formed on SLNs, nor should treatment decisions be made
until the results of ongoing multicenter trials are available.30

How is a micrometastasis classified for staging 
by the American Joint Commission on Cancer?

New, uniform categories of micrometastasis have been estab-
lished for the current American Joint Commission on Cancer
(AJCC) staging system.32 If lymph node staging is based only
on SLN biopsy, then “sn” for sentinel node is added to the
pathology of nodes (pN) classification. Micrometastases have
been further categorized and are designated pN1mi if they
measure between 0.2 and 2 mm. Metastases smaller than 
0.2 mm, whether detected by H&E or by CK IHC, have been
designated as isolated tumor cells and are now designated as
pN0(i+). When there are no tumor cells in the lymph node
detectable by H&E and CK IHC, the designation pN0(i-) is
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Figure 11–3 A, Sentinel lymph node with a macrometastasis replacing almost the entire lymph node. B, Imprint cytology of the same
lymph node showing large sheets of tumor cells.



used. For cases in which no histologic metastasis is found, but
RT-PCR is positive, the designation pN0(mol+) is used.

What is the significance of micrometastasis 
and occult metastasis?

Micrometastases by definition measure 2 mm or less. They
can be detected in routine H&E sections of lymph nodes or in
serial sections of initially negative lymph nodes by H&E, CK
immunostaining, or molecular methods such as RT-PCR.
Micrometastases discovered by the latter techniques other
than H&E are referred to as occult micrometastases. Although
occult metastases are usually small and therefore are
micrometastases, they may also be larger than 2 mm. Several
studies using a combination of serial sectioning and immuno-
histochemical detection found metastases in 25% to 31% of
axillary node–negative patients.32–34 Occult micrometastases
are detected more often in infiltrating lobular, mixed ductal,
and lobular carcinomas than in pure, invasive ductal car-
cinoma. The size of the primary tumor and whether peritu-
moral lymphovascular emboli are present are predictors of
occult metastases.

The clinical significance of micrometastatic disease remains
controversial. Although some studies question the significance
of metastatic deposits detected by serial sectioning and
immunohistochemistry, most series have shown that nodal
micrometastasis appears to have a small but significantly
adverse effect on disease-free and overall survival.35–43 The
largest study conducted by the Ludwig breast cancer study
group found that patients with occult metastases detected by
six additional serial sections had an overall 5-year survival rate
of 79%, compared with 88% for patients without such foci;
the disease-free survival rates were 58% and 74%, respec-
tively.36 A review by Dowlatshahi and colleagues35 showed that
all the studies that identified survival differences had large
patient populations (range, 147 to 921 patients), a follow-up
of at least 6 years, and the occult metastases detected by
immunohistochemistry. Although this review concluded 
that occult metastases have important implications for prog-
nosis and therapeutic decision-making process, there was 
no consideration of the size of occult metastases. At present,
it appears that primary tumor size, length of follow-up,
and the number of lymph nodes involved influence the prog-
nostic significance of axillary micrometastases and occult
metastases.
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Figure 11–4 A, Sentinel lymph node with a micrometastasis measuring less than 2 mm. B, Imprint cytology of the same lymph node
showing a single small cluster of tumor cells.



The significance of micrometastases and occult metastases
in SLNs is not entirely clear. It is well recognized that whereas
individual tumor cells detach from the primary tumor and
circulate in the bloodstream, not all of these cells have the
capability to survive and proliferate at distant sites. It is
unlikely that all tumor cells detected in SLNs are clinically sig-
nificant, and those micrometastases that are clinically signifi-
cant cannot presently be identified.

What is the relationship between the status 
of sentinel lymph nodes and nonsentinel 
lymph nodes?

The status of SLNs is a strong predictor of whether metastases
are present in the non-SLNs. Factors associated with metasta-
sis in non-SLN when SLN is positive include macrometastatic
disease in the SLN (>2 mm), extranodal extension of the SLN
metastasis, more than one positive SLN, the presence of angio-
lymphatic invasion, and primary breast tumor size more than
2 cm.45–50 Among these factors, the size of the metastasis in the
SLNs, the size of the primary breast tumor, and the presence
of angiolymphatic invasion most strongly predicted the
occurrence of metastases in non-SLNs upon univariate analy-
sis. Only the size of the primary breast tumor and the number
of positive SLNs have been reported to be significant prog-
nostic factors on multivariate analysis. Of patients with 

positive SLNs, 38% to 67% are reported to have no disease in
non-SLNs. Micrometastases in patients with positive SLNs
and a small primary breast tumor are associated with an
absence or low prevalence of metastases in non-SLNs. In a
series by Turner and associates, 26% of patients with SLN
micrometastases had non-SLN metastasis; among these
patients, only primary tumor size and peritumoral lympho-
vascular invasion were correlated with non-SLN metastasis.49

Chu and coworkers performed a study on non-SLN metas-
tases in patients with SLNs that contained only micrometas-
tases.47 None of the patients with pT1a and pT1b breast
carcinoma and micrometastasis had non-SLN metastasis in
this study. On the other hand, 6% and 10% of patients with
pT1c and pT2 breast carcinoma, respectively, and micro-
metastasis had metastasis in non-SLN. Based on these low
rates of metastasis in non-SLN, these investigators proposed
that axillary dissection may not be necessary in patients with
SLN micrometastasis from patients with T1 or T2 breast car-
cinoma. Viale and associates, however, found the frequency of
metastasis in non-SLN to correlate significantly with the size
of the SLN micrometastasis.50 In their study, whereas 36.4% of
patients with micrometastasis foci larger than 1 mm had
metastases in non-SLN, only 15.6% of patients with micro-
metastases 1 mm or smaller had involvement of non-SLN.
Based on available data, patients with T1 and T2 breast carci-
noma and micrometastasis in SLN should undergo complete
axillary dissection outside of clinical trials for adequate staging.
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Figure 11–5 A, Sentinel lymph node with a single focus of micrometastasis on hematoxylin and eosin section. B, Note the uncovering
of an additional adjacent focus of micrometastasis on a deeper level as demonstrated with the cytokeratin immunostain.



What is the significance of extranodal 
extension of metastatic breast carcinoma?

Extranodal extension refers to the extension of metastatic car-
cinoma beyond the confines of the nodal capsule into the
perinodal soft tissue. Extranodal extension is usually observed
in association with primary breast tumors larger than 2 cm
and when four or more SLNs show metastatic carcinoma.51–55

The significance of extranodal extension as an independent
prognostic factor in breast cancer is not entirely clear.
Extranodal extension is a negative prognostic factor for over-
all and relapse-free survival. However, no compelling evidence
exists to suggest that extranodal extension increases the risk
for axillary recurrence of breast carcinoma. It appears that
extranodal extension indicates a higher risk for systemic and
local recurrence in patients who are already predisposed
because of other unfavorable prognostic factors. No consen-
sus has been reached regarding whether axillary radiation is
beneficial in patients with extranodal extension of metastatic
breast carcinoma.

What other entities may histologically 
mimic metastatic breast carcinoma in 
axillary lymph nodes?

Heterotopic glandular inclusions derived from breast 
or skin appendage glands can resemble metastatic, well-
differentiated breast carcinoma.56–58 Unlike metastatic, well-
differentiated breast carcinoma, which commonly involves
nodal sinusoids, heterotopic glands occur in the capsule,
perinodal tissue, or parenchyma of the lymph nodes but never
in the sinusoidal spaces of the lymph nodes. Heterotopic
glands are surrounded by myoepithelial cells, and in some
instances they may also be present as lobules containing spe-
cialized intralobular stroma. Although heterotopic glands can
very closely resemble metastatic carcinoma, the most impor-
tant distinguishing feature between the two is the presence 
of myoepithelial cells in the former and their absence in the
latter (Fig. 11–6).

Nevus cell aggregates may enter into the differential diag-
nosis of metastatic carcinoma.59–63 They usually occur in the
lymph node capsule and sometimes may extend into the
lymph node parenchyma along the fibrous trabeculae. Nevus
cell aggregates resemble cells of intradermal nevus or blue
nevus and can easily be distinguished from metastatic carci-
noma by the presence of fine, brown melanin pigment in their
cytoplasm; the absence of mucin; and their immunopositivity
for melanoma markers such as S-100, HMB45, and Melan A.
Metastatic carcinoma, on the other hand, may contain mucin;
is immunopositive for CK, epithelial membrane antigen
(EMA), and gross cystic disease fluid protein-15 (GCDFP-15);
and is negative for melanoma markers.

Vacuolated histiocytes can at times resemble mucin-con-
taining cells of metastatic carcinoma. Unlike metastatic carci-
noma, however, histiocytes with intracytoplasmic phagocytic
vacuoles do not contain mucin, are negative for epithelial
markers such as CK, EMA, and GCDFP-15, but are posi-
tive for histiocytic markers such as CD68, lysozyme, a1-
antichymotrypsin, and a1-antitrypsin.

Hematologic disorders involving axillary lymph nodes,
including extramedullary hematopoiesis, lymphoma, and
leukemia, may be mistaken for metastatic carcinoma. They
can be differentiated from metastatic carcinoma by demon-
strating negativity for CK and positivity for pertinent
hematopoietic markers by immunostaining.
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the critical pathologic steps in breast cancer, specific markers
and their relationships to biologic and pathologic systems
within breast cancer cells and the host response, and spe-
cific issues relating to molecular pathologic assays for breast
cancer.

What is most important in evaluating 
a molecular pathologic assay?

An ideal breast cancer marker would provide prognostic
information and therapeutic information, represent a critical
step in tumor biology, and be a target for therapeutic inter-
vention. In addition, the assay should be accurate, reliable and
reproducible, time and cost efficient, and applicable to routine
clinical samples. At this time, although no single marker ful-
fills all these criteria, certain markers are clinically useful, and
others are promising.

What are the reasons for performing 
molecular assays?

Molecular assays have the potential to be used to identify
women who are at increased risk for developing breast cancer
or who have an early stage of breast cancer. Furthermore,
assays may provide additional information about the progno-
sis and therapeutic possibilities for a woman with breast can-
cer, and they may have the potential to detect recurrent or
metastatic disease.

Genetic Screening
Abnormalities of tumor suppressor genes (p53, BRCA1, and
BRCA2) have been identified in women whose families have a
higher frequency of breast cancer.14,15 These women represent
a minority of breast cancer cases in the population, but they
are targets for genetic screening. The genetics and epidemiol-
ogy are fully discussed in Section I of this text.

Early Detection
Molecular pathologic assays do not at this time play a role in
the early detection of breast cancer. Strategies to develop an
assay of blood to detect breast cancer (analogous to prostate-
specific antigen screening for prostate cancer) have not yet

CHAPTER 12

Molecular Pathology Assays
for Breast Cancer
W. Fraser Symmans and Giorgio Inghirami

Breast cancer is a biologically, pathologically, and clinically
complex disease in which a patient’s chance of survival
remains uncertain despite intensive efforts to assess prognosis.
Markers that are molecular targets for assay are numerous and
complex. Different assays, different types of samples, small
clinical studies, inconsistent conclusions, and complex associ-
ations between markers can prevent independent statistical
significance. As a result of the explosion in knowledge con-
cerning the molecular pathology of breast cancer, there is
urgency to address clinical issues with these assays. However,
before a new assay can be clinically useful, it must be com-
pared with existing assays and markers and proved to be
reproducible in different laboratories. There is a major shift in
the way molecular pathologic assays are viewed: a shift from
prognostic assessment to prediction of therapeutic response.
In the past, these assays were used to supplement the prog-
nostic information that was already obtained from tumor
stage and grade. Two of those prognostic markers, estrogen
receptor (ER) and HER-2/neu, began to be used to select
patients for specific treatments when targeted molecular 
therapies were developed to block the ER and HER-2/neu cel-
lular pathways. We provide a detailed discussion of the molec-
ular pathologic assays to detect ER and HER-2/neu in breast
cancer.

There are a growing number of other potential uses for
molecular pathologic assays in the selection of treatments and
prediction of likely response. A number of novel molecular
therapies are either currently or soon to be in clinical trials,
and the medical and pharmaceutical communities are actively
pursuing the development of new assays to determine which
patients are likely to benefit from specific molecular therapies.
Furthermore, molecular pathologic assays are being studied
for prediction of response to different cytotoxic chemo-
therapy agents. Increasing choice of effective treatments for
breast cancer (itself a heterogeneous disease) enhances the
need for laboratory tests that will help oncologists to select the
best treatment regimen for each patient.

The biology of cancer cells involves disruptions of normal
cell biology,1,2 and several excellent review articles address
these cellular changes and their clinical implications in breast
cancer.3–13 This chapter discusses the molecular pathologic
assays that presently have relevance to the biologic and clini-
cal understanding and management of breast cancer. We start
with an overview of different clinical reasons for using molec-
ular assays, then discuss performance of the different assays,
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proved successful. This is partly because a suitable molecular
target has not been found. To date, there is not a molecule that
is ubiquitously expressed in all breast cancer cells and that is
specific to breast tissues. Even if there were, the follow-up
diagnostic strategies would be more complicated for breast
than for prostate cancer. Random needle biopsies (as per-
formed in the prostate) would not be successful in breast 
tissues, and current breast imaging techniques cannot fully
exclude the presence of a nascent breast cancer.

Cytology is being employed to identify patients at risk for
development of breast cancer and to assess chemoprevention
strategies. Fine-needle aspiration (FNA) of normal breast is
used to obtain epithelial cells for cytologic and molecular
analyses.16,17 The epithelial yield is relatively scant but is well
suited for assays that are highly sensitive or include amplifica-
tion. Repeat samples can be obtained for comparison at dif-
ferent times. One example would be to compare changes that
occur after administration of a hormonal agent.18 Cytologic
analysis of fluid obtained through the nipple is also being
investigated as a method to obtain samples for microscopic or
molecular studies. Cellular yield is also limited, except in cases
of intraductal malignancy, but the cytologic appearance of
those cells does indicate underlying pathology in the breast or
risk for future breast cancer.19–23 The cellular component can
be separated for immunochemistry or fluorescence in situ
hybridization (FISH) assays on microscopic slides, or the
whole fluid can be used to amplify DNA or messenger RNA
(mRNA) (cyclic DNA [cDNA]), or to detect proteins.24–28

There are two approaches to procure fluid from the ductal
system of the breast. The simpler method is nipple aspiration,
for which negative pressure is used to extract fluid from the
pretreated nipple. Nipple aspiration fluid volume is much less
than ductal lavage fluid volume, but the procedure is simpler,
faster, and more easily tolerated. Ductal lavage requires needle
cannulation of selected nipple ducts from each duct orifice at
the tip of the nipple. The dependent ductal system is then
lavaged with sterile fluid through the cannulated nipple duct.
Generally, this is repeated for two or three nipple ducts, but
samples are not obtained through all the nipple ducts. This
procedure is much more time-consuming and costly than
nipple aspiration, but it does obtain considerably more cellu-
lar and fluid sample and also represents more distal ducts.
Epithelial cells and histiocytes are present in ductal fluids in
varying numbers, but the fluid component is well suited for
proteomic analyses, particularly to study secreted or shed pro-
teins.26,27 Random FNA of the breast and nipple aspiration or
ductal lavage do not target a specific lesion in the breast or
localize sites of abnormality, but they are important to study
global changes within breast tissues or to identify evidence of
shed tumor cells in the ductal system.

Additional Information about the 
Primary Cancer
Most breast cancer markers are found either in the cancer cells
or in the host tissue response. At this time, it is believed that
the most important markers are within the breast cancer cells.
The main biologic pathways in breast cancer cells are depicted
in Figure 12–1, and specific markers will be further discussed
in this context. When the breast cancer cells become invasive,
they induce a desmoplastic response from the host tissues 
that consist of fibroblasts, histiocytes, and newly formed

blood vessels (angiogenesis). The new blood vessels formed by
angiogenesis are crucial in providing blood supply, oxygen,
and nutrients to the rapidly growing cancer cells. The fibro-
blasts and histiocytes of the desmoplastic response play a role
in tumor growth, invasion of normal tissue, stimulation of
angiogenesis, and immune response to the malignant cells.
Receptors on cancer cells and host response cells, as well as
specific molecules secreted by these cells, enable them to inter-
act with nearby cells through molecular pathways (Fig. 12–2).
These are usually paracrine interactions between adjacent
cells; however, cancer cells can also exhibit autocrine signal-
ing, in which the cell secretes molecules that stimulate its own
receptors. The cellular biology of carcinoma cells is complex,
and there are additional interactions with the host desmoplas-
tic response (see Fig. 12–2), leading to complexity and variety
in the molecular pathologic study of breast cancer. This infor-
mation about the biology of the cancer cells is interpreted to
determine prognosis or predicted responsiveness to available
therapies.
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Figure 12–1 Important cellular systems in a cancer cell: growth
factor signals influencing DNA transcription and the cell cycle,
hormone responses, cellular attachments, secreted cytokines and
enzymes, and tumor antigens (Ags).

Figure 12–2 Finger-like extensions of cancer invading through
desmoplastic stroma. The stromal response typically surrounds
invasive cancers (H&E, ¥200).



Detection of Recurrent or Metastatic Disease
Molecular assays for breast cancer cells in the blood or in bone
marrow aspirates may be valuable in detecting minimal resid-
ual or recurrent disease in women with a history of breast 
cancer.29,30 Likely targets are those that can be detected in
metastatic disease and include epithelial cell antigens, specific
mucins, and milk fat globulins, which are more specifically
expressed in breast cancers.31–33 In such patients, it would be
helpful to know the status of the original breast cancer in
order to choose the appropriate target for molecular follow-
up. For example, early recurrence of a tumor that overex-
presses HER-2/neu can be identified in peripheral blood 
by a molecular pathologic assay for this antigen (enzyme-
linked immunosorbent assay [ELISA]) or by amplification 
of the mRNA of the HER-2/neu gene (reverse transcriptase
polymerase chain reaction [RT-PCR] assay).34,35 Detection 
of cytokeratin-positive cells (by immunocytochemistry) or
detection of cytokeratin 19 (by RT-PCR) in the bone marrow
of patients with newly diagnosed breast cancer is associated
with shorter relapse-free survival.29,36 Evaluation of bone mar-
row aspirates during patient follow-up may detect patients
more likely to relapse.37 However, bone marrow aspiration for
routine diagnostic evaluation and follow-up of breast cancer
is not typical; thus, efforts have also been directed at detection
methods for peripheral blood. The results of immunocyto-
chemistry and RT-PCR in peripheral blood samples are less
specific because the detection levels are lower, the molecules
are not restricted to breast cancer, and there is a low rate of
false-positive results in normal volunteers and patients with
other types of malignancy.38–40 Future clinical studies are 
likely to deliver more accurate assays to detect circulating
tumor cells that will be of practical clinical value.

How are commonly used assays performed?

Molecular markers in breast cancer cells are DNA, RNA,
or proteins, reflecting the sequence from the genetic code
(DNA) to the resultant protein functioning within the cell.
Appropriate sample preparation is essential to the accuracy
and correct application of these assays. Clinical and pathologic
factors determine the form and amount of tissue available for
molecular assays. Therefore, the choice of assay will be influ-
enced by whether cancer cells are available from FNA; tissue
imprints; or fresh, frozen, or fixed tissue samples.

DNA Content (Ploidy) and S-Phase Fraction
Nuclear DNA content can be measured from chemical stains
that are imaged in cells using flow cytometry (cellular suspen-
sion) or image analysis (computerized microscopic imaging)
to generate a histogram of the DNA content for each cell
measured. The modal peak of the histogram is the DNA index
(DI). If this index is the same as for normal control cells, the
tumor is diploid (0.9 £ DI £ 1.1). Cancers that have abnormal
cellular DNA content are hypodiploid (index < 0.9), aneu-
ploid (index > 1.1), or tetraploid (index = 2). The DNA his-
togram also estimates the percentage of cells in G2-M phase
(double the DNA value of the DI) and cells in S phase of the
cell cycle. The reported S-phase and G2-M fractions are math-
ematically determined from the histogram data and can give
an estimate of the proportion of the cells that are actively

dividing. In breast cancers, the tissue available for molecular
pathologic assays is usually limited owing to the small size of
the tumor and the higher priority for histopathologic analysis.
There is usually insufficient tumor tissue to commit a sample
for flow cytometry, but image analysis can be applied to tissue
or cytology slides. Assays for DI and S phase are now infre-
quent in the assessment of breast cancer because similarly 
useful information is obtained from the histologic grade com-
bined with an immunohistochemical stain for proliferating
cells (discussed later). However, image analysis is often used in
breast cancer cells to quantify immunohistochemical stains
for proliferation markers, ER, and HER-2/neu (discussed
later).

Immunocytochemistry
Most molecular markers in breast cancer are proteins that are
detected using immunocytochemistry (Fig. 12–3). This tech-
nique uses specific antibodies to identify the target protein.41

The primary antibody binds to the target protein (antigen),
and this bound antibody can then be detected by several
methods. Usually, a labeled, specific secondary antibody iden-
tifies the primary antibody. The use of labeled secondary anti-
bodies increases the sensitivity (by amplification) and the
specificity of the assay. The labeled secondary antibody is then
identified by a third reagent (e.g., avidin), which specifically
binds to the labeled Fc end of the secondary antibody (e.g., a
biotinylated secondary antibody). This reagent usually con-
tains an enzyme (e.g., horseradish peroxidase or alkaline
phosphatase) that converts a chemical substrate into a colored
product, which can then be recognized using a microscope.
Alternative mechanisms exist, some of which use fluorescent
or heavy-metal labels.

Immunocytochemical staining is specific and reasonably
sensitive when the optimal tissue preparation (storage,
fixation, antigen retrieval) and staining conditions (antibody
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Figure 12–3 Immunocytochemical detection of a cell surface
antigen (Ag) by a specific primary (1°) immunoglobulin G anti-
body (Ab), which is then specifically bound by secondary (2°) Ab
molecules recognizing the label at the Fc end of the 1° Ab. An
enzyme label may be at the Fc end of the 2° Ab and will then cat-
alyze an added substrate into a colored reaction product, which
can be viewed under a microscope. Alternatively, the enzyme may
be added to a third binding reagent, which recognizes the Fc end
of the 2° Ab (e.g., labeled avidin binding to a biotinylated 2° Ab
to form the avidin–biotin complex). This additional step adds sen-
sitivity and specificity to the assay.



concentrations, incubation periods, buffers and washers) are
established. Optimal conditions are essential if clinical deci-
sions or prospective research studies are to rely on the assay.42

This immunologic technique can also be used to detect cancer
cell proteins within the blood. Proteins within cells can also 
be quantitated using image analysis to measure the con-
centration of colored chromogen. Alternatively, proteins 
can be accurately quantitated using biochemical assays—
for example, dextran charcoal ligand binding assays for ER
and progesterone receptor (PR). Such biochemical assays 
may have the advantage of greater accuracy. However,
biochemical assays often require considerable amounts of
tissue, which are not available when small lesions are being
studied. Biochemical assays also do not distinguish normal
cells from cancer cells; hence, accurate tissue sampling is 
also essential.

In Situ Hybridization
In situ hybridization uses synthesized DNA probes to recog-
nize specific DNA or RNA sequences within the cell. Probes
can be designed to specifically identify sequences that repre-
sent molecular markers of breast cancer oncogenes.43

Increased expression of the RNA sequence generally repre-
sents overexpression of the oncogene, and increased presence
of the DNA sequence represents amplification of the onco-
gene. The specific DNA probe is labeled (radioactively 
or chemically), and the labeled probe can then be seen 
microscopically.

The main application of in situ hybridization in breast can-
cer diagnosis is to determine the number of copies of c-erbB-
2 gene that codes for HER-2/neu growth factor receptor
protein (Fig. 12–4). The most common FISH assay is a com-
mercially available kit that provides fluorescent-labeled
probes that detect c-erbB-2 and a centromeric sequence of
chromosome 17 (cep17) and are visualized with different light
filters. Therefore, the FISH assay for c-erbB-2 is reported as the
average number of copies of c-erbB-2 per cancer cell nucleus
(≥5 copies defined as amplification) or the ratio of the average
numbers of gene copies of c-erbB-2 compared with the 

average number of copies of chromosome 17 (>2 defined as
amplification). There are subtle implications for each method
because the absolute number of copies of c-erbB-2 gene may
determine the protein expression level of HER-2/neu in the
breast cancer, whereas the ratio of c-erbB-2 to cep17 may cor-
rect for aneuploidy of chromosome 17 and select tumors with
amplification of c-erbB-2 gene on each copy of chromosome
17.44 A CISH test is newly available for detection of c-erbB-2
gene using a chromogen that is stable and visible with light
microscopy.45,46 The hybridization signal is slightly less dis-
tinct than with fluorescence, and it is not possible to compare
c-erbB-2 copy number with a cep17 probe using CISH, but the
method does not require a fluorescence microscope for inter-
pretation. Cytologic samples provide FISH signals of excellent
quality because the entire nucleus is present on the slide, so
that all cep17 and c-erbB-2 signals are represented in every
cell.47

Polymerase Chain Reaction
Specific hybridization assays can be performed on purified
DNA and RNA from digested tumor samples. For direct
hybridization, whole (entire) DNA is digested using selected
enzymes that cleave DNA at known restriction sites, and the
digested DNA is then hybridized to a selected DNA probe
(currently synthesized as a specific sequence of bases) to
detect the corresponding target sequence of DNA. The devel-
opment of PCR has been a significant advance because it uses
specific primers at each end of a selected DNA sequence to
amplify that DNA sequence using a thermodynamic enzyme
(taq polymerase). This allows small amounts of the target
DNA to be amplified and detected, has diminished the num-
ber of tumor cells required to perform DNA studies, and has
accelerated the progress of DNA and RNA studies. Cellular
mRNA can be reverse transcribed into cDNA and then ampli-
fied using PCR (RT-PCR), and the product can be sequenced
(automated) or detected by hybridization to a specific cDNA
or oligonucleotide probe. Amplification and hybridization
techniques are routinely used in the study of clinical research
samples.
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Figure 12–4 Fluorescence in situ hybridization assay for c-erbB-2 gene copy number relative to chromosome 17 centromere (Cep17)
copy number on fine-needle aspiration slides of breast cancer. A, Tumor without amplification. B, Tumor with amplification.



Molecular Cytogenetics
Newer techniques in cytogenetics are increasingly applied to
breast cancer. FISH and nonfluorescent chromogenic in situ
hybridization (CISH) are assays that are in use as clinical tests
for HER-2/neu. FISH uses fluorescent-labeled DNA probes to
specific regions of individual chromosomes48 and can detect
loss of regions of chromosomes (potential sites of tumor sup-
pressor genes) as well as aneusomy of chromosome numbers
and regions of increased copy number (potential sites of
oncogenes). A related technique, called comparative genomic
hybridization (CGH), uses whole-chromosome hybridization
in which labeled normal chromosomes are hybridized to
labeled metaphase cancer cell chromosomes. The distribution
and intensity of the two labels (represented as two different
colors) along the fusion chromosomes are measured using
computerized image analysis.49 Regions of the fusion chromo-
some where the cancer cell DNA is deleted will have the color
of the normal chromosome label, whereas regions of fusion
chromosome where the cancer cell DNA is amplified will have
the color of the cancer cell chromosome label. CGH is cur-
rently a research assay.

Technical Considerations
The presence and quantity of any marker must also be
assessed in benign and preneoplastic breast conditions as well
as other disease states. This is particularly important for assays
to detect residual or metastatic cancer. These different assays
employ sensitive techniques requiring multiple sequential
steps, and the results can therefore vary depending on the 
status of the marker within the cancer sample (e.g., degrada-
tion, clinical fixation, nature of the target marker), the
reagents used (e.g., antigen retrieval methods, antibodies,
probes, primers, buffers), and the conditions of reaction for
each step (e.g., incubation period, concentration, tempera-
ture, washes). These variables can limit the clinical inter-
pretation for a sample from a laboratory at a given time.
Nevertheless, some markers have been shown to be prognos-
tically relevant in breast cancer. Others may prove to be 
valuable in the future.

What is the clinical potential for gene 
expression microarrays in breast cancer?

Gene expression microarrays are high-density arrays of spe-
cific cDNA or oligonucleotide sequences that are printed onto
a medium such as silicone or glass. Purified RNA from a breast
cancer sample is reverse-transcribed to cDNA before colori-
metric labeling and hybridization to the array. In the popular
Affymetrix GeneChip platform (Affymetrix, Inc., Santa Clara,
CA), the cDNA is then transcribed into cRNA before colori-
metric labeling of the cRNA and hybridization to the array.
The colored hybridization product is then detected and quan-
tified using image analysis, and the numeric data are repre-
sented by computer software for viewing of the array with
high expression of a gene shown as a red spot at the site of that
probe and low expression of a gene shown as a green spot at
the site of that probe. The numeric results are used for analy-
sis, and those data are mathematically normalized to known
controls. The relative expression levels of tens of thousands of
known genes can be simultaneously evaluated from a single
sample. This high-throughput technology can even be applied

to a single needle biopsy sample of breast cancer.50,51 To date,
the results from this technology using clinical breast cancer
samples have been promising. Unsupervised analysis of the
overall gene expression profiles of different breast cancer 
samples have consistently demonstrated that ER activity is the
principal determinant of overall gene expression in 50% to
60% of breast cancers and that the activity of HER-2/neu gene
expression is an important secondary determinant of overall
transcription.51–53 We already know from decades of clinical
and laboratory studies that ER and HER-2/neu are critically
important molecules in breast cancer, which supports the
interpretation that information derived from microarray
experiments is probably meaningful. ER and HER-2/neu are
the most intensively studied molecules in breast cancer, and
preliminary results indicate that the relative expression of
these two genes from microarray experiments correlates well
with the results of well-validated immunohistochemistry
(IHC) and FISH assays performed on corresponding tumor
sections.51

Gene expression data from transcriptional profiling of
breast cancers can be used for different purposes, including
molecular pathologic classification, selection of specific
molecular therapies, prognostic analysis, and prediction of
likely benefit from different available treatments.52–55 There is
potential for this technology to address currently unmet med-
ical needs in clinical oncology, such as prediction of response
to different cytotoxic chemotherapy regimens and selection of
molecular therapies.56 Transcriptional profiling might even be
adopted as an all-in-one testing modality for multiple prog-
nostic and molecular markers and so realize its technologic
potential for high-throughput analysis. Most known genes are
represented in transcriptional profiles and can potentially be
interpreted for clinical purposes. This presents a challenge
because specific information gained from transcriptional pro-
files should first be defined and compared with existing
pathologic assays, and then validated in clinical trials.57 Only
then can the information be used with confidence to decide
patient care. There is already detailed knowledge about the
coding base-pair sequence for many genes and the fidelity 
of DNA hybridization, and these support genomic microar-
rays as a testing platform. Available data are limited, but 
overall transcriptional profiles of human invasive breast 
cancers appear to be maintained in individual breast cancers
during progression and after chemotherapy, indicating that
the profile of transcriptional expression is generally quite 
stable.52,58 Relative stability of the gene expression profile 
in breast cancers also supports transcriptional profiling as 
an attractive platform for the development of molecular
pathologic tests for routine diagnostics and patient care 
decisions.

What are the general biologic concepts 
in breast cancer progression?

Important biologic steps include the development of breast
cancer cells from the epithelial lining of the ductal lobular sys-
tem (neoplasia), independently accelerated cell growth and
proliferation, then the invasion of these neoplastic cells
through their surrounding basement membrane. Once inva-
sive, the tumor cells can invade lymphatic and blood vessels
and thereby spread to other sites in the body (metastasis) 
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(Fig. 12–5A). Metastatic cells can form clusters in association
with blood components and are therefore able to withstand
the physical stresses of the bloodstream (see Fig. 12–5B).
These cells must adhere to the endothelial cells at the metasta-
tic site, pass between these cells, and invade through the base-
ment membrane of the blood vessels. Once at the metastatic
site, they repeat the biologic steps of adhesion, invasion, and
angiogenesis in order to produce a viable colony of metastatic
carcinoma cells. It is unlikely that a single cancer cell has all
the biologic abilities required to invade, spread, metastasize
and continue to grow. Therefore, it is probably communities
of tumor cells that collectively produce all the steps required
for cancer dissemination.

Which types of markers are important 
in breast cancer cells?

Markers in breast cancer cells can be grouped into different
cellular systems (see Fig. 12–1), which will be discussed in
greater detail next. These include the following:

1. Cell growth and proliferation, including growth factors,
growth factor receptors, signal transduction proteins, DNA
transcription proteins, control of the cell cycle, indicators
of cell proliferation, and nuclear hormone receptors

2. Cell death, such as through apoptosis and necrosis
3. Invasive and metastatic potential, including cell adhesion

molecules, stromal digestive enzymes, and the metastasis
suppressor gene

4. Other markers of chromosome and DNA content within can-
cer cells (ploidy and cytogenetics), which can be used to
study breast cancer cell populations

How are growth signals transmitted to the 
nucleus in breast cancer cells?

Cell Surface Receptors
There are many signaling pathways within cancer cells, but in
breast cancer, the two most important growth factor receptors
presently identified are HER-2/neu (c-erbB-2) and epidermal
growth factor receptor (EGFR). Both receptors are of the
membrane-bound tyrosine kinase receptor family and act by
similar mechanisms (Fig. 12–6). Briefly, two adjacent recep-
tors dimerize when the growth factor (ligand) binds. The 
ligand for HER-2/neu has been a subject of intensive recent
research (see Chapter 3). Binding of the ligand to the extra-
cellular domain of the paired receptors stimulates the tyrosine
residues within the cytoplasmic component of the receptor
molecules, which in turn activates a phosphorylation cascade
involving the SH2 (src homology 2) proteins, transferring the
growth signal onto the ras signal transduction pathway.
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Figure 12–5 A, Neoplastic transformation and invasion: normal
breast epithelial cells fixed to a myoepithelial cell layer and base-
ment membrane (lower left) develop in situ neoplastic transforma-
tion (upper left) and then become invasive through the basement
membrane and interstitium with associated desmoplastic stroma
(center) and angiogenesis (lower right). Once invasive, the cancer
cells are capable of dissemination by vascular routes (upper right).
B, To survive circulatory forces, cancer cells form microemboli
binding to red and white blood cells, platelets, and fibrin. The
attached white blood cells also augment intercellular adhesion to
the vascular endothelium. Once adherent, the cancer cells must
invade through the vascular basement membrane and interstitium
before establishing a new tumor growth.

Figure 12–6 Comparison of HER-2/neu and epidermal growth
factor receptor (EGFR; membrane-bound tyrosine [tyr] kinase
receptor dimers), and demonstration of the ensuing phosphoryla-
tion cascade involving SH2 molecules and the ras pathway to relay
the growth signal toward the nucleus. GAP, GTPase-activating
protein; GNRP, guanine-nucleotide-releasing protein; GTP, guano-
sine triphosphate; PI kinase, phosphotidylinositol 3-kinase; SH2,
src homology 2.



HER-2/neu
The oncogenic abnormality of HER-2/neu in breast cancer is
principally amplification of the gene and overexpression of
the protein. The role of the ligand of HER-2/neu is not certain
at this time. The effect of HER-2/neu overexpression is to
enhance growth signals within the breast cancer cell. The
HER-2/neu gene is located on chromosome 17 (17q21), and
DNA probes, as well as monoclonal antibodies, for the protein
are available for use with clinical specimens.59 HER-2/neu pro-
tein is overexpressed in about 20% to 30% of invasive breast
carcinomas60–62 (Fig. 12–7). Of interest, HER-2/neu is overex-
pressed in 10% to 20% of cases of noncomedo ductal carci-
noma in situ (DCIS) but is overexpressed in most (60% to
80%) cases of higher-grade comedo DCIS.62–64 Some studies
have shown a prognostic predictive value for HER-2/neu—
more strongly in node-positive cancers and less clearly in
node-negative cancers.61,65–67 There are also data to suggest
that HER-2/neu overexpression may predict response to adju-
vant chemotherapy (discussed later).

Assays for HER-2/neu have become standard in clinical
samples of invasive breast cancer to select patients who are eli-
gible to receive trastuzumab (Herceptin) therapy. The impor-
tance of critical interpretation has been highlighted with IHC
for HER-2/neu. IHC staining with antibodies to HER-2/neu is
commonly seen in the cytoplasm of tumor and normal cells,
but only circumferential cell membrane localization should 
be interpreted as true positive staining. Membrane staining 
is then assessed using a semiquantitative score (1+ to 3+)
depending on intensity, and 2+ and 3+ staining is considered
to be positive. The preanalytic fixation and antigen retrieval
methods for HER-2/neu IHC are less problematic than for ER
IHC (discussed later), but there is consistent discrepancy in
the interpretation between central review and community
pathologists that mostly affects scoring of 1+ and 2+ stain-
ing.68 Normal breast epithelial cells do not express enough
HER-2/neu on the cell membrane for IHC detection; there-
fore, interpretation of tumor staining should always be com-
pared with normal breast epithelium as a negative control.

The IHC scoring system is semiquantitative and inevitably
subjective; thus, there is known variability in the interpreta-
tion of negative versus 1+ staining, and for 1+ versus 2+ 
staining.69–72 Generally, 3+ staining is accepted as true overex-
pression for clinical purposes, and more than 90% have gene
amplification. Although 2+ staining is defined as positive and
1+ staining is defined as negative by IHC, many laboratories
perform FISH assay to assess c-erbB-2 gene copy number in
those cases because only 10% to 15% of 2+ tumors have gene
amplification and less than 5% of 1+ tumors have gene ampli-
fication.72–74 If normal epithelial staining is present, some
authors suggest subtracting the intensity score of the normal
cells from the intensity score of the carcinoma cells to prevent
false-positive results.75

Epidermal Growth Factor Receptor
Epidermal growth factor receptor has been shown by
immunocytochemistry to be overexpressed in about 35% of
invasive breast carcinomas and has equivocal prognostic sig-
nificance.76–78 There is an inverse correlation with estrogen
receptor expression.76 To date, treatment with targeted thera-
pies to inhibit EGFR signaling has had limited success in
breast cancer, and IHC expression of EGFR does not accu-
rately predict therapeutic response.79 However, a recent study
in lung cancer demonstrated that tumors responsive to gefi-
tinib (Iressa) treatment have deletion or mutation of the DNA
sequence for the tyrosine kinase domain of EGFR.80 If that
proves to be the case in breast cancer, a better approach might
be performing an assay to identify that genetic change rather
than performing IHC for EGFR. Both epidermal growth 
factor (EGF) and transforming growth factor-a (TGF-a)
stimulate EGFR.81 Other growth factor receptor molecules
that can be amplified in breast cancer cells (but in fewer
tumors) include insulin-like growth factor receptor,82 int-2
oncogene product,83,84 pS2, and TGF-b receptor (which has an
inhibitory effect on breast cancer cell growth).85,86

Signal Transduction
Signal transduction proteins represent important biologic
pathways of growth and survival signals in breast cancer cells.
The main growth factor receptors in breast cancer (HER-
2/neu, EGFR, and insulin-like growth factor receptor [IGFR])
signal through transduction networks from the cell mem-
brane to the nucleus. The ras protein (p21) is an important
membrane-bound signal transduction protein that recruits
receptors and signaling molecules to coordinate a phosphory-
lation signal cascade (see Fig. 12–6). It is a guanosine triphos-
phate (GTP)-binding protein that is active when bound to
GTP and inactive when bound to guanosine diphosphate
(GDP). The ras protein contains a GTPase enzyme compo-
nent that cleaves a phosphate group from the bound GTP and
deactivates the ras protein. Mutations of the ras gene are one
of the more important and common oncogene abnormalities
in human cancer. These are usually point mutations that dis-
rupt the GTPase enzymatic function of the ras, so that the
protein cannot deactivate itself and is permanently turned on.
Mutations of ras are uncommon in breast cancer,87 but little is
known about expression of nonmutated ras in this disease.
This is partly because of a lack of specific antibodies to the dif-
ferent members of the ras protein family. Preliminary
immunocytochemistry studies have indicated that ras protein
(p21) is overexpressed in a significant proportion (20% to
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Figure 12–7 Immunohistochemical stain showing a circumfer-
ential membranous staining pattern for HER-2/neu that is of mod-
erate intensity (2+) and restricted to the invasive breast cancer
cells in a paraffin tissue section (¥400). There was no amplification
of the HER-2/neu gene copy number with the fluorescence in situ
hybridization assay (c-erbB-2: cep17 = 1.29).



60%) of invasive human breast cancers.88–91 Signal transduc-
tion from ras is mediated through raf and then bifurcates
along a mitogen-activated protein (MAP) kinase pathway to
stimulate growth and proliferation or along a PI3 kinase/AKT
(protein kinase B) pathway to promote cell survival.92–94 PTEN
(at 10q23) is a tumor suppressor gene that encodes a proapop-
totic inhibitor of the PI3K/AKT pathway, and loss of PTEN
function occurs from loss of heterozygosity (>40%), mutation
(2% to 20%), or methylation in sporadic breast cancer, or
from germline mutation in breast cancer that is associated
with Cowden’s syndrome.94 It is passed on by the ras protein
through a cascade of other enzyme transduction proteins (raf,
MAP kinase-kinase, MAP kinase). MAP kinase is a common
end point for other signal transduction pathways within cells.

Transcription Factors
MAP kinase phosphorylates nuclear proteins, including
important DNA-binding proteins that control DNA tran-
scription and cell proliferation. Two important examples of
these proteins are fos and jun, which are the DNA-binding
transcription factors involved in the proliferative response to
growth factors and estrogen. These two proteins bind another
transcription factor (AP-1), leading to direct DNA binding.
Another important transcription factor in breast cancer is myc
oncogene product, which has direct DNA binding in associa-
tion with another protein called max. This myc-max pair
binds to DNA in the regions known as E boxes, thereby acti-
vating promoters for genes (leading to transcription and
replication of DNA). The control of myc activation is believed
to be related to a third protein called mad, which replaces myc,
binds to max at the E-box domains within DNA, and becomes
inhibitory for promoters for the genes which had been acti-
vated by myc. Antibodies are available to detect these activat-
ing transcription factors (fos, jun, myc), and detection of these
proteins is increased in a small proportion (<20%) of invasive
human breast cancers.90 Although these proteins provide an
essential function in cells, increased levels have not been
shown to be of independent prognostic significance in women
with breast cancer.

Breast cancer cell proliferation—
which assays are informative?

In clinical samples of breast cancer, the DNA histogram
obtained by flow cytometry (sometimes by image analysis)
provides a mathematical determination of the proportion of
the cell population that is synthesizing DNA (in S phase) and
the proportion of cells in G2-M phase (Fig. 12–8). Clinical
studies have indicated that S phase has prognostic value and
correlates with histologic grade in breast cancer.95–102 Two
markers associated with DNA proliferation are the antigen
recognized by Ki-67 and proliferating cell nuclear antigen
(PCNA). Ki-67 recognizes a large, nonhistone nuclear pro-
tein,103,104 and PCNA is a protein associated with a DNA 
polymerase enzyme.101 Both are expressed in proliferating
cells102,105 and can be identified in nuclei in late G1, S, or G2-M
phases of the cell cycle.106 The immunocytochemical assay for
PCNA gives less reliable results than that for Ki-67. A newer
antibody (MIB-1) recognizes the same antigen as the Ki-67
antibody, can be reliably employed on paraffin tissue,107–110

and is the antibody of choice for immunocytochemical assays
of formalin-fixed breast cancer specimens111 (Fig. 12–9).
There is generally an excellent correlation between expression
of these proliferation markers and cell cycle analysis by flow
cytometry,105,112,113 with mitotic figure counts,110 and with his-
tologic grade.110,113,114 Some studies do not show close correla-
tion of proliferation markers with S phase, but still show
prognostic relevance.115 The immunocytochemical assays
detect a greater population of cycling cells than S-phase alone.
Numeric values for percentage cells in S phase or percentage
cells expressing these other markers of proliferation are vari-
able, and exact clinical cutoff points are not reliable. However,
ranges of values that give relative prognostic information can
be assigned. Generally, 10% to 15% and 25% to 35% are the
ranges for the cutoffs among low, intermediate, and high pro-
liferation indices in breast cancers.
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Figure 12–8 Diagram of the cell cycle showing when phospho-
rylation and dephosphorylation of retinoblastoma (Rb) protein
occur, and the general phases when proliferation markers (Ki-67,
MIB-1, and PCNA) are believed to be positive by immunocyto-
chemical assay.

Figure 12–9 Immunohistochemical stain showing expression of
the antigen detected by Ki-67 (MIB-1) in the nuclei of breast can-
cer cells in a paraffin tissue section (¥200). The percentage of pos-
itive (dark-colored ) cancer nuclei was calculated and expressed as
a proliferation index of 5% to 10% (low).



How is the cell cycle controlled 
in breast cancer?

Breast epithelial cell proliferation is striking in some benign
conditions (fibroadenomas) and even protective conditions of
the breast (pregnancy). Increased proliferation is therefore not
sufficient alone to explain the abnormal proliferation of breast
cancer cells.116 There are two major checkpoints in the cell
cycle, in late G1 phase and in late G2-M phase (see Fig. 12–8).
The major controls of the cell cycle are pairs of cyclins 
and bound cyclin-dependent kinases (CDKs; cyclin-CDK
pairs).117,118 The levels of these complexes determine cellular
progression through the cell cycle by their interactions with
other important transcription factors, such as retinoblastoma
(Rb) protein.

Cyclin D and its complex with CDK (CDK-4 or -6) controls
the checkpoint near the end of G1 phase for cells to enter DNA
synthesis (S phase) and become committed to replicate. When
a cell passes through the late G1 checkpoint, Rb becomes
phosphorylated and remains so during the proliferation 
phases of the cell cycle. At the end of G2-M phase, the Rb pro-
tein becomes dephosphorylated, and the cell exits the replica-
tive phase (see Fig. 12–8). Cyclin D–CDK-4 complexes control
Rb protein phosphorylation and therefore help to control the
late G1 checkpoint of the cell cycle (Fig. 12–10). During the
resting phases of the cell cycle, the Rb protein binds to the E2F
transcription factor, thereby preventing the transcription and
proliferation effects of E2F binding to DNA. As cyclin
D–CDK-4 levels increase at the end  G1 phase, they form com-
plexes and bind to Rb protein. The Rb protein then releases
E2F, which binds to DNA and activates transcription of target
genes involved in cell proliferation and DNA replication (see
Fig. 12–10), and the cell thereby enters the DNA synthesis
phase. The Rb protein is an essential component of the cell
cycle; however, abnormalities of this gene and protein are very
rare in breast cancer.

Amplification of the cyclin D gene (located on chromo-
some 11q13) has been identified in about 20% of invasive
breast carcinomas, and overexpression of the protein by

immunocytochemistry has been identified in about 80%.6,83

Few studies, however, and only limited sample numbers are
available at present. There are specific inhibitors of the activ-
ity of cyclin D–CDK-4 complexes in late G1 phase. These serve
to prevent the phosphorylation of Rb protein and thereby
prevent cells from entering S phase from G1 phase. These
inhibitors include p16, p21, and p14. One of these (p21) is
induced by the p53 tumor suppressor gene (discussed next).
There are molecular inhibitors for all the cyclin-CDK pairs
involving the cell cycle. An inhibitor of all of these cyclin-CDK
pairs, p21 probably has global inhibitory effects of the cell
cycle progression.

An inhibitor of cyclin E–CDK-2 in late G1 phase of the cell
cycle (after cyclin D–CDK-4), p27 was cloned from estrogen-
treated MCF7 breast cancer cells and is frequently expressed
and infrequently mutated (point mutation) in breast can-
cers.119,120 Recent clinical studies, using an immunocytochem-
ical assay, suggest that elevated levels of cyclin E expression
and decreased levels of p27 expression have independent
prognostic significance in breast cancer, including node-
negative breast cancer in premenopausal women.121,122 Expres-
sion of p27 was reduced in high-grade, but not low-grade,
DCIS and was reduced in 20% of low-grade, 67% of
moderate-grade, and 97% of high-grade invasive ductal carci-
nomas.122 Identification of a low-molecular-weight isoform of
cyclin E has been described as a molecular marker of poor
prognosis.123 However, those assays require fresh tumor sam-
ple collection and more sophisticated laboratory techniques
than standard IHC on a paraffin tissue section. The cyclin E
isoform assay is currently performed in a single research lab-
oratory, still needs independent validation, and hence is not
currently used for routine clinical practice. These assays may
well have a future role in the clinical laboratory. In summary,
there are several levels of cell cycle control at specific check-
points that use different tumor suppressor genes, cyclins, and
their inhibitors.

Which tumor suppressor genes are 
important markers in breast cancer?

p53
The most important tumor suppressor gene in human cancer,
p53 is believed to play a significant role in breast cancer.124,125

The gene is located on chromosome 17 (17p21), and its pro-
tein product is a DNA-binding transcription factor for growth
inhibitory factors that regulate the cell cycle and prevent entry
into S phase.126–130 Expression of normal (wild-type) p53 is
increased in stressed cells, such as those exposed to ionizing
radiation or chemotherapy.130,131 Wild-type p53 is also able to
induce apoptosis (active cell death) in damaged or stressed
cells,132,133 activates genes involved in DNA repair,125 and pro-
motes differentiation and senescence of cells.129 The overall
effects are to prevent damaged cells from cycling, differentiate
them into nonproliferative terminal stages, or kill severely
damaged cells. Wild-type p53 protein binds DNA as a
tetramer,134 enhances transcription of several genes (including
p21, GADD45, and mdm-2), and also represses transcription
of other genes ( fos, jun, myc).129,135–137 Expression of p53 is
induced in late G1 through the S phase of the cell cycle.127,131 It
delays cells in G1 phase so that DNA damage can be corrected
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Figure 12–10 Diagram illustrating the role of cyclin D–CDK-4
complexes in phosphorylation of retinoblastoma (Rb) protein in a
checkpoint between G1 and S phase of the cell cycle. The E2F tran-
scription factor is released to activate replication-associated gene
transcription.



before replication.129,130 The p53 protein is expressed in the
nucleus; however, wild-type p53 is rapidly cleared, and there-
fore the protein is usually not detectable by immunocyto-
chemical assays.124,129 Mutation of the p53 gene (the most
common abnormality) leads to a dysfunctional p53 protein,
which can be detected by immunocytochemistry as increased
amounts of p53 protein due to the delayed clearance of the
abnormal protein.124,129 The genes induced by p53 binding to
DNA include p21 (WAF-1/CP1), GADD45, bax, and mdm-2129

(Fig. 12–11). The p21 protein product inhibits cyclin D–CDK-
4 binding of Rb protein (the late G1 cell cycle checkpoint) and
also inhibits DNA replication enzymes such as PCNA and
thymidine synthetase.126,138 The ras, MAP kinase signal trans-
duction pathway has also been shown to induce p21 expres-
sion in a p53-independent manner.139 GADD45 also inhibits
these DNA replication enzymes. The mdm-2 protein binds to
and inhibits p53 protein in a negative feedback effect.140 This
protein has not yet been shown in breast cancer but is a sig-
nificant abnormality in some sarcomas.141

The role of wild-type p53 in apoptosis is more definitive in
breast cancer cells than in hemopoietic and lymphoid cells.142

This may partly explain why hematologic malignancies
respond to chemotherapy and ionizing radiation more reli-
ably than most solid malignancies.142 Activation of wild-type
p53 stimulates transcription of proapoptotic molecules, such
as bax, PIG3, PUMA, Noxa, and p53AIP1, and there is also
evidence that wild-type p53 can directly enter mitochondria
and stimulate apoptosis.125 Mutant p53 may be involved in cel-
lular resistance to necrosis in the center of expanding tumors.
One study has suggested that clones of p53 mutant cancer cells
may be able to survive in this anoxic environment.143 Whether
this mechanism is due to an influence of p53 on necrosis or
apoptosis has not been completely determined.

Detection of p53 by immunocytochemistry (Fig. 12–12)
implies dysfunctional (mutated or bound) p53 protein. This
can be detected in about 40% of invasive breast carcino-
mas42,144–146 and in 20% to 40% of DCIS (particularly higher-
grade comedo DCIS).63,144,145,147 Overexpression of p53 is
believed to have prognostic significance, particularly in 
node-positive and higher-grade breast cancer.148 Overall, the
literature contains mixed results concerning the prognostic

value of p53 overexpression in node-negative patients.67,149

Overexpression of p53 is associated with increased cell prolif-
eration (S phase, Ki-67, PCNA, MIB-1), histologic grade, and
lack of hormone receptor expression.42,144,146,148,150–153 Some
data suggest an association between p53 expression and HER-
2/neu overexpression,144 perhaps only in high-grade carcino-
mas,148 although other data indicate no correlation.42,146 Loss
of the stabilizing effect of wild-type p53 is associated with
greater genomic instability in breast cancers,154 which could
lead to the development of new, biologically aggressive clones
within the tumor.

BRCA1 and BRCA2
BRCA1 is a tumor suppressor gene on chromosome 17 (17q)
that is sometimes mutated in hereditary breast cancer.15,155

Women with BRCA1 mutations often have cancers with aneu-
ploidy, high histologic grade, and an increased frequency of
medullary features,156–158 but their long-term survival may not
be different.157,159 BRCA1 encodes a 220-kD protein that has
nuclear localization and inhibits the cell cycle through G1-S, S,
and G2-M phases.160 BRCA1 regulates expression of genes 
during cellular stress and repairs double-stranded DNA dam-
age.159 The BRCA1 gene can be screened for mutations; this
technique is presently employed in genetic screening pro-
grams for heritable breast cancer (see Chapter 20). BRCA1
expression is increased during lactation and late pregnancy
(times at which a woman is relatively protected from breast
cancer)161,162 and can be induced by estrogen (and possibly
tamoxifen).163,164 Germline mutation of BRCA2, a tumor sup-
pressor gene located on chromosome 13 (13q), accounts for a
similar proportion of hereditary breast cancer families as
BRCA1.165 The gene product of BRCA2 is critical for the repair
of double-stranded DNA breaks.166 Unlike p53, somatic muta-
tion of BRCA2 (or BRCA1) in solid tumors is extremely
rare.166 Decreased expression of BRCA1 or BRCA2 does occur
in sporadic breast cancer, and this is thought to be due to
somatic deletion of one copy of the gene.166 Hypermethylation
of the promoter sequence for the remaining copy of BRCA1
is occasionally identified, and this completely silences the
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Figure 12–11 Diagram of the inhibitory influence of p53 protein
on DNA synthesis (bottom left) and the G1- to S-phase checkpoints
of the cell cycle (bottom right) by inducing inhibitory molecules
(p21 and GADD45).

Figure 12–12 Immunohistochemical stain showing expression
of p53 in the nuclei of breast cancer cells in a paraffin tissue sec-
tion (¥100). The proportion of positive (dark-colored ) cancer
nuclei is calculated and reported as more than 90% (high).



expression of BRCA1, but this is not the case for BRCA2.166

However, EMSY is a novel protein that was recently shown to
bind BRCA2 after its induction following irradiation.167 The
normal function for EMSY is to inactivate BRCA2 after DNA
repair, but the authors identified amplification of the gene for
EMSY (11q13.5) in 13% of breast cancers, and this was asso-
ciated with node positivity and worse survival.167 In 60% of
these tumors, EMSY was coamplified with cyclin D1 (also at
11q13), suggesting a possible double oncogenic lesion in those
cases.167

What assays are used to evaluate 
hormone receptors in breast cancer?

Hormone receptor expression may indicate a better prognosis
in premenopausal woman (PR slightly stronger than ER),
although the main reason for routinely performing these
assays is the predictive value of response to hormonal therapy.
ER and PR levels are often similar within a breast cancer. PRs
are closely related to ER activity. There are several forms with
different tissue expression and activity. The PR level is widely
considered to be an indicator of the integrity of the ER path-
way. Immunocytochemical,168 immunoenzymatic,169 and bio-
chemical (ligand binding)170 assays are available for ER and PR

(Table 12–1). Fresh or frozen cancer tissue is required for
immunoenzymatic and biochemical analyses. Many carcino-
mas are small and require fixation and complete histologic
evaluation of the entire tumor. In these cases, hormone recep-
tors can be studied using immunocytochemistry. There is
excellent correlation between biochemical and immunocyto-
chemical techniques.171–173 Biochemical assays can be limited
by sampling of normal (instead of malignant) cells, by
endogenous hormone bound to and blocking recognition of
receptors (in premenopausal women),174 and by truncated or
mutated receptor protein, which does not bind hormone but
is still transcriptionally active.175 In recent years, antibodies
have been developed to reliably detect ER and PR in formalin-
fixed paraffin-embedded tissue.176,177 These antibodies are
readily used on routine histologic materials (Fig. 12–13) and
have largely replaced biochemical assays as the standard
assay.174,176,178,179

The reagents to be used for clinical ER testing using IHC
now require approval by the U.S. Food and Drug
Administration (FDA) because the results of the ER IHC test
are the main determinant of whether a patient with breast
cancer is eligible for hormonal therapy.180,181 This recent meas-
ure by the FDA acknowledges the change in how ER status is
used in patient care. Although it is important to maintain the
quality and reliability of reagents used to perform IHC for ER,
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Table 12–1 Summary of Assays Used to Measure Estrogen and Progesterone Receptors in Clinical Breast Cancer Specimens

Paraffin?, can assay be used on formalin-fixed paraffin-embedded tissue sections?; Amount, recommended minimum amount of pure tumor; Positive, values
representing positive receptors status; GT, ground tissue piece (fresh or frozen); FixT, fixed tissue section (5 mm usually); FroT, frozen tissue section; TI, tissue
imprint onto glass slide; FNA, fine-needle aspirate; ea, each assay.

Hormone Receptor Assays

Assay Tissue Paraffin? Amount Measure Positive

Biochemical GT No 1 mg Quantitation of ligand binding >10–15 fmol/mg

Immunoenzymatic GT No 1 mg Immunologic quantitation of receptor in cytosol >10–15 fmol/mg

Immunocytochemical FroT, FixT, TI, FNA Yes 1 slide ea Positive nuclei (%) (image analysis) >10%

A B
Figure 12–13 Immunohistochemical stain for estrogen receptor (ER) in the nuclei of breast cancer cells in paraffin tissue sections from
a core biopsy (¥200). One tissue core (A) demonstrates weak, equivocal nuclear staining (low expression), but the other tissue core (B)
from the same paraffin block demonstrates stronger staining in the nuclei of most cancer cells. This case demonstrates the differences
that can occur in the ER immunohistochemistry assay from tissue fixation and antigen-retrieval methods, even in a single tissue block.



and standardization of reagents is enforceable by the FDA, this
measure does not resolve two main problems with the IHC
assay for ER.180,181 Stringent evaluation of the IHC test for ER
has shown that the antigen-retrieval protocol is the most
important variable of staining result.182–184 Generally, fixed tis-
sue sections are immersed in a buffered solution and cooked
in a microwave oven at high temperature setting for 30 
minutes.182 Insufficient antigen retrieval can produce false-
negative IHC results. Excessive antigen retrieval can lead to
nonspecific background staining or loss of the antigen epi-
tope. Antigen-retrieval methods also depend on the type and
duration of tissue fixation and histochemical processing; thus,
many laboratories optimize their own retrieval methods using
control tissues.182 A standardized antigen-retrieval protocol is
not an FDA requirement, and tissue fixation and processing
methods are also not standardized.181 A recent study indicated
that the duration of microwave cooking was the most impor-
tant determinant of staining quality.182 Obviously, the quality
and extent of antigen retrieval determines staining intensity in
paraffin-embedded tissues, and this significantly influences
the interpretation of staining results.

Most pathologists report the percentage of positively
stained cancer nuclei and use a 10% threshold for definite
positive status, ignoring the overall intensity of staining.182

Limited staining of less than 10% of the cancer nuclei can
occur and is considered to be low expression that is equivocal.
The H score was devised to combine the product of nuclear
staining intensity (0 to 4) and the percent tumor area with
each intensity score, to give a total of 0 to 400. The H score is
time-consuming to perform and has not been widely adopt-
ed.182 A semiquantitative interpretation of ER IHC (combines
percent positivity and intensity) has been proved in clinical
studies to predict response to tamoxifen more accurately than
ligand-binding assays,185,186 but this method is still not widely
used.182 Systems that include the intensity and frequency of
nuclear staining demonstrate higher response rates in
metastatic breast cancer related to level of ER expression
(responses in 25% negative, 46% intermediate, and 66% high
expressors).186 Computerized image analysis systems also seek
to quantify intensity and distribution of staining but require
additional cost and time to perform.

The gain from IHC has been greater confidence that ER
expression is being assessed in the cancer cells and applicabil-
ity of IHC to archival and routine diagnostic materials that
can be performed in any laboratory (see Fig. 12–13). However,
during this time, the quality of information provided by these
different assays has not improved much, whereas the clinical
utilization of ER information has radically changed from ER
status as one of the prognostic markers to ER status as the
main determinant to choose endocrine treatment.

ER in the nucleus is composed of three main components:
a central DNA-binding domain, flanked by AF-1 and AF-2
domains. Estrogen (ligand) binds into a central site in the AF-2
domain, and a hydrophobic cleft forms, attracting coactivator
proteins to bind. Coactivator proteins also bind the AF-1
domain. Coactivation is greatly enhanced by the changed 
conformation when estrogen is bound and enables the 
DNA-binding domain to bind to specific estrogen response
elements in the promoter regions of certain genes, directly
influencing their transcription. Nuclear ER is present in every
breast epithelial cell but is detectable using IHC only when the
level of expression is increased. This is the concept behind use

of IHC for ER as the assay to select patients for endocrine
therapy.187 Binding of the receptor hormone complexes to
DNA induces promoters for a variety of genes, which are then
transcribed. Those genes define the ER-related transcriptional
profile and encode a variety of growth, proliferative, and
secretory proteins that define the biology of ER-positive breast
cancer.52,53,188,189

ER has recently been described in the cell membrane and 
is bound to caveolin within cell membrane rafts.190,191

Transactivation of other receptors present in these rafts
(EGFR, IGFR, HER-2/neu) leads to signaling to multiple
kinase cascades, such as MAPK (ERK) and PI3K/AKT, that
influence cell proliferation and transcription of genes.190,192–194

This occurs in tumors that are positive for ER and EGFR or
HER-2/neu.194,195 There is also activation of bcl-2 and bcl-XL
(phosphorylated by JNK) to promote survival.196 This mem-
brane signaling by ER probably contributes to tamoxifen
resistance because it bypasses the antagonistic action of
tamoxifen in the nucleus.190 However, because aromatase
inhibitors markedly reduce estrogen levels in the tissues,
the combination of aromatase inhibitors with agents that
inhibit signal transduction molecules (tyrosine kinases,
farnesyl transferase, cyclin-dependent kinases) has been 
proposed.190,197

Are markers of breast cancer cell 
death available and informative?

The relevance of this question pertains to the ability of cancer
cells to survive in conditions that would normally lead to cell
death, to continued proliferation with severe DNA abnormal-
ities that would normally be fatal, and to the effectiveness of
chemotherapy and radiation therapy against cancer cells.
Breast cancer cells can die by two different mechanisms. One
mechanism is necrosis, due, for example, to inadequate blood
supply to a region of tumor; the other mechanism is apopto-
sis (active individual cell death). Necrosis is documented his-
tologically, without need for molecular assays.

Apoptosis is an active, multistep process by which cells
release proteases and DNAses to digest themselves. This
process is seen in normal cells as a response to endocrine
effects; damage (radiation, toxins, drugs, viral infection);
cytokines (tumor necrosis factor, TGF-b); and disruption of
cells from their extracellular matrix or neighboring cells, from
electrolyte disturbances, or from disrupted linkage between
growth and proliferative signals.198 It is proposed that the
common mechanism for inducing apoptosis is disruption of
the link between proliferative drive within the cell nucleus and
the required growth signal from receptors and transduction
pathways.198 For example, cells that overexpress c-myc (tran-
scription factor) are very susceptible to apoptosis.199 The spe-
cific DNAse enzymatic destruction of DNA in apoptosis leads
to fragmented DNA.198,200 In situ detection of DNA fragments
allows detection of apoptotic cells and determination of apop-
totic indices within tissue sections of tumors.201

A normal protein (bcl-2) is expressed in the cytoplasm of
cells and prevents them from undergoing apoptosis.202 The
bcl-2 protein binds to another protein (bax), negating the
apoptosis-promoting activity of bax.203 Antibodies are avail-
able for the immunocytochemical detection of bcl-2, and 
this has been studied in breast cancer, showing favorable 
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prognosis in women whose cancer strongly expresses 
bcl-2.204,205 There is a functional relationship between ER
activity and bcl-2,205,206 as well as between wild-type p53 activ-
ity and bcl-2.207 Survivin is an upstream inhibitor of mito-
chondrial apoptosis that has increased nuclear expression in
up to 60% of breast cancers and is associated with improved
survival.208,209 Activation of estrogen receptor increases the
expression of both bcl-2 and survivin.210 Preliminary data sug-
gest that reduced bcl-2 expression may indicate response to
chemotherapy.211 Transcription factors (myc and E2F) and
tumor suppressor genes (p53 and PTEN) have a role in the
control of apoptosis.199 Therefore, the systems of cell growth,
proliferation, and death are related.

How does chromosomal telomere 
integrity affect breast cancer?

Mortality of normal cell lineages occurs in normal aging
because the telomeric ends of chromosomes are shortened
with successive divisions until eventually the lineage is
exhausted. Activation of telomerase is common in breast can-
cer but not normal breast tissue.212 This enzyme maintains the
ends of chromosomes, effectively producing immortality of
the cancer cell lineage. A PCR-based telomere repeat amplifi-
cation protocol (TRAP assay) was developed to identify a
specifically repeating nucleotide sequence that is synthesized
on the ends of the telomeres by telomerase.213,214 Newer assays
are easier to perform; they use RT-PCR or IHC to recognize
the active enzyme domain and use human telomerase reverse
transcriptase (hTERT) or in situ hybridization to recognize an
internal RNA component (hTR).215,216 These assays have
demonstrated that increased telomerase expression is asso-
ciated with more proliferative breast cancers and poorer 
disease-free survival.215,216

Which markers assess breast 
cancer invasion and metastasis?

An invasive breast cancer has the ability to spread by metasta-
sis to other organs, and it is this systemic disease that is the
most important determinant of patient survival. Normal
breast cells are strongly bound to their neighboring cells and
to the underlying basement membrane by adhesion proteins.
To invade, breast cancer cells must be able to dissociate from
their neighbors, pass through the basement membrane and
the extracellular matrix, and bind to new structures in order
to pull themselves through the tissues (see Fig. 12–5A). The
fact that pathologists detect stromal desmoplastic response in
invasive breast cancer indicates that the invasive component
of the tumor and the host stromal response are intimately
associated (see Fig. 12–2). These same processes are required
when the cells invade through tissue and through blood vessel
walls, travel in the bloodstream, attach to distant endothelial
sites, invade outside vessels, and establish tumor growths at
distant sites (metastasis) (see Fig. 12–5B).

Cell Adhesion
Cell adhesion molecules join adjacent cells and the extracellu-
lar matrix and link the cell membrane to the underlying pro-
tein cytoskeleton. In breast cells, these cell adhesion proteins

include cadherins and integrins (Fig. 12–14), which are fami-
lies of different proteins. Reduced expression of E-cadherin
has been shown in invasive breast cancer, correlating with
higher histologic grade.217–219 The different pattern of invasive
growth seen in lobular carcinoma is largely explained by loss
of expression of E-cadherin (Fig. 12–15). E-cadherin gene
encodes an adhesion molecule that is critical for intercellular
attachment of epithelial cells. In lobular carcinomas, there is
no expression of E-cadherin protein at the cell membrane,
owing to loss of a gene allele (loss of heterozygosity [LOH]),
mutation (encoding a protein that is secreted and not able to
form intercellular attachments), or silencing of gene expres-
sion due to hypermethylation of the promoter site.220–223

Therefore, E-cadherin is not expressed at the cell membrane,
and the carcinoma cells have minimal intercellular attach-
ment. Loss of E-cadherin expression also occurs in lobular
carcinoma in situ (LCIS), explains the characteristic discohe-
sive appearance of the epithelial cells in that lesion, and is
related to subsequent development of invasive lobular carci-
noma.224 A recent publication compared the overall gene
expression profiles between ductal and lobular types of inva-
sive cancer and identified differential gene expression in very
few genes.225 The most significant difference was reduced
expression of E-cadherin in lobular carcinomas.225 Expression
of osteopontin, survivin, and cathepsin B genes was also sig-
nificantly decreased in invasive lobular cancer.225 Although
complete loss of expression of E-cadherin is usual in invasive
lobular carcinoma, reduced expression of E-cadherin does
occur in some invasive ductal carcinomas and is related to a
more infiltrative growth pattern226 (see Fig. 12–15). In this
context, it is possible to consider lobular carcinoma of the
breast as a variant of invasive carcinoma (rather than a specific
histologic type), in which lost expression of a single gene
product (E-cadherin) influences intercellular attachment and
imparts a characteristic pattern of infiltrative growth.

Integrins are heterodimer pairs of different a and b chains
(many combinations exist), which form attachments to the
extracellular matrix and to adjacent cells and also act as
growth-signaling peptides through their interactions with
other cytoplasmic proteins beneath the cell membrane.227 In
normal breast, these molecules are preferentially expressed in
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Figure 12–14 Diagram of the main cellular adhesions in epithe-
lial cells. Cadherins are involved in intercellular adhesion, whereas
integrins generally mediate adhesion of the cell to basement
membrane. Cytoskeletal filaments (actins, cytokeratins) attach to
the adhesion units.



myoepithelial cells and the base of epithelial cells.228,229 In
invasive cancers, there is loss of polarity and reduced overall
expression of integrins in the malignant cells.228,229 Reduced
expression of b1 and b4 chains has been shown in DCIS.230 The
hyaluronic acid receptor (CD44) has also been indicated as a
marker of tumor differentiation in breast cancer.231

Enzymes
Proteolytic degradation of the extracellular matrix occurs by
three main enzyme families. These are cathepsins, plasmino-
gen activators, and matrix metalloproteinases (stromelysins,
type IV collagenases, and interstitial type I collagenases).
These enzymes can be secreted by breast cancer cells or by
desmoplastic host stromal cells; all have been identified in
invasive breast cancers and have been related to the likelihood
of metastasis. These enzymes are usually secreted in an inac-
tive proenzyme state and then activated in the extracellular
space. Specific molecular inhibitors can inhibit their activity.
In addition, growth factor and hormone effects permit tran-
scriptional control of the genes for these enzymes, with tran-
scription factors binding to specific gene control sites and
subsequent inhibition or promotion of gene transcription.

Cathepsin D is a lysosomal proteolytic enzyme that also has
growth factor properties and can be secreted by breast cancer
or stromal cells.232 The prognostic significance of cathepsin D
expression has been evaluated in numerous studies using 
different assays. Studies using Western blot assays (cytosol
protein levels) have shown increased enzyme levels to be asso-
ciated with more aggressive outcome,233 although immunocy-
tochemical assays have not detected significant independent
prognostic value for cathepsin D.234 Therefore, the prognostic
significance of cathepsin D levels remains controversial.
Cathepsin D levels are closely associated with ER activity in
breast cells235; therefore, in breast cancer cells, they may be
related to the integrity of the ER system.236

Urokinase plasminogen activator (uPA) binds to a cell
membrane receptor; activates plasminogen, matrix metallo-
proteinases, and collagenase IV; and can digest fibronectin.234

Immunoassays of cytosol extracts have indicated that high

uPA levels correlate with poor prognosis in breast cancer.234

This effect may be more marked when there are low levels of
the inhibitor of uPA (PAI-2).237 The cell membrane receptor
for uPA has been identified on breast cancer cells as well as
macrophages in the desmoplastic stroma.238,239 Recently,
ELISAs for the cytosolic ratio of uPA to inhibitor of plas-
minogen activator inhibitor type 1 (PAI-1), and for tissue
inhibitor of metalloproteinase type 1 (TIMP-1), have been
reported to achieve independent prognostic significance.240–243

The matrix metalloproteinases are a family of enzymes that
include interstitial (type I) collagenases, type IV collagenases,
stromelysins, and membrane-type metalloproteinases.234,244–246

As a group of enzymes, they can digest almost any protein in
the extracellular matrix. Type IV collagen is the main compo-
nent of basement membranes and is presumed to be a major
barrier to invasion; however, there are inconsistent (and lim-
ited) data concerning the utility of immunocytochemical
assays for type IV collagenases as prognostic markers in breast
cancer.247,248

Other Markers of Invasion and Metastasis
A metastasis suppressor gene (nm-23) has been described.249

Loss of this suppressor gene product has been associated with
more frequent metastatic disease250; however, there are also
conflicting prognostic data.251

How is the host desmoplastic stromal 
response related to breast cancer markers?

The invasiveness of breast cancer cells is histologically related
to the desmoplastic stromal response. The major components
of the stromal response are the activity of stromal fibroblasts
and histiocytes and the induction of angiogenesis to create a
new capillary network to supply the tumor.

Stromal cells can influence tumor growth through
paracrine simulation or inhibition of cancer cells through
cytokines and growth factors. These stromal cells can also
secrete enzymes to degrade the extracellular matrix. These are
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A B
Figure 12–15 Immunocytochemical stain demonstrates a membranous staining pattern of E-cadherin in invasive ductal carcinoma cells
(A) that is lost in poorly differentiated invasive carcinoma with a single-cell invasive pattern (B). Note that epithelial cells of a normal duct
(B, lower left) stain for E-cadherin (¥200).



normal functions for these cells in wound healing, and it is
believed that cancer cells may use these natural processes to
their own advantage in the process of invasion. Tenascin is an
extracellular matrix glycoprotein expressed in embryogenesis
(mediating epithelial–mesenchymal interactions) as well as in
some malignancies. Cancer and stromal cell expression of
tenascin has been reported as an adverse prognostic marker in
breast cancer.252

Angiogenesis is a critical component of tumor growth.
Tumor cells and the associated host cells can induce angio-
genesis through cytokines such as fibroblast growth factor-b.
This again is a normal activity in wound healing but is uncon-
trolled in breast cancer. There is increased requirement for
blood supply in rapidly growing and invasive tumors, leading
to angiogenesis. Immunocytochemical assays for endothelial
cell antigens (factor VIII, CD34) will demonstrate these capil-
laries, and vessel density within the tumor can be counted.
Vessel density correlates with invasiveness, metastasis, and
clinical behavior in breast cancers,253–256 but not all results have
supported vessel density as a prognostic marker.257,258 Breast
cancer cells produce and secrete vascular endothelial growth
factor (VEGF) to stimulate angiogenesis by activating VEGF
receptors on endothelium. VEGF expression is probably higher
in HER-2/neu–positive breast cancers.259 High levels of cyto-
solic VEGF in tumor extracts (measured by ELISA) are asso-
ciated with significantly shorter disease-free survival.260–262

The immune response to breast cancer cells involves cyto-
toxic T lymphocytes (cell-mediated immunity), which can kill
cancer cells by releasing toxic granules (perforin) or by bind-
ing Fas antigen and inducing apoptosis.263 However, this prob-
ably has a negligible influence on the growth, invasiveness,
and clinical outcome of invasive breast cancers. Tumor-
associated lymphocytes are infrequently a significant histo-
logic component of these tumors.

How heterogeneous are cells 
within breast cancer?

Most studies of molecular pathologic assays involve single
samples from breast cancers. There is some evidence that
breast cancers can be quite heterogeneous. Evaluation of DNA
content (ploidy) shows heterogeneity in 30% to 50% of breast
cancers if samples are studied from four or more areas of
each cancer.264–266 Analysis of all lymph node metastases and
multiple primary tumor samples in heterogeneous tumors 
(by DNA ploidy) showed that DNA clones are stable during
metastasis.267,268 These clones are identifiable as a significant
population (≥25%) in the primary tumor, but different nodal
metastases contain different DNA clones.267 These findings
indicate established heterogeneity of DNA ploidy clones 
within the primary tumor and the different metastases and
show that different clones from the tumor can metastasize
(retaining their DNA indices) and establish a majority in each
metastasis.267 However, neither diploid nor aneuploid clones
appeared to have a metastatic advantage.267 Cytogenetic analy-
sis showed loss of specific chromosomal regions in only some
of the tumor cells in 15% to 45% of breast cancer samples,269

indicating clonal heterogeneity within the tumor. Cytogenetic
clones within the lymph node metastases were always present
within the primary tumor,269 consistent with the DNA ploidy
studies discussed earlier.267

Single samples of primary tumor and nodal metastases
have approximately similar proliferative indices, although
there is considerable variance.270 There is marked heterogene-
ity of proliferative activity if multiple samples are studied by
any of the assays for proliferative activity.267,271,272 In one study
of 101 patients followed for 5 years, only the means of the pro-
liferation indices (three to eight samples measured) were of
prognostic significance, whereas the highest values and the
degrees of heterogeneity (coefficients of variance) were not
significant.271

Little is known about heterogeneity of HER-2/neu or p53
expression. Generally, if the primary tumor overexpresses
HER-2/neu, its nodal metastases will mostly overexpress this
oncoprotein.267,273 Cancer cells frequently develop genetic
damage because of inherent genetic instability. Breast cancer
cells with abnormal p53 have been shown to have greater
genomic instability.154 This is associated with more frequent
oncogene activation, such as HER-2/neu expression.154 Many
genetic alterations are fatal or are not advantageous to the
tumor cells; however, as dominant subclones develop, they
overtake the tumor population.274–276 This is a mechanism of
cancer progression, and clonal heterogeneity should be con-
sidered as part of the evolving biology of breast cancer.

It is important to appreciate that there is no single defini-
tion of clonality in breast cancer; therefore, the concept of
multiclonality depends on which molecular assay is being
studied. For example, some breast cancers have been shown to
be clonal by some molecular techniques (X-chromosome
inactivation pattern and restriction fragment length polymor-
phisms of other chromosomes), whereas DNA indices of the
same breast cancers were heterogeneous.277 A different group
used similar techniques and found monoclonality of the X
chromosome in predominantly intraductal carcinoma com-
pared with heterogeneity in atypical ductal hyperplasias and
papillomas.278 This may be evidence that breast neoplasia
begins as a monoclonal cell population but that heteroge-
neous subclones emerge as the disease progresses. The degree
of heterogeneity within a single tumor would therefore
depend on the state of tumor progression and the relative bio-
logic aggressiveness of the different subclones that emerge.

Should molecular pathologic assays achieve 
independent prognostic significance?

The molecular pathologic pathways within breast cancer cells
are complicated, and there is considerable overlap between
different biochemical pathways and systems. Examples we
have discussed include p53 and its role in the cell cycle, gene
transcription, and cell death; ER activation and its influence
on PRs, growth factors, signal transduction, and proteolytic
enzymes; the interactions between cancer cells and host 
stromal cells; and the overlap between different cell surface
receptor systems, signal transduction pathways, and DNA
transcription factors. It is understandable, therefore, that an
individual molecular pathologic assay is unlikely to serve as a
single independent prognostic determinant in such a complex
biologic system. These assays do, however, study critical can-
cer cell functions that relate directly to growth survival, inva-
sion, and metastasis. It is hoped that further refinement of
these biologic pathways in cancer cells, and a more critical
interpretation of the results of expanding clinical studies
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using these assays, may focus attention on molecular systems
within cancer cells rather than placing the emphasis on the
prognostic significance of an individual molecule.

Can molecular pathologic assays
predict response to therapy?

The difficulties in determining the prognostic significance of
molecular markers from clinical outcome studies (outlined
earlier) also apply to studies on the effects of therapy.
However, the role of breast markers in predicting therapeutic
responses will be an important area for future prospective
clinical studies. Studies have found that certain markers do
provide indications of potential therapy responses; some (ER
and PR) have established clinical utility, whereas most require
further research before any clinical value can be ascribed.

Antiestrogens
About 50% to 60% of newly diagnosed breast cancer patients
are eligible for endocrine therapy on the basis of a positive
IHC result (ER staining of ≥10% cancer cell nuclei).187 The
current IHC test for ER has a high negative predictive value
because patients with ER-negative breast cancer are highly
unlikely to benefit from endocrine therapy.187 However, the
positive predictive value of response for patients with ER-
positive breast cancer is weaker (50%), depending on whether
the tumor is positive for ER and PR (50% to 70% respond) or
ER only (30% respond).187 The hormone receptor assays
(estrogen and progesterone) provide reliable and valuable
information concerning response to antiestrogen therapy.
Expression of pS2 in ER-positive cancers implies a good
response to antiestrogens.279 This probably reflects the in-
tegrity of the ER pathway because pS2 is an estrogen-induced
gene. There are also data to suggest that patients with ER-
positive cancer may not respond as well to antiestrogen 
therapy if the cancer cells overexpress HER-2/neu.280 A breast
cancer cell line transfected with mutant p53 did not develop
antiestrogen resistance,281 but clinical studies are not available.

Trastuzumab (Herceptin)
Monoclonal antibodies to HER-2/neu are available for clinical
use and were used in the initial clinical trials of trastuzumab
therapy282 (clones 4D5 and CB11), but these may not be opti-
mally sensitive. The FDA-approved HercepTest (DAKO) uses
a polyclonal antibody cocktail that enhances the sensitivity of
HER-2/neu detection but may compromise its specificity.
Indeed, the HercepTest yielded a positive score in nearly 60%
of breast carcinomas (expected frequency of 25% to 30%) and
in 54% of samples from a group of 59 cases in which there had
been no prior IHC staining using a monoclonal antibody
(CB11).283 This was attributed to poor specificity of the 
polyclonal antibody used in the HercepTest.283 However, the
HercepTest yielded a positive score in 58% of samples from a
group of 48 cases in which there had been no prior IHC 
staining using the concentrate for the polyclonal HercepTest
antibody (DAKO) and in which FISH had also shown no
HER-2/neu gene amplification.74 It was claimed that the scor-
ing system of the HercepTest is prone to overestimation of
IHC staining intensity because the normal epithelium is also
positive in some cases.74 This depends on the antibody selected
and the laboratory methods. In our study of HercepTest, the

normal breast epithelium was always negative.284 Response
rates from trastuzumab are lower for 2+ IHC staining tumors
compared with 3+ staining tumors. In many laboratories, IHC
is used as a primary screen, with FISH testing of all 2+ cases 
or primary FISH-based testing.285 In a study of single-agent
trastuzumab in 111 patients, the response rates for 3+ IHC
staining was 35%, versus 0% for 2+ IHC staining, and the
response rate was 34% for FISH amplified, compared with 7%
for nonamplified, breast cancer.285 In another study of breast
cancer treated with trastuzumab and paclitaxel, patients 
with HER-2/neu–overexpressing tumors had overall response
rates from 67% to 81%, versus 41% to 46% in patients with
normal expression of HER-2/neu.286 FISH-based testing is
more expensive and not as widely available as IHC, but some
have suggested that FISH is actually more cost-effective if
trastuzumab therapy is restricted to those with HER-2/neu
amplification.287

Radiation Therapy
Radiation is most effective in proliferating cells; therefore, cell
cycle–related proteins are likely molecular targets for predic-
tive assays. Abnormalities of p53 have been suggested to
increase cellular resistance to radiotherapy,288 but reliable clin-
ical data relating to breast cancer are not yet available.

Chemotherapy
High S-phase fraction has been shown to predict for improved
response to chemotherapy.289–291 Other data suggest that 
HER-2/neu overexpression may adversely predict outcome 
to CMF (cyclophosphamide, methotrexate, 5-fluorouracil)
chemotherapy292–294; however, contradictory findings were
published for doxorubicin-based therapy.295 Cultured human
breast cancer cells with HER-2/neu overexpression have
recently been shown to develop resistance to paclitaxel (Taxol)
chemotherapy.296 Recent data suggest that patients whose
tumors express p53 (immunocytochemistry of paraffin-
embedded tissue) may have a poorer response to CMF
chemotherapy; the study sample was small, however, and
results were not statistically significant.297 Matched-pair analy-
sis of tissues before and after CMF chemotherapy showed
altered p53 expression in 40% of cases, suggesting clonal selec-
tion after therapy.298 There is strong evidence that apoptosis
(and the role of bcl-2 and bax) is important in the response 
of hematologic malignancies to chemotherapy and radio-
therapy,299 but the influence of this cellular process in breast
cancer is not fully understood.142 Early data indicate a possible
role for bcl-2 assays in predicting response to therapy.204,205,300

Immunocytochemical assays may be performed to detect drug
resistance proteins, most importantly P glycoprotein (MDR-
1). This is a multidrug resistance protein that, if present,
actively pumps drug molecules out of cancer cells and is asso-
ciated with resistance to chemotherapy.291

There is considerable potential for high-throughput tech-
nologies, such as gene expression arrays, to identify responsive
and resistant molecular profiles to predict likely response to
chemotherapy regimens. To achieve this, the molecular pro-
files must be obtained and validated in the context of clinical
trials that have meaningful outcomes. An example of this is
complete pathologic response (pCR) from neoadjuvant
chemotherapy that has an associated excellent long-term sur-
vival.301,302 Using gene expression microarrays from needle
biopsies in a training set of 24 newly diagnosed breast cancers,
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a 74-gene-expression profile was developed to distinguish the
tumors that subsequently achieved pCR from those that had
residual invasive carcinoma after 6 months of preoperative
chemotherapy with paclitaxel, then 5-fluorouracil, doxoru-
bicin, and cyclophosphamide.303 The same methods were then
used to evaluate a validation set of 18 new patients who
received the same medical and surgical management. The 74-
gene profile from the pretreatment needle biopsy sample pre-
dicted there would be pCR for three patients, and all three
achieved pCR.303 There were three additional pCRs in the
other 15 patients for whom the 74-gene-expression profile did
not predict complete response.303 These pilot data are promis-
ing but far from mature. The training set was limited (24
patients) and probably did not encounter the diversity of gene
expression profiles that are associated with complete response,
and hence some complete responses in the validation set were
not correctly predicted.303 It is hoped that expansion of this
and other clinical studies will lead to new predictive assays for
response to chemotherapy.

What are the effects of chemotherapy and 
radiotherapy on breast cancer markers?

There are few data to address this question, and the results are
not consistent. Some evidence suggests that proliferative activ-
ity is reduced, whereas HER-2/neu and p53 expression is
increased.304 It has also been shown that proliferative activity
decreases following chemotherapy if the cancer had a high
level of proliferation originally, that this phenomenon is
dependent on the chemotherapeutic regimen, and that p53
expression is decreased.305 The data from these studies may
only reflect the more advanced stage of tumors that are treated
with chemotherapy before surgery and may not be relevant to
earlier stages of disease.

What are surrogate end-point biomarkers?

The concept of surrogate end points for breast cancer broadly
encompasses any marker that predicts for future outcome.
The more specific context in which this term is used here
involves molecular pathologic markers as predictors of risk
for future breast cancer or for response to chemoprevention
strategies. The purpose is to speed up clinical trials by study-
ing earlier, intermediate changes without having to wait years
for prospective clinical follow-up before results are known.
These biomarkers can be sought in samples from FNA, nipple
fluid aspiration, or tissue from previous breast biopsies.
Identification of aneuploidy and abnormal expression of sev-
eral markers (ER, EGFR, HER-2/neu, p53) has been reported
in fine-needle aspirates of “normal” breast in women at higher
risk for developing breast cancer (family history or previous
atypical or neoplastic breast biopsy) than women at lower
risk.306 These data are very early, however. Chemoprevention
biomarkers should be related to the mechanism of action of
the therapeutic agent to be tested (e.g., PR expression in an
antiestrogen trial) and should be identifiable in precancerous
breast tissue.307 At this time, there are no clinically accepted
surrogate end-point biomarkers, although potential targets
include cell proliferation markers, HER-2/neu, p53, hormone
receptors, and cytogenetic imbalances.307–309 Heterogeneity of

biomarkers in breast cancer is an important issue to be
addressed before this approach will be clinically meaningful.

Should molecular pathologic assays be 
performed on in situ breast cancer?

Presently, the most important information concerning DCIS
is the histologic absence of invasion and the cytologic-
histologic grade. Sometimes, the histopathologic appearance
is indefinite. In such cases, immunohistochemical stains that
recognize myoepithelial cells are used to determine whether a
myoepithelial cell layer surrounds the groups of cancer cells.
These assays detect antigens associated with myofilament
organization (e.g., smooth muscle actin and calponin) or
nuclear p63 expression.310–312 Absence of myoepithelium indi-
cates invasion (see Fig. 12–6). The interpretation of these
stains for myoepithelium in such cases is often challenging
because there are increased numbers of myofibroblastic cells
in the reactive stroma of invasive or in situ carcinoma (and
these share expression of many of the same markers), and pre-
existing myoepithelial cells in a duct or lobule distended by in
situ carcinoma can become attenuated and difficult to identify.
Furthermore, these studies are often performed on small 
needle biopsy samples with known limitations of incomplete
sampling and artifacts of tissue compression and disruption.
Nonetheless, the implications of determining the presence or
absence of invasion for patient management justify the use of
these stains in biopsy samples to address this important diag-
nostic issue.312

Conceptually, in situ carcinoma is a preinvasive, localized
phase of breast carcinoma and thus is managed by surgical or
radiotherapy management; it does not require systemic therapy.
There has been a recent shift in this paradigm since adjuvant
hormonal therapy with tamoxifen has been shown to prevent
(or delay) the onset of subsequent invasive breast cancer in
women with previous DCIS.313 Tamoxifen is currently being
offered to women with DCIS.314 Therefore, many laboratories
have begun to test DCIS routinely for ER and PR (see Fig.
12–5), although there is not yet a published paper to 
confirm that the benefit is restricted to hormone receptor–
positive DCIS. It is expected that most LCIS and low-grade
DCIS should be positive for ER (see Fig. 12–5), whereas the
ER status of intermediate- and high-grade DCIS is un-
predictable from histopathologic appearance alone.315

High-grade DCIS has interesting biologic and molecular
characteristics. This lesion tends to be locally extensive within
the ductal system and may involve single-cell (pagetoid) intra-
ductal spread. Typically, the lesion is histopathologically asso-
ciated with necrosis, apoptosis, and evidence of cellular
proliferation. There is usually a high proliferation index (Ki-
67 expression), and most high-grade DCIS cases have abnor-
mal p53 or overexpression of HER-2/neu.62,316 The frequency
of p53 and HER-2/neu abnormalities in high-grade DCIS
(50% to 70%) is much higher than in invasive cancer (20% to
30%).62,317,318 In concurrent high-grade DCIS and invasive
cancer, the status of HER-2/neu is usually the same.317 High-
grade DCIS with abnormal p53 expression and high prolifer-
ation may be more likely to develop local recurrence.319 This
suggests that some high-grade DCIS lesions are locally aggres-
sive but are delayed in their progression to invasive disease,
despite frequent abnormalities of p53 and HER-2/neu.317 At
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the current time, IHC assays for ER and PR are routinely per-
formed on breast cancers with a final diagnosis of DCIS.

Which of these assays should be routinely 
performed on clinical specimens?

Most of the assays presented in this chapter are not routinely
performed at the present time in a clinical setting but are sub-
jects for clinical research studies. The assays that are routinely
performed on clinical specimens of invasive cancer in all
patients are an immunohistochemical assay for ER and PR
and an immunohistochemical or FISH assay for HER-2/neu.
These are necessary for possible therapy selection. Many labo-
ratories will perform a proliferation assay, such as IHC for
MIB-1 (Ki-67) or S-phase analysis using flow cytometry, par-
ticularly for node-negative breast cancer and T1 tumors.
Some laboratories also perform a DNA ploidy analysis (DNA
index determination) and IHC for p53 protein. It is becoming
increasingly common that laboratories will perform IHC for
ER and PR if the final diagnosis is DCIS because chemopre-
vention with an antiestrogen therapy may be considered if the
DCIS is ER positive. It is possible that immunocytochemical
assays for cell cycle–related proteins may be adopted in rou-
tine use, such as cyclin D1, p27, and cyclin E, although the cur-
rent need is greater for predictive assays than for prognostic
assays.
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efficacy of any detection method depends on the quality of the
examination being performed.

Both ultrasound and magnetic resonance imaging (MRI)
may detect some cancers missed by mammography and are
currently under investigation to determine whether they
might be effective as supplementary screening tests, especially
in women at high risk and in those with dense breasts.2

However, many questions regarding detection rates, false-
positive biopsy results, costs, examination, and interpretation
time need to be answered before ultrasound or MRI can be
recommended for routine screening.

Digital mammography appears to have comparable 
sensitivity and specificity to conventional mammography.
A large multicenter screening study of digital mammog-
raphy is currently in progress to obtain a more precise 
comparison.2

Other modalities, such as thermography, which measures
variation in breast temperature; light scanning (transillumi-
nation), which records transmission of light through the
breast; and radionuclide scans, such as 99mTc sestamibi, should
not be used for screening because they are much less effective
than mammography in detecting very small lesions.

Why is decreased mortality a better measure 
of benefit than improved survival?

The 20-year survival rate for breast cancers detected at the
BCDDP was 81%, substantially higher than the 20-year sur-
vival rate of 53% for breast cancers in the largely nonscreened
U.S. population.4 Although these results are impressive, there
are several reasons why “improved” survival rates among
women who volunteer to be screened do not necessarily estab-
lish benefit from screening. These include selection bias, lead-
time bias, length bias, and interval cancers.5

Selection bias refers to the possibility that women who vol-
unteer for screening differ from those who do not volunteer in
ways that may affect their respective survival rates. Lead-time
bias implies that screening may advance the date of detection
but not alter the date of death from breast cancer. Length bias
postulates that cancers detected at screening contain a dispro-
portionate number of less aggressive lesions. Even if un-
detected, such cancers might never result in death. Finally,
higher survival rates among screen-detected cancers may be
negated by lower survival rates among faster-growing interval

CHAPTER 13

Surveillance Strategy for
Detection of Breast Cancer
Stephen A. Feig

Breast cancer screening, the periodic examination of women
to detect previously unrecognized disease, has usually been
performed by mammography, physical examination (PE), and
breast self-examination (BSE), alone or in combination. By
definition, a breast cancer screening test is performed only on
women with no clinical abnormality to suggest breast cancer,
although they may be at increased risk because of factors 
such as age, family history, or nulliparity. Requirements for 
a screening test differ from those for a diagnostic test and
include adequate sensitivity to detect early disease, acceptable
specificity to minimize false-positive examinations, low risk,
and acceptable cost and cost-to-benefit ratio. Because the ulti-
mate goal of screening is reduction in deaths from breast 
cancer, demonstration of a statistically significant reduction 
in breast cancer mortality in a randomized clinical trial (RCT)
is considered the gold standard of success. Thus far, this result
has been documented for mammography but not for PE or
BSE alone.

BENEFIT FROM EARLY DETECTION

How effective are clinical examination, 
mammography, and other imaging tests?

Mammography, PE, and BSE are complementary: each should
be capable of detecting cancers that are missed by one or both
of the other modalities. However, smaller tumors with higher
survival rates are more likely to be detected by mammography
than PE or BSE.1,2

The Breast Cancer Detection Demonstration Project
(BCDDP) screened 280,000 women throughout the United
States with both mammography and PE from 1973 to 1981.1

In this program, which was sponsored by the American
Cancer Society (ACS) and National Cancer Institute (NCI),
39% of cancers were found by mammography alone, 7% by
PE alone, and 51% by both mammography and PE. Detection
at PE was lowest among earlier-stage lesions. BCDDP results
indicated that mammography was the most sensitive means of
early detection but that screening will be most effective when
both modalities are used. Today, major improvements in
mammography allow detection of even earlier lesions than
was possible during the BCDDP era.3 However, the relative
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cancers that are undetected by mammography and surface
clinically between screenings.

Considering these potential biases, benefit from screening
cannot be proved by observation of improved survival rates.
Rather, such proof requires prospective comparison of breast
cancer death rates among study group women offered screen-
ing and control group women not offered screening in an
RCT.

What are the results from 
randomized clinical trials?

Protocols and results for seven randomized trials of breast
cancer screening by mammography alone or in combination
with physical examination are shown in Table 13–1.6–12

Among seven randomized screening trials, six have shown
evidence of benefit. Breast cancer mortality reduction was 
statistically significant in each of three trials (Health
Insurance Plan of Greater New York [HIP], Swedish Two-
County, and Edinburgh) and in combined results from the
Stockholm, Malmö, Östergötland, and Gothenburg, Sweden,
trials, and marginally significant in the Gothenburg trial.
Only one trial, the National Breast Screening Study of
Canada (NBSS-2), failed to show any benefit for mammo-
graphy. In that trial, women receiving annual mammography
and physical examinations were compared with those being
screened by physical examination alone.10 Possible explana-
tions for the NBSS-2 results include poor technical quality of
mammography and a faulty protocol that allowed preferential
allocation of women with advanced breast cancer into the
study group.13

Why has screening of women aged 
40 to 49 years been controversial?

Initial reports from the HIP trial found a difference in breast
cancer death rates between study and control groups for
women aged 50 years and older at entry that was apparent by
year 4. Such a difference for women aged 40 to 49 years did
not emerge until 7 to 8 years of follow-up. By 18 years of
follow-up, the reduction in breast cancer deaths among study
women aged 40 to 49 years at entry was 23%, the same as for
those aged 50 to 64 years at entry. Yet even then, benefit for
younger women was not statistically significant according to
Shapiro and colleagues.6 This lack of statistical significance
was a consequence of the relatively smaller number of
younger women enrolled and their lower breast cancer inci-
dence. Despite these explanations, the HIP trial results led to
controversy regarding screening women in their 40s.5

The fact that the data for women aged 50 to 59 years and for
those aged 60 years and older at entry when analyzed sepa-
rately also lacked statistical significance was largely ignored.
Moreover, Chu and associates subsequently found a statisti-
cally significant mortality reduction of 24% for women aged
40 to 49 years at entry into the HIP trial.14

There were two reasons why some observers were still not
convinced. First, the delay in benefit for younger women in
the HIP trial was also seen in all subsequent RCTs. Second,
statistically significant benefit for younger women was not
seen in any other individual trial until 1997.

The controversy intensified in 1992 with publication of the
7-year follow-up report from the NBSS-1 trial that found no
evidence of benefit from screening women aged 40 to 49
years.15 There are several explanations for these disappointing
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Table 13–1 Randomized Trials: Results for All Ages Combined

*Statistically significant. Mortality reduction = 1 - RR.
CBE, clinical breast examination; CI, confidence inferval; HIP, Health Insurance Plan of Greater New York; NBSS, Canadian National Breast Screening Study;

RR, relative risk for death from breast cancer in study group/control group.
Data from references 6 to 12.

Age at No. of Mammography Mortality
Entry Mammography Frequency Rounds Follow- Reduction

Trial (Dates) (yr) Views (mo) (No.) CBE up (yr) RR (95% CI) (%)

HIP 40–64 2 12 4 Annual 18 0.77 (0.61–0.97) 23*
(1963–1969)

Malmö 45–69 1–2 18–24 5 None 12 0.81 (0.62–1.07) 19
(1976–1986)

Two-county: 40–74 1 23–33 4 None 20 0.68 (0.59–0.80) 32*
Kopparberg,
Östergötland
(1979–1988)

Edinburgh 45–64 1–2 24 4 Annual 14 0.71 (0.53–0.95) 29*
(1979–1988)

NBSS-2 50–59 2+ CBE versus CBE 12 5 Annual 13 1.02 (0.78–1.33) -2
(1980–1987)

Stockholm 40–64 1 28 2 None 8 0.80 (0.53–1.22) 20
(1981–1985)

Gothenburg 40–59 2 18 4 None 14 0.77 (0.60–1.00) 23
(1982–1988)



results. First, the technical quality of mammography was poor.
During most of the trial, more than 50% of the mammograms
were poor or completely unacceptable, even as assessed by the
standards of the day.13 Second, the randomization process
through which women were assigned into study and control
groups was flawed and may have allowed preferential alloca-
tion of women with breast masses into the study group. As a
likely consequence, an excess of late-stage breast cancers was
found in the study group compared with the control group.13

Is there now proof of benefit for 
screening women aged 40 to 49 years?

Beginning in 1993, several successive meta-analyses of com-
bined data for multiple RCTs were performed to accrue a
greater number of women-years of follow-up than possible
from any one RCT alone. Although the earliest meta-analyses
suggested little if any benefit, subsequent meta-analyses 
published in 1995 and 1996 based on longer-term follow-
up showed a statistically significant mortality reduction of
24% for women aged 40 to 49 years at entry into the seven
population-based RCTs16–18 (Table 13–2). The most recent
meta-analysis, published in 1997, found statistically signifi-
cant mortality reductions among women invited to screening
in their 40s: 18% for all eight RCTs (NBSS-1 included) and
29% for the five Swedish RCTs (see Table 13–2).18 Thus, with
increasing length of follow-up, successive meta-analyses have
shown progressively greater and statistically significant mor-
tality reductions from screening for women in their 40s.

Moreover, meta-analyses are no longer necessary because
two other RCTs besides the HIP study14 have now shown sta-
tistically significant mortality reductions for younger women:
45% for women who began screening at ages 39 to 49 years in
the Gothenburg, Sweden, trial and 36% for women who began
screening at ages 45 to 49 years in the Malmö, Sweden, trial19,20

(Table 13–3).

Should women aged 75 years and 
older be screened?

The question of mammographic screening for elderly women
is clinically relevant because there are almost 10 million
women aged 75 years and older in the United States. The life
expectancy for an average woman at age 75 is 12 years21 and is
even longer for those in good general health. Reduction in
breast cancer mortality among women aged 50 years and
older becomes apparent within 4 years from entry into ran-
domized trials.22 Therefore, older women have a long enough
life expectancy to benefit from screening long before they
might die from other causes. Strictly speaking, benefit from
screening women aged 75 years and older has not been proved
because this age group was not included in any RCT.
Nevertheless, there is no biologic reason why early detection
should not be effective for these women. Survival rates
according to stage of disease are almost as high in older as in
younger women. The detection sensitivity of mammography
is higher in elderly women owing to their generally more fatty
breast composition. Therefore, screening mammography
should be performed on women aged 75 years and older if
their general health and life expectancy are good.2

Why do randomized trials underestimate 
the benefit from screening?

There are several reasons why results from all RCTs have
underestimated the benefit to an individual woman undergo-
ing screening with modern mammography. These include (1)
mammographic image quality below today’s standards, (2)
use of only one mammographic view per breast, (3) noncom-
pliance of some study group women, (4) contamination of the
control group, (5) excessively long screening intervals, and (6)
inadequate number of screening rounds.
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Table 13–2 Most Recent Meta-analyses of Randomized Clinical
Trials Showing Statistically Significant Mortality Reduction for
Women Aged 40 to 49 Years

*All eight trials: Health Insurance Plan of Greater New York (HIP), five
Swedish trials (Two-County, Stockholm, Malmö, Gothenburg), Edinburgh,
National Breast Screening Study of Canada (NBSS-1).

†Seven trials: all trials except NBSS-1.
Data from references 16 to 18.

Table 13–3 Most Recent Follow-up of Randomized Clinical Trials Showing Statistically Significant Breast Cancer Mortality Reduction
for Women Aged 40 to 49 Years

HIP, Health Insurance Plan of Greater New York.
Data from references 14, 19, 20.

Age at Entry No. of Mammography Mammography Clinical Breast Follow-up Mortality 
Trial (Dates) (yr) Views Frequency (mo) Examination (yr) Decrease (%)

HIP (1963–1969) 40–49 2 12 Annual 18.0 24

Malmö, Sweden 45–49 1–2 18–24 None 12.7 36
(1976–1990)

Gothenburg, 39–49 2 18 None 12.0 45
Sweden 
(1982–1988)

Mortality Reduction 
Trials Follow-up (yr) (%)

All eight trials* 10.5–18.0 18

Seven trials† 7.0–18.0 24

Five Swedish trials 11.4–15.2 29



First, there have been many technical improvements in
mammographic technique since the early 1980s when nearly
all trials were conducted. Better image quality facilitates detec-
tion of early breast cancer.3 Second, women in the RCTs were
mostly screened with one view per breast. A two-views-
per-breast examination, today’s standard, has been shown to
detect more cancers than are found using a mediolateral
oblique (MLO) view alone.23

Two other reasons why RCTs underestimate the benefit
from screening are that not all study group women accept the
invitation to be screened (noncompliance), whereas some
control group women obtain screening outside the trial 
(contamination). Yet, to avoid selection bias, an RCT must
compare the breast cancer death rate among all study group
women, both screened and unscreened, with that among all
control group women, including those who are screened on
their own initiative. Thus, both “noncompliance” of some
study women and “contamination” of control group women
reduce the calculated benefit from RCTs.

Fifth, randomized trials have also underestimated the
potential benefit because screening intervals have been 
generally much longer than the annual intervals now recom-
mended.2 Numerous studies indicate that greater benefit
should result from annual screening, especially for women in
their 40s, in whom breast cancer growth rates are faster.24–26

Based on a tumor growth rate model, Michelson calculated
that annual screening would result in a 51% reduction in the
rate of distant metastatic disease, compared with a 22%
reduction at a screening interval of 2 years.27

Several investigators have used mathematical models of
actual RCT data to calculate the benefit to an average woman
who is screened every year and where results are not affected
by noncompliance and contamination.17,23,26 For example,
based on an observed 45% reduction in breast cancer mortal-
ity among women aged 39 to 49 years offered screening every
18 months at the Gothenburg trial, Feig calculated that the
mortality reduction could have been as high as 65% with
annual screening at the observed 80% compliance rate and as
high as 75% at a 100% compliance rate.26

Finally, the fact that no randomized trial had more than
four or five screening rounds represents a sixth reason why
such trials may underestimate the potential benefits from
screening. Such relatively short trials limit the mortality
reduction with estimates that can be made using standard
methods of measurement. Screening needs to be performed
not only frequently but also over much longer time periods 
in order to reach a steady state, when the greatest mortality
reduction will be apparent. Using a new method of moving
averages, Miettinen and colleagues calculated a 55% reduction
in breast cancer deaths for women aged 55 to 69 years at entry
into the Malmö Screening Trial.28 This value was much 
higher than the 26% mortality reduction reported by
Andersson and Nystrom, who had included data from before
year 8, when benefit had not yet peaked, and from after year
11, when benefit was being diluted.28

What are the current screening 
mammography guidelines?

Less than 5% of all breast cancers occur before age 40 years
and less than 0.3% before age 30 years, compared with 19%

for women aged 40 to 49 years. Therefore, screening mam-
mography is not advised for most women until age 40 years.
Screening in their 30s may be considered only for those very
few women who are in an extremely high-risk group for
developing breast cancer at an early age.2

The time between screenings can affect the benefits.
Mounting evidence indicates that breast cancer in younger
women has a shorter lead time than cancer in older
women.23,25,29 Lead time is the average time between actual
detection at screening and clinical finding in the absence of
screening. Accordingly, many major medical organizations
now recommend that women aged 40 to 49 years be screened
annually2,25,30 (Table 13–4). This recommendation replaces the
previous recommendation that women in this age group
receive screening mammography every 1 to 2 years and is 
justified by the more rapid growth of breast tumors among
younger women. Some individuals have suggested that the
interval between screenings can be lengthened as a woman
ages. Nevertheless, it is likely that even in older women, some
faster-growing cancerous tumors will become clinically
apparent between biennial screenings, reducing the screening
benefit. Women and their physicians should be aware that the
major reason for accepting a longer screening interval at any
age is a presumed reduction in screening cost, but some con-
sequent reduction in screening benefit will occur. Screening
guidelines of major medical organizations and advocacy
groups are also shown in Table 13–4.

How valid is the most recent 
screening controversy?

Based on results from randomized trials conducted over the
past quarter of a century and involving more than 500,000
women, there has been consensus in the medical community
in favor of screening mammography. In the face of such near-
unanimous agreement, two recent articles by Gøtzsche and
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Screening 
Frequency 

Group (Date) 40–49 yr ≥50 yr

Government and Foundations
American Cancer Society (2003) 1 1
National Cancer Institute (2002) 1–2 1–2
U.S. Preventive Services Task Force (2002) 1–2 1–2

Medical Specialty Societies
American Academy of Family Physicians No 1–2*

(2001)
American College of Obstetricians and 1–2 1

Gynecologists (2000)
American College of Preventive Medicine No 1–2

(1996)
American College of Radiology (1998) 1 1
Society of Breast Imaging (2000) 1 1

Advocacy Groups
National Alliance of Breast Cancer 1 1

Organizations (2002)
Susan B. Komen Foundation (2002) 1 1

Table 13–4 Current Screening Mammography Guidelines

*American Academy of Family Physicians does not recommend screening
after age 70 years.



Olsen made the seemingly incredible claim that none of the
trials provided any convincing evidence that screening pre-
vents breast cancer deaths.31,32 The Gøtzsche and Olsen papers
received enormous publicity because of the sensational nature
of their claim, which questioned the widely held belief in 
the efficacy of early detection. The arguments and counter-
arguments are complex and have been summarized in detail
elsewhere.33,34 Fortunately, all of the conclusions reached by
Gøtzsche and Olsen have been subsequently refuted in the
peer review literature.

For example, Gøtzsche and Olsen suggested that the reduc-
tions in breast cancer death rates were due to age differences
between study and control groups rather than the screening
process itself. Gøtzsche and Olsen were unaware that when
screening trials use cluster randomization rather than individ-
ual randomization, such relatively small age differences are
not only expected but also acceptable.34 In fact, after adjust-
ment for age, mortality rates were only minimally different:
31% versus 30% for women aged 40 to 70 years, in the
Swedish Two-County Trial, and 45% instead of 46% for
women aged 39 to 49 years in the Gothenburg, Sweden,
trial.34,35 Thus, there was no way that these small differences in
age could have altered the overall conclusion that screening
results in a substantial reduction in deaths from breast cancer.

Gøtzsche and Olsen also jumped on the fact that no statis-
tically significant decrease in death rates from all causes com-
bined had yet been shown in any of the Swedish trials. This
observation was interpreted by Gøtzsche and Olsen to mean
that any benefit from reduction in breast cancer deaths would
be countered by increased deaths from other causes. This
incorrect conclusion disregarded the fact that breast cancer
accounts for only about 5% of total mortality. Thus, even the
largest individual trial would be unlikely to demonstrate any
statistically significant decrease in all-cause mortality. On this
issue too, Gøtzsche and Olsen were proven wrong. Subsequent
to publication of the second Gøtzsche and Olsen paper,
Nystrom and coworkers were in fact able to find a 2% decrease
in all-cause mortality among study group women in five
Swedish trials combined.36 Additionally, Tabár and colleagues
observed a significant 19% reduction in deaths from all 
causes among breast cancer cases in the group invited to
screening in the Two-County trial.37 Thus, the Gøtzsche and
Olsen conjecture regarding all-cause mortality was incorrect.

Although the reports by Gøtzsche and Olsen received con-
siderable publicity in the U.S. media, no medical organization
or government has changed its screening policy on the basis of
their conclusions. Indeed, after review of the Gøtzsche and
Olsen papers, 10 leading medical organizations, including the
American Academy of Family Physicians, American Cancer
Society, American College of Obstetricians and Gynecologists,
American College of Physicians–American Society of Internal
Medicine, American College of Preventive Medicine,
American Medical Association, Cancer Research Foundation
of America, National Medical Association, Oncology Nursing
Society, and the Society of Gynecologic Oncologists, reaf-
firmed their support of screening in a full-page public service
announcement in the New York Times on January 31, 2002.
Also, the National Cancer Institute and the U.S. Preventive
Services Task Force concluded that despite the Gøtzsche and
Olsen contentions, the results from randomized screening 
trials were still valid. Elsewhere, the Swedish National Board 
of Health and Welfare, the Danish National Board of Health,

the Health Council of the Netherlands, the European Institute 
of Oncology, and the World Health Organization dismissed
the Gøtzsche and Olsen arguments and concluded that the
evidence for benefit was convincing.33,34

Have breast cancer death rates been reduced 
by service screening in Scandinavia?

After the success of the Swedish randomized trials, organized
service screening mammography became routine in nearly all
Swedish counties by the 1990s. Unlike randomized trials,
which are primarily conducted as clinical research studies,
service screening is mainly performed as a public health ini-
tiative. Nevertheless, results from service screening projects
have provided strong confirmation that screening mammog-
raphy is effective in reducing breast cancer mortality.38

A recent study by Tabár and colleagues measured the effect
of mammography in a population in whom service screening
is offered to all women aged 40 years and older.39 The authors
compared breast cancer death rates in two Swedish counties
over three periods of time: 1968 to 1977, when virtually no
women were screened; 1978 to 1987, when half the population
was offered screening in the RCT; and 1988 to 1996 after com-
pletion of the trial, when screening was offered to all women
and 85% of the population was being screened.

When compared with breast cancer death rates among
women aged 40 to 69 years in the prescreening era, breast can-
cer death rates in 1988 to 1996 were reduced 63% for screened
women and 50% for the entire population (85% screened plus
15% nonscreened) (Table 13–5). During this time, reduction
in death rates from breast cancer for screened women were
similar to those for women screened during the trial, that is,
63% versus 57%. However, during the RCT trial period (1978
to 1987), only half of the population was offered screening.
For that era, breast cancer death rate reduction in the entire
population was only 21%.

It seems probable that screening, rather than advances 
in treatment, was responsible for nearly all the benefit. The
relative risk for breast cancer death among nonscreened
women age 40 to 69 years was similar (1.0, 1.7, and 1.19,
respectively) during the three consecutive periods. Moreover,
the breast cancer death rate for women aged 20 to 39 years,
virtually none of whom were screened, showed no significant
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Table 13–5 Reduction in Population Death Rates from Breast
Cancer, Women Diagnosed Between Ages 40 and 69 Years in
Two Swedish Counties*

*Time of diagnosis either 1978–1987 or 1988–1996, compared with
death rates from cancers diagnosed during 1969–1977 before screening
began. All results were statistically significant at 95% confidence interval.

Data from Tabär L, Vitak B, Chen H-H, et al. Beyond randomized
controlled trials: Organized mammographic screening substantially reduces
breast carcinoma mortality. Cancer 2001;91:1724–1731.

1978–1987 1988–1996
Screening Status Randomized Trial Service Screening

Screened 57% 63%

Invited to screening 43% 48%

Screened plus 21% 50%
nonscreened



difference (1.0, 1.10, and 0.81, respectively) during these three 
consecutive periods.

Possibly, women who agree to be screened have selection
bias factors that apart from the screening process improved
their survival rates. Even assuming the maximum effect of
selection bias, screening was shown to reduce breast cancer
deaths by at least 50%.

A study by Duffy and associates assessed the effect of serv-
ice screening in seven Swedish counties.40 Among women aged
40 to 69 years, breast cancer mortality was reduced 44% for
screened women and 39% for women offered screening com-
pared with the prescreening era. Based on breast cancer mor-
tality trends, it was estimated that only 12% of the mortality
reduction was due to improved therapy and patient manage-
ment apart from the screening process.

Results from these and other service screening studies in
Sweden and Finland indicate that the reductions in breast
cancer mortality found in the randomized trials can be
obtained and exceeded in non–research-organized service
screening settings.38 These programs effectively refute the
claim by Gøtzsche and Olsen that the benefits seen in the 
randomized screening trials were not real because of sup-
posed flaws in randomization and ascertainment of cause of
death.33

ADVERSE CONSEQUENCES AND COSTS 
OF SCREENING

The ability of screening mammography to substantially
reduce breast cancer deaths is now well established and should
no longer be subject to debate. Comparison of screening ben-
efits with costs and adverse consequences, however, may reveal
legitimate concerns. Such comparisons are discussed in the
remainder of this chapter and can help determine when
screening should begin and how often it should be performed.
We must also seek ways to reduce these risks without reducing
cancer detection rates.

Breast compression: can discomfort
be avoided?

The benefits from breast compression include the ability to
obtain better images at a lower radiation dose. Improvement
in breast compression devices and techniques over the past 30
years have allowed higher cancer detection rates and more
comfortable examinations.3 When properly performed, mam-
mography usually is not painful.41 Following some simple 
recommendations can minimize discomfort. First, vigorous
compression is not necessary; rather, the breast should be
compressed only until the skin is taut. Compression should be
applied gradually and gently. The patient should let the tech-
nologist know of any excessive discomfort so that no further
compression will be applied. Patients who experience tender-
ness just before their menstrual periods may want to schedule
mammography at some other time. In such cases, a mild anal-
gesic before mammography may be helpful. It is important to
minimize any discomfort from mammography so that women
will not be reluctant to undergo periodic screening.

How often should screening patients 
be recalled for additional imaging?

When screening mammograms are “batch interpreted,” the
patient leaves the imaging center immediately after her 
standard two-views-per-breast screening mammogram is per-
formed and checked for image quality by the technologist. The
images are then placed on a rotating film viewer and inter-
preted in batches by a radiologist at some later time. Patients
receive their results by mail. If mammographic findings indi-
cate that supplementary views or sonography are needed, the
patient is telephoned and asked to return another day.

Because batch reading is much more efficient and cost-
effective than on-line interpretation, it is the only practical
way to perform screening mammography at the current low
reimbursement levels and high demand for screening. In 
contradistinction, on-line interpretation is necessary for diag-
nostic mammography because of the high percentage of
abnormal studies and the need to tailor each examination to
the patient’s clinical problem.

Recall rates refer to the percentage of patients asked to
return for additional imaging workup after batch interpreta-
tion of screening mammography. Batch interpretation can be
performed successfully only if recall rates are maintained
within acceptable limits. Recall rates that are too high cause
patient inconvenience and anxiety as well as increasing the
cost and reducing the efficiency of the screening process. If
recall rates are too low, some subtle cancers may be missed,
and some benign lesions may be subjected to biopsy unneces-
sarily because supplementary views and sonography were not
performed.

On the basis of published reports of recall rates for well-
conducted screening programs, the American College of
Radiology recommends that recall rates be maintained at 10%
or less.42 The upper limit should probably be 7% or less for
women who have had a recent previous mammogram. Hunt
and colleagues found that recall rates for such women could
be 30% lower than those for women having their initial 
mammogram.43

What are acceptable rates for 
false-positive biopsy results?

Excessive biopsies lead to anxiety and discomfort for the
patient and also increase the cost of screening mammography.
Positive predictive value (PPV) refers to the percentage of
biopsies in which malignancy is found. The American College
of Radiology recommends that the positive predictive value
when biopsy is recommended (PPV2) should be 25% to
40%.42 PPV results will be affected by patient age, risk factors,
and presence of clinical signs and symptoms. Results from
several centers have found that the PPV3 (number of cancers
detected per number of biopsies performed) for screening
women aged 40 to 49, 50 to 59, 60 to 69, and 70+ years are
about 22%, 35%, 45%, and 50%, respectively.44,45 Although the
PPV is lower for women in the 40- to 49-year-old group, it is
still acceptable. Complete imaging workup, including supple-
mentary mammographic views and sonography; follow-up
rather than biopsy for lesions that appear probably benign;
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and second opinions for problematic cases can all reduce
false-positive biopsy rates.

Is screen-detected ductal carcinoma 
in situ a real cancer?

Coincident with the increasing use of mammography has 
been a marked increase in the incidence of ductal carcinoma in
situ (DCIS). Before the era of mammographic screening, DCIS
represented less than 5% of all malignancies of the breast.46

DCIS now accounts for 20% to 40% of all nonpalpable cancers
detected at screening.46 With appropriate treatment, the sur-
vival rate for patients with DCIS should be 99.5%.46 DCIS may
be considered a frequent but nonobligate precursor of fatal
breast cancer. In other words, all cases of invasive ductal carci-
noma are believed to develop from DCIS, but not all cases of
DCIS may progress to invasive ductal carcinoma.

Justification for the use of DCIS as an index of benefit from
screening depends on how often and how rapidly DCIS
evolves into invasive ductal carcinoma. As of yet, no direct
method exists for determining the natural progression of
DCIS. If patients with DCIS were never to undergo biopsy and
the DCIS were left to develop into invasive ductal carcinoma,
there would be no way to establish that the initial lesion was
DCIS. If DCIS is completely excised, then its natural history
has been stopped, and there is no proof that it would have
evolved into invasive ductal carcinoma.

Several follow-up studies of DCIS treated with biopsy alone
also shed light on the invasive potential of DCIS. The lesions
in these studies were categorized as benign at initial histologic
review, so wide excision was not performed. In one study,
researchers found development of invasive ductal carcinoma
at the biopsy site in 53% of cases within 9.7 years.46 Another
study showed development of invasive ductal carcinoma in
28% of cases by 10 years and 36% of cases within 24 years.46

Recurrence rates for DCIS in series such as these have sug-
gested to some observers that DCIS is unlikely to progress to
invasive disease.

There are two reasons why these studies should lead to just
the opposite conclusion. First, these studies underestimate the
invasive potential of DCIS because they involved only cases 
of low-grade DCIS, that is, all histologic subtypes of DCIS
except for comedocarcinoma, the most aggressive subtype.
Comedocarcinoma typically accounts for 32% to 50% of all
cases of DCIS detected at mammographic screening.46

Second, these studies included some cases in which the DCIS
lesion was completely removed and other cases in which some
DCIS remained in the breast when biopsy margins were 
not sufficiently wide. Invasive ductal carcinoma would be
expected only in this latter subgroup.

Are detection rates too low and false-positive 
biopsy rates too high to justify screening 
women aged 40 to 49 years?

Women aged 40 to 49 years have a lower incidence of breast
cancer, a faster rate of breast cancer growth, and a tendency to
have denser, more fibroglandular breast tissue, for which
mammography is less sensitive. As a consequence, screening

detection rates for women in their 40s are somewhat lower
than those for women in succeeding decades. Biopsy PPV is
also lower for women in their 40s. However, both detection
rates and PPVs for women aged 40 to 49 years are well within
acceptable limits.

Some investigators have used inappropriate methods of
comparison to suggest that detection rates are too low and
false-positive rates too high to support screening women aged
40 to 49 years. Methods such as pooling data for women aged
40 to 49 years with data from younger women, pooling data for
women aged 50 to 59 years with data from older women, and
the exclusive use of data from the initial (prevalence) screen-
ing result in an inaccurate portrayal of screening outcomes for
women in their 40s. Such improper assessment led Kerlikowske
and colleagues to make the misleading statement that screen-
ing women younger than 50 years old will detect only 20% as
many cancers per 1000 women screened, will require 4 times as
many diagnostic procedures per cancer detected, and will
cause 2.5 times as many false-positive biopsy results for each
cancer detected, compared with screening older women.47

Proper assessment of the accuracy of screening mammog-
raphy for women aged 40 to 49 years requires comparing data
from that age group only with data for women aged 50 to 59
years. The use of data from initial (prevalence) screening
alone may be misleading. The use of data from subsequent
(incidence) screening alone is preferred, but combined data
from prevalence and incidence screenings may also be used.
Such an assessment will indicate that screening of women
aged 40 to 49 years will detect at least 63% to 80% as many
cancers, require 1.7 times as many diagnostic imaging proce-
dures, and result in 1.3 to 1.4 times as many false-positive
biopsy results for cancers detected48 (Table 13–6).

What is the radiation risk from 
screening mammography?

Misperceptions regarding radiation risk from mammography
persist even though no woman has ever been shown to have
developed breast cancer as a result of mammography, not
even from multiple examinations over many years’ time 
at doses much higher than the current dose of 0.40 rad 
(0.004 Gy) for a two-view-per-breast examination. Such con-
cern is based on the observation that some groups of women,
such as Japanese atomic bomb survivors and North American
women given radiation therapy for benign breast conditions
such as postpartum mastitis or monitored with multiple chest
fluoroscopies during treatment for tuberculosis before 1940,
were found to be at increased risk for breast cancer.49 Among
these women, excess risk was observed for doses from 100 to
more than 1000 rad (1 to 10 Gy).

The hypothetical risk for mammography is based on a lin-
ear extrapolation from these high-dose studies. If there is any
risk from mammography, it is extremely low and is lowest for
those who are exposed at ages older than 35 years. The current
mean breast dose of 0.4 rad (0.004 Gy) from mammography
is markedly less than the mean glandular dose of 3.2 rad
(0.032 Gy) from the mammography film systems that were
used at most facilities until 1973.49

Screening benefits can be compared with radiation risks.
On the basis of results from screening trials, we know that
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annual screening can reduce deaths from breast cancer de-
tected among women aged 40 to 49 years by at least 35% and
deaths from breast cancer detected among women at 50 and
older by at least 46%.50 Possible deaths from radiation expo-
sure from mammography can be estimated using a linear rel-
ative risk extrapolation of risk found among populations that
received extremely high doses. Calculations based on these
assumptions indicate that 18,900 deaths from breast cancer
can be averted when 1,000,000 women are screened annually
from age 40 years until age 74 years, and that at most 21.6
excess deaths might be caused by radiation (Table 13–7).
Thus, even if there is a risk from multiple mammographic
examinations at a dose of 0.4 rad (0.004 Gy) each, the benefit
from annual screening for women aged 40 years onward
exceeds that theoretical risk by at least 875 : 1.50

Is screening mammography cost-effective?

The cost-effectiveness of screening mammography can be cal-
culated based on the mortality reduction observed in the
Swedish screening trials and current costs of screening in the
United States. A recent study estimated that annual screening
mammography beginning at age 40 years and continuing until
age 79 years would cost $18,800 per year of life expectancy
saved.51 This estimate for the cost-effectiveness of screening
mammography is in the same general range of other com-
monly accepted interventions such as screening for cervical
cancer and osteoporosis52 (Table 13–8). The cost per year of
life gained from annual screening mammography is higher
than that for screening for colorectal cancer but is much lower
than that for the use of seat belts and air bags in automobiles.

Although the cost per year of life gained for screening
mammography is less than that for renal dialysis or heart
transplantation, these interventions are needed for only a tiny
fraction of the population. Because screening mammography
is advised for all women aged 40 years and older, its total pro-
gram cost must also be considered. In the United States, 62.6
million women are 40 to 89 years of age. If every one of these
women obtained an annual screening mammogram at a cost
of $90, the total cost would come to $5.6 billion per year. The
total annual cost for all U.S. health care expenditures, how-
ever, is even more staggering: $1.3 trillion for the year 2000.
Thus, even if every woman 40 to 89 years of age obtained an
annual mammogram, the total cost would be only 0.43% of
the national expenditure on health care. At present, 59% of all
U.S. women aged 40 to 89 years report having had a screening
mammogram in the past year. At this compliance rate, screen-
ing mammography at a cost of $90 would account for 0.25%
of all U.S. health care expenditures.53
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*Prevalent screen data.
†Prevalent and incident screen data.
Data from Feig SA. Age-related accuracy of screening mammography: How should it be measured?

Radiology 2000;214:633–640.

Table 13–6 Relative Benefits and Risks of Screening According to Age Groups Being
Compared

Age Groups Being Compared (yr)

30–49 vs. 50–69* 40–49 vs. 50–59†

Detection rates 20% 63%–80%

Diagnostic procedures per cancer detected 4¥ 1.7¥

False-positive biopsy results per cancer detected 2.5¥ 1.3–1.4¥

Table 13–7 Detection Benefits and Radiation Risks from Annual
Screening Mammography of 1,000,000 Women Aged 40 to 74
Years

Data from Feig SA. Risk, benefit and controversies in mammographic
screening. In Haus AG, Yaffe MJ (eds). Physical Aspects of Breast Imaging:
Current and Future Considerations. 1999 Syllabus, Categorical Courses in
Radiology Physics. Oak Brook, IL, Radiological Society of North America,
1999, pp 99–108.

Parameter No. of Women

Lives saved 18,900

Possible deaths caused 21.6

Benefit-to-risk ratio 875 : 1

Net benefit in lives 18,878

Table 13–8 Median Cost Per Life-Year Saved for Annual
Mammographic Screening of Women Aged 40 to 79 Years and
Other Selected Types of Lifesaving Interventions

Data on nonmammographic interventions from Tengs TO, Adams M,
Pliskin J, et al. Five hundred life-saving interventions and their cost-
effectiveness. Risk Anal 1995;15:369–390; data on cost-effectiveness
estimate for screening mammography from Rosenquist CJ, Lindfors KK.
Screening mammography beginning at age 40 years: A reappraisal of cost-
effectiveness. Cancer 1998;82:2235–2240.

Median Cost per Year 
Intervention of Life Saved ($)

Colorectal screening 3000

Cholesterol screening 6000

Cervical cancer screening 12,000

Antihypertensive drugs 15,000

Osteoporosis screening 18,000

Mammography screening 18,800

Coronary artery bypass surgery 26,000

Automobile seat belts and air bags 32,000

Hormone replacement therapy 42,000

Renal dialysis 46,000

Heart transplantation 54,000

Cholesterol treatment 154,000



This year, 192,200 women in the United States will develop
breast cancer, and 40,200 women will die from previously
diagnosed breast cancer. It is often stated that when women
living to age 85 years are included, 1 of every 8 U.S. women
will eventually develop breast cancer during her lifetime.
Because of screening mammography and early treatment,
most women who develop breast cancer today will not die
from their disease. Breast cancer, although the most common
cancer among women and the second-most common cause 
of cancer death among women, accounts for only 3.9% of
all causes of death among women in the United States.53

Nevertheless, allocation of 0.4% of all national health expen-
ditures (or about 0.8% of all national health expenditures for
women) to substantially reduce the death rate from a disease
that accounts for 3.9% of all deaths among women would
seem to be a reasonable policy.

Moreover, early detection will also reduce other health care
expenditures, including treatment of advanced primary can-
cers, diagnosis and treatment of distant metastases or recur-
rent disease, loss of work productivity, short-term disability,
long-term disability, and terminal care costs.
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The fact that a patient consults a physician concerning
breast disease may suggest knowledge about the importance
of early detection, but it may also reflect a situation of
“desperation” after a long period of procrastination, doubt,
and misunderstanding.

What are the essential components 
of the clinical history?

The physician must bear in mind that the patient may be very
anxious and that much can be done to allay apprehension. It
is advantageous to have a second person present to participate
and lend moral support. The patient may not hear or under-
stand the discussion both before and after the physical exam-
ination. Although the patient or her partner often requests 
to take notes, it should be discouraged during the initial 
interview and can be reserved for the postexamination 
discussion.

In many instances, an anxious patient will volunteer infor-
mation quickly and without pause. The patient should be
asked to listen to the questions and answer them individually.
If at the end of the interview all of the details of the history
have not been covered, additional information can be added.

The physician must be discreet at all times during the inter-
view, and patients must be informed of their Protected Health
Information (PHI).7 Certain questions may embarrass the
patient in front of her partner or significant other, and these
questions can be reserved for the more private setting of the
examining room. This is particularly important when dealing
with younger women who have been accompanied to the
interview by a parent. One cannot predict the relationship
between patient and parent; if this relationship is open and is
made known to the physician, a full discussion can be carried
out without hesitation. Records of previous examinations and
consultations, prior biopsy results, mammograms, and other
pertinent data should be available at the time of the initial
examination.

When a physician is asked to provide a second opinion, it is
preferable that the physician review the history with the
patient without the prior discussion or conclusion revealed, so
that an unprejudiced decision can be made. At the end of the

CHAPTER 14

Clinical Assessment of 
Breast Cancer and Benign
Breast Disease 
Matthew N. Harris

Breast cancer ranks highest among women’s health concerns,
and the incidence rates are highest in industrialized nations
such as the United States, Australia, and countries in Western
Europe.1,2 The incidence of breast cancer increased in many
countries during the 20th century, largely reflecting global
changes in reproductive patterns and regional increases in
mammography.3 In spite of this, many women have rarely 
if ever had a mammogram or physical examination of their
breasts. Breast cancer is a progressive disease, and small
tumors are more likely to be at an early stage, have a better
prognosis, and are more successfully treated.4

ASSESSMENT OF BREAST CANCER

What are the reasons for patient delay 
in seeking medical attention for 
breast problems?

Delay in seeking medical attention falls into three general cat-
egories: (1) economic, (2) ignorance, and (3) psychological.
First, the costs of medical attention are significant for the
poor, those with inadequate insurance coverage, and those
with other financial obligations.5 Second, many older women
were not taught to recognize the significance of a breast mass
or other presenting symptoms. There is a notion that as long
as pain is not present, there is no problem. Third, an in-depth
study of the psychological reasons for patient delay in diagno-
sis by Gold6 identified six psychological causes: (1) fear of
cancer, mutilation, or a change in the relationship with the
husband; (2) shyness or false modesty regarding examination
of the breast; (3) negativism—some women raised in a hostile
environment may become introverted and delay attention
until the process is advanced; (4) depression causing the
woman to ignore her health; (5) compulsion toward another
goal so that all other aspects of life are ignored; (6) lack of
breast tactility. In Gold’s study, 47% of women never experi-
enced emotional sensations associated with their breasts and
tended to ignore them and therefore were not likely to dis-
cover an abnormality.
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consultation, the previous opinion can be critically reviewed,
and the patient will have confidence that she has received a
truly independent opinion.

The interview is opened with a personal greeting, and the
patient who has not been referred by a physician is asked the
source of the referral. Not uncommonly, this is another
patient, and a sense of rapport rapidly develops between
patient and physician.

The chief complaint is often a “lump in the breast.” The his-
tory regarding a “lump” should include the date of onset or
the date of detection, whether it is tender, and whether the
patient conducts self-examinations and at what frequency. A
careful history may help differentiate between the acute onset
of a cyst of the breast and a mass of a more chronic nature,
more likely a solid tumor, whether benign or malignant. Skin
retraction, often a sign of a neoplasm, may be extremely sub-
tle, but certainly the patient should be asked if she has noted
any such changes.

If the complaints are nonspecific, the patient is questioned
about whether she has a mass, any nipple discharge, and a 
history of injury to her breasts. The patient is asked whether
she has had previous breast surgery and what the findings
were. Tenderness and pain in the breast are the second 
most common complaints, and these may or may not be 
associated with a mass or what is perceived as a mass by 
the patient or her referring physician. The duration of symp-
toms should be recorded, as should whether the patient has
sought other opinions in the past for a similar or the same
problem.

Menstrual history is important and should include the age
at menarche, the regularity of the menstrual cycle, and the
date of the most recent menstrual period. The time of the
menstrual cycle may be reflected in breast changes and may
influence the findings on physical examination. Menstrual
history should include the date of onset of menopause.
Frequently, this is a protracted period of time, and the patient
notes “irregularity” consistent with early menopausal changes.
In addition, she may describe symptoms of menopause such
as “hot flushes,” dyspareunia, and irritability.

Both age at menarche and age at menopause are related to
a woman’s chance of developing breast cancer. Early menarche
and late menopause lead to an increased total lifetime number
of menstrual cycles and a corresponding 30% to 50% increase
in breast cancer risk.8 Conversely, late menarche and early
menopause lead to reduction in breast cancer risk of a similar
magnitude. Oophorectomy before a woman reaches meno-
pause lowers her risk for breast cancer by about two thirds.
Pregnancy at a young age, especially before 20 years of age,
markedly reduces the incidence of subsequent breast cancer.
Nulliparity and age older than 30 years at first live birth are
associated with nearly a doubling of the risk for subsequent
breast cancer. Pregnancies not ending in the birth of a viable
fetus do not reduce the risk for breast cancer. A nursing his-
tory should be obtained as well, although it may have little
impact on breast cancer risk.

Nipple discharge, although relatively common and usually
benign in origin, is often frightening. Evaluation of the patient
with nipple discharge should begin with a thorough history. It
is important to differentiate spontaneous from induced dis-
charge, single duct from multiple duct discharge, and unilat-
eral from bilateral discharge. The character of the discharge
should be categorized as potentially related to a neoplasm

(serous, serosanguineous, bloody, or watery) or probably
benign (various shades of green, gray, or brown).

What are the relevant issues related to the 
patient’s history of hormonal therapy?

The patient is questioned on the use of hormones, both par-
enterally and by suppository, and the use of oral contracep-
tives. The type of hormone and the reason it is being taken are
important.

The Women’s Health Initiative, in a large multi-institutional
study, enrolled more than 16,000 postmenopausal women
aged 50 to 79 years to prospectively assess the risks and bene-
fits of hormone replacement therapy using the most com-
monly prescribed form of estrogen plus progestin or estrogen
alone.9 In July 2002, the National Institutes of Health suddenly
halted the estrogen plus progestin arm of the study because
interim analysis of the data indicated that the risks of contin-
ued hormone replacement therapy outweighed the benefits.
In addition to the expected increase in the risk for stroke,
women in the study arm also showed an unexpected increase
in the risk for coronary disease. Of relevance here as well, this
large randomized prospective study demonstrated a 26%
increase in the risk for breast cancer over a 5-year period. The
study indicates that an increased risk for breast cancer is only
in current or recent users of hormone replacement therapy. Of
known users who stopped hormone replacement therapy
more than 5 years previously, the risk was no greater than in
someone who had never used it.

Olsson and associates,10 in a study from Sweden, reported
that longer use of hormone replacement therapy containing
progestins significantly elevates breast cancer risks, whereas
hormonal therapy containing estradiol does not.

In a randomized trial conducted by Chlebowski and associ-
ates on the influence of estrogen plus progestin on breast can-
cer and mammography in healthy postmenopausal women,
16,608 postmenopausal women aged 50 to 79 years with an
intact uterus were randomly assigned to receive conjugated
equine estrogens plus medroxyprogesterone acetate or 
placebo.11 Significantly, relatively short-term combined estro-
gen plus progestin use increased the incident breast cancers,
which were diagnosed at a more advanced stage, compared
with placebo use, and also substantially increased the percent-
age of women with abnormal mammograms. The results 
suggest that estrogen plus progestin may stimulate breast can-
cer growth and hinder breast cancer diagnosis.

Additional data presented by Li and associates on the rela-
tionship between long durations and different regimens of
hormone therapy and the risk for breast cancer concluded
that the use of combined estrogen and progestin hormone
replacement is associated with an increased risk for breast
cancer, particularly invasive lobular carcinomas, whether the
progestin component was taken in a sequential or a continu-
ous manner.12 Of interest is the fact that women using un-
opposed estrogen replacement therapy even for 25 years or
longer have no appreciable increase in the risk for breast can-
cer, although the associated odds and ratios were not incon-
sistent with a possible small effect. The increase in risk is
greater in those using combination hormone replacement
therapy for longer durations (uses for 5 to 14.9 years), and
those who used combination hormone replacement therapy
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for more than 15 years had a 1.5-fold increased risk for inva-
sive ductal carcinoma and a 3.7-fold increase in the risk for
invasive lobular carcinoma.

Postmenopausal women have a greater risk than men of
developing Alzheimer’s disease. The use of estrogen plus 
progestin and the incidence of dementia and mild cognitive
impairment in 4532 postmenopausal women was evaluated as
part of the Women’s Health Initiative memory study in a ran-
domized controlled trial by Schumaker and associates.13 In
this well-controlled study, it was concluded that estrogen plus
progestin therapy increased the risk for probable dementia in
women aged 65 years or older. In addition, estrogen plus pro-
gestin therapy did not prevent mild cognitive impairment in
these women. The data support the conclusion that the risks
of estrogen plus progestin outweigh the benefits.

In another study from the Women’s Health Initiative, a ran-
domized trial was conducted by Wassertheil-Smoller and asso-
ciates concerning the effect of estrogen plus progestin on stroke in
postmenopausal women.14 This study, involving 16,608 women
aged 50 to 79 years, with an average follow-up of 5.6 years,
concluded that estrogen plus progestin increased the risk for
ischemic stroke in generally healthy postmenopausal women.
Excess risk for all strokes attributed to estrogen plus progestin
appeared to be present in all subgroups of women examined.

Rapp and associates,15 as part of the Women’s Health
Initiative memory study, conducted a randomized controlled
trial of the effect of estrogen plus progestin on global cogni-
tive function in postmenopausal women. They, too, found
that although most women receiving estrogen plus progestin
did not experience a clinically relevant adverse effect on cog-
nition compared with placebo, a small increased risk for clin-
ically meaningful cognitive decline occurred in the estrogen
plus progestin group.

Clinically, hormone replacement therapy may cause
swelling and tenderness of the breasts as well as increased den-
sity on mammography. Benign breast problems such as cysts
are uncommon after menopause in the absence of exogenous
hormones. Signs and symptoms include breast pain, a change
in the size and shape of the breast, nipple discharge, and
changes in the appearance of the skin.

What questions related to family 
history are relevant?

A family history of breast cancer is of great importance
because heredity is a major risk factor.16–18 About 7% of breast
cancers and 10% of ovarian cancers are thought to be associ-
ated with an autosomal dominant pattern of inheritance. Two
high-penetrance breast cancer susceptibility genes, BRCA1
and BRCA2, have been identified as accounting for most
(about 85%) hereditary breast cancers. Mutations in these two
genes are also responsible for most hereditary ovarian cancers,
with 70% attributed to BRCA1 and 20% to BRCA2.19–24

Genetic testing may be an important risk-assessment tool for
patients whose family histories include multiple or early-onset
breast or ovarian cancers. The BRCA mutations are also asso-
ciated with an increased risk for prostate, pancreatic, and male
breast cancer, although the risk for these is still small com-
pared with breast and ovarian cancer. Hereditary risk for
breast or ovarian cancer should be considered when there 
is early-onset breast cancer (usually before age 50 years) or

ovarian cancer, especially in more than one family member.
Therefore, any woman diagnosed with breast cancer before
age 50 years or with ovarian cancer at any age should be asked
about first-, second-, and third-degree relatives on either side
of the family with either of these diagnoses. In addition, the
threshold for genetic testing should be lower in individuals
who are members of ethnic groups in which BRCA mutations
are known to be more prevalent, such as those of Ashkenazi
Jewish descent. The patient’s ethnicity may also influence her
decision to have BRCA testing. For the near future, precisely
estimating an individual woman’s absolute risk for breast can-
cer must mainly rest on reproductive, family, and clinical his-
tory as well as genetic testing as detailed in Chapters 2 and 20.

The American Society of Clinical Oncology (ASCO) rec-
ommends that cancer predisposition testing be done to search
for mutations of the BRCA1 and BRCA2 genes when (1) the
patient has a strong family history of cancer or very early
onset of disease, (2) the tests can be adequately interpreted,
and (3) the results will influence the medical management of
the patient or family member.25 Genetic testing for breast and
ovarian cancer susceptibility should be performed only with
the individual’s fully informed consent. Pretest and post-test
counseling are important components of genetic testing,
and genetic testing should be preceded by appropriate pretest
and post-test follow-up care. Counseling should include a 
discussion of the risk to relatives as well as the availability 
and success of risk-reducing options such as surveillance,
prophylactic mastectomy, prophylactic bilateral salpingo-
oophorectomy, or risk-reducing drug therapy.

The recommended surveillance for patients with hered-
itary breast-ovarian cancer mutations includes breast self-
examination (BSE) starting at age 18 years, semiannual breast
examinations by a physician starting at age 20 years, annual
mammography starting at age 25 years, and transvaginal
ultrasound, Doppler color-flow imaging, and CA-125 testing
annually after age 30 years.

What are the risks with a past history 
of treatment for Hodgkin’s disease?

Prior treatment for Hodgkin’s disease is a known risk factor
for a second malignancy. A study by Ng and Mauch from the
Brigham and Women’s Hospital and Dana-Farber Cancer
Institute in Boston indicated that survivors of Hodgkin’s dis-
ease have a 4.6-fold increased risk for developing a second
malignancy compared with the general population.26 The
effect of age and Hodgkin’s disease diagnosis on subsequent
cancer risk was most pronounced for breast cancer, and the
relative risk for breast cancer was significantly increased in
women diagnosed with Hodgkin’s disease when younger than
30 years. The increased risk for breast cancer was of borderline
significance in women diagnosed between 30 and 35 years of
age. After age 35 years, the risk was not significantly increased.
The risk for a second malignancy was significantly associated
with extent of treatment exposure, including the radiation
field size and the addition of chemotherapy to radiation ther-
apy. The risk appeared to be the highest among patients who
relapsed after combined-modality therapy and those who
received further salvage therapy.

Travis and associates27 conducted a matched case-control
study of breast cancer within a cohort of 3817 female 1-year
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survivors of Hodgkin’s disease diagnosed at 30 years of age or
younger. There was a greater risk for the development of
breast cancer in patients who received moderately high doses
of radiation to the breast than in those who received lower
doses and no alkylating agents. Risk increased to eightfold
with high doses of radiation. Increased risks persisted for 25
years or more following radiotherapy. Treatment with alkylat-
ing agents alone resulted in a decreased risk for breast cancer
compared with treatment with combined alkylating agents
and radiotherapy, which resulted in a 1.4-fold increased risk.
Those who received radiation to the ovaries had a lower risk,
suggesting that hormonal stimulation is important for the
development of radiation-induced breast cancer.

What is the relevance of a past history 
of breast surgery?

If there is a past history of surgical procedures on the breast,
the reports should be obtained.28,29 “Atypical” breast disease,
including lobular neoplasia, noted on a previous biopsy, is
important for final decision making.30–34 Mammograms with
full reports should be available for review. The remainder 
of the history should be devoted to obtaining information
elicited at all thorough examinations, including previous sur-
gery, medical problems, and medications, particularly those 
medications that may affect hemostasis at surgery, such as
aspirin, anti-inflammatory drugs, vitamins, and some herbal
remedies.

What is the role of breast self-examination?

The main thrust in the treatment of breast cancer has been
toward earlier diagnosis. The patient’s role in diagnosis may
include performing periodic BSE.

Beginning in their 20s, women should be told of the bene-
fits and limitations of BSE. The importance of prompt report-
ing of any new breast symptoms to a health professional
should be emphasized. Women who choose to do BSE should
receive instruction and have their technique reviewed on the
occasion of their periodic health examination. It is acceptable
for women to choose not to do BSE or to do BSE irregularly.

An additional role of BSE is to increase awareness of nor-
mal breast composition so that changes can be detected. Even
regular BSE performers commonly detected their breast can-
cer incidentally, suggesting that there was a component of
increased body awareness in addition to the self-performed
physical examination.

Recent data have indicated that the rate of biopsy for
benign disease is higher in women who regularly perform BSE
as compared with women who do not regularly perform
BSE.35 The U.S. Preventive Services Task Force concluded 
that the evidence is insufficient to recommend for or against
teaching or performing routine BSE.36 However, incidental
self-detection of breast cancer still accounts for a significant
percentage of cases.

Up to 50% of patients presenting with breast complaints
have no evidence of a breast abnormality. If the health profes-
sional is unable to appreciate any breast abnormality, it is pru-
dent to have the patient return for reexamination within a
relatively short period of time, or a referral can be made to an

appropriate facility with experience in breast examination.
Skinner and associates,37 in a multivariate analysis, noted that
treatment for breast cancer by a surgical oncologist resulted in
a 33% reduction in the risk for death at 5 years.

What is the recommendation for clinical 
breast examination?

In addition to BSE, it is recommended that average-risk,
asymptomatic women in their 20s and 30s have clinical breast
examination (CBE) performed at least every 3 years.
Asymptomatic women aged 40 years and older should have
CBE annually. Women at average risk should begin annual
mammography at age 40 years, and older women in reason-
able good health should continue to be screened with annual
mammography as well. Women at increased risk for breast
cancer, as determined by a qualified health professional, may
require earlier initiation of screening and shorter screening
intervals.

How is the patient instructed in 
breast self-examination?

At the New York University (NYU) Medical Center and the
NYU Cancer Institute, “shower cards” describing BSE have
been made available to patients (Fig. 14–1).

BSE is performed monthly, and the patient looks for lumps,
thickening, discharge, or any changes in the breast. If the
patient is menstruating, the best time to perform self-
examination is a week after the start of the period. It is impor-
tant that pregnant and lactating women continue to perform
monthly self-examinations. If the menopause has been
passed, an easy date to remember is chosen, such as the first
day of the month.

The patient is instructed to stand in front of a mirror. With
arms at the sides and then raised above the head, she should
look carefully for changes in the size, shape, and contour of
each breast (Fig. 14–2). Specifically, she should observe for
puckering, dimpling, or changes in the skin texture. Each nip-
ple should be gently squeezed and any discharge recorded (Fig.
14–3). BSE can also be performed lying down. A pillow is
placed under the right shoulder, and the right hand is placed
behind the head. The right breast is examined with the left
hand (Fig. 14–4). With the fingers flat, the breast is gently
pressed in a circular motion, starting at the outside top edge
and spiraling toward the nipple (Fig. 14–5A and B). The
underarms and the area below the breast should be included
(Fig. 14–6). This is then repeated for the left breast. In the
shower, the right arm is raised, and the left hand is used to
examine the right breast (Fig. 14–7). With the fingers flat and
using a circular motion, every part of the breast is palpated,
including the underarm, gently feeling for a lump or thicken-
ing. This is repeated for the left breast.

It is important to remind the patient that the purpose of
regular BSEs is not to diagnose breast cancer but rather to
detect any changes in the breast. If a lump or thickening is felt
or a discharge or change in breast size or shape is noted, a
health professional should be contacted as soon as possible.
Most lumps are not indicative of cancer, and BSEs are free and
take only a few minutes each month.
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What are the components of the 
physician’s breast examination?

The patient should be escorted into a well-lighted examining
room with an available x-ray view box. She is asked to undress
at least to the waist and should be given a gown or similar
appropriate covering so that she can feel comfortable if there
is a short delay until the time of the physical examination.
Although the patient has given a complete history and has
informed the physician of the area of concern, it is suggested
that the patient not show the physician the specific area 
until the physical examination is completed. In this way,
the findings can be corroborated without prejudice. If, of
course, the physician does not ascertain the area, the patient
should be questioned directly about where she feels there is 
a problem.

The examination begins with the head and neck and the
skin, including the skin of the upper extremities and the back.

It is not uncommon to find disorders of the thyroid, cervical
lymph nodes, and the skin, some even suggestive of carcinoma
or melanoma (Figs. 14–8 and 14–9). The size of the breasts
should be noted, and difference in size recorded (Fig. 14–10).
Many women have breasts that are not identical in size, and
small size discrepancies are rarely a sign of malignancy. The
patient should be questioned about whether she was aware of
a difference in size, if present, as a recent change in size may
indicate a pathologic process. One specific abnormality related
to chest wall asymmetry is Poland’s syndrome, which consists
of hand and digital abnormalities in association with absence
or hypoplasia of the pectoralis major muscle, asymmetry of
the chest wall, and hypomastia on the involved side.

The patient is asked to raise her arms, and the breasts are
examined for evidence of skin retraction, dimpling, or a mass
that protrudes from the breast (Figs. 14–11, 14–12, and
14–13). Although retraction is often a sign of malignancy,
benign lesions of the breast such as fat necrosis can also cause
retraction. Other benign causes include previous surgical

Figure 14–1 “Shower card” describing breast self-examination. (Courtesy of Landsberg Zale Research Fund in Surgical Oncology.)
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Figure 14–4 Breast self-examination. The patient lies down with
a pillow under the shoulder. Each breast is examined with the
opposite hand.

Figure 14–5 Breast self-examination. A, Each breast is gently pressed in a circular motion with the fingers flat, spiraling toward the nip-
ple. B, Alternative methods of examination.

biopsy and superficial thrombophlebitis of the breast
(Mondor’s disease) (Fig. 14–14).

Edema of the skin of the breast (peau d’orange) may be
present as a result of obstruction of dermal lymphatics by
tumor cells. However, it may also be caused by extensive
metastatic axillary lymph node involvement, by primary dis-
ease of the axillary nodes, or subsequent to axillary lymph
node dissection with or without radiation therapy. Erythema
of the breasts may have an infectious cause, as with cellulitis
or abscess, but a diagnosis of inflammatory carcinoma should
be considered as well (Figs. 14–15 and 14–16).

It is extremely important to inspect the inframammary
regions because this component of the examination is often
overlooked by patient and physician alike (Fig. 14–17).
Lesions in this area are often neglected and diagnosed at an
advanced stage because they are not perceived on casual
examination by the physician on palpation or by the patient
unless she looks in the mirror when doing BSE. Skin lesions of

Figure 14–3 Breast self-examination. Each nipple is gently
squeezed.

Figure 14–2 Breast self-examination. The patient stands in front
of a mirror with arms at the sides and then raised above the head.



Figure 14–6 Breast self-examination. The axilla (armpit) and the
inframammary region (area below the breast) are included in the
examination.

Figure 14–7 Breast self-examination. In the shower, each breast
is examined with the opposite hand.

Figure 14–8 Basal cell carcinoma medial to the areola, left
breast.

Figure 14–9 Malignant melanoma adjacent to the areola of a
male breast.

Figure 14–10 Difference in breast size secondary to congenital
hypoplasia of the left breast.
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Figure 14–11 Breast examination by the physician. The patient’s
arms are raised, and skin retraction, dimpling, or a mass can be
observed.

Figure 14–12 Skin retraction, upper outer quadrant, left breast.

Figure 14–13 Obvious tumor mass in the right breast on 
inspection.

Figure 14–14 Mondor’s disease: superficial thrombophlebitis of
the breast.

Figure 14–15 Cellulitis, left breast and upper arm.

the breast should be noted and the area of the nipple-areolar
complex carefully examined for evidence of crusting, eczema-
toid changes, and other epithelial changes (Fig. 14–18). If
dimpling, skin retraction, nipple inversion, or a mass is
observed on inspection, attention should be directed to those
areas by palpation with the patient in the sitting position and
again in the supine position.

Inspection is completed with the patient contracting her
pectoral muscles by pressing her hands against her hips (Fig.



14–19). This maneuver, which puts tension on the suspensory
ligaments, often highlights areas of skin retraction not readily
apparent with the arms relaxed.

The breast examination is continued by palpation with the
patient in the sitting position. The breasts are examined
simultaneously with attention to any differences in contour or
a palpable thickening or mass (Fig. 14–20).

Palpation of breast tissue between fingers or squeezing the
breast may result in a false perception of a mass; this is a com-
mon error of inexperienced examiners and women attempt-

ing self-examination (Fig. 14–21). Comparing the breasts is
often helpful in determining whether a questionable area
requires further evaluation.

The relative sparsity of breast tissue in the subareolar region
often gives the impression of a periareolar “shelf” or “ridge,”
particularly in larger breasts. This should not be mistaken for
a mass and is usually bilateral.

The axillae should be thoroughly examined with the patient
in the sitting position, with the arms relaxed and with the
patient supported by the physician’s nonexamining hand. The
axillary tissue should be firmly palpated under the pectoralis
muscle, with pressure exerted and the axillary tissue pressed
against the chest wall (Fig. 14–22A and B). The examining
hand is then gently rolled over any palpable mass. This exam-
ination may be somewhat uncomfortable for the patient but
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Figure 14–16 Inflammatory carcinoma of the right breast. There
is erythema and edema of the skin.

Figure 14–17 Skin retraction, left inframammary region, readily
apparent with the arms raised.

Figure 14–18 Nipple retraction, left breast, secondary to sub-
areolar carcinoma.

Dimpling of
the skin
secondary to
an underlying
lesion

Deltoid
muscle

Pectoralis
major
muscle

Figure 14–19 Breast examination by the physician. The patient
contracts the pectoral muscles by pressing against the hips, high-
lighting any areas of retraction.
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Figure 14–20 Breast examination by the physician. The breasts
are palpated simultaneously for changes in contour, thickening, or
a mass.

Figure 14–21 Breast examination by the physician. Palpation of
breast tissue between the fingers or “squeezing” may result in the
false perception of a mass.

Figure 14–22 Breast examination by the physician. A, Examination of the axilla with the arm relaxed and the examiner’s hand extend-
ing high into the axilla. B, Alternative technique for examination of the axilla.



need not be a prolonged process. The skin of the axillae
should be observed. A patient may believe she has a breast
mass when the problem is really one of the skin, such as an
epidermoid inclusion cyst, a cyst of the sweat gland apparatus,
or hidradenitis suppurativa. Axillary breast tissue can be
appreciated as well and should be carefully evaluated (Fig.
14–23). In obese patients, the axillae, and sometimes the 
supraclavicular areas, may contain a soft to rubbery fat pad
that can be mistaken for adenopathy. Lymph nodes may be
palpable or present within them.

The patient is then asked to assume the supine position,
and the breast examination is carried out as described in the
discussion of BSE (Figs. 14–24 and 14–25). Note is made of
any mass in the breast, tenderness, nipple discharge, or skin
retraction. The axillae are again palpated in this position 
(Fig. 14–26).

It may be difficult to determine whether a palpable mass is
solid or cystic. The history may be of some help in that cystic
lesions are more likely to be of sudden onset and tender. If a
mass feels like a cyst, aspiration is attempted to obtain fluid.

If the mass is no longer palpable after aspiration, one of the
criteria for a benign cyst of the breast has been met. If, how-
ever, the fluid appears to be bloody or if the mass does not 
disappear completely on palpation after aspiration, further
investigation is warranted. If the lesion is not a cyst but solid,
further diagnostic procedures are mandatory with fine-needle
aspiration biopsy, image-directed biopsy, or excision. If there
is some doubt about whether a palpable mass is cystic or solid,
breast ultrasonography with attention to the area in question
is helpful. The radiologist or surgeon may then proceed with
cyst aspiration under ultrasound guidance or with other
appropriate biopsies. Of course, if a mammogram or an ultra-
sonogram is available at the time of the examination and an
obvious cyst is both palpable and seen on the imaging studies,
a cyst aspiration should be performed.

In patients who have had an augmentation mammoplasty,
the prosthesis may be palpable, most often as a globular
smooth mass underlying the breast. On occasion, the valve of
the prosthesis can be felt and may be mistaken for a significant
breast lesion. These valves have a characteristic discoid outline
on palpation. If there is any question concerning the findings
on palpation, confirmation can usually be obtained by history
and ultrasound imaging, if necessary.

Any palpable finding not matched in a mirror-image loca-
tion in the opposite breast is a reason for concern, including
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Figure 14–23 Axillary breast tissue with supernumerary nipple.

Figure 14–24 Breast examination by the physician. The patient
is supine and the breasts are palpated for changes in contour,
thickening, or a mass.

Figure 14–25 Breast examination by the physician. The breast is
palpated with the tufts of the fingertips applying gentle pressure.

Figure 14–26 Breast examination by the physician. The axillae
are palpated with the patient supine.



ill-defined asymmetrical thickenings. It is impossible to rule
out breast cancer on clinical grounds alone. Failure to be
impressed with physical examination findings was cited as the
most common reason for a delay in the diagnosis of breast
cancer and the second most frequent cause of legal action
against physicians, and the most expensive.38

It is appropriate, and often helpful, to review mammo-
graphic findings on the x-ray view box with the patient so that
she has a clear perception of what microcalcifications or a
solid or cystic lesion looks like and the extent of the process.
With the use of image-guided biopsies and the availability of
a well-trained cytologist, the patient can be given at least a
preliminary diagnosis within a short period of time. This will
help allay apprehension and will allow the patient and the
physician to discuss further treatment if indicated. With 
the increased use of image-guided biopsies, most patients 
will have definitive surgery with a fairly accurate preliminary
diagnosis.

What is the role of screening in the 
clinical assessment?

The American Cancer Society estimates that in 2005, 212,930
women will be diagnosed with invasive breast cancer and an
additional 58,490 with in situ breast cancer. It estimates that
1690 men will be diagnosed with breast cancer, and 40,410
women and 460 men will die of the disease.39 It is widely
acknowledged that when breast cancer is diagnosed and 
treated at an early stage, the chances for long-term survival 
are better; and furthermore, smaller lesions are more
amenable to breast-conserving surgery.

Ghafoor and associates,40 in a recent report from the
American Cancer Society, described the trends in incidence,
mortality, and survival rates of female breast cancer in the
United States by race and ethnicity. Breast cancer incidence
has increased among women of all races combined and
among white women since the early 1980s. The increasing
incidence in white women predominantly involves small 
(<2 cm) and localized-stage tumors, although a small increase
in the incidence of regional-stage tumors and those larger
than 5 cm occurred since the early 1990s. The incidence
among African American women stabilized during the 1990s
for all breast cancers and for localized tumors. African
American women are more likely than white women to be
diagnosed with large tumors and distant-stage disease. Other
racial and ethnic groups have a lower incidence than white or
African American women. However, the proportion of disease
diagnosed at advanced stage and with larger tumor size in all
minorities is greater than in white persons. Death rates
decreased by 2.5% per year among white women since 1990
and by 1% per year among African American women since
1991. A disparity in mortality rates increased progressively
between 1980 and 2000, so that by 2000, the age-standardized
death rate was 32% higher in African Americans than in white
women. The authors point out that 63% and 29% of breast
cancers, respectively, are diagnosed at local-  and regional-
stage disease, for which the 5-year relative survival rates are
97% and 79%, respectively.

O’Malley and associates,41 using data from the Surveillance,
Epidemiology and End Results program (SEER), noted that

after adjustment for multiple factors, African Americans con-
tinued to have slightly but significantly poorer survival after
breast carcinoma compared with whites, whereas the survival
of Hispanics and Asians did not differ from that of whites.

Naik and associates42 studied the epidemiologic and patho-
logic characteristics of indigent breast cancer patients in a
public city hospital in comparison to national standards. The
medical records of 188 patients were retrospectively reviewed.
The authors concluded that indigent patients among all eth-
nic and racial backgrounds present with more advanced dis-
ease when compared with national statistics reported by the
SEER program.

Two components of delay have been identified: (1) delay by
a woman in seeking care for breast cancer symptoms, and (2)
delay by the patient, provider, and system during the evalua-
tion, diagnosis, and initiation of treatment of breast cancer. A
study by Bedell and associates43 addressed the problem of
delay in diagnosis and treatment of breast cancer. They noted
that nearly half of the diagnostic interval delay in the public
hospital results from systemic factors such as general schedul-
ing delays or time spent waiting for appointments and diag-
nostic procedures to be scheduled and completed, waiting for
reports and results, and waiting for retrieval of lost or missing
records. Missed diagnosis was the most common reason for
provider delays in the diagnostic interval. Missed diagnoses
occurred when cancer symptoms were ignored, treatment for
presumed infection was instituted, a mass was present and
biopsy was not performed, or a suspect finding was not fol-
lowed up. Complaints of a breast mass must be aggressively
pursued, and dominant masses should undergo biopsy. A nor-
mal mammogram does not rule out the need for a biopsy.
Education of women to follow routine screening recommen-
dations, to recognize breast cancer symptoms early, and to
recognize benefits of early detection is important. Minority
and uninsured women are at particular risk. Language, cul-
ture, and financial barriers in this population may necessitate
more outreach and support.

The Gothenburg Breast Screening Trial44 reported a ran-
domized controlled trial of mammographic screening for
breast carcinoma with 21,650 women in the screened group
and 29,961 women in a control group. The screening interval
was 18 months. Age-specific analyses yielded greater mortality
rate reduction for the groups of women aged 39 to 44 years, 45
to 49 years, and 55 to 59 years, but there was no mortality rate
reduction in the group of women aged 50 to 54 years. The
authors observed a 20% to 30% reduction in breast carcinoma
mortality with mammographic screening. The results also
suggested that a reduction in mortality in women younger
than 50 years of age might also be achieved with a short
screening interval.

A Swedish trial conducted by Tabar and associates45 re-
ported a 30% reduction in mortality associated with the invi-
tation to screening of women aged 40 to 74 years, with the
reduction being 34% for women aged 50 to 74 years and 13%
for women aged 40 to 49. These authors suggest that much,
although not all, of the smaller effect of screening on mortal-
ity in women aged 40 to 49 years was due to faster progression
of a substantial proportion of tumors in this age group and
the rapid increase in incidence during this decade of life. It
was estimated that a 19% reduction in mortality would result
from an annual screening regimen.
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What is the radiation risk 
from mammography?

The possibility of radiation risk from mammography has
been a subject of debate, specifically in the screening of
women between the ages of 40 and 49 years. In 1975, Dr. John
Bailar, Editor of the Journal of the National Cancer Institute,
called public attention to the potential radiation risk of
screening mammography. Although conceding that for
women older than 50 or 60 years, “the radiation risk may be
small in relation to the expected benefit,” he concluded that
the routine use of mammography in screening asymptomatic
women “may eventually take as many lives as it saves”46 Since
that time, concerns have lessened as randomized trials have
proved the benefit of screening in women between the ages of
40 and 49 years. In addition, with improvements in technology,
there has been a sevenfold national reduction in mean glan-
dular dose to the breast from 1974 to 1992, and there are
numerous studies indicating that the risk from radiation is
negligible compared with the benefit from screening.

Feig47 summarized the assessment of radiation risk from
screening mammography. The female Japanese survivors of
the Hiroshima and Nagasaki atomic bombings represent the
largest of all available populations of women who received
high doses of radiation and from which estimates of the risk
for radiation-induced breast cancer can be derived. The long-
est follow-up of the Japanese women to date was reported by
Tokunaga and associates in 1994.48 Excess relative risk for
breast cancer in exposed women compared with nonexposed
women was found with doses of 250 to 500 mGy among
Japanese atomic bomb survivors, but there was no evidence of
excessive risk below 250 mGy. After the hypothetical risk for
developing a fatal breast cancer from mammography is calcu-
lated from the relative risk estimate that Tokunaga and associ-
ates derived from the follow-up of Japanese atomic bomb
survivors, it may then be compared with the number of fatal
cancers prevented by mammographic screening as observed
in randomized screening trials. Mettler and associates49 have
made it clear that the risk is negligible compared with the
proven benefit from screening.

In a meta-analysis of seven randomized trials by Smart and
associates, a significant reduction in mortality from breast
cancer resulted from screening frequencies that ranged from
12 to 33 months, when combined with adequate follow-up.50

Feig47 concluded that over a period of 20 years, studies com-
paring benefits and risks of mammographic screening have
reduced the level of concern regarding radiation exposure of
asymptomatic women, and the benefit-to-risk ratios from
actual screening may be even more favorable than those cal-
culated in the Mettler study.

What special considerations apply to the 
clinical evaluation of young women?

Breast cancer in women younger than 40 years requires special
consideration. These women are often more aware of the
necessity for examination and mammography than their older
counterparts. In view of this, particularly with the increasing
use of mammography in women between the ages of 30 and

40 years, it appears that the incidence of breast cancer in
young women is rising. However, the nature of the lesion dis-
covered in many instances may be quite different from that
seen in older women. The findings range from minute intra-
ductal neoplasms, manifested by a tiny cluster of microcalcifi-
cations on mammography, to invasive lobular carcinoma,
which is difficult to detect on mammography in dense breasts
and is often discovered on physical examination at a more
advanced stage.

Among the 211,300 new cases of breast cancer diagnosed in
2003, about 6% were in women younger than 40 years. The
absolute number of breast cancer cases nearly doubled in
young women from 1970 to 1990, but the incidence of disease
has changed very little because of the marked increase in the
young population as a whole.

Examination of young women’s breasts is more difficult,
and the examiner usually has a low index of suspicion, which
may lead to delay in diagnosis. Young women’s breasts are
often nodular, may be disparate in size, and may change with
menstrual cycle. If cyclic changes are suspected, the patient
can be reexamined after a short interval, usually 10 to 12 days
after onset of the menstrual period. The importance of a
short-term physical reexamination cannot be overempha-
sized. However, in very young women, the most common
tumor is a fibroadenoma, and the patient can be reassured
that these are common and benign and can be safely excised.

What are the most common breast 
lesions in younger women?

Fibroadenomas and fibronodular breast tissue are the most
common masses in women younger than 25 years, as dis-
cussed later in this chapter. It is uncommon for women in this
age group to have either a breast cyst or breast cancer.
Fibroadenomas are perhaps the easiest to diagnose clinically
because the mass is smooth and mobile. In contrast, as women
approach the fourth decade of life, breast cysts become com-
mon. One of the major responsibilities of the clinician is to
establish that a palpable abnormality is a cyst and not a solid
mass. This can be done with either needle aspiration or ultra-
sound, although needle aspiration is preferred because it pro-
vides simultaneous therapeutic drainage if a cyst is present.
Palpable cysts should be drained for several reasons: (1) to
establish the diagnosis of the cyst as benign, (2) to provide an
expeditious diagnosis, (3) to provide relief of pain in a woman
who has a cyst under tension, and (4) to provide an optimal
breast examination interpretation free of interfering masses.51

What are the potential problems in the 
clinical evaluation of younger women?

Approaching the fourth decade, when breast cysts become
more common, the incidence of breast cancer also rises.
During these years, breast examination may become difficult
and the cause of any palpable breast mass equally difficult to
predict with any certainty. The use of estrogen replacement
therapy additionally confounds the issue.

A review of the litigation literature found that more than
two thirds of women who sued physicians over delay in the
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diagnosis of breast cancer were younger than 50 years of age.52

This underscores the fact that any woman with a breast lump,
no matter what her age, must have breast cancer included in
the differential diagnosis.

The first step in evaluation of a premenopausal woman
with a potential abnormality is to perform an examination
when ovarian hormones exert the least influence, usually 10 to
12 days after onset of menstruation. If a palpable asymmetri-
cal abnormality is present or persistent, full evaluation can
take place.

In women older than 30 years, diagnostic mammography is
usually recommended. The workup must proceed even if the
mammogram is normal. False-negative results do occur, espe-
cially in a premenopausal woman, whose mammogram can be
difficult to interpret because of dense glandular breast tissue.

Delay in diagnosis is not unlikely in younger women.
Winchester53 discussed information from the National Cancer
Database supporting this assertion. Nearly 50% of women
older than 50 years had T1 tumor (<2 cm), whereas 29.7% of
women 30 years or younger had T1 lesions. Conversely, about
50% of women younger than 30 years had tumors larger than
2 cm, compared with 30.8% of women older than 50 years.
There was a fivefold greater incidence of inflammatory carci-
noma in women younger than 30 years relative to those older
than 50 years.

Age is the single most important risk factor for breast can-
cer. The risk increases throughout a woman’s life, and the
annual incidence of breast cancer in women in the United
States 80 to 85 years old is 15 times higher than that in women
30 to 35 years old. African American women younger than 50
years have a higher age-specific incidence of breast cancer
than their white American counterparts, but older African
Americans have a lower age-specific incidence than older
white Americans. Breast cancer incidence among Hispanic
women living in North America is only 40% to 50% as great
as that among non-Hispanic white women. Asian women
born in Asia have an extremely low lifetime risk for breast can-
cer, but their daughters born in North America have the same
lifetime risk for breast cancer as an American white woman.8

Velentgas and Daling54 reviewed the literature on breast
cancer risk, comparing older and younger women. The rela-
tive risk in younger women versus older women was elevated
if the woman was African American, had her first pregnancy
at a late age, had a low parity, took birth control pills at an
early age or for a long period of time, had a positive family his-
tory for breast cancer, and had atypical hyperplasia diagnosed
on a breast biopsy.

What special considerations apply to the 
clinical assessment of the pregnant or 
lactating woman?

Breast cancer is the most frequently diagnosed malignancy
during pregnancy and lactation, but fortunately, the occur-
rence is relatively uncommon. Wallack and associates55

reviewed the literature over several decades and reported that
pregnancy was associated with 0.2% to 3.8% of all breast 
cancers. Some studies have shown that the prognosis is no 
different from that for breast cancer occurring in aged-
matched, nonpregnant controls.56 However, a recent study by
Siegelman-Danieli and associates compared 38 breast cancer

patients with 40 primary tumors and with a history of fertility
drug therapy (FDT) to other breast cancer groups: women
with pregnancy-associated breast cancer and premenopausal
women born during the same calendar years and not exposed
to hormonal manipulations or recent pregnancy.57 Compared
with controls, tumors of patients with FDT exposure presented
at advanced stages and were more likely to be estrogen recep-
tor and progesterone receptor negative and of poor histologic
grade. Survival was stage dependent.

The important consideration in breast cancer occurring in
pregnancy and lactation is delay in diagnosis. Among preg-
nant patients reviewed by Bunker and Peters, only 7%
received treatment within 1 month of the detection of a pal-
pable mass; a delay of 6 months or more between detection
and diagnosis was recorded in 50%.58 In a more recent study
of 63 patients referred to the Memorial Sloan-Kettering
Cancer Center, Petrek and associates observed that in more
than 50% of patients diagnosed as having breast cancer post-
partum, a mass had been palpated during pregnancy and fol-
lowed clinically.59

The physiologic changes in the breast during pregnancy
probably account for a significant portion of diagnostic delay.
The breast becomes increasingly difficult to examine, particu-
larly early in pregnancy, when there may be nodularity and
hypertrophy; and as the breast becomes larger during preg-
nancy, palpation is even more difficult. It is incumbent on the
obstetrician or health professional caring for the pregnant
patient to do a thorough breast examination at the first 
prenatal visit, with immediate follow-up of any suspicious
finding.

As with nonpregnant patients, fine-needle aspiration may
be used for differentiating a solid from a cystic mass or galac-
tocele. Ultrasonography and ultrasound-guided biopsy may
be diagnostic. If a solid mass is encountered, an open biopsy is
favored because the pathologist often reports cellular atypia
and lactational changes during pregnancy. Mammograms are
not particularly useful in pregnant women; a high false-
negative rate is probably due to the density of the breast tissue.
There may also be some concern about the possible effect of
radiation on the fetus. Breast biopsy during pregnancy consti-
tutes a negligible risk for the mother and fetus and serves the
purpose of making a diagnosis and allaying apprehension.

During the third trimester of pregnancy, a bloody discharge
from the nipple may be noted. This has been ascribed to vascu-
lar engorgement or an exaggerated proliferation of the mam-
mary epithelium. The patient should be reassured that this is
most likely a physiologic variant. However, follow-up is indi-
cated after delivery, and if the condition persists for more than
4 to 6 weeks, surgical investigation is warranted. The develop-
ment of galactoceles during late pregnancy and lactation is not
uncommon, and these can be diagnosed with needle aspira-
tion. Mastitis during pregnancy is treated with antibiotics;
postpartum and lactational abscesses can usually be managed
with aspiration, culture, and appropriate antibiotic therapy. If
a mass persists after therapy, open biopsy is mandatory.

What additional clinical concerns 
apply to younger women?

Most young breast cancer patients today are likely to 
receive chemotherapy. The long-term effects of adjuvant
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chemotherapy on both physical and emotional stability are
important. Premature ovarian failure increases the risk for
development of osteoporosis. The risk for cardiovascular dis-
ease may be increased as well. Chemotherapy and radiation
therapy may have toxic effects, particularly cardiac toxicity
with the use of doxorubicin. Pregnancy after treatment for
breast cancer does not adversely affect survival. However,
careful individual counseling in this regard is necessary
because risk factors are not the same for all patients.

What special considerations apply to the 
clinical evaluation of elderly women?

The risk for breast cancer increases throughout a woman’s life,
and the annual incidence of breast cancer in the United States
for women 80 to 85 years old is 15 times higher than that in
women 30 to 35 years old.8

About half of all breast cancers occur in women older than
65 years. The diagnosis of breast cancer is made by the dis-
covery of a palpable mass in 60% to 80% of women, and it
appears that a greater proportion of elderly women present
with palpable breast masses than do younger women. It is
interesting to note that younger women tend to have screen-
ing mammography less frequently and that screening mam-
mography in the older age group appears to be much more
effective. This is most likely because the breasts of older
women are less dense, and abnormalities can be detected
against the more radiolucent background of glandular atro-
phy and fatty replacement. Given the 12-year average of life
expectancy of a 74-year old woman, a recent National Cancer
Institute on Aging Consensus Forum on “Breast Cancer
Screening in Older Women” recommended continuing the
same guidelines for mammography for women who are in
good general health and older than 74 years.60

Law and associates61 have reviewed breast cancer in elderly
women in depth. They note that the presence of comorbid
conditions clearly adversely affects survival and is important
in choosing treatment strategies. Survival data from several
studies show that between 13% and 55% of women older than
65 years with breast cancer died of causes other than breast
cancer. In view of this, elderly patients run the risk for receiv-
ing “suboptimal” breast cancer treatment. Some women are
inappropriately excluded from potential curative therapy
because of an inadequate evaluation of these so-called morbid
conditions. Healthy women, irrespective of age, have a similar
tolerance to and outcome from standard surgical therapy for
early-stage breast cancer.

Two retrospective studies of patients aged 80 years or older
with primary surgery show that mastectomy-related mortality
(1% to 3%) and morbidity (wound complications, 10% to
16%) were comparable to those for younger patients.62,63 In
addition, the 5-year overall survival rates of patients with
stage I and stage II disease ranged from 39% to 65%. Five- 
and 10-year overall survival rates are not inferior for elderly
women with local regional tumors treated surgically com-
pared with younger women.

Recent data suggest that breast cancer in elderly women
does not present as more advanced disease, nor is survival sig-
nificantly inferior to that of younger women. Unless comor-
bid conditions adversely affect life expectancy or tolerance 
to therapy, older women should be treated with standard 

surgical procedure for early-stage disease. The advantages of
treatment options should be considered in the light of physi-
ologic rather than chronologic age.64 Therefore, the approach
to the elderly patient at the outset of the clinical assessment
should be with the same intent to treat and cure as for the
younger patient.

As stated previously, and particularly with the elderly, a
responsible companion should accompany the patient at the
time of the initial interview and physical examination. Often
the elderly patient is somewhat confused, may have difficulty
hearing, and may be extremely reticent to accept a surgical
procedure at a time of life when there may be “little to live for.”
The emotional stress of cancer has to be dealt with and may
require professional consultation; it certainly requires under-
standing family and friends.

What considerations apply to the 
clinical assessment of men?

Breast cancer in men accounts for less than 1% of all breast
cancers diagnosed in the United States. The American Cancer
Society estimates that in 2005, 1690 men will be diagnosed as
having breast cancer, and 460 men will die of the disease.39 A
centrally located mass is the most common presentation, fol-
lowed by nipple retraction, nipple discharge, and ulceration.
Fixation to the skin is frequent, and axillary adenopathy
occurs in about 40%. However, the accuracy of clinical evalu-
ation of the axilla is poor, with false-positive rates ranging
from 8% to 50%, and with false-negative rates from 18% to
40%.65

Gynecomastia is a much more common condition and on
physical examination demonstrates characteristics similar to
those of breast cancer. It is reported in 36% of normal adult
men, increases with age, and is found in 12% to 40% of men
with breast cancer, depending on whether it is defined clini-
cally or histologically. The known causes of gynecomastia are
numerous and are discussed in Chapter 36. Other conditions
causing a breast mass in men include inflammatory lesions,
sarcomas, metastases to the breast, and trauma.

Mammography can be employed to distinguish male breast
cancer from gynecomastia. In addition, the cytologic features
of male breast cancer are similar to those described for female
breast cancer, and fine-needle aspiration biopsy is usually
diagnostic.

Campagnaro and associates66 recently published a case
report of cystosarcoma phyllodes of the male breast. The
patient had gynecomastia bilaterally as well as a well-
circumscribed subareolar mass in one breast. The authors
suggested that phyllodes tumor occurs in males in roughly the
same proportion as that of any breast cancer in males, and
that its perceived rarity is a result of its overall low incidence
rate when compared with other breast cancers.

What special concerns apply to the clinical 
assessment of patients with diabetes?

Women with long-standing insulin-dependent diabetes melli-
tus and dense mammary glandular tissue can have benign
breast masses clinically resembling cancer. Soler and
Khadori67 originally described this association in 1984. They
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noted that some women with type 1 diabetes and limited 
joint mobility of the hand (cheiroarthropathy) also had 
well-defined painless fibrous breast lumps. Gump and
McDermott68 named the condition “diabetic fibrous breast
disease.” Byrd and associates69 described the characteristic
change as a connective tissue overgrowth with vasculitis and
some proliferation of duct epithelium not associated with an
increased risk for breast cancer.

Logan and Hoffman70 have elucidated the criteria for the
consideration of the diagnosis. These include a prolonged his-
tory of insulin-dependent diabetes mellitus, mammographi-
cally dense glandular tissue, and one or more exceedingly
hard, irregular, freely movable, discrete, painless, clinically
palpable breast masses with neither skin change nor distortion
of the breast contour. These masses reveal strong acoustic
shadowing on ultrasound studies and are firmly resistant to
the to-and-fro movement of the needle used for fine-needle
aspiration. Realizing that diabetes confers no immunity from
breast cancer, all authors agree that these patients can be fol-
lowed by careful clinical examination and repeated fine-
needle aspiration and cytologic study.

What are the clinical findings after surgery?

Breast examination in patients who have had previous 
surgery may be difficult. Included are patients who have had a
biopsy, segmental excision for carcinoma with or without
radiation therapy, a mastectomy, or reduction or augmenta-
tion mammoplasty.71 Fluid accumulations at a surgical 
biopsy or excision site in the immediate postoperative 
period are common. To the patient, this feels like a “mass.” The
physician, however, may anticipate this finding, and aspiration
will confirm the clinical impression of a seroma. It is not
unusual that within the first 3 months, an area of induration
can be felt around a biopsy site, most likely due to fibrosis 
and fat necrosis. If the induration persists beyond this time,
however, fine-needle aspiration or core biopsy is warranted 
(Fig. 14–27). Ultrasonography may also be of help. Seromas 
persisting after the 3-month period are relatively uncommon,
and their presence can be diagnosed by ultrasound and 
aspiration.

The incidence of postoperative hematoma after excisional
breast biopsy ranges from 0.5% to 4%. Common causes
include inadequate hemostasis, altered coagulation function
secondary to ingestion of nonsteroidal anti-inflammatory
agents, aspirin-containing compounds, vitamin E, herbal
remedies, and, less frequently, bleeding disorders. Patients
presenting with an enlarging hematoma within hours of
surgery are usually returned to the operating room after 
evaluation of hemostatic parameters for evacuation of the
hematoma and control of the bleeding. When the patient
presents more than 24 hours after surgery, analgesics and sup-
port usually make the patient more comfortable. Once the
hematoma has liquefied, as evidenced by fluctuance under the
incision, aspiration may give some relief as well. Hematomas
under pressure may drain spontaneously through the inci-
sion 1 or 2 weeks after surgery, and the remainder may 
be expressed through a small opening in the incision.
Spontaneous hemorrhage into breast cancers or cysts is rare
but can occur. Cytologic evaluation of the fluid is often nega-
tive for cancer cells. If a breast mass does not completely

resolve after aspiration of blood and fluid, excisional biopsy is
important to rule out a malignancy.

Although breast implant rupture is a well-known compli-
cation of breast implant surgery, little is known about the tim-
ing and frequency of the ruptures. In Europe, silicone breast
implants are still a preferred implant for cosmetic and recon-
structive breast surgery, whereas in the United States, saline
implants have been standard since 1992. The Food and Drug
Administration is studying the safety and rate of failure of sil-
icone implants. Rupture of saline implants becomes apparent
shortly after its occurrence, with absorption of the leaking
saline. By contrast, silicone gel implant rupture often remains
unnoticed by both patient and physician because the leaking
silicone is kept in place by the surrounding fibrous scar mem-
brane, and no visible reabsorption occurs.

A study by Holmich and associates72 was designed to meas-
ure the incidence of implant rupture by repeated magnetic
resonance imaging (MRI) among women with silicone breast
implants. Implants were diagnosed as “definite” or “possible
rupture.” In a 2-year period, 10% of 271 patients studied had
definite ruptures, and 7% had possible ruptures. The overall
rupture incidence for definitive rupture was 5.3 ruptures per
100 implants per year. The rupture rate increases significantly
with increasing implant age. Double-lumen implants were
associated with substantially lower rupture risk then single-
lumen implants. For modern implants, they estimated a 
rupture-free survival of 95% at 5 years and 83% to 85% at 10
years. A minimum of 15% of modern implants can be expected
to rupture between the 3 and 10 years after implantation.

The need for mammography in the postoperative period is
subject to clinical judgment. It may be particularly useful in
patients operated on for microcalcifications. Induration sec-
ondary to fat necrosis is also common after reconstructive
procedures, particularly a transverse rectus abdominis
myocutaneous (TRAM) flap. Fine-needle aspiration biopsy or
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retraction 1 year after “lumpectomy” and radiation therapy.



core biopsy is indicated if there is any doubt concerning the
nature of the palpatory findings.

Induration and scar formation are not uncommon after
reduction mammoplasty. The physical findings are usually
confined to the surgical scar, but any doubtful findings should
be assessed with an appropriate biopsy. In the event of an
augmentation mammoplasty with prosthesis in place, care
must be taken to avoid puncture of the implant.

Follow-up of patients after mastectomy requires diligent
examination of the upper and lower flaps as well as the axilla.
Although recurrence is not common after mastectomy, early
detection is important so that measures can be taken for diag-
nosis and treatment of recurrent disease. Once again, needle
aspiration biopsy of suspicious area or nodes is extremely
helpful for an expeditious diagnosis.

Lymphedema of the upper extremity after axillary lymph
node dissection is a well-recognized risk. Some degree of lym-
phatic obstruction in the arm and breast is not uncommon
after breast conservation therapy (segmental excision, axillary
dissection, and radiation therapy) as well. In the immediate
postradiation period, the breast is often edematous and
indurated, and there may be superficial excoriation of the skin
as well as erythema and even peau d’orange. On occasion,
cellulitis may develop, which may be indolent and very 
slow to respond to antibiotic therapy. Staren and associates73

discussed the dilemma of delayed cellulitis after breast-
conserving therapy. The cellulitis may take several weeks to
clear with antibiotics, and it may recur or persist. If there is 
no resolution after 4 months of therapy, a biopsy is necessary
to rule out recurrent carcinoma.

A rare and almost universally fatal complication of
lymphedema following mastectomy is the development of
lymphangiosarcoma (Fig. 14–28). First described by Stewart
and Treves,74 at inception it may be mistaken for ecchymosis,
but the process progresses to form bluish red nodules, which
eventually ulcerate and drain.

Postirradiation sarcomas are a rare complication of radia-
tion therapy.75 They should be suspected when a patient 
presents with increasing pain or swelling in the irradiated
area. Physical examination may reveal edema, tenderness,
neurotropic deficit, and perhaps a palpable mass. The skin
overlying the irradiated area may show atrophy, fibrosis,
telangiectasia, hyperpigmentation, dermatitis, and ulceration.
Biopsy is mandatory.

What are the clinical findings after 
breast trauma?

Trauma to the breast is not uncommon, and most instances of
breast trauma are mild and self-limited. However, if patients
fail to present in the acute period and the clinical signs of
trauma are absent with palpable breast masses, careful evalu-
ation and follow-up with biopsy is essential because 9% to
20% of women with breast cancer have a history of antecedent
trauma. Most patients with a history of trauma in the acute
phase present with tender masses, usually with overlying
ecchymosis early in the postinjury period. In addition, there
may be erythema and edema, and in severe trauma, the breast
findings may serve as a marker for more serious thoracic
injuries. Rupture of implants or of the fibrous capsule sur-
rounding the implant has been reported in women who have
undergone augmentation mammoplasty or implant recon-
struction. Removal and replacement of the implant is impor-
tant. In addition, we have seen several instances of fluid
accumulation, usually serous, after strenuous exercise and the
lifting of heavy weights in women who have breast implants.
They describe a sudden enlargement of the breast mound,
often without pain. Diagnosis can be confirmed using ultra-
sound and subsequent ultrasound-guided aspiration and
cytologic evaluation of the fluid obtained. Spontaneous heal-
ing can be expected.

A breast hematoma can occur secondary to a surgical pro-
cedure, including fine-needle aspiration, stereotactic core
biopsy, mammotome biopsy, and excisional biopsy, as previ-
ously discussed. In general, it is recommended that a mam-
mogram be obtained before aspiration or that mammography
be delayed for at least 2 weeks after aspiration to prevent dif-
ficulty in diagnosis.

How does mammography complement 
clinical assessment?

Although most physicians agree that mammography is an
effective screening tool, only 8% to 15% of asymptomatic
women have mammography as part of a routine annual eval-
uation. Only 15% to 20% of women older than 50 years of age
have ever had a mammogram.76 Aside from the screening of
asymptomatic women, patients with tumors, areas of asym-
metry, nipple discharge, skin retraction, or axillary adenopa-
thy should also be evaluated by mammography. It is not very
useful in teenagers because of the density of their breasts but
is indicated if the rare malignant process is suspected.
The false-negative rate for mammography is about 10% to
15%; therefore, physical examination must accompany 
mammography in making a therapeutic decision.
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Figure 14–28 Lymphangiosarcoma, left chest wall. This patient
had mastectomy and radiation therapy 5 years previously.



Mammography is an extremely important element in the
diagnosis of a neoplasm in the breast. Merely reading a mam-
mographic report, particularly from a facility with which the
surgeon is not familiar, often is not enough. If the films are
available for review by the surgeon, palpable abnormalities
can be corroborated with the mammogram. The radiologist
may not have the results of the clinical examination when the
mammogram is read, and the clinician must communicate
with the mammographer concerning the physical findings.
This relationship between the mammographic facility and the
clinician is imperative, and doubts should be reassessed if nec-
essary and the patient reexamined both clinically and mam-
mographically with attention to the areas of concern.

If clinical examination, mammographic evaluation, and
aspiration biopsy are in concordance concerning the presence
of benign disease, a greater than 99% predictive value can be
obtained.77 The woman then can be given the options of
follow-up or biopsy. Those who choose to be followed are 
usually seen for at least one follow-up visit in 3 months and
then can be seen at 3- to 6-month intervals. If any change
occurs on clinical examination or mammography, biopsy is
warranted.

All patients with a history of lobular neoplasia or carcino-
ma of the breast, a family history of carcinoma of the breast,
intraductal papillomatosis, or gross cystic disease should have
mammography at routine intervals. The recommendations of
the American Cancer Society and the American College of
Radiology regarding screening mammography for asympto-
matic women have been discussed. Mammographic abnor-
malities that warrant further evaluation include masses,
microcalcifications, stellate densities or architectural distor-
tion, and a “changing mammogram,” as is discussed in
Chapter 15.

How does ultrasound complement 
clinical assessment?

Ultrasound is most helpful and accurate in the evaluation of
dense breasts and in differentiating between cystic and solid
masses.78 With new techniques, masses as small as 5 mm may
be localized and ultrasound-guided aspiration biopsies or
core biopsies performed.

Vetto and associates79 described a “modified triple test”
(physical examination, ultrasonography instead of mammog-
raphy, and fine-needle aspiration) in diagnosing palpable
breast lesions in younger women. In this group of 55 patients
younger than 40 years, with the longest follow-up being 45
months, there was a high degree of diagnostic accuracy with-
out the need for routine open biopsy, with an overall reduc-
tion in patient expense.

Louie and associates80 conducted a study to determine the
validity of applying criteria routinely used to manage palpable
breast cysts to the management of mammographically de-
tected, nonpalpable breast lesions characterized as indetermi-
nate by ultrasound. Of 139 indeterminate lesions, 78 were
consistent with “complex cysts”; in 61, the cystic-versus-solid
nature was indistinguishable. All 71 complex cyst lesions that
contained nonbloody fluid and resolved were completely
benign. Of 7 complex cysts that had incomplete resolution,
bloody aspirate, or both, 2 were malignant. Of 61 cystic-
versus-solid lesions, 29 and 32 were primarily solid and cystic,

respectively. Three of the 29 solid lesions were malignant. Of
the 32 cystic lesions, all 26 that contained nonbloody fluid and
resolved completely were benign, whereas 1 of 6 lesions that
had incomplete resolution, bloody aspirate, or both was
malignant. Solid or incompletely resolved lesions underwent
core or open biopsy. Louie and associates concluded that the
criteria for management of palpable breast cysts could be
applied to the management of ultrasound-indeterminate
nonpalpable breast lesions.

Chen and associates81 compared the duration and rates 
of underestimation and complete excision for nonpalpable
breast lesions using either intraoperative ultrasonographically
guided excisional biopsy (IUGE) or directional vacuum-
assisted biopsy (DVAB). Although they feel that percutaneous
ultrasonographically guided core needle biopsy is preferable
to stereotactic biopsy for nonpalpable breast lesions, under-
estimation and false-negative results can occur. The study
demonstrated that with DVAB, a complete excisional biopsy
could be obtained, with sonographic corroboration of 95% 
at 3-month and 1-year follow-up. Patients with atypical 
ductal hyperplasia or malignancy had an open surgical pro-
cedure. There were no false-negative results, no underestima-
tion of the disease, and no requirement for re-excisional
biopsy.

How does breast magnetic resonance 
imaging complement clinical assessment?

Breast MRI is a developing technique for the evaluation of
patients with primary breast carcinoma. Identification of
microscopic multifocal or multicentric disease generally is
considered to result in higher rates of local recurrence and
thus is a contraindication for breast conservation. Estimates of
the frequency of multifocality and multicentricity in breast
carcinoma vary widely and, depending on the specific criteria
used, may range from 7% to 63%. Preoperative identification
of these patients is important for their appropriate surgical
management.

Bodrosian and associates82 conducted a retrospective review
of 267 patients with primary breast tumors who had MRI
studies before undergoing definitive surgery. The overall sen-
sitivity of MRI for detecting primary, intact breast tumors was
95%. Planned surgical management was altered in 69 of 267
patients (26%), and in 49 of those patients (71%) there was
pathologic verification of malignancy in the surgical speci-
men, confirming the need for wider or separate excision or
mastectomy. Forty-four of 267 patients (16.5%) had conver-
sion of planned breast conservation to mastectomy. In a 
statistical analysis, change in management was associated sig-
nificantly with histology; management was altered in 11 of 24
lobular tumors (46%) compared with 58 of 243 ductal tumors
(24%).

Criteria for the selection of patients for breast MRI remain
indeterminate. The authors noted that subgroup analysis from
their series suggested that patients with invasive lobular carci-
noma might benefit from preoperative staging with breast
MRI studies. MRI evaluation probably would not change the
overall mastectomy rate; instead, MRI might help to identify
patients who are likely to fail breast conservation therapy. The
authors also emphasized that, given the high sensitivity but
generally low specificity of MRI, validation of MRI-identified
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suspicious lesions by core or excision biopsy is necessary
before recommendation for mastectomy is made.

Quan and associates,83 noting the difficulty in predicting
extent of disease in the breasts of patients with invasive lobu-
lar carcinoma, studied the utility of MRI in finding otherwise
unsuspected cancer in the ipsilateral or contralateral breasts in
these patients. Suspicious lesions separate from the primary
tumor were found by MRI in 61% of 62 patients studied.
Nineteen of 51 patients with an ipsilateral finding had MRI-
guided biopsy, which revealed cancer in 11 (22%). Twenty 
of 53 patients with a contralateral finding had MRI-guided
biopsy, which revealed cancer in 5 (9%). It seems apparent
that MRI identifies multicentric and contralateral cancer in
patients with invasive lobular carcinoma, particularly in the
ipsilateral breast.

Liberman and associates84 performed a retrospective review
of the records of 367 asymptomatic women with normal
mammograms who had a high risk for developing breast car-
cinoma (i.e., women who had prior breast carcinoma, biopsy-
proven lobular carcinoma in situ or atypia, or a family history
of breast carcinoma), whose first breast MRI screening exam-
ination occurred at the Memorial Sloan-Kettering Cancer
Center during a 2-year period. The number of “probably
benign” interpretations was determined, and follow-up data
were obtained. The authors noted that short-term follow-up is
widely accepted for tracking nonpalpable mammographic
lesions that are probably benign. In prior studies, nonpalpa-
ble, probably benign lesions were reported in 3% to 11% of
mammograms. Subsequent malignancy was found in 0.2% to
2% of probably benign lesions; most malignancies were iden-
tified because of interval change at short-term follow-up
mammography when lesions were small and in an early stage,
with excellent prognosis.

In the Liberman study, most patients had mammography
within 6 months of breast MRI. A “probably benign” interpre-
tation was given to 89 (24%) of 367 women. Follow-up MRI
was performed for 70 (79%) of 89 women, with a median 
follow-up time of 11 months. Twenty women subsequently
underwent biopsy at a median of 9 months after MRI, owing
to progression on follow-up MRI or for other reasons.
Malignancies were found in 9 women, constituting 45% 
of the 20 women who underwent biopsy and 10% of the 
89 women with probably benign lesions. In six of the nine
women who developed malignant disease (7% of the 89
women in the study), the malignancy was detected by follow-
up MRI of an area that previously was interpreted as probably
benign. Tumor histology was ductal carcinoma in situ in 
5 patients and infiltrating ductal carcinoma in 4. The authors
concluded that a “probably benign” interpretation was 
given to 24% of high-risk women at their first breast MRI
screening examination, and that in 7% to 10% of women with
probably benign interpretations, malignant disease subse-
quently developed in an area initially judged to be probably
benign.

What is the role of needle aspiration 
biopsy in clinical assessment?

The combination of a thorough history and physical exami-
nation in conjunction with mammography will differentiate
benign from malignant disease in most women. However,

confirmation of the diagnosis can be made only by micro-
scopic examination of tissue. In this regard, clinical judgment
is extremely important, and if there is any doubt about the
nature of any mass in the breast, biopsy is indicated. In very
young women (i.e., <25 years of age), small, clinically benign
areas of nodularity may be re-evaluated at appropriate inter-
vals. However, if they increase in size, they should undergo
biopsy. With the availability of numerous biopsy techniques
and qualified aspiration cytologists, a diagnosis can often be
made and definitive therapy instituted within a short time. In
the instance of a fine-needle aspiration biopsy of a clinically
suspicious mass when a diagnosis of cancer is not made, a sur-
gical biopsy is mandatory to exclude malignancy.

Aspiration biopsy involves the use of a fine needle and
syringe to aspirate cells from a suspicious area, smearing them
on a glass slide, fixing them, and then staining for cytologic
evaluation (Fig. 14–29), as detailed in Chapter 17. Stereotactic
techniques may be used to evaluate nonpalpable nodules of
the breast. Vazquez and associates85 evaluated the reliability 
of stereotactic aspiration biopsy of 373 nonpalpable nodules
of the breast. They found that a high sensitivity for the detec-
tion of a malignant lesion could be maintained when there is 
conservative management of well-defined nodules without
microcalcifications that remain stable mammographically and
are benign on fine-needle aspiration.

As previously noted, the timing of needle aspiration of a
breast lesion is important in relation to mammography. If
needle aspiration is done before mammography, the diagnos-
tic mammogram should be delayed for at least 2 weeks
because false-positive mammograms may result secondary to
hematoma formation. This is also true for ultrasound exami-
nations of the breast following needle aspiration.

When a mass is aspirated and found to be solid, excisional
biopsy is usually advised. However, if the fine-needle aspira-
tion biopsy sample is optimal and if a skilled cytopathologist
interprets the specimens, fine-needle aspiration may be used
to differentiate between the patients who require open biopsy
and those who can be managed with periodic follow-up
examination, provided that the chance of a malignant lesion is
considered to be remote (Fig. 14–30).
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The accuracy of fine-needle biopsy has been established.
The false-positive rate for the procedure is low, averaging
about 0.17%.86 The advantage of the procedure is that it can
rapidly establish a preliminary diagnosis of malignancy or
possible malignancy, offering the patient the opportunity to
discuss treatment options within a very short time. Some sur-
geons use the results of fine-needle aspiration biopsy for
definitive diagnosis. In many instances, however, it may be
more prudent to confirm the impression gained from aspira-
tion biopsy with a core biopsy, mammotome biopsy, or an
open biopsy with frozen section, especially if there is any 
question clinically.

The false-negative rate of fine-needle aspiration biopsy has
been found to be between 0.4% and 35%. The most common
reason for a false-negative result is inadequate sampling,
which may be due to lack of communication between surgeon
and cytopathologist or due to an inexperienced cytopatholo-
gist. Other reasons for false-negative results include tumors
1.0 cm or smaller, which may have been missed by the aspi-
rating needle. The use of stereotactic fine-needle aspiration
biopsy as well as ultrasound-guided aspiration biopsy
enhances the ability to detect lesions and reduces the false-
negative rate.

Aspiration of fibrotic tumors may result in a false-negative
result, as may aspiration of tumors with necrosis or edema.
The surgeon must be particularly aware of the possibility of a
well-differentiated neoplasm (i.e., tubular carcinoma) as well
as infiltrating lobular carcinoma, in situ ductal and lobular
carcinoma, colloid carcinoma, and papillary carcinoma. In
these instances, aspiration biopsies often are read as showing
“atypia,” and open biopsy is necessary.

At present there is no proven, feasible, reliable, and nonin-
vasive method of identifying high-risk women who have
occult atypical hyperplasia. Random, periareolar bilateral
breast fine-needle aspirations in women at elevated risks for
developing breast cancer on the basis of a family history or an
elevated 10-year Gail risk score have been shown to detect
breast epithelial cell atypia in 21%. In the series by Fabian and
associates, an additional 49% of high-risk women were found
to have epithelial hyperplasia without atypia.87 Bilateral breast
fine-needle aspiration is a promising method for detecting
cellular atypia in high-risk women. However, there is a large

possibility of sampling error inherent in this procedure, and
the extent of atypia cannot be determined reliably. In addi-
tion, if atypical cells are detected in nipple aspirate fluid, it is
generally not possible to localize the duct or segment that
yielded the atypical cells because fluid from several ducts can
pool on the nipple during the aspiration procedure.

Does ductal lavage complement 
clinical assessment?

Ductal lavage (DL) is a procedure that has been developed to
enhance the tolerability, efficiency, and reproducibility of col-
lecting breast duct epithelial cells for cytologic analysis as part
of breast cancer risk evaluation. Appropriate candidates for
DL include women who are at elevated risk for development
of breast cancer and for whom a finding of atypical breast
epithelial cells on cytology would alter their clinical manage-
ment.88 Regardless of whether a woman is at elevated risk 
for development of breast cancer, DL has no proven clinical
utility in the evaluation of an abnormal breast examination,
mammogram, or other breast imaging study.

Brogi and associates89 performed DL in the affected breast
of 26 women undergoing mastectomy for carcinoma and in
the clinically normal breast of 4 additional women undergo-
ing risk-reducing mastectomy. Four (14%) of 29 DL samples
showed marked atypia, 10 (34%) showed mild atypia, and 15
(52%) were benign. No DL sample was clearly malignant. Two
DL samples from breasts with extensive lobular carcinoma in
situ showed mild atypia. The study confirmed that sampling
of mammary epithelium by DL is not useful in the diagnostic
screening and identification of carcinoma.

DL is not a breast cancer early-detection tool, and any
abnormal imaging or physical exam finding requires standard
evaluation and consideration for biopsy. Likewise, DL should
not be used as a screening test in high-risk women who have
dense breasts on mammograms or who otherwise wish or
require another breast screening evaluation, because there are
no data indicating that DL is useful in detecting occult breast
cancer. High-risk women who have a history of estrogen
receptor– or progesterone receptor–positive breast cancer,
ductal carcinoma in situ or biopsy-proven atypical ductal
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hyperplasia, atypical lobular hyperplasia, or lobular carcino-
ma in situ are generally not suitable candidates for DL because
a finding of atypical cells in duct fluid does not further elevate
risk. Women who are already taking tamoxifen or who have
finished 5 years of treatment for invasive breast cancer, ductal
carcinoma in situ, atypical ductal hyperplasia, atypical lobular
hyperplasia, or lobular carcinoma in situ; women who have a
family history of breast cancer; or women with an elevated
Gail risk are not appropriate candidates for DL because there
are no data to guide treatment recommendations in this set-
ting. There is no proven role for DL in serially monitoring
breast cytology in high-risk women who are taking or have
taken tamoxifen.

Is there a role for galactography in the 
evaluation of nipple discharge?

Galactography, a specialized radiologic procedure involving
contrast injection of the ductal system, may allow for more
accurate localization of lesions and thus a more conservative
surgical excision. However, accurate differentiation of benign
from malignant lesions is not possible with this technique.
The procedure is useful for distally or peripherally located
lesions that otherwise might be missed by standard major
duct excision. A negative galactographic, mammographic, or
cytologic result should not deter surgical excision if neoplasm
is suspected.

How does breast endoscopy complement 
clinical assessment?

The presence of a single-duct spontaneous bloody nipple dis-
charge is an indication for surgical biopsy. The most common
lesion identified is an intraductal papilloma in the immediate
retroareolar region. Because duct excision often requires
resection of the entire ductal system, intraoperative mammary
duct endoscopy has been used for direct visualization of intra-
ductal abnormalities during surgical resection. This may be
particularly useful in young patients in whom complete duct
excision may not be warranted and may lead to subsequent
inability to nurse. Smith90 described a minimally invasive
method of excising nipple ducts using cannulation in order to
preserve nipple function in women of childbearing age.

Submillimeter endoscopes are now available. Dooley,91–93

who described operative breast endoscopy for bloody nipple
discharge in 27 patients, found a lesion accounting for the
bleeding in 26 of them. Cancers were identified in 2 patients,
and in these patients, a more proximal papilloma was noted in
the same ductal system. The author concluded that the high
incidence of multiple lesion identification suggests that the
classic blind resection of a limited distance of duct in the
retroareolar space may significantly underestimate the extent
of proliferative disease.

Dietz and associates94 reviewed their experience with 119
patients with pathologic nipple discharge undergoing duc-
toscopy-directed duct excision. In this study, a preoperative
ductogram was obtained in 70 patients and was positive in 
53 (76%). In the same group, ductoscopy was positive in 
63 (90%). They found 5 carcinomas, 84 papillomas, and 
16 instances of hyperplasia. Hyperplasia and carcinoma were

significant predictors of unsuccessful cannulation. In 22
patients, ductoscopy visualized multiple lesions or abnormal-
ities beyond 4 cm. Their conclusions are similar to those of
Dooley in noting that lesions deep within the ductal system
can be identified and removed and that these would likely
have been missed by blind duct excision.

BENIGN BREAST DISEASE

Benign breast disease is far more frequent in clinical practice
than is cancer of the breast. Many patients with symptomatic
breast conditions will assume that they harbor a malignancy
because of the publicity that surrounds cancer of the breast.
The problems facing the clinician are to ensure an accurate
diagnosis and to reassure the patient that the condition is
benign.

How is fibrocystic disease characterized?

The various entities that are classified under the term fibrocys-
tic disease include cystic disease, fibrous disease, and sclerosing
adenosis. Fibrocystic disease represents a spectrum of clinical
entities, from an epithelium-lined cyst at one end to sclerosing
adenosis at the other. Histopathologic changes seen in fibro-
cystic disease consist of hyperplasia of duct epithelium, duct
papillomatosis, blunt duct adenosis, apocrine metaplasia, and
adenosis. The usual patient with true cystic disease is in her
30s or 40s. Breast discomfort or frank pain frequently accom-
panies cystic changes and tends to be increased at the time of
menstruation.

Benign breast abnormalities consisting of nodularity on
physical examination lead to biopsy by age 50 years in just
under 20% of women in North America.95 Benign breast 
disease that on pathologic examination is nonproliferative,
including cysts, ductal ectasia, mild hyperplasia, and simple
fibroadenoma, does not increase breast cancer risk.

Fewer than 5% of women without proliferative changes on
biopsy develop breast cancer over the subsequent 25 years, but
nearly 40% of women with a family history of breast cancer
and atypical hyperplasia subsequently develop breast cancer.96

Biopsy before the age of 50 to 55 years is associated with a five-
fold to sixfold increase in the risk for breast cancer, whereas
biopsy at older ages is associated with only half this risk.

Proliferative benign breast disease, however, including lob-
ular and ductal hyperplasia, sclerosing adenosis, intraductal
papilloma, and lobular or ductal hyperplasia with atypia and
radial scar, does elevate breast cancer risk. Proliferative disease
with atypia has been shown to increase the relative risk for
developing invasive breast cancer by fourfold to fivefold.97

Most atypical ductal and lobular hyperplasia lesions are diag-
nosed as incidental findings on breast biopsy, and about 10%
to 12% of these lesions are detectable as mammographic or
palpable abnormalities.

About 60,000 breast biopsies per year in the United States
are found to contain atypical hyperplasia. Considerable epi-
demiologic evidence supports atypical hyperplasia as a signif-
icant risk marker and one that is associated with a 0.8% to 1%
risk per year of developing invasive breast cancer. In addition,
two large prospective studies have provided insights into the
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predictive value of cytologically identified atypical breast
epithelial cells. Wrensch and associates98,99 summarized their
analysis with 20 years of follow-up of women who were found
to have epithelial cell atypia in their nipple aspirate fluid.
These women had a fivefold elevated risk for developing inva-
sive breast cancer compared with women without atypical
cells in their nipple aspirate fluid. Women who had both a
family history of breast cancer and atypical epithelial cells in
their nipple aspirate fluid were found to have an 18-fold ele-
vated risk for developing breast cancer.

Fabian and associates87 found occult hyperplasia with 
atypia on cytologic examination of bilateral breast periareolar
fine-needle aspiration in 21% of high-risk women. Women
who had both a 10-year Gail risk of at least 4% and fine-
needle aspiration–detected evidence of hyperplasia with 
atypia had a 5% per year risk for developing breast cancer in
the ensuing 4 years.

How is fibrocystic disease 
characterized clinically?

As discussed previously, nonproliferative lesions of the breast
include cysts, papillary apocrine change, epithelial-related cal-
cifications, and mild hyperplasia of the usual type. Cysts are
fluid-filled, round to ovoid structures that vary in size from
microscopic to grossly palpable. Papillary apocrine change 
is characterized by proliferation of ductal epithelial cells in
which all cells show granular eosinophilic cytoplasm, apocrine
metaplasia, and apical cytoplasmic protrusions. Epithelial-
related calcifications are frequently observed in breast tissue
and may be seen in normal ducts and lobules or any patho-
logic condition in the breast. Calcifications may also be seen in
breast stroma as well as in blood vessel walls. Mild hyperpla-
sia of the usual type demonstrates an increase in the number
of epithelial cells within a duct. The risk for subsequent breast
cancer among these patients is not increased even in patients
with a family history of breast cancer. It has been demon-
strated, however, that there may be an increased risk for devel-
oping breast cancer in patients with gross cysts and a family
history of breast cancer.

Proliferative lesions without atypia constitute a group
including moderate or florid hyperplasias of the usual type,
intraductal papillomas, and sclerosing adenosis. Sclerosing
adenosis is often an incidental microscopic finding but may
appear as a palpable mass (so-called adenosis tumor). Of
importance is the fact that on pathologic examination, it may
exhibit a pattern mimicking infiltrating carcinoma, particu-
larly because it is often associated with microcalcifications on
mammography. However, the microcalcifications tend to be
more diffuse in sclerosing adenosis than in carcinoma. These
lesions are associated with a somewhat elevated risk for the
subsequent development of breast cancer, and often the only
means of differentiating this lesion from carcinoma is biopsy.

Patients with atypical hyperplasia of the ductal type or 
lobular type have a substantial increased risk for developing
breast cancer. This is particularly true in patients with atypical
hyperplasia and family histories of breast cancer approaching
that of patients with lobular carcinoma in situ. Studies suggest
that the hormonal milieu modifies breast cancer risk in
women with atypical hyperplasia. The studies also demon-
strated that the risk for breast cancer in patients with atypical

hyperplasia of both the ductal and lobular types is about equal
in both breasts. These findings suggest that atypical hyperpla-
sia is best considered a marker of increased risk rather than a
precursor lesion.

Most women are conscious of some degree of breast
engorgement during the 3 or 4 days preceding the onset of
menstruation; this does not constitute fibrocystic disease, and
the patient should be reexamined at a different time in her
menstrual cycle if she is seen just before her menses are due.
Often, a distinct improvement will be noted in the second
week following the onset of menses. In most instances, reas-
surance and appropriate breast support will be adequate;
occasionally, weight reduction or judicious use of diuretics is
indicated.

The patient with diffuse, small cystic changes and signifi-
cant surrounding fibrosis who has very nodular and painful
breasts frequently presents a clinical problem. Again, it must
be emphasized that a great deal of new growth takes place in
the mammary gland with each menstrual cycle and that pre-
menstrual and occasionally preovulatory pain and breast
engorgement are not necessarily indications of fibrocystic dis-
ease. Where normal physiologic changes end and pathologic
fibrocystic disease begins may be very difficult to determine
clinically. The term fibrocystic disease should be reserved for
situations in which there is true objective evidence of a patho-
logic state.

Minton and associates100,101 postulated a relationship
between the intake of caffeine and breast pain. They suggested
that methylxanthines caused cellular proliferation in the
breast by increase in cyclic adenosine monophosphate, either
by inhibition of phosphodiesterase breakdown of cyclic
adenosine monophosphate or by increased catecholamine
release. Subsequent studies have not verified the assumption
that breast pain can be relieved by abstention from caffeine or
chocolate.

How is a cyst evaluated?

For the patient who presents with a dominant mass, well 
circumscribed and fluctuant, a tentative diagnosis of “cyst” is
justified. Occasionally, the mass will be under great tension
and feel like a solid tumor. Tenderness and a rather sudden
appearance of the lesion by history reinforce the clinical
impression of a cyst. Appropriate treatment of such a lesion is
aspiration.

The breast should be prepared with an antiseptic solution
and the lesion immobilized between the second and third fin-
gers of one hand. With the opposite hand, a 19-gauge needle
on an appropriate-sized syringe is inserted into the lesion at a
right angle to the skin (Fig. 14–31). The cyst fluid is aspirated
and the needle withdrawn. Pressure is applied to the area 
(Fig. 14–32). Local anesthesia is not required for a cyst 
aspiration.

After aspiration, it is essential that the breast be reexamined
for the presence of a mass. If the aspirate is bloody, if the mass
does not completely disappear, or if a subsequent mammo-
gram is suggestive of a concurrent malignancy, a biopsy is
indicated (Fig. 14–33). The patient should be informed of this
before the aspiration.

Cytologic evaluation of cyst fluid is unlikely to be reward-
ing. It should be done when the aspirate is frankly bloody or
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Figure 14–31 Aspiration of a breast cyst. The cyst is immobilized
between two fingers, and a 19-gauge needle is used to aspirate.

Figure 14–32 Aspiration of a breast cyst. Pressure is applied after
the needle is removed.

Discard fluid,
follow up in

3 to 4 months

Discard fluid,
follow up in

3 to 4 months

Figure 14–33 Management of breast cysts with aspiration.

if a relatively small amount of fluid is obtained in relation to
the size of the lesion and the lesion does not disappear with
the aspiration. Cytopathologic examination of cyst fluid may
be helpful in postmenopausal patients who are not on hor-
mone replacement therapy because it is unusual for a woman

to form a benign cyst in these instances. Biopsy after cyst aspi-
ration is indicated for a cyst that reaccumulates in the same
location after several aspirations. Ultrasound examination of
recurrent cysts may detect a solid component in a cyst wall,
and a core biopsy can be obtained. This may reveal a papilloma
or intracystic carcinoma. Follow-up examination after aspira-
tion of breast cysts should be carried out within a 3- to 4-
month period.

How is mammary duct ectasia 
characterized clinically?

Mammary duct ectasia is the most common inflammatory
condition of the breast. It evolves when a terminal duct
beneath the nipple and areola dilates with lipoid material and
cellular debris. A discharge that occurs is often thick and 
yellow-brown. As the disease progresses, inflammatory changes
may result in thickening of the duct wall and shortening and
retraction of the nipple. When the duct epithelium is broken,
the material lodged within the lumen discharges itself into the
surrounding tissue, and a mass may result. The inflammatory
cells usually consist of lymphocytes and plasma cells or may
be entirely made up of plasma cells (hence, the term plasma
cell mastitis used occasionally to designate this entity). An
abscess may develop and, if incised for drainage, can lead to
recurrent fistulization. The process usually occurs in the peri-
menopausal woman, although it has been reported in all age
groups. In a patient with recurrent discharge or persistent dis-
charge, ductal excision may be performed. This is usually done
in situations in which the discharge is particularly annoying to
the patient or in which blood has been detected and a malig-
nancy must be considered. In the presence of a mass, particu-
larly with nipple retraction (when mammary duct ectasia
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Figure 14–34 Periareolar fistula secondary to subareolar abscess.

mimics carcinoma), an excisional biopsy is required. Enlarged
lymph nodes can sometimes occur with this condition.
Careful examination of the remainder of the breast and mam-
mography are important adjuncts in the management of these
patents because a coexisting carcinoma may be present.
Another indication for surgery with this entity is a persistent
fistula in the periareolar region (Fig. 14–34). Excision of the
fistula sometimes requires removal of the entire ductal system
as well as partial excision of the nipple.

What are the causes of nipple discharge?

The most common causes of nipple discharge identified from
surgical specimens are solitary papillomas and papillomatosis,
which are benign conditions (Fig. 14–35). A second common
cause of nipple discharge is duct ectasia, a benign condition
associated with the loss of elastin within the duct walls and 
a chronic plasma cell inflammatory infiltrate. Fibrocystic 
disease may lead to a spontaneous nipple discharge. The 
discharge may come from several ducts, with fluid of varied
coloration, often green (Fig. 14–36). The least frequently
observed cause of nipple discharge is carcinoma. Because 
carcinoma is occasionally associated with bloody nipple 
discharge, it is imperative that a biopsy of involved ducts be
performed. Intraductal papillomas are more common in pre-
menopausal women; the older the patient, the more likely that
a bloody discharge is due to carcinoma.

Intraductal papilloma may also produce a clear, yellowish
discharge. Mammography should be performed in patients
who are to undergo surgery for spontaneous nipple discharge.
Nevertheless, a biopsy is required. To ensure that the involved
duct or ducts are included in the specimen, careful palpation
of the periareolar region with pressure applied toward the
nipple, one quadrant at a time, should be performed before
surgery. This will help localize the most likely source of
bleeding.

When there is a spontaneous bloody discharge by history
but the physician is unable to elicit this in the office, the nip-
ple may be coated with collodion and the patient asked to
return in a week. The collodion is then stripped from the nip-
ple or dissolved with acetone, and if the duct has become
engorged with blood, the source can be easily demonstrated
with mild pressure.

At times, it is difficult to determine the color of the dis-
charge as it exits from the nipple. It is best to visualize the dis-
charge against a white background, such as a white surgical

Figure 14–35 Bloody nipple discharge from a single duct sec-
ondary to intraductal papilloma.

Figure 14–36 Multiple-duct, multicolored discharge secondary
to fibrocystic disease and duct ectasia.



sponge. A discharge that appears bloody at a quick glance may
actually be dark green. It should also be emphasized that the
nipple discharge should be spontaneous to be considered
pathologic. Persistent squeezing may produce a discharge in
many normal patients.

Changes in the epithelium of the nipple and areola, often
associated with itching or nipple discharge, warrant nipple
biopsy (Figs. 14–37 and 14–38). A wedge of the nipple–
areolar complex can be obtained under local anesthesia and
the edges reapproximated with minimal deformity.

An occasional patient may present with extensive papillo-
matosis of the nipple, a benign condition often clinically
indistinguishable from Paget’s disease (Figs. 14–39 and
14–40). An appropriate biopsy will establish the diagnosis.

A spontaneous nipple discharge may not be pathologic in
all instances. A serous or milky discharge can occur in patients

using oral contraceptives.102,103 This discharge is usually bilat-
eral and may be accompanied by a limited increase in breast
size. As already mentioned, a bloody nipple discharge may
occur in the last trimester of pregnancy and should resolve
after delivery.

Persistent nonpuerperal bilateral milky discharge may be
caused by a pituitary adenoma, particularly when associated
with amenorrhea, infertility, and visual field loss. Further
diagnostic evaluation should include determination of pro-
lactin levels; if they are persistently elevated, the patient
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Figure 14–37 Eczema of the nipple, indistinguishable from
Paget’s disease. The diagnosis was made by biopsy.

Figure 14–38 Psoriasis of the areola.

Figure 14–39 Papillomatosis of the nipple. The diagnosis was
made by biopsy.

Figure 14–40 Paget’s disease of the nipple.



should undergo imaging studies (computed tomography
scans, MRI) of the sella turcica region and visual field testing.
Other endocrine causes of galactorrhea are drugs (antihyper-
tensives, phenothiazines, and tranquilizers) and transient
hyperprolactinemia secondary to nipple stimulation and chest
trauma, including thoracotomy.

The clinical features suggesting a benign or a malignant
neoplasm as the origin of nipple discharge include the follow-
ing: spontaneous discharge; unilateral localization; confine-
ment to one duct associated with a mass; bloody, serous,
serosanguineous, or watery discharge; old age; and male gen-
der. The results of cytologic evaluation of the discharge may
be inconclusive or misleading, and the utility of this proce-
dure is questionable.

As discussed previously in this chapter, ductoscopy, galac-
tography, and possibly DL may be used to diagnose lesions
causing nipple discharge.

How are benign papillary lesions of the 
breast characterized clinically?

Solitary intraductal papillomas are tumors of the major lac-
tiferous ducts, most frequently observed in women 30 to 50
years of age. The clinical presentation in most patients is a
bloody nipple discharge, as discussed previously. A palpable
mass close to the areola may be present, but most of these
lesions range in size from 0.3 to 0.5 cm. Bilaterality is uncom-
mon. Solitary intraductal papilloma does not represent a
major risk for subsequent cancer development. However, sur-
gical excision and analysis is necessary to differentiate this
lesion from intraductal papillary carcinoma.

Gutman and associates104 questioned the hypothesis con-
cerning the benign nature of solitary breast papillomas. In a
retrospective analysis of 95 papillary lesions, they noted that
10% of solitary papillomas were associated with breast carci-
noma, and an additional 9% presented with invasive or non-
invasive carcinoma within the papillomas. The risk for
associated malignancy was not significantly different between
solitary ductal papilloma and multiple papillomas.

Multiple peripheral papillomas occur less frequently than
solitary papillomas and are often bilateral. Although they may
present as a mass, or much less often with nipple discharge,
with the current increased use of ultrasonography, small
peripheral papillomas are being discovered and the diagnosis
confirmed by ultrasound-guided biopsy. Studies have in-
dicated that there is an increased risk for cancer associated
with multiple peripheral intraductal papillomas, and com-
plete excision with careful follow-up of both breasts is 
recommended.105

How is fat necrosis characterized clinically?

A large portion of the breast is composed of fat, particularly in
the older patient, in whom it replaces glandular tissue. An area
of fat necrosis may follow trauma or may result from erosion of
stagnant lactiferous ducts with extrusion of the contents into
the surrounding fat. Initially, an inflammatory reaction will
develop as macrophages envelop degenerated lipids. A healing
phase then occurs, with proliferation of connective tissue 
clinically resulting in a firm lesion that can mimic cancer.

The incidence of prior trauma is probably quite high, but
many patients may not remember a minor traumatic incident.
Evidence of ecchymosis may be present on physical examina-
tion, but often this has resolved before the patient is seen.

Surgical trauma secondary to biopsy and reduction mam-
moplasty can also lead to fat necrosis, as can the injection of
foreign materials such as paraffin, silicone, and narcotics into
the breast. More important today is the fact that conservative
treatment of breast carcinoma with lumpectomy and radia-
tion therapy may also result in fat necrosis. Autologous fat
injection using the liposuction technique to fill in irregular
contours and small soft tissue defects in the breast may lead to
fat necrosis secondary to the poor blood supply in the injected
fat. A more common occurrence of fat necrosis may be seen in
patients who, after total mastectomy with or without axillary
dissection, choose reconstruction with a TRAM flap. These
patients may present with a firm, nontender mass at the
periphery of the transplanted flap. The findings mimic recur-
rent carcinoma. However, the temporal relationship of this
occurrence to the flap procedure militates against a recur-
rence. If there is any doubt, aspiration biopsy is indicated.

The classic mammographic findings associated with fat
necrosis include dystrophic calcifications and lipid cysts that
may or may not be calcified. Patients who present soon after
trauma with physical sequelae such as ecchymoses and painful
masses in the breast can be safely observed. Breast masses may
initially increase in size and later become smaller as the acute
inflammatory process resolves. If patients present later with
painless masses and histories of trauma that cannot be sub-
stantiated, a diagnosis of fat necrosis must be established by
biopsy.

How are fibroadenomas 
characterized clinically?

Fibroadenoma is the most commonly appearing tumor in the
female breast between puberty and 30 years of age. It usually
presents as a palpable mass and may be present on a mammo-
gram as a nodular density. The mass is classically well defined,
rubbery in texture, and mobile. Mammographically, it may 
be seen as a well-circumscribed nodule that may or may not
contain coarse calcifications. Although they present most 
frequently in younger patients, the exact prevalence of
fibroadenomas is unknown. Once thought to be benign neo-
plasms, fibroadenomas are now believed to represent a hyper-
plastic process that involves the terminal ductulolobular unit
and its surrounding connective tissue. A study by Dupont and
associates106 noted a small but definite increased risk for breast
cancer development (relative risks of 1.3 to 1.9). Unlike other
benign breast lesions, such as atypical hyperplasia, in which
the breast cancer risk decreases over time, the risk associated
with fibroadenomas appears to be persistent. However, this
has little impact on clinical management. Infrequently, carci-
noma may occur in association with a fibroadenoma. The
most frequent finding is lobular carcinoma in situ, but intra-
ductal, infiltrating ductal, and infiltrating lobular carcinoma
have also been observed. The prognosis of carcinoma limited
to a fibroadenoma is excellent.

In older lesions and in postmenopausal patients, the 
stroma may become hyalinized, calcified, or even ossified.
Fibroadenomas may undergo partial, subtotal, or total 
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infarction, with pregnancy and lactation the most common
predisposing factors.

Fibroadenomas may occur in any part of the breast and are
frequently multiple (Fig. 14–41). Subsequent fibroadenomas
(after initial excision) are common as well. In the younger age
group, in which a malignant diagnosis is extremely remote,
reassurance of the patient and her family is most important.
Reexamination after a short time in the middle of the patient’s
menstrual cycle has been useful because occasionally a promi-
nent mammary lobule may be mistaken for a fibroadenoma
and may regress. Because these lesions may increase in size,
particularly under the influence of oral contraceptives, other
hormonal stimulants, or pregnancy, excision seems most pru-
dent to establish a diagnosis with certainty and eliminate the
presence of a dominant mass. Recently, with the availability of
accurate cytologic evaluation, many physicians are recom-
mending stereotactic or ultrasound-guided core biopsies of
suspected small and nonpalpable fibroadenomas, particularly
to differentiate them from phyllodes tumors.107,108 If the diag-
nosis is confirmed, the patient may be observed with follow-
up physical examination and follow-up imaging procedures.

How are adenomas of the breast 
characterized clinically?

Adenomas of the breast are well-circumscribed tumors 
composed of benign epithelial elements with sparse,

inconspicuous stroma. This differentiates these lesions from
fibroadenomas. The so-called tubular adenoma usually occurs
in young women as well-defined, freely movable nodules that
resemble fibroadenomas. Clinically, they present in a similar
fashion as the fibroadenoma and the differentiation is only
noted on pathologic examination.

Lactating adenomas occur as one or more freely movable
masses during pregnancy or in the postpartum period. These
lesions are well circumscribed, lobulated, and usually softer
than the tubular adenoma. They may represent nodular foci of
hyperplasia in the lactating breast. Diagnosis can be estab-
lished by aspiration biopsy.

How are adenomas of the nipple 
characterized clinically?

Adenomas of the nipple have been described by a variety of
names, including florid papillomatosis of the nipple ducts,
subareolar duct papillomatosis, papillary adenoma of the nip-
ple, and erosive adenomatosis of the nipple. They may appear
as solid, gray-tan, poorly demarcated tumors in the nipple and
subareolar region or as no gross lesion in evidence at all. In
advanced lesions, glandular epithelium extends onto the sur-
face of the nipple, a phenomenon that results in the clinically
evident reddish, glandular appearance, making it somewhat
difficult to distinguish from Paget’s disease of the nipple. In
most instances, the lesion is entirely benign; however, biopsy
and subsequent total excision are necessary to distinguish the
lesion from carcinoma. Reports of recurrence most likely rep-
resent instances in which the initial resection failed to remove
the lesion completely.

How is juvenile papillomatosis 
characterized clinically?

Rosen and associates109 described a clinical pathologic entity
known as juvenile papillomatosis in 1980. These patients, usu-
ally younger than 30 years, most often present with a discrete
mass, mistaken clinically for a fibroadenoma. Pathologic find-
ings included duct papillomatosis, apocrine and nonapocrine
cysts, papillary apocrine hyperplasia, sclerosing adenosis, and
duct stasis. Cytologic atypia (74%) and necrosis (17%) were
not uncommon.

Several studies have indicated that juvenile papillomatosis
may represent a marker for families at risk for coincidental or
subsequent breast cancer.110,111 The frequency of a positive
family history exceeds 50%, and affected family members are
most likely to be their mothers or maternal aunts. From 10%
to 15% of patients with juvenile papillomatosis also have
breast carcinoma, and these women are usually in the upper
quartile of the age distribution for the lesion. With few excep-
tions, the carcinoma is within, and appears to arise from, the
juvenile papillomatosis. A review of 41 patients with at least 
10 years of follow-up after the diagnosis of juvenile papillo-
matosis (median, 14 years) found that 10% of patients sub-
sequently developed breast carcinoma after an interval of 5 to
15 years. The carcinomas were intraductal; one with micro-
invasion.112 Presently, the frequency of carcinoma in juvenile
papillomatosis patients does not warrant considering this to
be a precancerous lesion.
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pared with those of a malignant lesion.



How is Mondor’s disease of the breast 
characterized clinically?

Mondor’s disease of the breast is an uncommon condition
first reported in 1869 by Fagge113 and later discussed in detail
in 1939 by Mondor114 as superficial thrombophlebitis of the
lateral thoracic or superior thoracoepigastric veins (see Fig.
14–14). It usually presents as a tender subcutaneous cord in
the breast sometimes associated with dimpling of the overly-
ing skin but without systemic signs of infection. Its causes
include benign conditions such as trauma, infections, breast
surgery, excessive physical strain, and rheumatoid arthritis.
Associated carcinoma has been reported in 5% to 12.7% of
cases.115 Mammography should be performed to rule out an
underlying malignancy. It has also been found following
breast conservation surgery and radiation therapy. The
process is usually self-limited and resolves spontaneously in 2
to 10 weeks. Local application of heat and nonsteroidal anti-
inflammatory agents can give some relief of symptoms.

How are granular cell tumors of the 
breast characterized clinically?

Granular cell tumors, uncommonly found in the breast, may
simulate carcinoma on clinical, mammographic and patho-
logic examination.116 These tumors typically appear between
puberty and menopause and most often occur in the upper
inner quadrant of the breast, in contrast with carcinoma,
which occurs most frequently in the upper outer quadrant.
Patients present with a palpable mass, and retraction or 
fixation to the underlying muscle or chest wall is not uncom-
mon. In addition, they resemble scirrhous carcinoma on
mammography.

Granular cell tumors are almost invariably benign and are
treated by wide local excision. They are most likely of neuro-
genic rather than myogenic origin.117

How is warfarin-induced breast necrosis 
characterized clinically?

Flood and associates118 in 1943 first described a patient with
an unusual type of localized hemorrhagic necrosis of skin and
subcutaneous tissue of the breast caused by therapy with oral
anticoagulation, warfarin. Subsequently, several other cases
have been reported. Heparin does not appear to be a predis-
posing agent. Warfarin-induced breast necrosis is self-limited
and fails to respond to a variety of treatments, including
steroids, vasodilators, vitamin K, dextran, hypothermia, and
symptomatic nerve blocks. Wide excision or simple mastectomy,
which may require skin graft for flap closure, is the only effec-
tive treatment.

CONCLUSION

Clinical assessment, with attention to a thorough history and
physical examination and the use of the adjunctive procedures
described in this chapter, will hopefully lead to earlier 

diagnoses and an improved outlook for women and men with
breast cancer. The ultimate goal is prevention, but until that
time, early detection is the key to prolonged survival and pos-
sible cure.
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intensifying screen was developed for use in mammography
in 1970.13

Xeroradiography became the predominant method for
mammography after its introduction in 1971. The Xerox
image was preferred because microcalcification visibility was
amplified by an edge enhancement effect and xeromammo-
grams could be viewed in ambient light without a view box.
Further improvement in the film-screen combination led to
better contrast and visibility of calcifications with decreased
scattered radiation. When radiation exposure by the film-
screen technique was decreased and the detail of the images
obtained by the film-screen combination was improved, this
technique came to be preferred over xeromammography.14 In
1989, the Xerox corporation discontinued production of its
xeromammography units because of declining interest. Since
then, attention has been focused on obtaining optimal imag-
ing with the film-screen combination, and more recently with
digital full-field mammography.

What are the two types of mammography?

There are two types of mammography, screening and diag-
nostic. Screening mammography aims to detect breast cancer
in an asymptomatic individual. Screening examinations 
use two standard mammographic views. Processing of the
films may take place later, at a separate site, termed “batch”
processing. Diagnostic mammography is considered to 
be a problem-solving type of study. The patient may be 
symptomatic; for example, she may feel a lump in her breast,
or her physician may have a concern based on the clinical
examination. This study often includes additional views such
as magnification views or spot films. The diagnostic evalua-
tion determines whether a mammographic finding is suspi-
cious for cancer. According to Kopans, the distinction between
the two types of mammography is that screening detects
breast abnormalities that may represent cancer, whereas diag-
nostic evaluation attempts to determine, with the greatest
possible specificity, which of the abnormalities is actually 
cancer.15 A second type of diagnostic mammogram is one 
performed on a woman who has had an abnormal screening
mammogram and for whom further evaluation has been
requested.

CHAPTER 15

Mammographic Diagnosis 
of Breast Cancer
Julie Mitnick

Mammography has become accepted as the single most effec-
tive technique to detect breast cancer before it becomes pal-
pable and to aid in decreasing mortality from this cancer.1

Improvements in mammography have been responsible for
the current high proportion of breast cancers that are de-
tected as ductal carcinoma in situ (DCIS)—that is, tumors 
less than 1 cm in diameter and without axillary lymph node
metastases.2 The benefits of mammographic screening were
first defined by the early study of Shapiro and his colleagues,
who participated in the Health Insurance Plan of Greater 
New York (HIP).3 They demonstrated that women older than
50 years who had screening mammography had cancers 
that were significantly smaller and had an improved survival
compared with women who did not have screening mam-
mography. The efficacy of mammography for the detection of
breast cancer in younger women was first shown in the 
Breast Cancer Detection Demonstration Project (BCDDP), in
which 35% of cancers in women younger than 50 years were
detected only by mammography.4 Subsequently, other studies
have become available to demonstrate the benefit of screening
women younger than 50 years.5 A controversial report by
Olsen and Gøtzsche received a great deal of attention in the
media.6,7 These authors cited technical flaws in early studies 
of screening mammography and concluded that there is no
reduction in mortality from mammography. However, other
experts after considerable analysis found the critique itself
biased and continue to support the benefits of screening
mammography.8,9

When did mammography enter into 
standard diagnostic practice?

The first reproducible technique for radiographic imaging 
of the breast was described by Egan in 1960.10 His report of
53 cases of clinically occult malignancies detected by mam-
mography in 2000 consecutive patients suggested that 
mammography might be used for breast cancer screening 
in asymptomatic women.11 The prototype x-ray units 
“dedicated” to mammography were produced in France in
1965. A molybdenum target and a built-in compression 
device provided more detailed images with better contrast 
and lower radiation dose.12 The initial high-definition 
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What are the current recommendations 
for mammography?

Current recommendations for performing mammography by
age for asymptomatic women with average risk according to
the American Cancer Society are presented below.16 These
guidelines were issued in 1997 and confirmed in 2003:

• Screening should begin by age 40 years
• Screening should be performed every year after age 40 years
• Yearly clinical breast examination should begin at age 40

years; it should be performed every 3 years during ages 20 to
39 years

These guidelines are not accepted as optimal by everyone,
and the interval for appropriate screening in women younger
than 50 years is controversial. The U.S. Preventive Services
Task Force recommended as of 2002 that women 40 years and
older receive a mammogram every 1 to 2 years with or with-
out a clinical breast examination.17 This represents a change
over the previous guidelines by including women in their 40s
for routine screening. The American Cancer Society guide-
lines do not have an upper age limit for screening. As long as
a woman is in good health, screening is suggested.

Using current high-quality technique, mammography is
now considered by many to be as effective in detecting cancer
in the 40- to 49-year age group as in the over-50 age group.5

Technical improvements in mammography, such as full-field
digital mammography, have made the evaluation of younger
women with denser breasts less problematic than in the past.
The composition of the individual’s breast tissue (e.g., the rel-
ative amount of fat and glandular components) may be more
important than the specific age. Women may have breasts that
are quite dense even though they are older than 50 years of
age, and some women younger than 50 years can easily be
assessed by mammography because their breasts are not
dense. Aggressive screening of women 40 to 49 years of age to
detect occult cancers has been urged, and technical problems
and poor study design have been cited as responsible for the
failure of the Canadian National Breast Screening Study to
demonstrate a decrease in mortality in the under-50 age
group.18 Liberman and associates suggest that the benefits of
screening may apply to even younger women.19 They reviewed
the results of screening mammography and breast biopsy
results in women 30 to 39 years old screened through the
Memorial Hospital BE SMART! Program and found that the
rate of cancer detection was comparable to that for women 40
to 49 years of age.

It has been suggested that certain high-risk individuals be
screened yearly below age 40 years. These include women with
a personal history of breast cancer, high-risk conditions such
as lobular carcinoma in situ, atypical duct hyperplasia, or
BRCA1- or BRCA2-positive genetic testing. Also included are
women who have had chest irradiation for lymphoma or who
have a strong family history of premenopausal breast cancer.

What is the radiation dosage 
of mammography?

The average radiation dose at the present time of two-view
mammography at an American College of Radiology–
approved facility is 0.25 cGy.20 At this dose range, the benefit

has been estimated to exceed the risk by a factor of about 100
in women older than 50 years and by a factor of more than 25
in women younger than 50 years.17 According to Feig, the ben-
efit to women younger than 50 years may be even greater.20 A
more detailed discussion of the benefits of screening mam-
mography is provided by Feig in Chapter 13.

What is full-field digital mammography?

Because the sensitivity of mammography has been demon-
strated to reveal only about 75% of breast cancers, there has
been an emphasis on developing newer technologies for
screening. The prototype for digital mammography occurred
in 1996 and was approved by the U.S. Food and Drug
Administration (FDA) in 2000. The fluorescent film and
screen used with standard mammography is replaced with a
digital detector. This detector records the x-rays as electrical
signals that are then converted to digital information. Digital
detectors have greater latitude and contrast resolution. The
digital mammograms can be interpreted from a computer
workstation rather than film. At some sites film is still printed
because of greater ease in performing comparison with prior
film-screen examinations. However, Pisano and associates
found that there was no significant difference in the diagnos-
tic accuracy and speed of interpretations with soft-copy and
printed-film displays.21 Digital mammography is particularly
valuable for imaging women with dense breasts, for the eval-
uation of subtle microcalcifications, and for the timely per-
formance of needle localization procedures. The use of digital
mammography has been shown to decrease the radiation
exposure of needle localizations by as much as 50%.22 The
clinical performance of digital mammography is to some
extent dependent on the physician’s familiarity with the tech-
nique. Published reports, to date, do not demonstrate a signif-
icant difference in cancer detection between prototype digital
and film-screen mammography in initial studies. Digital
mammography has been found to result in fewer recalls for
screening.23 Further benefit may be demonstrated in the
future with technologic advances of digital mammography.

What are the standard mammographic views?

High-quality mammography depends on proper technique
and skillful performance of positioning as well as accurate
interpretation of the films. There has been a renewed empha-
sis on the importance of technical aspects of mammography
with the implementation of the Mammography Quality
Standards Act in 1992, which requires that specific standards
be met for a facility to receive accreditation. For a mammo-
gram to be of optimal quality, adequate compression must be
applied to the breast to separate overlapping structures,
decrease the amount of radiation required to produce the
image, and obtain sharp images24 (Fig. 15–1). The standard
mammogram consists of the mediolateral oblique (MLO) and
the craniocaudal (CC) views, both of which are included in a
two-view screening mammogram and a diagnostic mammo-
gram. The MLO is considered the most important view
because it includes most of the breast when performed 
correctly24 (Fig. 15–2). The pectoral muscle is in an oblique
position, extending down to at least the level of the nipple.
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The axilla is at the superior aspect of the image, and the infra-
mammary fold should be present at the lower. The CC view
optimally visualizes the medial aspect of the breast, and in
many mammograms it shows the pectoral muscle at the pos-
terior aspect of the film (Figs. 15–3 to 15–5). According to
Eklund and Cardenosa, in the exaggerated CC view (XCC),
the lateral aspect of the breast can be pulled in as a final
maneuver by the technologist when performing this film, thus
reducing the need for an extra view.24 The XCC view is help-
ful if there is a prominent tail of the breast.

In some cases, additional views are necessary to evaluate a
physical or a mammographic finding that is not completely
defined by the routine views. Most frequently required addi-
tional views include spot compression and magnification
views (Figs. 15–6 to 15–10). With spot compression, intense
compression is applied to a specific area of the breast, improv-
ing the detail of the region. Magnification views can be
obtained with or without spot compression and are used to
assess microcalcifications and to determine the details of a
specific area of the breast such as the border characteristics of
a mass (see Fig. 15–4). The 90-degree lateral view is helpful to
remove overlapping breast tissue that is seen on the MLO
view. In combination with the MLO view, it is possible to
determine whether a lesion is medial or lateral in position
when it is not seen on the CC view.

Other views may also be needed when performing a diag-
nostic mammogram. These include angled views, in which the
breast is rolled to remove adjacent or overlying tissue; the
cleavage view, which images the most medial portion of both
breasts on the same film; and the Cleopatra view, to visualize
the lateral aspect of the breast in an angled position. A tan-
gential view has the tube angled to bring a specific region of
the breast close to the skin surface. It is frequently used to dif-
ferentiate whether calcifications are within the skin or the
breast tissue. “Lumpograms” are performed by pulling on a
palpated abnormality, thereby removing adjacent breast and
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A B
Figure 15–1 Importance of adequate compression during the
mammogram. A, Implant-displaced craniocaudal view with inade-
quate compression. B, Adequate compression of the implant-
displaced view has a 0.3-cm infiltrating carcinoma (arrow). Scar
markers are at the sites of previous benign biopsies.

Figure 15–2 Correct patient positioning for the mediolateral
oblique view. Note inclusion of the axillary tail and inframammary
fold.

Figure 15–3 Schematic representation of the compressed breast
for the craniocaudal view. This view can optimally visualize the
medial aspect of the breast.
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Figure 15–4 A, Proper position-
ing of the mediolateral oblique
view with the inframammary fold
open shows a spiculated mass. 
B, Specimen radiograph has a
0.7-cm moderately differentiated
infiltrating duct carcinoma.

A B

Figure 15–5 Importance of proper posi-
tioning for mammography. The mediolater-
al oblique view must include the pectoral
muscle so that lesions deep in the posterior
breast can be detected. A, The small mass
(arrow) overlying the edge of the pectoral
muscle was an infiltrating 0.6-cm cancer. 
B, A 62-year-old woman presented with a
palpable spiculated mass in the left breast. 
A percutaneous ultrasound-guided biopsy
confirmed the diagnosis of cancer.
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A B
Figure 15–6 Value of the magnification view. A, Increased den-
sity is present in the retroareolar region of the craniocaudal view
in this 48-year-old woman. B, Spot magnification view shows an
irregular mass and microcalcifications and areolar thickening due
to infiltrating lobular carcinoma.

Figure 15–7 Value of the spot magnification view. The mam-
mogram has a 0.8-cm irregular mass. The magnification view
reveals an adjacent site of malignant microcalcifications (arrow)
not appreciated on the routine views. The pathology of the mass
was infiltrating duct and histiocytoid lobular carcinoma with duc-
tal carcinoma in situ.

A B
Figure 15–8 A, The craniocaudal view has a new small ques-
tionable density at the inner left breast. B, The spot magnification
film clearly shows a mass with an irregular posterior border that
was a 0.6-cm ductal carcinoma.

Figure 15–9 Spot magnification view shows pleomorphic
microcalcifications with a ductal distribution. The histology was
high-grade ductal carcinoma in situ with infiltrating ductal carci-
noma. When aligned along the course of a duct, microcalcifica-
tions are highly suspicious.



compressing that region with a spot film, to obtain better
detail (Fig. 15–11).

What is the mammographic 
appearance of breast cancer?

The mammographic appearance of breast cancer is varied,
and its detection depends on the interpretive skills of the radi-
ologist. In many instances, there is overlap between benign

and malignant entities, and mammography alone may not be
specific enough to differentiate them. Even the most suspi-
cious appearance for cancer, a spiculated mass, can have
benign histology, such as surgical scarring, fat necrosis, or
radial scar. Further evaluation of a finding that the radiologist
determines is suspicious for cancer may require additional
films, sonography, or percutaneous or surgical biopsy.

The Breast Imaging Reporting and Data System (BI-RADS)
lexicon has been developed to obtain uniformity in the
description of findings on the mammogram.25 This descrip-
tive system enhances understanding of the likelihood that a
particular mammographic finding is a cancer. We retrospec-
tively reviewed the mammographic appearance of our proven
cancers, both palpable and nonpalpable, according to the
American College of Radiology (ACR) terminology (Table
15–1). These are cases for which a malignant diagnosis was
confirmed by histopathology. Clustered microcalcifications
were the most common indicator of cancer in this series. The
term focal asymmetrical density, according to the ACR lexicon,
is used to describe a density with a similar shape on two views
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Figure 15–10 A, Subtle, low-
density irregular mass (arrow) at 
the outer right breast. B, The 
spot film has a persistent mass. 
An ultrasound-guided core biopsy
revealed a 0.4-cm infiltrating lobu-
lar carcinoma.

Figure 15–11 A “lumpogram” of a desmoid tumor. The mam-
mographic findings simulate the findings of an infiltrating cancer.

Table 15–1 Mammographic Appearance of Proven Cancers of
the Breast (n = 1314)

Mammographic Finding Number (%)

Clustered microcalcifications 589 (45%)

Spiculated mass 355 (27%)

Round, oval, lobular, or irregular mass 249 (19%)

Architectural distortion 87 (7%)

Focal asymmetric density 34 (2%)



but lacking the borders of a discrete mass. Asymmetrical
breast tissue is judged relative to other areas in the breast and
includes a greater volume of breast tissue, greater density, or
more prominent ducts. There is no focal mass present, and it
usually represents a normal variation. It may be deemed sig-
nificant when there is an associated palpable mass. Other less
common findings are skin thickening, nipple retraction, tra-
becular thickening, and axillary adenopathy.

According to federal regulations, every mammogram must
have, in its impression, an overall assessment of the likelihood
of a finding’s being cancer. This promotes understanding
among the radiologist, clinician, and patient of the relative
risk for cancer’s being present. The overall assessment cate-
gories for the BI-RADS coding is as follows:

• Category 0: Incomplete: needs additional imaging evalua-
tion, or comparison with prior studies

• Category 1: Negative
• Category 2: Benign finding
• Category 3: Probably benign; short term follow-up suggested
• Category 4: Suspicious for malignancy
• Category 5: Highly suspicious for malignancy
• Category 6: Proven breast cancer

According to Liberman and associates,19 the findings that
are most likely to have a positive predictive value for being
cancer (BI-RADS category 4 or 5) are spiculated masses or 
linear or branching calcifications.

Why obtain mammography for 
patients with palpable masses?

Suspicious palpable masses detected by clinical examination
should be evaluated by mammography to determine the

extent of the cancer within the breast and to identify other
occult sites of cancer within the same and the opposite breast.
Identification of other sites of cancer will likely affect the 
surgical treatment (e.g., whether conservation is possible).
Most palpable findings detected by clinical examination prove
to be benign following surgery, and mammography helps to
identify the nonmalignant palpable mass and thereby avoid
surgery. When a benign mass such as a cyst is suspected, mam-
mography should be performed before aspiration or core
biopsy. A breast sonogram may also be of help to further eval-
uate the nature of the mass. The dominant mass that is pal-
pated and aspirated may be a cyst, but an occult cancer
adjacent to it may be detected on the mammogram (Fig.
15–12). If a cancer is palpated, imaging of the same and 
contralateral breasts may detect other clinically occult sites of
cancer.

How frequently are breast cancers 
missed by mammography?

Mammography cannot detect all breast cancers. For women
with dense breasts, such as young women and those with a
fibrocystic condition, it may be difficult to visualize a cancer.
With problem-solving additional views or technique tailored
to the individual, however, information may often be obtained
even in young symptomatic women with dense breasts.

The sensitivity of mammography is in the range of 68% to
92%.26 The problem of missed breast cancers has been attrib-
uted to several causes: technical faults, observer errors, and the
intrinsic limitations of mammography itself. Technical factors
include proper positioning and adequate compression (see
Fig. 15–7). Observer errors have been analyzed by Bird and
associates, who reviewed 320 cancers, 77 (24%) of which they
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A B

Figure 15–12 A, Small carcinoma is partially
obscured by a large cyst. Architectural distortion is
present at the superior aspect of the 3-cm oval
mass. B, The mass was aspirated and was a cyst. A
spot film of the distorted area showed a tiny inva-
sive duct carcinoma.



missed mammographically.27 They found that diagnostic
errors were more likely to occur for developing densities and
that missed cancers were most often small, irregular densities
in the retroareolar or retroglandular portions of the breast.
Missed cancers were unlikely to demonstrate microcalcifica-
tions and were more likely to occur in women with dense
breasts. Forty (52%) of their missed cancers could be identi-
fied in retrospect, on earlier mammograms. Fourteen (18%)
of the cases that were missed, according to the authors, were
incorrectly interpreted as benign. Dense breasts, diffuse nodu-
larity, and breast implants may cause difficulty in detecting a
cancer by mammography.

The use of double reading for mammographic interpreta-
tion has been demonstrated to detect 15% more cancers than
interpretations by a single radiologist.28

An alternative to double reading is the use of computer pro-
grams to help in detecting an abnormality on the mammo-
gram. Reports have shown that computer-aided detection
(CAD) algorithms are able to detect breast abnormalities 
on screening mammograms and reduce the number of false-
negative findings. In a prospective study of 12,860 patients
who had screening mammography with CAD, there was a
19.5% increase in the number of cancers found.29 In a differ-
ent study, the CAD system was found to have no effect on
radiologist performance, despite high sensitivity, probably
owing to the many false-positive markings.30 Zheng and
coworkers reported that the sensitivity for the detection of
clustered microcalcifications is high at 96% but that sensitiv-
ity for mass is only 66.7% to 70.8%.31 The authors also noted
that the abnormalities in their study were visible on both
views and that they were not particularly subtle. Further
improvements must be achieved in the detection of masses for
CAD systems to be sufficiently reliable for general use, and for
the possibility of achieving the increased sensitivity of a sec-
ond reader. These authors also cautioned that the use of CAD
may be problematic from a medicolegal viewpoint if an area
marked on an earlier mammogram later develops into a can-
cer.31 CAD has not been found beneficial for the detection of
architectural distortion on the mammogram, an often subtle
and important presentation of breast cancer.32 It has been
reported that the reproducibility of the CAD systems is cur-
rently insufficient for clinical routines.33

What are the medicolegal ramifications 
of mammography?

Publicity regarding the success of mammography has been
accompanied by unrealistic claims for the reliability of this
technique to detect breast cancer. The rise in lawsuits charging
delay in diagnosing breast cancer may be partially due to a
misunderstanding that all breast cancers can be detected 
by mammography. Summarized data from the Physicians
Insurance Association of America (PIAA), based on the
pooled results of selected insurance companies with lawsuits
instituted for a claim of a missed diagnosis of breast cancer,
were issued in 1990 and again in 1995.34,35 These two reports
found that most claimants were younger than 50 years, fre-
quently found their own breast mass, and often were incor-
rectly diagnosed as having a fibrocystic condition. Our own
review of lawsuits in New York State and other reports con-
firmed these findings36–38 (Table 15–2). The PIAA reports

showed that in 1990, gynecologists were the physician spe-
cialty most frequently sued. In 1995, radiologists were more
often cited, probably owing to the increased number of
screening mammograms being performed. Both the failure to
perform mammograms and an over-reliance on this tech-
nique when it is negative have led to lawsuits in which a delay
in diagnosis was purported.

Ikeda and associates have reported that there is a subset 
of nonspecific mammographic findings that do not warrant
recall but that were the subtle findings where cancer later
developed.39 They believe that a failure to act on these non-
specific findings does not constitute an interpretation below
the standard of care. In their study, the most common non-
specific finding on prior mammograms that they believed
should not be considered an error was a density seen on only
one view. They found that these densities are indistinguish-
able from randomly distributed islands of breast tissue that
are common in fibrocystic disease. They have noted that in the
setting of a malpractice allegation, the mere presence of a
finding on a prior mammogram does not indicate liability.
Mammograms should be viewed in the temporal sequence in
which they were obtained, and a retrospective analysis of a
nonspecific finding at the site of cancer development is not
malpractice. They noted that just because “something is visi-
ble where cancer develops subsequently does not mean that a
defendant radiologist was negligent in choosing not to recom-
mend recall for additional imaging.”

Because of the highly litigious nature of mammography,
fewer radiology residents are choosing to practice breast
imaging. In a survey of radiology residents, causes of disinter-
est in interpreting mammograms included fear of lawsuits,
low pay, and mental stress.40 There is currently a nationwide
shortage of radiologists willing to read mammograms.

Berlin has reported that the current system of malpractice
awards is such that even if a panel of highly educated experts
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Table 15–2 Complaint of Plaintiff in Legal Actions (n = 37)*

*Several of these actions involved more than one category of complaint.
Modified from Mitnick JS, Vazquez MF, Plesser KP, et al. Breast cancer

malpractice litigation in New York State. Radiology 1993;189:673–676.

Complaint
Category Complaint No. (%)

1 Plaintiff felt a lump; physician failed 22 (60)
to obtain a biopsy specimen or
refer to a specialist

2 Plaintiff felt a lump; physician failed 6 (16)
to order mammography

3 Physician failed to examine properly 2 (5)
and palpate breasts, and detect a
palpable lump

4 Physician failed to read mammogram 3 (8)
properly

5 Physician failed to warn that 1 (3)
pregnancy can reactivate breast
cancer

6 Physician ignored suspicious findings 1 (3)
on mammogram and
recommendation of biopsy

7 Physician failed to properly treat 2 (5)
already diagnosed breast cancer



agree that no negligence has occurred, if a woman has a 
witness who will testify that a breast cancer was missed on 
an earlier mammogram, she is likely to be successful in the
lawsuit.41

What are interval breast cancers?

Interval breast cancers are cancers diagnosed during the 12
months after a normal screening mammogram and clinical
examination (Figs. 15–13 to 15–15). They have traditionally
been thought to be more aggressive forms of breast cancer,
with a poor prognosis for survival. DeGroote and colleagues
reported 21 patients with interval breast cancers, with 24%
having stage II and 25% having stage III disease at the time of
diagnosis.42 In contrast, Koivunen and associates did not find
their interval cancers to be more aggressive.43 They evaluated
24 patients with interval breast cancers and found that 54%
had stage II disease and none had more advanced disease.
Their patients with interval breast cancers were characterized
by increased density of the breasts and greater difficulty in
diagnosis by mammography. Physical examination was also
less reliable in their patients because they had diffuse nodu-
larity or fibrocystic conditions. Their conclusion was that
interval breast cancers are not a subset of biologically more
aggressive cancers but are cancers that are more difficult to
diagnose by mammography and clinical examination. A series
by Burrell and associates of 90 interval cancers had 51 (57%)
true positive, 20 (22%) false negative, 7 (8%) mammographi-
cally occult, and 12 (13%) unclassified.44 The false-negative
cases were most often found to be areas of architectural dis-
tortion at mammography. There was no significant difference

in the patterns of breast parenchyma for these categories of
interval cancer. Their interval cancers were larger and more
likely to have lymph node metastases and to have a poorer
prognosis than screening-detected cancers.

What is the radiologist’s role in the surgical 
excision of a clinically occult lesion?

Clinically occult mammographic abnormalities that require
excision, such as suspicious microcalcifications or architectural
distortion, should be preoperatively localized by the radiolo-
gist to achieve a successful surgical biopsy. Outpatient needle
localization breast biopsies (NLBBs) for nonpalpable abnor-
malities have become a standard surgical practice similar to
that used for the removal of palpable abnormalities. A report
from the New England Medical Center in Boston found that
when local anesthesia for NLBB is used, the chance of missed
lesions is less than 2%, and complication rates are comparable
to those for biopsy of palpable lesions.45 This failure rate using
NLBB was slightly lower than that found from 17 series in 
the literature that the authors reviewed, which was 2.8%.
Reported complications related to the needle localizing device
and cited as causes for missing the lesions included transec-
tion or breakage of the localizing device, retraction of the wire
into the breast, entrapment of the wire below the pectoralis
fascia, and poor positioning of the localizing wire. We have
found these complications to be extremely rare, with the most
common rare complication being a minor vasovagal reaction.
A similar experience was reported by Helvie and associates,
who evaluated complications of patients undergoing needle
localization and aspiration procedures: of 172 patients 
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A B
Figure 15–13 Interval breast cancer. A, Mediolateral oblique view of the right breast is unremarkable. B, One year later, a 1.2-cm 
lobular carcinoma developed in the superior breast.
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Figure 15–15 Craniocaudal view of the right breast was nega-
tive (not shown). One year later, there has been development 
of an interval high-grade invasive duct carcinoma. The mass was
circumscribed with irregular borders, findings that were highly
suggestive of the malignant diagnosis.

A B
Figure 15–14 Interval breast cancer. A, The mediolateral oblique view of a screening mammogram was normal. B, One year later, there
is a subtle asymmetrical density (arrow) that was poorly differentiated duct carcinoma.

who underwent needle localization, 13 (8%) had vasovagal
reactions.46

Several needle localizer systems are widely used. The three
most popular systems are the Kopans, Homer, and Hawkins
needle localizer systems. The Kopans system (Cook,
Bloomington, IN) allows for a moderate amount of traction
on the wire during surgery. The disadvantage is that the wire
cannot be repositioned (Figs. 15–16 and 15–17). The Homer
system (North American Instrument, Glens Falls, NY) is easy
to use and has a retractable wire. When the J-shaped memory
wire is delivered, the needle may be left in place and used as a
nontransectable guide for the surgeon. The disadvantage is
that the needle and wire are relatively easy to pull out with
moderate traction. The Hawkins I system (National-Standard
Medical Products, Gainesville, FL) has a tip that is withdrawn
into an outer cannula once the barb is deployed. The barb
exits from the cannula at an acute angle, allowing for moder-
ate traction at surgery. It is reported to have greater anchoring
strength than the Kopans system.47

The approach for the needle localization procedure should
be carefully planned. Generally, the shortest distance from the
skin to the lesion is used. Some surgeons prefer a needle entry
close to the areolar margin. Once the suspicious area is local-
ized within the fenestrated grid, an intradermal injection of
local anesthetic can be given at the site of approach of the
localizer needle. Using the tube light as a guide, the needle is
inserted to the proper coordinate location indicated on the
scout film. As the needle is inserted into the breast, a change
in texture may occasionally be noted as the needle reaches the
suspicious lesion. The needle should be advanced just beyond
that point. It is better to “overshoot” the lesion than to be
short of it. Next, the compression device is released while 



the needle is protected from contacting the edges of the co-
ordinated grid window. Final films are obtained with the wire
in place, and the site to be excised is marked on both films.
These films accompany the patient to the operating room as a
guide for the surgeon. Needle localizations can also be per-
formed using ultrasound guidance. Mammographic films are
obtained after placement of the wire to confirm the correct
wire placement. Bracketing wires may be used for preopera-
tive needle localization to delineate the boundaries of a 
mammographic lesion, such as a broad region of suspicious
microcalcifications, to help encompass the entire lesion (Fig.
15–18). In a report by Liberman and colleagues, bracketing
wires were most often used for large calcified lesions that were
highly suggestive of malignancy (e.g., BI-RADS category 5
lesions).48 These authors emphasize that the complete removal
of the calcifications does not ensure clear histologic margins
at resection. The advantage of ultrasound localization is that
there is no radiation exposure except for the final films
demonstrating wire position. Also, because the patient is
supine, there are fewer vasovagal reactions, and the time to
perform the localization is lessened. With the increasing use of
sonography to evaluate the breast, more needle localizations
are being performed with this technique. We routinely use
sonography to localize most nonpalpable entities, except for
microcalcifications.
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Figure 15–16 Kopans wire in place for the preoperative localiza-
tion of invasive lobular carcinoma. The wire extends through a
subtle area of distortion of the breast architecture.

Figure 15–17 Kopans wire has microcalcifications at the thick
segment of the wire. The microcalcifications were excised, and the
histology was solid and cribriform ductal carcinoma in situ.

Figure 15–18 A stereotactic mammotome biopsy had malig-
nant microcalcifications. The Micromark clip and residual micro-
calcifications were bracketed with preoperative localization wires
seen in the specimen radiograph. Bracketing of malignant micro-
calcifications may aid the surgeon to achieve clear margins.



Does needle localization cause 
cancer dissemination?

The issue of whether preoperative needle localization can lead
to an increase in local breast cancer recurrence was addressed
by Kopans and associates.49 Seventy-four women with non-
palpable breast cancer were evaluated, all of whom had pre-
operative needle localization with a follow-up of at least 
3 years. The authors analyzed only preoperative placement 
of guides parallel to the chest wall, but they concluded that
this specific localization approach does not increase local
recurrences. They suggest that an anteroposterior approach
may have an additional theoretical increased potential of
seeding malignant cells. For this reason, many surgeons
attempt to include the needle track in the surgical specimen.
A report of 29 surgical breast specimens from patients who
had undergone a variety of needling procedures, including
needle localization, before surgery revealed epithelial displace-
ment mimicking stromal invasion.50 The clinical implication
of this finding is controversial and requires further evaluation
with larger numbers of patients.

How is ductal carcinoma in situ 
characterized mammographically?

The increasing use of mammography has led to a higher
detection rate of clinically occult DCIS, most cases of which
are detected as clustered microcalcifications (Figs. 15–19
through 15–28). Pleomorphic or heterogeneous microcalcifi-
cations or those that are linear or branching have a higher
probability of being malignant. The linear microcalcifications

can be due to filling of the duct by the necrotic debris of breast
cancer. Frykberg and associates found that from 1985 to 1993,
there was a 14-fold increase of in situ lesions among all diag-
nosed breast cancers.51 It has been estimated that DCIS now
accounts for about 25% to 40% of all breast cancers detected
by mammography. The average size of these lesions has con-
comitantly decreased. Lagios reported that the average size of
DCIS in his series was 6 mm.52 DCIS, with its malignant cells
confined to the ducts, is subdivided into comedocarcinoma
and noncomedocarcinoma subtypes. Evans and associates
compared the mammographic and pathologic features of 131
screening-detected and symptomatic cases of DCIS.53 They
found that there was a larger proportion of comedocarcinoma
in the screening-detected group. The symptomatic group was
more likely to have diffuse involvement of the breast and 
had larger regions of clustered microcalcifications. Comedo-
carcinoma is characterized on microscopic examination by
central necrosis and at mammography by microcalcifications
that are elongated with a castlike pattern along the duct con-
figuration (see Fig. 15–19). The microcalcifications of the
noncomedo subtypes may appear more variable, with more
irregular forms or a granular appearance (see Fig. 15–26).
Focal areas of increased opacity may be present in comedo-
carcinoma, either with or without microcalcifications. This
was found to correlate with a fibrous stromal reaction at 
histology.54 Kinkel and associates found these regions of
increased opacity in 25% of their patients with clustered
microcalcifications and in 8% of patients without microcalci-
fications, all of whom had proven comedocarcinoma.54

Although most cases of occult DCIS have been found to be
detected by microcalcifications, more unusual forms of pre-
sentation of DCIS having an atypical appearance have been
described by Ikeda and Andersson and include ill-defined
masses, architectural distortion, and dilated ducts.55 Harris
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Figure 15–19 Linear and branching microcalcifications in a 45-
year-old woman are classic comedocarcinoma.

Figure 15–20 A new cluster of pleomorphic microcalcifications
is ductal carcinoma in situ.
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A B
Figure 15–21 Multicentric carcinoma. A, Clustered punctate microcalcifications (arrow) are oriented along a duct toward the nipple. 
B, A mass was also present in the superior breast that was not well visualized on the mammogram but was excised for biopsy under 
ultrasound guidance. The hypoechoic irregular mass was easily detected by a breast sonogram. Both sites proved to be cancer, and the
patient underwent mastectomy.

Figure 15–22 A palpable mass in a 38-year-old woman was
high-grade ductal carcinoma in situ (DCIS). The heterogeneous
microcalcifications have a segmental distribution typical of DCIS.

Figure 15–23 Multicentric ductal carcinoma in situ. A magnifi-
cation view has multiple clusters of malignant microcalcifications
that were throughout the breast. Punctate, linear, and coarse cal-
cifications are present.
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Figure 15–24 Comedocarcinoma. A screening mammogram
has a new cluster of microcalcifications. There is a linear calcifica-
tion in the center of the cluster. A faint separate site of microcalci-
fications was also ductal carcinoma in situ (DCIS) in this patient
with multifocal DCIS.

Figure 15–25 A cluster of calcifications on a screening mammo-
gram in a young woman with a positive family history of breast
cancer (arrow). On initial inspection the calcifications appear
coarse, but numerous fine microcalcifications were also within the
cluster. Although not typical of ductal carcinoma in situ, coarse
calcifications may also occur with this entity.

reported a case of DCIS that appeared as a branching tubular
opacity with peripheral coarse calcifications. With this
appearance, DCIS may be difficult to distinguish from vascu-
lar calcifications.56 In a review by Stomper and coworkers 
of 100 cases of DCIS, an indistinct round or oval mass was
present in 18%, an irregular or poorly defined mass in 64%,
a spiculated mass in 14%, and architectural distortion in 4%.57

These soft tissue findings were attributed to direct involve-
ment by tumor into an expanded lobule and to periductal
fibrosis or elastosis. In an early report, we described 13 small,
round, or oval masses that were well circumscribed and had
microcalcifications that proved to be DCIS.58

Liberman and associates have reported that calcifications
highly suggestive of malignancy account for about 10% of
nonpalpable lesions referred for biopsy.59 These calcifications
include linear or branching clustered microcalcifications.
Based on their experience, they recommend sterotactic biopsy
of the calcifications using an 11-gauge vacuum-assisted auto-
mated device because there is a greater likelihood that a single
operation for definitive treatment may be performed. They
found that only 16.2% of women with breast cancer who had
a diagnostic surgical biopsy had a single operation for treat-
ment. This compared with 71.4% of women who had a stereo-
tactic biopsy. They report that the significantly greater chance
of having a single operation after stereotactic biopsy allows for
better treatment planning by anticipating the need for wide
excision or mastectomy.

What is the role of specimen radiographs?

Careful correlation between intraoperative specimen radiog-
raphy and preoperative mammography is important to verify
complete excision of the mammographic lesion. Because suc-
cessful breast conservation therapy is believed to be depend-
ent on the demonstration of complete removal of the lesion,
preoperative magnification views may be obtained for assess-
ment of other sites of involvement by DCIS manifested 
as microcalcifications. Some of the microcalcifications may 
be extremely faint and not visualized by conventional 
radiographs (see Fig. 15–27). Morrow reviewed a study 
by Holland and concluded that there is underestimation of
DCIS by as much as 20 mm if magnification views are not per-
formed.60 These films may be useful to diagnose multicentric
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Figure 15–26 Multiple clusters of punctate microcalcifications
were micropapillary ductal carcinoma in situ in a 33-year-old
patient. There is also a palpable, partially obscured mass that was
infiltrating duct carcinoma.

A B

Figure 15–28 Recurrent carci-
noma. A, A 37-year-old woman
had a prior excision of microcal-
cifications that were ductal carci-
noma in situ (DCIS). A routine
mammogram performed 3 years
later has pleomorphic microcal-
cifications that were recurrent
DCIS. At times, it may be difficult
to differentiate recurrence from
fat necrosis in the lumpectomy
site. B, Heterogeneous microcal-
cifications and architectural dis-
tortion were recurrent cancer.
Multiple foci of invasive ductal
and cribriform DCIS were found
at excision. The DCIS extended
beyond the edges of the infiltrat-
ing cancer.

Figure 15–27 This specimen radiograph has heterogeneous
clustered microcalcifications at the thickened segment of a wire
used for preoperative needle localization. There was a barely per-
ceptible new cluster of microcalcifications on the mammogram. A
0.3-cm focus of comedo-type DCIS was excised.



disease (involvement of more than one quadrant) and multi-
focal disease (involvement of more than one site confined to
one quadrant). Imaging after breast-conserving therapy for
DCIS may include magnification views of the lumpectomy
site before radiotherapy to ascertain that there are no residual
microcalcifications that might require re-excision. Similarly,
because most recurrences develop at the site of the original
primary tumor, magnification views of the lumpectomy site
can be performed to help detect local failures (see Fig. 15–28).
Although some have advocated the routine use of magnifica-
tion views following lumpectomy, others have found them to
be useful only when there is a questionable finding on the ini-
tial images.61,62 We generally perform magnification views of
the lumpectomy site if the original presentation of the cancer
is clustered microcalcifications. A postlumpectomy mammo-
gram with magnification views is helpful to ensure adequate
removal of all demonstrable disease.

How are benign microcalcifications 
characterized radiographically?

Most clustered microcalcifications that are excised (i.e.,
about 80%) are due to a benign entity, such as a fibrocystic
condition or sclerosing adenosis. Benign microcalcifications
are frequently punctate and have a diffuse distribution. On
occasion, if they represent milk of calcium in microcysts, they
have a “teacup” configuration on a 90-degree lateral view.
Recommendations for biopsy of clusters of microcalcifica-
tions for less than five particles in a cluster are unusual
because there is a low likelihood of cancer. Eggshell calcifica-
tion or rim calcification may be due to fat necrosis or calcifi-
cation in the wall of a cyst. Other benign calcifications include
skin calcifications, vascular calcifications, and large rodlike
calcifications that are due to duct ectasia. Suture calcifications
have a distinctive benign appearance and are readily identi-
fied. Dystrophic calcifications that form in the irradiated
breast or after trauma are usually larger than 0.5 mm and
often have lucent centers. At times, it may be difficult to dis-
tinguish early dystrophic calcifications from recurrent cancer.
Coarse calcifications, although generally benign, can occa-
sionally be associated with malignancies (see Fig. 15–25).

How are infiltrating ductal carcinomas 
characterized radiographically?

Most cancers detected by mammography are invasive ductal
carcinoma, not otherwise specified (NOS). These cancers have
a variety of mammographic presentations, including a spicu-
lated mass; developing density; a circumscribed, irregular, or
lobulated mass; and regional architectural distortion (Figs.
15–29 to 15–41). A spiculated mass, with extensions produced
by an associated desmoplastic reaction, is most characteristic
of invasive ductal carcinoma (IDC) (see Figs. 15–29 and
15–30). When a very small or subtle region of abnormality is
present, the ability to detect the cancer may depend on the
density of the surrounding breast parenchyma; when there 
is greater tissue density, the cancer may be more difficult 
to detect. In this situation, sonography may be valuable to con-
firm the presence of a suspicious mass, and ultrasound-guided
large core needle biopsy may be performed (Figs. 15–42 and

15–43; see also Fig. 15–28). Microcalcifications often are asso-
ciated with a spiculated lesion, extending radially along the
course of ducts from the main tumor mass or near the mass,
indicating an extensive intraductal component and having
poorer prognostic implications (see Fig. 15–33). Stomper and
Connolly evaluated 101 mammograms of patients with IDC
and found that carcinomas without microcalcifications that
appear as masses or regions of architectural distortion, or as
palpable masses with no abnormality detected by mammogra-
phy, were not associated with an extensive intraductal com-
ponent. The lesions associated with microcalcifications were
likely to have an extensive intraductal component.63 In the
past, clusters of microcalcifications were assessed by excisional
biopsy. More recently, it has been shown that the use of stereo-
tactic biopsy with an 11-gauge needle and vacuum assistance
is an efficient and cost-effective alternative.59 A preoperative
diagnosis of malignancy in women with suspicious microcal-
cifications may help to delineate the lesion and achieve clear
margins. In evaluating women with more than one area of
microcalcifications, a stereotactic biopsy may be useful to
determine whether conservation is possible.

How is infiltrating lobular carcinoma 
characterized radiographically?

Infiltrating lobular carcinoma (ILC), representing 5% to 
15% of all breast cancers, may be difficult to diagnose by
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Figure 15–29 A spiculated mass (arrow) is posterior to a cyst in
the outer right breast. The patient had a previous benign biopsy.
This infiltrating duct cancer is within fibrocystic breast tissue.
When a cancer is within dense fibrocystic tissue, it may be difficult
or impossible to visualize.
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Figure 15–30 This high-density spiculated mass is easily de-
tected because it is surrounded by fatty tissue. Even very small
lesions may be detected when bordered by fat.

Figure 15–31 This palpable mass with irregular borders was
moderately differentiated infiltrating duct carcinoma. The patient
was a 45-year-old woman whose mother died at age 29 years of
breast cancer.

A

B

Figure 15–32 A, A new lobulated mass (arrow) with partially obscured bor-
ders was infiltrating duct carcinoma. B, The corresponding sonogram of the
mass shows the microlobulated border.
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A B
Figure 15–33 A, A spiculated mass has linear microcalcifications extending along ducts. B, The microcalcifications indicate the associ-
ated ductal carcinoma in situ.

Figure 15–34 A spot film of a palpable irregular mass that was
infiltrating poorly differentiated duct carcinoma also had ductal
carcinoma in situ as indicated by microcalcifications.

Figure 15–35 Infiltrating duct carcinoma. A high-density mass
(arrow) with irregular borders in the central left breast. There is a
dense axillary lymph node that was positive for metastatic disease.
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Figure 15–36 A round mass (arrow) with partially obscured bor-
ders developed adjacent to a prior benign biopsy. The border
characteristics made this mass suspicious, and the needle biopsy
showed infiltrating duct carcinoma.

Figure 15–37 A 75-year-old woman had a rapidly growing mass
with irregular borders that was found to be poorly differentiated
infiltrating duct carcinoma with metaplasia.

Figure 15–38 A, Well-circumscribed carcinoma. A lobular mass in the outer half of the right breast on the craniocaudal view has dis-
tinct borders. Although medullary, colloid, and intracystic carcinomas are known to present as well-circumscribed masses, the most com-
mon well-circumscribed carcinoma is infiltrating ductal, not otherwise specified, which this proved to be. B, Corresponding sonogram
shows the hypoechoic lobulated mass.
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Figure 15–39 A subtle region of architectural distortion corre-
sponded to palpable thickening in this patient with a silicone
breast implant. It proved to be a well-differentiated infiltrating
duct carcinoma, visualized on this implant-displaced view. Arrows
outline an area of architectural distortion that proved to be an
invasive duct carcinoma.

Figure 15–40 Multifocal carcinoma. A spot magnification view
has multiple masses and sites of architectural distortion, all of
which were invasive ductal cancer. Ductal carcinoma in situ was
also present at the site of microcalcifications.

Figure 15–41 Virtually the entire breast has been replaced with
high-grade infiltrating duct carcinoma that is extending from the
superior to inferior right breast.

mammography and by palpation. Five patterns of mammo-
graphic presentation of ILC were described by Mendelson,
with the most frequent being a focal region of asymmetrical
density58 (Figs. 15–44 and 15–45). The spread of this cancer in
the classic single-file configuration was proposed as being
responsible for its subtle appearance as a poorly delimited
mass. Sickles refers to the mammographic findings of ILC as
“atypical,” often preventing early diagnosis of this cancer.59

Our experience, based on a retrospective review of 102 cases
of proven ILC, had a spiculated mass as the most common
appearance, similar to the findings of Helvie.60,61 Negative
mammography has traditionally been described as occurring
more frequently with ILC than IDC. Microcalcifications have
also been found less frequently with ILC than with IDC in
most series. There is a high incidence of bilaterality and mul-
tifocality with ILC, and of metastatic spread with unusual sites
of deposits, including the gastrointestinal tract, ovary, uterus,
and peritoneum.62 Various studies have found the prognosis
to be either better, the same as, or worse than that of IDC.62

How is tubular carcinoma 
characterized radiographically?

Tubular carcinoma, a variant of infiltrating ductal carcinoma,
is being detected with increasing frequency and at a smaller
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A B

Figure 15–42 A, Round mass
in the outer right breast has het-
erogeneous, mainly peripherally
located microcalcifications and
coarse calcifications. Although
the preoperative impression was
that of a fibroadenoma, because
of the atypical appearance of 
the calcifications, the lesion was
excised. B, The specimen radi-
ograph has the fibroadenoma
and the localizing wire.

A B
Figure 15–43 A, Heterogeneous microcalcifications and coarse calcifications in a young woman were suspicious for malignancy. The
patient underwent a stereotactic mammotome biopsy, and a benign fibroadenoma was diagnosed. B, The specimens have abundant 
calcium.



average size as a result of screening mammography.
Winchester and associates recently reported the median
tumor diameter to be 1 cm64 (Fig. 15–46). They suggest that
the larger tubular cancers may have a more aggressive course
and are evolving into typical IDC. Tubular carcinomas are

usually found when they are nonpalpable, in women younger
than those with nonspecific IDC. The pathologic use of the
term tubular carcinoma requires that at least 75% of the lesion
be composed of tubular elements. Some pathologists suggest
that tubular carcinomas arise from papillary or cribriform
intraductal carcinoma, whereas others suggest that they evolve
from radial scars.65,66 Regarded as a well-differentiated cancer
with a favorable prognosis, it has also been reported to be
associated with an increased incidence of multicentricity and
contralateral cancers. A 32% rate of incidental DCIS within
this tumor following excision has been reported.64 Although
there is controversy regarding the proper treatment for this
cancer, 20% of Winchester’s patients had axillary nodal metas-
tases.64 These cancers most frequently appeared as spiculated
masses at mammography in the series by Liebman and
coworkers.67 They suggest that the spiculated appearance of
tubular carcinoma is characteristic and that because of its
smallness, it can be differentiated by mammography from
other cancers. However, Elson and associates found a variety
of mammographic presentations for this type of cancer,
including a mass, mass with calcifications, architectural dis-
tortion, and asymmetrical density.68

How is mucinous carcinoma 
characterized radiographically?

Mucinous (colloid) carcinoma of the breast, accounting for
1% to 7% of breast cancers, has received relatively little atten-
tion in the radiologic literature. It is a well-differentiated, dis-
tinct type of invasive adenocarcinoma characterized by the
extracellular mucin that embeds the tumor cells. It is usually
detected in older patients with an average age of 65 years.
Although it was traditionally thought to have a favorable
prognosis and a lower incidence of metastases than less differ-
entiated infiltrating ductal carcinoma NOS, one series noted
metastatic disease in about 30% of patients.69 The classic
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A

B
Figure 15–44 A and B, A tiny mass with irregular borders in the right
breast at the 6-o’clock axis was a 0.5-cm invasive lobular carcinoma. Despite
its small size and moderate density, the cancer was detectable because of
the surrounding fatty tissue.

Figure 15–45 An asymmetrical density in the upper outer left
breast was infiltrating lobular carcinoma. This represented an
interval change on the mammogram.



mammographic features of pure mucinous carcinoma have
been described by Conant and associates as a mass with either
indistinct or microlobulated margins rarely having calcifica-
tions70 (Figs. 15–47 and 15–48). We have found several muci-
nous carcinomas that had coarse calcifications simulating
those in fibroadenomas. Wilson and associates evaluated 20
patients with mucinous carcinoma and found that a more
sharply circumscribed and distinct border was found for the
pure mucinous carcinomas and that irregular margins were
found with tumors of mixed mucinous and NOS type.71 The
irregularity of contour is thought to result from fibrosis asso-
ciated with the nonmucinous component of the tumor.
Mixed-type mucinous tumors tend to be larger at the time 
of diagnosis and to have a less favorable prognosis than the
pure type.

How is medullary carcinoma 
characterized radiographically?

Medullary carcinoma of the breast, an uncommon subtype of
infiltrating ductal carcinoma, is associated with an improved
survival rate and younger age compared with survival and 
age of women with infiltrating ductal carcinoma NOS. The

specific pathologic characteristics associated with this tumor
include a predominantly syncytial growth pattern, micro-
scopic completely circumscribed margins, mononuclear stro-
mal infiltrate, and anaplastic cytologic details.65 A report by
Rubens and associates of 30 cases of breast cancer originally
diagnosed as medullary carcinoma at Massachusetts General
Hospital stated that only 9 (30%) were in fact typical
medullary carcinomas.72 Using strict histologic criteria for
medullary carcinoma, the remaining cases were reclassified as
atypical medullary carcinomas in 7 (23%) and infiltrating
ductal carcinoma NOS in 14 (47%). It has been suggested that
the too frequent diagnosis of this type of cancer may lead to a
false impression of a more favorable outcome and undertreat-
ment.72 The typical appearance of medullary carcinoma 
at mammography is an oval or round circumscribed mass,
with varying degrees of lobulation without calcifications
(Figs. 15–49 and 15–50). At ultrasound, there is a well-
defined hypoechoic mass with an inhomogeneous texture and
enhanced through transmission. Central necrosis may be seen
in large mucinous cancers.73 According to Kopans, despite the
so-called typical imaging characteristics of medullary carcino-
ma, there are no criteria to reliably distinguish medullary car-
cinomas from infiltrating ductal carcinomas NOS.74 Liberman
and coworkers found that mammography could not 
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Figure 15–46 Tubular carcinoma. A, The mediolateral oblique view shows a 5-mm spiculated mass overlying the pectoral muscle
(arrow). These slow-growing, well-differentiated neoplasms often present as tiny spiculated lesions. B, Spot magnification views may be
necessary to delineate the spiculated nature of these lesions (arrow).
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Figure 15–47 A 63-year-old woman had a palpable mass that
was colloid carcinoma. It is sharply circumscribed, as is typical of
this type of cancer. Colloid carcinoma may also appear as low-
density masses when there is abundant mucin within the tumor.

Figure 15–48 A well-circumscribed mass in the medial left
breast was colloid carcinoma. The sonogram (not shown) showed
a corresponding hypoechoic mass with microlobulated borders.
The diagnosis was made by a needle biopsy under ultrasound
guidance.

Figure 15–49 A craniocaudal view of a medullary carcinoma
(arrow) has ill-defined and lobulated borders. Medullary 
carcinomas may also have sharply circumscribed borders.

Figure 15–50 Medullary carcinoma may have associated coarse
calcifications, as in this mass in the center of the left breast.



distinguish medullary carcinoma from atypical medullary 
carcinoma (e.g., cancers that had most, but not all, the requi-
site histopathologic criteria).75 Most cancers diagnosed as
medullary carcinomas by mammography ultimately prove to
be infiltrating ductal carcinoma NOS after excision, with the
usual survival prognosis.

How is papillary carcinoma 
characterized radiographically?

Papillary carcinomas are rare, comprising only 1% to 2% of
breast cancers.76 With their indolent growth, excellent prog-
nosis, and low incidence of metastases, recognition of the
presence of this cancer relies on mammography when there 
is no palpable mass or nipple discharge.76–78 The mammo-
graphic appearance has been described by Soo and associates,
who differentiate the in situ papillary cancer into an intraduc-
tal type and an intracystic type.76 The in situ papillary cancer
can extend within a ductal system, the intraductal type,
or may be within a cystic structure, the intracystic type.
Intraductal papillary carcinomas are most often detected as
clustered microcalcifications, and the intracystic type is usually
seen as a well-circumscribed mass or multiple adjacent 
masses, usually in the retroareolar region (Figs. 15–51 and
15–52). Sonography of the intracystic papillary cancer can
show both cystic and solid components in the mass.79 It may
appear as a cystic mass with or without septations. Solid 

papillary masses may project into the cyst. Invasive papillary
carcinomas may have either mammographic pattern but more
often occur as intracystic lesions.76 A focus of irregularity in a
round mass may suggest invasion. Intracystic fluid is thought
to result from secretory activity by the neoplastic epithelial
cells and from intracystic hemorrhage.80 Cytology of the aspi-
rated fluid has been reported as being negative for malignant
cells and cannot be relied on for diagnosis.80 The differential
diagnosis of the intracystic type of cancer includes benign
lesions, such as fibroadenomas and papillomas, and circum-
scribed malignant lesions, such as medullary carcinoma, col-
loid carcinoma, and metastatic lesions to the breast. When
there are multiple peripheral masses that are solid on 
ultrasound, it may be impossible to distinguish papillary 
carcinoma from multiple papillomas, which is considered to
be a precursor to this type of cancer.81

A nipple discharge may be caused by a solitary papilloma or
by cancer. A ductogram may be used to identify the site of ori-
gin of the discharge. This may facilitate a more minimal vol-
ume excision of the responsible intraductal lesion. A solitary
filling defect is most commonly associated with an intraductal
papilloma, whereas multiple filling defects are more likely to
be malignant.

How is malignant phyllodes tumor 
characterized radiographically?

Malignant phyllodes tumor (cystosarcoma phyllodes) is a rel-
atively rare tumor that is distinguished from benign phyllodes
tumor by the high mitotic count, cellular atypia, stromal 
overgrowth, and infiltrating margins. Local recurrences and
hematogenous metastases occur in 20% to 25% of cases.82
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Figure 15–51 Papillary carcinoma. This 65-year-old woman who
had previous benign biopsies found a mass in the subareolar
region of the left breast. The location and age of the patient were
suggestive of this diagnosis.

Figure 15–52 A large subareolar mass was an intracystic papil-
lary carcinoma. It is indistinguishable from a benign papilloma 
by mammography. A giant fibroadenoma and a phyllodes tumor
may also have an identical appearance.



Mammographically, these tumors often appear identical to
fibroadenomas, with sharply circumscribed margins of a
round, ovoid, or lobulated mass (Figs. 15–53 and 15–54). A
report by Liberman and associates of 51 phyllodes tumors
showed nonspiculated soft tissue masses in 49, with only 4
having calcifications.83 They found that benign and malignant
phyllodes tumors could not be distinguished by either mam-
mography or ultrasound, which demonstrated hypoechoic
masses. The sonographic features have been described as
showing a lobulated, smoothly marginated mass with a het-
erogeneous echo pattern. At times, cystic spaces within the
mass can be identified. Fine-needle aspiration may also be
unreliable to distinguish benign from malignant phyllodes
tumors. The history of rapid growth of a circumscribed mass
found on interval mammography may be helpful when 
considering this diagnosis before excision or core biopsy.
Magnetic resonance imaging (MRI) has been investigated as 
a modality to distinguish benign and malignant phyllodes
tumors, but overlapping enhancement patterns have made
this technique unreliable.84 Treatment of phyllodes tumor is
complete excision with wide margins. Mastectomy may be
performed for recurrent phyllodes tumor.85

How are extramammary metastases to the 
breast characterized radiographically?

Breast metastases from extramammary primary sites are
uncommon, but the incidence varies depending on whether

lymphoma and leukemia are included in the series (Fig.
15–55). The classic mammographic appearance of a cancer
metastatic to the breast is a sharply delineated solid round
mass that can be superficial in location and mobile by clinical
examination.86 At times, multiple round masses that may 
be confused with benign masses such as fibroadenomas 
may be detected. Calcifications within the metastatic lesions
are unusual, but there are case reports of calcifications in 
the metastases of ovarian and medullary thyroid cancer.87,88

The most common origin of extramammary metastases are
melanoma, lung, sarcomas, ovary, and, less often, gastroin-
testinal and genitourinary tract primaries (Figs. 15–56 to
15–58). In males, carcinoma of the prostate may metastasize
to the breast and the nipple. When metastatic cancer cells
involve the lymphatics and blood vessels diffusely, skin thick-
ening may be observed at mammography and, if extensive,
may even simulate an inflammatory carcinoma. When lym-
phoma involves the breast, enlarged dense axillary lymph
nodes may be visualized at mammography (Fig. 15–59).
On occasion, these nodes may be distinguished from those
secondary to metastatic breast cancer; in the latter case, they
may be spiculated. The spiculated appearance correlates with
extranodal extension of tumor into perinodal fat.89

How is inflammatory carcinoma 
characterized radiographically?

Inflammatory carcinoma of the breast, accounting for only
1% of all breast cancers, is defined by its clinical presentation
with a specific inflamed appearance. The involved breast has
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Figure 15–53 Phyllodes tumor. This large oval mass has almost
entirely replaced the normal breast tissue and produced asym-
metrical enlargement of the right breast.

Figure 15–54 This patient had a rapidly enlarging mass in the
axillary region. It proved to be a benign phyllodes tumor. It has
circumscribed borders and increased density.
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Figure 15–55 A woman with a known diagnosis of melanoma
presented for a screening mammogram and was found to have a
circumscribed mass that was a metastasis. This mass has slightly
indistinct borders. Other lesions that may metastasize to the
breast include lung, lymphoma, ovarian, and renal cell carcinoma.

Figure 15–56 A solitary mass of increased density was found on
a routine screening mammogram. The diagnosis of metastatic
lymphoma was made by needle biopsy in this patient, who had a
history of previously treated lymphoma.

Figure 15–57 Metastatic bladder cancer was responsible for
these circumscribed round masses.

Figure 15–58 Metastatic renal cell carcinoma. A large lobulated
mass with irregular borders in the center of the breast is an unusual
appearance for a metastatic lesion. Metastatic lesions are more
commonly sharply demarcated lesions.



erythema and edema of the skin, often with a peau d’orange
appearance. Inflammatory carcinoma is most often the result
of a poorly differentiated ductal carcinoma with vascular dila-
tion and lymphatic reaction and blockage owing to tumor
emboli. Mammography may not demonstrate the underlying
primary cancer, but it typically shows diffuse trabecular thick-
ening or increased density secondary to the obstructed 
lymphatic drainage (Figs. 15–60 and 15–61). There is skin
thickening, which may be difficult to appreciate without digi-
tal mammography. Enlarged axillary lymph nodes may be
seen; these can shrink following chemotherapy. Other causes
of edema of the breast may give an identical pattern. Loprinzi
and associates found that patients who have undergone partial
mastectomy, breast biopsy, or axillary lymph node biopsy may
present with a clinical syndrome that may mimic inflamma-
tory carcinoma.90 Surgical biopsy was required to rule out
inflammatory carcinoma in several of their patients with this
syndrome. In these patients, the clinical syndrome resembling
inflammatory carcinoma is due to interruption of lymphatic
vessels and associated lymphostasis. A retrospective review of
43 women with inflammatory carcinoma found the most fre-
quent mammographic finding to be skin thickening, present
in 92% of patients.91 Diffuse increased density was present 
in 81%, trabecular thickening was seen in 62%, axillary
adenopathy was present in 58%, and malignant-appearing
microcalcifications were seen in 23%. A mass was present in
only 15% of the patients. An earlier report had a higher inci-
dence of masses in their series.92
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A B
Figure 15–59 A and B, Bilateral enlarged axillary lymph nodes without fatty hila in a woman with lymphoma.

Figure 15–60 Inflammatory carcinoma of the breast. The left
mediolateral oblique view shows diffuse trabecular thickening and
enlarged axillary lymph nodes.



What are the radiographic characteristics 
of unusual tumors of the breast?

Unusual tumors of the breast do not generally have a distinct
appearance and are diagnosed by histology after core biopsy
or excision. Adenoid cystic carcinoma of the breast has histol-
ogy similar to that found in salivary glands. Buchbinder and
Baker reported a case of a slow-growing, well-defined, mam-
mographically benign-appearing mass that proved to be 
an adenoid cystic carcinoma.93 About 125 cases have been 
reported. The prognosis of this tumor is favorable, with a 
3% mortality rate and metastases in 6%.93 Other tumors of
the breast with histology related to the salivary glands have
included benign tumors such as pleomorphic adenoma and
myoepithelioma, malignancies, and mucoepidermoid carcinoma
of the breast. Apocrine carcinoma is characterized histologi-
cally by granular eosinophilic cells and by masses at mam-
mography that may be of low density. Granular cell tumors,
with histologic features of neural differentiation, are generally
considered benign, but rare malignant granular cell tumors
have been reported.94 Both the benign and malignant granu-
lar cell tumors may have mammographic and clinical features
that mimic a scirrhous carcinoma of the breast. Fibromatosis,
or desmoid tumor of the breast, is a rare benign tumor in
young patients characterized by proliferation of spindle 
cells that invade the involved breast tissue locally (see Fig.
15–11). This lesion does not metastasize but has been re-
ported to invade the chest wall. Complete excision with wide

margins is required because it tends to recur; in one series, the
recurrence rate was 23%.95 These tumors can appear identical
to scirrhous carcinomas at mammography and by physical
examination.

Sarcomas of the breast often have a history of a rapidly
increasing breast mass, which may be mobile by clinical exam-
ination. At mammography, they may have smooth margins
and may be identical in appearance to giant fibroadenomas or
phyllodes tumors, with increased density with respect to the
surrounding breast tissue (see Fig. 15–54). Osteogenic sarco-
mas of the breast mass have osseous trabeculae within the
mass and in the metastatic lesions. Angiosarcomas of the breast
are smoothly marginated or lobulated masses, rapidly enlarg-
ing in size. They may occur as a complication of radiation
treatment. A metaplastic carcinoma of the breast is a high-
density mass that may be microlobulated and may have 
solid and cystic components on sonography. Variations of
metaplastic carcinoma include matrix-producing carcinoma,
spindle cell carcinoma, squamous cell carcinoma, and carci-
nosarcoma. These cancers are extremely rare and have been
published as case reports.96,97

How is male breast cancer 
characterized radiographically?

Male breast cancer is an unusual occurrence, accounting for
only 0.5% of all breast cancers and for less than 1% of all can-
cers in men.98 A painless, hard subareolar mass is the most
common presentation, with a median duration of symptoms
before diagnosis of 6 to 18 months. The mammogram
demonstrates a noncalcified mass in most instances (Fig.
15–62). The mass is usually spiculated but can also appear well
circumscribed. In a review of 23 cases of proven male breast
cancer at Memorial Hospital, Dershaw and associates found 
a noncalcified mass in 17 (74%) and a mass with microcal-
cifications in 2 (9%).99 Three of their male breast cancers 
had negative mammography; in one, the cancer was reported
to be obscured by gynecomastia. Only one of the cases in their
series presented with microcalcifications without an associated
mass, and these were punctate. Eighty-two percent of their
cancers were subareolar in location. Because benign tumors 
of the breast are rare in males, the differential diagnosis 
is usually gynecomastia, in which there is a characteristic 
proliferation of the ducts in the subareolar region.100 Either
fine-needle aspiration biopsy or core needle biopsy can be
performed to differentiate cancer from gynecomastia, and
biopsy is useful if there is a question of gynecomastia obscur-
ing cancer. Most cases of male breast cancer are infiltrating
ductal carcinomas; noninvasive cancer is rare. Because screen-
ing mammography is not performed for men, patients with
DCIS have their disease detected when they are already symp-
tomatic, with the usual mode of presentation being a mass or
nipple discharge. Other histologic subtypes of breast cancer
occur in men less commonly than in women. Owing to the
rarity of lobules in men, infiltrating lobular carcinoma and
lobular carcinoma in situ are noted only as case reports in the
literature.101 The prognosis of breast cancer is less favorable
for men than for women.102 It has been recommended that
men whose physical examinations show a mass, ulceration, or
inflammatory changes should have aspiration or surgical
biopsy.100
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Figure 15–61 Inflammatory carcinoma. Note the skin and tra-
becular thickening that is most prominent in the anterior aspect of
the breast seen on this craniocaudal view. The differential diagno-
sis for this appearance includes inflammatory mastitis, postradia-
tion change, edema, and metastatic disease.



What are the radiographic benign simulators 
of infiltrating ductal carcinoma?

There are specific entities that may simulate the spiculated
mass that occurs with infiltrating ductal carcinoma. These
include surgical scar, radial scar, desmoid tumor, and stromal
fibrosis. Surgical scars can be identified by the history of a
previous biopsy and by demonstrating stability or decreasing
mass when compared with previous mammograms. They 
are usually not problematic to diagnose by mammography,
particularly if there is changing appearance on different 
views.

A radial scar, or radial sclerosing lesion, has a fibroelastic
core surrounded by a spiculated arrangement of ductal struc-
tures. Although it is considered entirely benign by some
pathologists, others focus on its premalignant potential, pos-
sibly as a precursor to tubular carcinoma of the breast.66,103

Mammographic criteria used to identify radial scar and to dis-
tinguish it from carcinoma include the presence of elongated
radiating spicules with a central lucency and the absence of a
palpable mass104–106 (Figs. 15–63 to 15–66). The presence of
microcalcifications associated with a spiculated lesion has
been described as being more frequent with both radial 
scar and cancer.106,107 The mammographic criteria to diag-
nose radial scars are not completely reliable. We retrospec-
tively reviewed 255 spiculated lesions that were excised 

and found that translucent centers could be identified in 
cancer, and that a radial scar could have a central density 
(see Fig. 15–63). Whenever a spiculated density that is 
suspected of being a radial scar is identified, it should be
excised because it can be a low-grade cancer, and histologic
evaluation is required to differentiate a radial scar from 
carcinoma.107

Desmoid tumors, composed of spindle cells, are unusual
and invade the breast locally (see Fig. 15–11). They have a high
rate of recurrence if not completely excised, but they do not
metastasize. Although the involved breast tissue is generally
clearly identifiable by mammography and by physical exami-
nation, at surgery it may be difficult to differentiate involved
from uninvolved tissue, resulting in re-excision for wider 
margins.95

Fat necrosis secondary to scarring may appear as a spiculated
mass with or without calcifications (Fig. 15–67). Focal fibrosis
of the breast (FFB) is an entity that has hypocellular fibrous
tissue that may appear on mammography as a mass, architec-
tural distortion, or asymmetrical density. Revelon and 
colleagues found that in their series of 44 patients with FFB,
37 were present on mammography; two lesions with archi-
tectural distortion were reported as highly suggestive of
malignancy and were surgically excised.108

A minor indicator of breast cancer, prominent veins, may
also occur when there is superior vena cava obstruction. This
may be seen with advanced lung cancer (Fig. 15–68).
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Figure 15–62 Male breast cancer. This 70-year-old man had 
a nontender palpable subareolar mass with associated nipple inver-
sion. A large ill-defined subareolar mass has associated pleomorphic
microcalcifications on the oblique view. There is an intramammary
lymph node that was positive for metastatic disease.
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Figure 15–64 This radial scar with its characteristic long spicules
involves almost the entire breast.

Figure 15–63 A, Radial scar. This benign entity has the long, fine spicules radiating from the center of the lesion with a lucent center
and associated microcalcifications. The central lucency is due to entrapped fat. A radial scar may have an appearance identical to cancer,
and the diagnosis must be confirmed by histology. B, This spot magnification film of a tiny spiculated mass with a central lucency may
be confused with a radial scar. It proved to be an infiltrating duct carcinoma.



A B

Figure 15–65 A, Tiny spiculated
lesion (arrow) developed posterior
to a lumpectomy scar for infiltrating
lobular carcinoma. The core biopsy
performed under ultrasound guid-
ance had atypia. It was excised 
after needle localization. The lesion
proved to be a radial scar. B, The
spot magnification view of the spic-
ulated mass shows that its mammo-
graphic features are identical to
those of an infiltrating cancer. There
is a skin marker at the lumpectomy
site, where the patient previously
had an infiltrating duct cancer
removed.
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A B
Figure 15–66 A, Spot film has a subtle spiculated mass with a dense nidus that proved to be a radial scar. The central density is unusual
for this lesion and, when present, makes differentiation from cancer more difficult. B, The sonogram of the radial scar has a hypoechoic
mass with shadowing.
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Figure 15–67 Fat necrosis may simulate cancer. This woman had a tubu-
lar carcinoma excised and 8 years later developed a spiculated mass with cal-
cifications. The mainly peripheral location of the coarse calcifications and the
lucency in the center of the mass are mammographic features that are sug-
gestive of the diagnosis of fat necrosis. Because of the overlapping features
with cancer, biopsy was performed to confirm the diagnosis.

Figure 15–68 Superior vena cava obstruction may cause dilation of veins in
the breast, as in this patient with advanced lung cancer. Note the enlargement
of the vein at the medial aspect of the left breast. There is obstruction of the
drainage of the tributaries of the veins of the breast. Dilated veins can also be
one of the minor mammographic findings that may indicate the presence of
breast cancer.



CONCLUSION

While efforts to diagnose breast cancer by techniques other
than mammography are being investigated, mammography
remains the most effective modality to detect this cancer
before it becomes clinically evident. As a result of mammog-
raphy, in many cases an early diagnosis of breast cancer is pos-
sible, when the lesions are small and axillary lymph nodes are
more likely to be negative for metastatic disease. It can be
expected that further improvements in mammography will
continue to increase the yield of lesions that are detected
before they become invasive.
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focus of cancer previously diagnosed.5,6 However, this is not
currently considered to be the standard of care.

Although some centers perform whole-breast screening
sonograms, especially in patients with mammographically
dense breasts, the American College of Radiology and the
American Institute of Ultrasound in Medicine consider ultra-
sound as a screening study for occult masses to be an area for
research at the current time.3

How should a surgeon respond to a 
patient who asks to be referred for a 
screening breast sonogram?

Clinical breast examination and mammography are consid-
ered the accepted standard of care as screening tests for breast
cancer. However, they are far from ideal. The overall sensitivity
of mammographic screening has been estimated at 85%.7 This
sensitivity decreases significantly in women with dense fibrog-
landular tissue on their mammogram. In fact, a series of
11,130 women screened in a private practice setting revealed a
mammographic sensitivity for breast cancer at 98% for fatty
breasts, with only 48% sensitivity in the most dense breasts.8

Even if all women were to comply with annual mammo-
graphic screening, the estimated mortality reduction would 
be only about 50%.9 These results exacerbate understandable
anxiety among many clinicians in the United States, where
delay in the diagnosis of breast cancer is a frequent reason for
medical malpractice litigation.

Dense breast tissue is common, especially in younger
women. About 62% of women in their 30s, 56% of women in
their 40s, 37% of women in their 50s, and 27% of women in
their 60s have at least 50% parenchymal density on mammog-
raphy.10 To better serve these women for whom mammog-
raphy may be suboptimal, a second-level screening test for
breast cancer is sought. Many educated, medically savvy
patients are currently requesting screening breast sonograms,
before the standard of care has included this examination in
the accepted arsenal of screening tools for breast cancer.

To date, there is no randomized blinded controlled 
trial to evaluate the contribution of ultrasound to breast 
cancer screening using mortality as an end point. However,

CHAPTER 16

Sonographic Diagnosis 
of Breast Cancer
Barbara Baskin, Orna Hadar, Stacey Tashman,
Stacey Vitiello, and Stefanie Zalasin

Since the early 1990s, breast ultrasound has assumed an
important role in the detection and diagnosis of breast cancer.
Without using ionizing radiation, it readily provides informa-
tion regarding the nature of a lesion, often differentiating cys-
tic from solid immediately. It is used to perform preoperative
needle localizations and to guide core biopsies expediently
and with minimal discomfort to the patient. It has become
popular among both patients and physicians as a reliable
adjunct to mammography.

ULTRASONOGRAPHY

When should a patient be referred 
for a breast ultrasound?

A patient older than 30 years with a palpable area of
concern should undergo diagnostic mammography followed
by a breast sonogram (Figs. 16–1 to 16–9). It is important 
to note that 3% to 4% of women with breast cancer present-
ing with a palpable lump will have negative combined 
mammogram and sonogram results.1,2 A suspicious 
clinical impression should not be overruled by negative test
results.

Breast sonography is recommended as the initial imaging
technique for palpable abnormalities in women younger than
30 years and in lactating and pregnant women.3

Breast ultrasound is also indicated to further characterize
mammographic masses and for additional evaluation of
patients with questionable mammographic findings (Figs.
16–10 to 16–12). Breast sonography can also be used to guide
interventional procedures such as fine-needle aspiration, core
biopsy, or preoperative wire localization.

Magnetic resonance imaging (MRI) is currently more sen-
sitive and accurate than ultrasound for evaluating silicone
implants for possible rupture. When MRI cannot be per-
formed, ultrasound is a less accurate alternative.4

Screening ultrasound in patients with known breast cancer
is advocated by some investigators. This is a result of studies
revealing additional cancer foci in the ipsilateral or contralat-
eral breast in about 14% of screened women with an index
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Figure 16–1 A 45-year-old woman with a palpable mass in the
left upper outer quadrant. Sonography reveals a cluster of simple
cysts corresponding to the palpable finding.

Figure 16–2 A 45-year-old woman with a palpable, tender mass
in the left breast at the 12-o’clock axis, which appears as a 1.1-cm
hypoechoic mass sonographically, likely representing a complex
cyst. Ultrasound-guided aspiration is performed. The lesion aspi-
rates to resolution, confirming its benign cystic nature.

AA

B

Figure 16–3 A, A 67-year-old woman with a palpable mass in the right breast at the
6-o’clock axis. Mammographically, this corresponds to a densely calcified mass, con-
sistent with a benign calcified fibroadenoma. B, Sonography reveals a hypoechoic
mass with intense posterior acoustic shadowing due to the dense calcification.
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Figure 16–4 A 39-year-old woman with a palpable mass in the right 3-
o’clock subareolar location. Sonography reveals a large mixed cystic and
solid mass. Ultrasound-guided core biopsy results in a diagnosis of a papil-
loma, for which surgical excision is recommended.

A

B

Figure 16–5 A, A 38-year-old woman with a palpable right axillary mass, marked with
a radiopaque “BB” on the mammogram. B, Sonography is performed, demonstrating a
benign lymph node with a hypoechoic cortex and echogenic hilus, corresponding to the
palpable finding.

Figure 16–6 A 55-year-old woman with saline implants and a pal-
pable nodule. Sonographically, the palpable finding corresponds to
a normal valve on the implant.
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Figure 16–7 An 82-year-old woman taking warfarin sodium
(Coumadin) who has a palpable mass in the right axilla. Sonography
reveals a mixed hypoechoic and hyperechoic 3-cm mass in the pec-
toralis muscle, consistent with an intramuscular hematoma. Follow-
up to resolution is recommended.

Figure 16–8 A 57-year-old woman with a history of anal cancer
treated 10 years ago with radiation therapy. She presents with a pal-
pable mass in the right lateral breast. Sonography is performed,
demonstrating a mixed-echogenicity 2.4-cm mass. Ultrasound-
guided core biopsy yields a diagnosis of metastatic squamous cell
carcinoma, consistent with anal cancer.

Figure 16–9 A 39-year-old woman with a history of treated
melanoma in the left upper arm 3 years ago, presenting with a pal-
pable left axillary mass. This corresponds sonographically to a 2.7-
cm solid mass in the left axilla, with a diagnosis of metastatic
melanoma in a lymph node on ultrasound-guided core biopsy.
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A

B

Figure 16–10 A, A 63-year-old woman with a 2-cm partially obscured mass in
the right subareolar region on screening mammography. B, Sonography demon-
strates a benign simple cyst corresponding in size and location to the mammo-
graphic finding.

A

B

Figure 16–11 A, A 65-year-old woman with a 7-mm spiculated mass in the right
subareolar region on screening mammography. B, Sonography reveals a 9 ¥ 7 mm
irregular mass, corresponding to the mammographic finding. Ultrasound-guided
core biopsy yields a diagnosis of invasive ductal carcinoma.



in several single-center studies, the utility of screening 
sonography in women with dense breasts for finding mam-
mographically occult, nonpalpable breast cancers has been
demonstrated8,11–15 (Figs. 16–13 to 16–16). Each of these 
studies has resulted in cancer detection rates of 0.3% to 0.4%
for screening sonography alone, which is similar to that of
screening mammography.16–18 In addition, the cancers found
in these studies with sonography alone are similar in size and
stage to those detected only with mammography. Therefore, it
is likely that finding these early cancers at ultrasound before
they present mammographically or clinically would result in

improved survival to the women in whom they are found.
Among other factors, patient survival is directly related to
tumor size at diagnosis.19

When discussing screening sonography with a patient, a
few key points should be contemplated.20 First, women with
nondense breasts should not be referred for a breast sonogram
because the likelihood of discovering a mammographically
occult cancer is extremely low. Second, the accuracy of
a breast sonogram is highly dependent on the skill of the 
person performing the study. Most series describe results with
radiologist-performed scans, although one study reports 
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Figure 16–12 A, A 47-year-old woman with a 1-cm mass with indistinct 
margins in the left lower inner quadrant on her baseline mammogram. B,
Corresponding to the mammographic mass, in the left breast at the 8:30 axis,
there is a 1-cm hypoechoic solid mass, which on ultrasound-guided core biopsy
results in a diagnosis of invasive ductal carcinoma.

A

B

Figure 16–13 A, Screening sonography performed on a 67-year-old woman with
mammographically dense breasts reveals a 1.1-cm irregular mixed-echogenicity
mass. This is diagnosed as an invasive ductal carcinoma on ultrasound-guided core
biopsy. B, Presurgical wire localization is performed with sonographic guidance. A
mammographic view with the localizing wire in place demonstrates the mammo-
graphically occult nature of this mass.



success with technologists trained specifically in breast screen-
ing.14 Breast ultrasound for the most part is a real-time exam-
ination, more akin to physical examination than to other
static imaging modalities. The patient should also be aware
that in the published series, there was a 2% to 6% risk for an
unnecessary aspiration or biopsy as a result of screening
sonography8,11–15 (Figs. 16–17 to 16–19). However, the mini-
mally invasive nature and near-negligible morbidity from 
an ultrasound-guided aspiration or core biopsy should be
taken into account. The likelihood of the excised lesions’
being malignant ranged from 5% to 16%,8,11–15 lower than the
expected yield from lesions excised because of an abnor-
mality on screening mammography. The patient needs to be
informed that even if both screening mammography and
sonography are performed, there is still at least a 2% to 4%
risk that a cancer, if present, will not be found.2,8 Finally, the
patient should know that third-party payers currently do not
reimburse facilities for screening sonography, and the patient
will be expected to accept financial responsibility for the
examination.

A large-scale study to assess the efficacy of screening breast
sonography is now in its earliest stages. If successful, this may
lead to a broader study with death as an end point.20 Until this
is realized, the individual patient and clinician must weigh the
potential risks and benefits of screening sonography.

What is the recommended technique 
for performing breast ultrasound?

Breast ultrasound should be performed with a high-
resolution linear array transducer of at least 7.5-MHz fre-
quency. Focal zone settings should be optimized for limited

lag time, and gain settings adjusted so that breast fat appears
gray. The patient should be positioned so that the area of the
breast being evaluated is of minimal thickness. For example,
the supine oblique position with the patient’s arm above the
head is used to study the outer quadrants of the breast. A
lesion should be viewed in two perpendicular projections; one
view is insufficient. At least one set of images of a finding
should be obtained without calipers. The maximum dimen-
sions of a mass should be recorded in at least two dimensions.
Labeling should include right or left breast; quadrant or clock
face location with distance from the nipple, or location shown
on a diagram of the breast; and the orientation of the trans-
ducer (i.e., radial or antiradial, longitudinal or transverse).
Occasionally, for evaluation of superficial lesions, a standoff
pad may be helpful (Figs. 16–20 and 16–21).

The patient’s mammogram should be correlated with the
sonogram at the time of the examination. Comparison to
prior sonograms is necessary if lesion follow-up is to be per-
formed. If indicated, physical examination should also be
directly correlated with the sonographic findings.3,21

What is the sonographic appearance 
of breast cancer?

Traditionally, breast sonography has been used to distinguish
solid from cystic lesions. Studies have been performed to fur-
ther characterize solid masses as having either malignant or
benign features.22–24 It is commonly accepted that certain
sonographic features are considered suspicious for malig-
nancy and others of benignity. The landmark study by Stavros
and colleagues22 classified masses based on several sonogra-
phic characteristics. Characteristics supporting a malignant
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Figure 16–14 A, A 48-year-old woman with mammographically dense breasts requests
screening sonography, which demonstrates a subtle 8-mm hypoechoic mass in the right
breast at the 9-o’clock axis. Ultrasound-guided core biopsy results in a diagnosis of inva-
sive ductal carcinoma. B, Presurgical wire localization is performed with sonographic guid-
ance on the morning of the patient’s lumpectomy. A mammographic image with the wire
in place is shown. The mass is mammographically occult.
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C
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Figure 16–15 A and B, A 60-year-old woman with a negative screen-
ing mammogram. C, At the patient’s request, screening sonography is
performed, revealing an 8-mm irregular hypoechoic mass in the left
breast at the 12-o’clock axis. This is diagnosed as invasive ductal 
carcinoma and ductal carcinoma in situ with ultrasound-guided core
biopsy.



appearance on sonography are spiculation; taller-than-wide
(antiparallel) growth; angular margins; marked hypoecho-
genicity; shadowing; presence of calcifications; duct exten-
sion; branching pattern; and microlobulations.22

Spiculation (Figs. 16–22 and 16–23) appears as alternating
hyperechoic and hypoechoic lines extending out from a
mass.22 As a result of the resolution of sonography, spiculation
may appear as an echogenic halo, thicker along the lateral 
portions of the mass (where the spiculations extend out per-
pendicular to the sonographic beam) in a hypoechoic fatty
background.25

Antiparallel growth (see Figs. 16–22 and 16–23) is defined
as occurring when any portion of the mass is larger in the
anteroposterior dimension than in either the sagittal or trans-
verse plane.

Angular margins (see Fig. 16–23) occur in the bases of
Cooper’s ligaments.25

Hypoechogenicity (see Figs. 16–22 and 16–23) of a mass is
defined in relation to the surrounding breast fat. The fibro-
glandular tissue is echogenic, and all other imaged tissue
would appear hypoechoic to the fibroglandular tissue.

Shadowing (see Figs. 16–22 and 16–23) is a result of
decreased through transmission of the sound waves as they
pass through the mass and its surrounding desmoplastic
response.22

Calcifications (Fig. 16–24) are not usually seen sonograph-
ically; rather, they are visualized on mammography. When 
calcifications are seen sonographically, they are usually associ-
ated with a mass. They may appear as bright punctate echoes
that give the impression of being larger than their true size 
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Figure 16–16 Screening sonography demonstrates a 1-cm ill-
defined hypoechoic mass in the left breast at the 11:30 axis.
Ultrasound-guided core biopsy yields a result of infiltrating tubu-
lar carcinoma.

Figure 16–17 A 38-year-old woman has a negative screening
mammogram, revealing heterogeneously dense breasts.
Screening sonography demonstrates a 1.7-cm circumscribed
hypoechoic mass, which is diagnosed as a fibroadenoma on 
ultrasound-guided core biopsy.

A B
Figure 16–18 A, A 31-year-old woman referred for a palpable mass in the right breast at the 12-o’clock axis. Diagnostic mammogram
is negative. Sonographically, there is a septated cyst, which corresponds to the palpable finding. This is aspirated to resolution with ultra-
sound guidance. B, Screening sonography of the remainder of the breasts reveals a lobular, septated, hypoechoic mass in the right breast
at the 6-o’clock axis. Ultrasound-guided core biopsy is performed, yielding a diagnosis of pseudoangiomatous stromal hyperplasia.



Figure 16–19 A 62-year-old woman with a negative mammo-
gram, revealing dense breasts. Screening sonography demon-
strates a 7 ¥ 5 mm irregular hypoechoic mass, taller than wide.
This is diagnosed as an organizing hematoma fat necrosis on 
ultrasound-guided core biopsy.

Figure 16–20 A 61-year-old woman with a palpable mass in the
left lower inner quadrant. Sonography is performed with a stand-
off pad owing to the superficial location of the lesion.
Corresponding to the palpable finding, there is an 8-mm hypo-
echoic mass within the skin, demonstrating a skin tract, consistent
with a benign epidermoid inclusion cyst.

A

B

C

Figure 16–21 A, Spot compression view from a diagnostic mammo-
gram in a 71-year-old woman with a palpable mass in the right retroare-
olar region. There is a partially obscured mass in the right medial
subareolar location. B, Sonography performed without a standoff pad
results in a suboptimal image. C, Sonography performed with a standoff
pad demonstrates a superficial, lobulated, 1.2-cm hypoechoic mass cor-
responding to the palpable abnormality. Pathology from ultrasound-
guided core biopsy reports poorly differentiated ductal carcinoma.
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Figure 16–22 This moderately differentiated infiltrating ductal
carcinoma is hypoechoic and spiculated and has angular margins.

Figure 16–23 This infiltrating lobular cancer is microlob-
ulated, hypoechoic, and spiculated. Growth is in an antiparallel
orientation.

Figure 16–24 Calcifications are present within this heteroge-
neous poorly differentiated infiltrating ductal cancer.

Figure 16–25 This 2.5-cm irregular angulated hypoechoic 
infiltrating well-differentiated ductal cancer demonstrates duct
extension.

Figure 16–26 This infiltrating lobular carcinoma demonstrates
multiple macrolobulations and microlobulations as well as poste-
rior acoustic shadowing.

but do not create posterior acoustic sound attenuation.26 The
hypoechogenicity of the mass provides more contrast for
detection of the calcifications.4 When the microcalcifications
are seen associated with a mass on ultrasound, there is a 
higher incidence of invasive cancer.22

Duct extension can be observed extending from the mass
toward the nipple, whereas branching is defined as extending
from the mass away from the nipple22 (Fig. 16–25).

Microlobulated margins measure 1 to 2 mm each, and the
risk for malignancy increases with the number of microlobu-
lations22 (Fig. 16–26).
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Figure 16–27 This oval hypoechoic, wider than tall, solid, well-
circumscribed mass has a pseudocapsule. The stability of mor-
phology and size support a benign etiology.

Figure 16–28 This invasive papillary carcinoma is macrolobu-
lated and well circumscribed, with posterior acoustic enhance-
ment. The inferior aspect is heterogeneous.

Figure 16–29 A medullary cancer appears as a circumscribed,
round mass with homogeneous echoes and posterior acoustic
enhancement.

Figure 16–30 A colloid cancer presents as a well-circumscribed
complex solid and cystic mass with posterior acoustic 
enhancement.

If a single malignant feature is present, the sonographic
abnormality cannot be called benign, and biopsy must be 
performed. In the absence of suspicious findings, benign 
findings must be identified.25 Benign features include intense
hyperechogenicity, an ellipsoid shape, two or three gentle 
lobulations (at most), and a thin echogenic pseudocapsule22

(Fig. 16–27).
One study found that a thin echogenic capsule was a feature

most predictive of benignity23; however, other studies indicate
that this characteristic has high interobserver variability and is
therefore less useful.24 Irregular shape, margins, shadowing,
echogenic halo, and antiparallel growth are the best predictors
of malignancy.4,23,24

Despite best attempts to construct clearcut guidelines,
malignancies sometimes appear benign. High-grade cancers
may appear circumscribed rather than spiculated and can
have enhanced through transmission25 (Fig. 16–28). Cellular
cancers that do not generate a desmoplastic response (i.e.,
medullary carcinomas) would not generate shadowing.
Necrotic cancers can have enhanced through transmission but
typically possess other suspicious features that would lead to
biopsy.

Which cancers have benign characteristics?

Three subtypes of ductal carcinoma, composing 10% 
of all primary breast cancers,27 typically appear as well-

circumscribed masses that mimic the sonographic appearance
of benign entities. These infiltrating carcinomas, which have
relatively good prognoses, are medullary, colloid, and papil-
lary carcinoma.

Medullary carcinoma, composing 5% of cancers,28 is seen as
rounded or lobulated, well-circumscribed, almost anechoic
masses with enhanced through transmission, similar in
appearance to debris-filled cysts27,29 (Fig. 16–29).

Colloid carcinoma makes up only 1% to 2% of cancers. It
contains few malignant cells suspended in abundant muci-
nous material.28 It appears as a rounded or oval, well-
circumscribed mass with low-level echoes. The through trans-
mission of sound is variable, ranging from posterior acoustic
enhancement to posterior shadowing27 (Fig. 16–30).



Papillary carcinoma is a rare malignancy28 that appears as 
a well-circumscribed mass with enhanced through trans-
mission. It commonly presents as a complex cystic mass, as
solid tissue projecting into a cyst or duct, or as a solid well-
circumscribed mass27 (Figs. 16–31 and 16–32). Papillary 
cancer may be entirely intraductal or have areas of invasion. It
can appear identical to benign papillomas (see Fig. 16–4).
Because malignancy and atypia can be focal in this lesion,
a papilloma diagnosed with core needle biopsy may require
surgical excision.30,31

What is the sonographic appearance
of infiltrating lobular carcinoma?

Infiltrating lobular carcinoma constitutes 7% to 10% of
all breast cancers.32 It often produces subtle or no mam-
mographic findings. With high-frequency transducers,

sonography has been reported to have a sensitivity of 87.7%32

and can often confirm the presence of a lesion when mam-
mography shows subtle architectural distortion.32 The most
common appearance of infiltrating lobular carcinoma is a
heterogeneous, hypoechoic mass with angular or poorly
defined margins and posterior acoustic shadowing (Fig.
16–33). Not uncommonly, focal shadowing without a discrete
mass (Fig. 16–34) or a lobulated well-circumscribed mass is
seen on ultrasound.32
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Figure 16–32 A papillary ductal carcinoma in situ with invasion
appears as a well-circumscribed, heterogeneously hypoechoic,
macrolobulated mass with posterior acoustic enhancement.

Figure 16–33 Infiltrating lobular cancer appears as an ill-
defined, heterogeneous mass with microspiculations and posteri-
or shadowing.

Figure 16–34 Infiltrating lobular cancer appears as an extensive
area of intense acoustic shadowing. This patient presented with an
extremely firm, immobile right breast. Mammography revealed
only bilaterally dense breasts with scattered calcifications.

Figure 16–31 A papillary solid cancer with invasive duct carci-
noma appears as a sharply circumscribed oval mass.



What is the sonographic appearance 
of inflammatory breast cancer?

Inflammatory breast carcinoma, which presents clinically, has
characteristic sonographic features (Fig. 16–35). In a study 
by Gunhan-Bilgen and associates,33 96% of 142 inflammatory
breast cancers demonstrated sonographic features of skin
thickening, 68% demonstrated dilated lymphatic and vascular
channels, and 80% demonstrated a solid mass.

Can benign lesions have a suspicious 
sonographic appearance?

Several benign lesions mimic the sonographic appearance 
of cancer. Radial scars, also known as radial sclerosing lesions,
can be indistinguishable from carcinoma. A radial scar may

appear as an irregular, hypoechoic mass with ill-defined bor-
ders and posterior acoustic shadowing (Fig. 16–36). Because
the lesion is often more conspicuous on sonography, ultra-
sound can confirm subtle or equivocal mammographic find-
ings of distortion and be used to direct percutaneous core
needle biopsy. Histologically the radial scar is a central fibro-
elastic core surrounded by cystic proliferative changes.
Excisional biopsy is recommended for complete examination
of the lesion and to remove any ductal carcinoma in situ
(DCIS), atypia, or small cancers with which they are infre-
quently associated.34–36

Diabetic mastopathy is a rare diagnosis of unknown 
etiology that is made in the setting of long-standing insulin-
dependent diabetes mellitus in premenopausal women. It is
associated with palpable, hard, irregular, nontender mobile
breast masses. Sonographically, it is seen as regions of intense
acoustic shadowing (Fig. 16–37), mimicking the sonographic
appearance of carcinoma (see Fig. 16–34). The diagnosis can
be made on core needle biopsy with histology demonstrating
stromal fibrosis, periductal and perivascular lymphocytic
opacities, and epithelioid fibroblasts.37

Fat necrosis can also be indistinguishable from breast can-
cer. It often presents as a palpable mass with a history of sur-
gical or noniatrogenic trauma. The process of fat necrosis
results from saponification of fat by tissue and blood lipases,
resulting in a sterile inflammatory process. It is extremely 
varied in its sonographic appearance, ranging from that 
of a benign-appearing, well-circumscribed, anechoic oil cyst
(Fig. 16–38), to a complex cystic mass, to that of a malignant-
appearing, irregularly marginated, hypoechoic shadowing
mass with architectural distortion (Fig. 16–39). The complex
cystic lesions may evolve in sonographic appearance over
time, becoming either more cystic or more solid. It has been
reported that fat necrosis can decrease in sonographic size
over time.38

Gynecomastia is a benign condition that causes a tender
subareolar lump or enlargement of the male breast. It is
important to differentiate this process from male breast 
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Figure 16–35 Skin thickening and dilated vascular or lymphatic
channels are demonstrated within this inflammatory cancer.

A B
Figure 16–36 A radial scar (A) appears identical to a small tubulolobular cancer (B). They are spiculated, antiparallel, hypoechoic 
masses with posterior acoustic shadowing.



echoic fibroglandular tissue4,39,40 (Fig. 16–40). Malignancy 
in the male breast appears similar to that in the female 
breast.

Abscesses can also be sonographically indistinguishable
from breast cancer. They occur most frequently in the
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Figure 16–37 Diabetic mastopathy appears as a large, focal,
irregularly marginated area of shadowing.

Figure 16–38 An oil cyst appears as a thin-walled anechoic mass
at a site of a surgical scar.

Figure 16–39 The central bright echogenic ring is pathogno-
monic of a calcified oil cyst typically seen within fat necrosis. This
lesion presented as a clinically suspicious, firm, palpable lump.
Ultrasound demonstrates, in addition to the ring, an ill-defined,
spiculated, hypoechoic mass with posterior acoustic shadowing,
identical to cancer. The suspicious mass represented an interval
change from a previous sonogram. Biopsy confirmed the lesion to
be fat necrosis.

A

B

Figure 16–40 This case of gynecomastia presented as a palpable, tender mass
in a 59-year-old man. It appears as a 3-cm irregularly marginated, heteroge-
neously hypoechoic, subareolar mass (A). A more typical appearance of gyneco-
mastia was seen on mammography (B), but because of the sonographic
discordance, surgical excision was performed.

cancer. There is an overlap in the appearance of the benign
and malignant diseases on both mammography and sonogra-
phy. The combined use of these modalities may improve 
the accuracy of the diagnosis. Typically, gynecomastia on
ultrasound will be seen as subareolar hypoechoic or hyper-



A finding highly suggestive of intracapsular rupture is a
“stepladder” arrangement of echogenic lines. This is indicative
of the collapsed implant envelope floating within the silicone
that is being contained by the fibrous capsule. Generalized
increased echogenicity within the implant and coarse
echogenic aggregates in the implant have also been found to
be indicative of rupture. Linear echoes, however, are not
indicative of rupture; they are often seen in intact implants
and are related to folds of the intact implant capsule.42–44

What is the sonographic appearance 
of the postoperative breast?

Breast sonography can identify postsurgical alterations. These
can include fluid collections, skin thickening, fat necrosis, and
scar tissue. These postoperative changes are accentuated and
prolonged by radiation therapy. The recurrence of tumor can
also be identified at the site of a previous lumpectomy.

Postsurgical fluid collections usually represent seromas or
hematomas. A mass at the biopsy or lumpectomy site in the
first year after surgery likely reflects a fluid collection.46 Most
fluid collections resolve within the first year, and after 18
months almost 100% of collections have resolved.46 Fluid 
collections as a result of benign biopsies typically resolve 
earlier than those secondary to lumpectomy. The sonographic
appearance is commonly that of a complex cystic mass at 
the biopsy or lumpectomy site. Septations, loculations, or a
thickened wall may be evident in a hematoma or seroma 
(Figs. 16–42 to 16–46).

Edema and skin thickening occur after lumpectomy and
radiation therapy, appearing sonographically as increased skin
thickness and hypoechogenicity in the areas of edema. In 70%
of the cases, these changes have resolved by 2 to 3 years after
treatment. In 20% to 30%, however, these changes persist.46

These changes are more prominent in the periareolar and
inferior portions of the breast.47

As previously discussed, fat necrosis can occur after surgery.
The sonographic appearance is varied. It can appear as 
an irregular hypoechoic mass with variable shadowing.
Mammographically, fat necrosis may appear as a spiculated 
mass. When the mammographic appearance is that of an oil
cyst, the sonographic appearance is usually an anechoic,
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Figure 16–41 An abscess is seen in an 18-year-old woman 
who presents with a tender inflamed palpable mass. It is seen as a
complex cystic mass with thick walls, a few septations, low-level
echoes, and posterior acoustic enhancement.

Figure 16–42 This palpable finding demonstrates a hypoechoic
round mass with an echogenic halo. This is a hematoma that
resolved to sonographic completion.

retroareolar region. Those that are cultured yield multiple
organisms, including anaerobes.41 They may also occur away
from the nipple in women with underlying predisposing
abnormalities such as diabetes, immunosuppressive condi-
tions, severe skin excoriation, or surgical wounds. The abscess
appearance varies from oval lesions with well-circumscribed
margins, low-level internal echoes, and posterior acoustic
enhancement, to complex cystic masses with thick, irregular
walls, internal septa, and debris (Fig. 16–41). Although the
diagnosis may be clinically suspected from a painful, warm,
erythematous breast mass, fine-needle aspiration biopsy may
be necessary to rule out an inflammatory cancer. Needle aspi-
ration also allows for evacuation and culture of the abscess
contents. Following treatment, sonography should document
resolution of the mass. A treated, unresolved mass may neces-
sitate biopsy.30

What is the role of ultrasound in the 
evaluation of implants?

Because of the high incidence of nonspecific findings in both
intact and ruptured implants, the role of sonography is 
limited. Equivocal or positive findings on sonography merit
further evaluation with MRI, which has been shown to be
accurate in the diagnosis of implant rupture.4,42,43 Sonography
can, however, provide valuable information regarding the
integrity of an implant. The presence of an anechoic interior
and a clearly defined contour can reliably predict an intact
implant with a negative predictive value for rupture of
91%.42,44

The “snowstorm sign,” an intensely echogenic focus with
echogenic posterior artifactual echoes extending from it, is
associated with extracapsular rupture.45 This is associated
with free silicone extending into the surrounding tissue.
Although this is 100% diagnostic of rupture, it is a relatively
insensitive sign seen in only 23% of ruptured implants.42,45
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Figure 16–44 This complex cystic mass with septations, locula-
tions, and posterior acoustic enhancement at the lumpectomy site
is a hematoma.

Figure 16–45 A circumscribed hypoechoic oval mass with pos-
terior acoustic shadowing at the lumpectomy site is a postopera-
tive seroma.

Figure 16–46 An irregular, hypoechoic mass at the biopsy site
was aspirated and represents a postoperative seroma.

Figure 16–47 A complex mass with variable shadowing at the
lumpectomy site represents fat necrosis.

round, well-defined mass with or without posterior acoustic
enhancement or shadowing (see Fig. 16–38). It can also
appear as a complex cystic mass with internal echoes or soft
tissue component (Fig. 16–47). The appearance of fat necrosis
should remain stable or decrease in size over time. Biopsy may
be needed for a definitive diagnosis, however.

The distinction between postoperative scar and tumor
recurrence can often be difficult clinically, mammographi-
cally, and sonographically. Both scar and carcinoma can
appear spiculated. The history, physical examination, and
observation over time are important tools to use for differen-
tiation. Scar tissue contracts and decreases in size and con-
spicuity over time as it matures. This can occur in the first 1 to
2 years.46 If a sonographically stable mass changes in appear-
ance, such as increasing in size or nodularity, recurrence
should be suspected. The sonographic appearance of a scar 
is that of a linear hypoechoic area with posterior acoustic
shadowing. Scar tissue can have irregular margins. Scar tissue
is usually seen deep to the cutaneous scar extending to the
skin surface (Fig. 16–48).

Sixty-five percent of recurrences occur within a few cen-
timeters of the site of excision.46 The sonographic appearance

Figure 16–43 This hematoma at a prior biopsy site is a circum-
scribed, predominantly isoechoic oval mass with heterogeneous
hypoechoic areas within it.



is that of an irregular hypoechoic mass with posterior acoustic
shadowing. Difficulty in distinguishing scar tissue from recur-
rence can be lessened if sonograms are evaluated in sequence
(Fig. 16–49). If there is a new or enlarging nodular mass near
the known scar, carcinoma should be suspected. Biopsy may
be necessary to distinguish between the two.

ULTRASOUND-GUIDED 
PERCUTANEOUS BIOPSY 

What is ultrasound-guided 
percutaneous biopsy?

With the institution of routine annual mammographic
screening at age 40 years, there has been an increase in 
the number of nonpalpable mammographic abnormalities

requiring further diagnostic imaging. As stated earlier in this
chapter, ultrasound has become one of the most important
diagnostic imaging modalities for lesion characterization.
Many of these lesions will be characterized as indeterminate
or suspicious, thus requiring biopsy. In the past, it had been
customary to obtain histologic confirmation of these nonpal-
pable lesions using preoperative needle localization followed
by surgical excision. Currently, ultrasound provides one
means for accurate image-guided percutaneous biopsy48 as
well as preoperative needle localization of nonpalpable
lesions. Ultrasound-guided percutaneous biopsies include
ultrasound-guided core biopsy, vacuum-assisted biopsy, and
fine-needle aspiration.

What are the indications for 
ultrasound-guided core biopsy?

Ultrasound-guided core biopsy is indicated to obtain histo-
logic diagnoses of indeterminate or suspicious solid masses
seen sonographically. These percutaneous core biopsies are
performed to obtain tissue diagnosis so that definitive treat-
ment options can be determined. For example, a suspicious
mass, detected on a routine mammographic screening exami-
nation and sonographically apparent, may undergo per-
cutaneous biopsy under ultrasound guidance. With the
confirmation of malignant histology combined with imaging
and clinical findings, along with patient preference, the surgi-
cal treatment option of lumpectomy with sentinel lymph
node biopsy may be selected prior to surgery. Another exam-
ple is a patient with multiple suspicious or indeterminate
masses in the same breast quadrant (multifocal distribution)
or in two or more quadrants (multicentric distribution).
Masses in varying locations in the breast can undergo percu-
taneous biopsy under ultrasound guidance to facilitate the
planning of the surgical treatment option of mastectomy.49

In both examples, ultrasound-guided core biopsy allows the
patient to undergo one surgery in what traditionally was a
two-stage procedure. Additionally, indeterminate sonograph-
ically apparent masses may undergo percutaneous biopsy. If
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Figure 16–48 A linear hypoechoic band of tissue extending to
the skin represents scar tissue.

A B
Figure 16–49 An irregular, spiculated, predominantly hypoechoic mass at the lumpectomy site represents recurrence (A). An irregular
hypoechoic mass with posterior acoustic shadowing at the lumpectomy site represents scar tissue (B).



this yields benign histology, these patients do not require sur-
gical excision.

Masses sonographically characterized as probably benign
are normally managed with short-term sonographic follow-
up.22 Ultrasound-guided core biopsy can be performed, how-
ever, if the patient will be unavailable for follow-up, has
planned breast surgery, is pregnant, or is anxious. Ultrasound-
guided core biopsy may be performed for probably benign
lesions in patients with carcinoma in the ipsilateral breast
before breast-conserving surgery.50

Finally, ultrasound-guided core biopsy may be performed
to obtain tissue diagnosis following insufficient cytology from
a prior fine-needle aspiration.

What are the contraindications for 
ultrasound-guided core biopsy?

Contraindications for ultrasound-guided core biopsy include
coagulopathy or anticoagulation therapy in patients who are
unable to discontinue it. Other less common contraindica-
tions are allergy to local anesthetics and inability to cooperate
with the procedure.

How accurate is ultrasound-guided 
core biopsy?

Excellent accuracy of ultrasound-guided core biopsy has been
reported. Parker and coworkers reported 100% agreement in
results from 14-gauge automated core needle biopsies of 40
lesions that underwent surgical excision.48 Another 132 lesions
were followed for 12 to 36 months with no cancers found.
These authors concluded that ultrasound-guided core biopsy
has an accuracy approaching surgical excision and thus pro-
vides an alternative to surgical biopsy. Parker and colleagues
also reported a low false-negative rate for ultrasound-guided
core biopsies of small masses (<1.5 cm) using 11-gauge 
vacuum-assisted technique.51 This false-negative rate is attrib-
uted to the fact that this technique results in removal of the
image-evident lesion 90% of the time. However, the overall
accuracy of any image-guided percutaneous biopsy requires
that the histopathologic findings be correlated with the imag-
ing findings to establish concordance or discordance. For
example, if a lesion exhibited suspicious sonographic charac-
teristics and a core biopsy yielded benign histology, the radiol-
ogist would deem this discordant. At this point, surgical
excision of the entire lesion would be warranted to confirm
histology. On the other hand, if a lesion exhibited primarily
benign sonographic morphology and yielded benign histology
after ultrasound-guided core biopsy, the radiologist would
deem these findings concordant. In this scenario, sonographic
follow-up would be recommended for continued surveillance
and identification of potential false-negative findings.52

What are the advantages of 
ultrasound-guided core biopsy?

The advantages of ultrasound-guided core biopsy over other
image-guided core biopsy techniques include accessibility of
ultrasound equipment, patient comfort (because these 

procedures are performed in the supine and supine oblique 
positions), and absence of ionizing radiation. Technical
advantages include easy accessibility of all areas of the breast,
including lesions in proximity to the chest wall and axilla, and
the ability to perform these biopsies in real time.53 Compared
with surgical biopsy, ultrasound-guided core biopsies are
faster and less invasive, with minimal scarring to the breast.

Ultrasound-guided core biopsies decrease the number of
surgical procedures performed on patients. Liberman and
associates reported that patients who had not undergone per-
cutaneous biopsies of nonpalpable cancers required signifi-
cantly more subsequent surgeries than those who had.54 White
and colleagues reported that patients with a preoperative
diagnosis of breast cancer from image-guided percutaneous
biopsy had fewer positive margins at lumpectomy because
preoperative diagnosis facilitated wider margins at initial sur-
gery, resulting in a decreased number of surgical procedures
performed in these patients.55

Ultrasound-guided core biopsy provides a financial benefit
as well. Liberman and coworkers reported a 56% decrease in
the cost of diagnosis when percutaneous biopsy is used
instead of surgical biopsy.56

What are the disadvantages of 
ultrasound-guided core biopsy?

Because ultrasound-guided core needle biopsy provides a
sampling of lesions, the disadvantage of histologic underesti-
mates exists. A sonographically guided core needle biopsy of a
mass yielding DCIS may at the time of surgery reveal invasive
components of the tumor not detected in the core needle
biopsy. Meyer and associates reported that, of lesions yielding
atypical ductal hyperplasia at 14-gauge automated core 
biopsy, 56% yield carcinoma at surgery. Of the 11-gauge 
vacuum-assisted biopsies of atypical ductal hyperplasia, 11%
yield carcinoma at surgery.57 These data, although not solely
based on ultrasound-guided percutaneous biopsy, support the
need for surgical excision of lesions yielding the histology of
atypical ductal hyperplasia.

Another disadvantage of ultrasound-guided core biopsy 
is the need for rebiopsy based on histologic findings or 
sonographic-pathologic discordance. Liberman and col-
leagues reported a 10% rebiopsy rate when using 14-gauge
automated core needles for percutaneous biopsy.56 As previ-
ously discussed, the histologic diagnosis of atypical ductal
hyperplasia warrants rebiopsy based on possible histologic
underestimation. Another entity that requires rebiopsy is the
phyllodes tumor. Although most of these tumors are benign, a
small percentage of malignant forms may be missed owing to
sampling error on ultrasound-guided percutaneous biopsy.58

Other lesions for which rebiopsy is often suggested,
although somewhat controversial, include papillary lesions,31

radial sclerosing lesions,59 atypical lobular hyperplasia,59 and
lobular carcinoma in situ.59,60

What is the patient preparation for 
ultrasound-guided core biopsy?

The patient is asked to discontinue aspirin, nonsteroidal 
anti-inflammatory agents, and any other medications that
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may promote bleeding for the appropriate duration of time
before the biopsy. If the patient is taking warfarin sodium
(Coumadin), this should be discontinued for at least 4 days,
followed by a serum coagulation profile. A pertinent history 
of adverse drug reactions and allergies is taken. Written and
verbal consent is then obtained.

What equipment is necessary for an 
ultrasound-guided core biopsy?

The necessary equipment includes a tissue acquisition device
such as an automated core needle or vacuum-assisted biopsy
device. Automated core needle devices use 14-, 16-, or 18-
gauge needles. Vacuum-assisted devices use larger-gauge
acquisitions. An ultrasound machine using high-frequency
transducers ranging from 7 to 15 MHz is essential.

What is the technique used in 
ultrasound-guided core biopsy?

The patient is positioned on the ultrasound table with the
ipsilateral arm raised over her head, at the appropriate obliq-
uity to obtain adequate visualization, and with optimal acces-
sibility of the target lesion.

The area is prepared and draped in a sterile fashion.
Superficial and deep local anesthetic is administered under
real-time sonographic guidance in the region of the target
lesion. Depending on the tissue acquisition device and gauge
of needle chosen, a small skin incision made with a scalpel
may be necessary. The needle is then inserted under ultra-
sound guidance, with the needle position in relation to the
lesion confirmed in real time. Multiple samples are obtained
at varying needle positions to acquire adequate sampling.
Hard-copy images are then obtained documenting accurate
needle position through the lesion at each pass (Fig. 16–50).

Ultrasound-guided vacuum-assisted breast biopsy is per-
formed by inserting the device through a small skin incision.
Under ultrasound guidance, the probe chamber is advanced
posterior to the target lesion. The collection chamber of the
probe is then opened toward the lesion, away from the chest
wall. Using vacuum assistance, tissue is obtained. If there is no
remaining sonographic evidence of the lesion, a localizing
metallic clip is placed.

Following all procedures, the areas are cleansed and com-
pressed manually to adequate hemostasis. A sterile dressing 
is applied. At the completion of the procedure, the patient is
given postbiopsy instructions.

What is ultrasound-guided fine-needle 
aspiration and what are its indications?

Ultrasound-guided fine needle aspiration is a technique used
to obtain cells for cytologic evaluation.

The primary indication for ultrasound-guided fine-needle
aspiration currently in breast image-guided interventions is
for cytologic evaluation of complex cysts. These are defined as
cysts that do not meet sonographic criteria for simple benign

cysts. Other indications include aspiration of simple cysts 
for symptomatic relief or to determine mammographic-
sonographic correlation for indeterminate masses found on
mammography.61

With the widespread acceptance, ease, and accuracy of
ultrasound-guided core biopsy for tissue diagnosis of solid
masses, the practice of ultrasound-guided needle aspiration
biopsy for solid masses has somewhat declined. It is often used
for patients with coagulopathies or patients who are unable to
discontinue anticoagulation when confirmation of benignity
or malignancy is needed.

What are the advantages and 
disadvantages of ultrasound-guided 
fine-needle aspiration biopsies?

The technical advantages are similar to those for ultrasound-
guided core biopsy.

A major disadvantage of fine-needle aspiration is the poor
sensitivity and specificity of the procedure compared with
other available procedures. Pisano and associates reported the
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Figure 16–50 A, Sonographic image demonstrating a 
spiculated, irregular highly suspicious mass warranting biopsy. B,
The core needle is advanced under ultrasound guidance proximal
to the mass in the prefire position. C, Image depicting the core
needle through the center of the mass in the postfire position.
Histology revealed poorly differentiated infiltrating duct 
carcinoma.



sensitivity of fine-needle aspiration biopsy to range from 85%
to 88%, with a specificity ranging from 55.6% to 90.5%.62 For
example, ultrasound-guided fine-needle aspiration of a sono-
graphically suspicious mass may yield malignant cytology,
thus confirming a carcinoma. However, ultrasound-guided
core biopsy of the same lesion may yield the histology of an
infiltrating ductal carcinoma. This specific diagnosis gives the
surgeon the vital information of “invasion.” The surgeon may
then plan to sample axillary lymph nodes at the time of sur-
gery. Pisano and associates also reported that although fine-
needle aspiration biopsy was more accurate under ultrasound
than stereotaxis, the overall accuracy of the procedure ranged
from 62.2% to 89.2%, far lower than the reported accuracy of
ultrasound-guided core biopsy.62

Other disadvantages include insufficient sampling, often
leading to rebiopsy. Pisano and associates reported insuffi-
cient sampling of up to 35.4%, requiring additional
histopathologic sampling. This, of course, leads to decreased
cost-effectiveness of ultrasound-guided fine-needle aspiration
biopsy because the patient requires additional procedures.62

Having an on-site cytopathologist to evaluate immediately for
insufficient sampling at the time of biopsy often decreases this
possibility.

What equipment is necessary for 
ultrasound-guided fine-needle 
aspiration and biopsy?

Needles of various gauges, ranging from 18 to 25 gauge, and
standard syringes may be used, depending on the lesion and
the desired result. In the diagnosis and drainage of a small
breast abscess, an 18-gauge needle may be used. To obtain
cytology of a mass, a smaller-gauge needle would likely be
employed. An ultrasound machine with a high-frequency
transducer (7 to 14 MHz) is needed.

What is the technique for ultrasound-guided 
fine-needle aspiration and biopsy?

As in ultrasound-guided core needle biopsy, the patient is
positioned with the ipsilateral arm over the head and in an
obliquity that allows the target lesion to be accessed safely and
easily. The patient is prepared and draped in a sterile fashion.
Local anesthesia is optional, although recommended.

The needle is advanced to the lesion under real-time sono-
graphic guidance. For cyst or fluid collection aspiration, the
needle tip position within the center of the fluid collection is
confirmed sonographically. The radiologist draws back on the
plunger, creating negative pressure within the needle and
syringe. This allows evacuation of the fluid. The fluid may be
sent for cytologic analysis, Gram stain, or culture, depending
on the sonographic appearance of the lesion, the appearance
of the fluid, and the clinical scenario (Fig. 16–51).

To obtain cytology of solid masses, cellular material is
obtained by advancing and withdrawing the needle rapidly 
at different sites in the mass under ultrasound guidance.
The samples obtained are then smeared on glass slides and
analyzed by a cytopathologist.61

When and why do we use ultrasound-guided 
needle localization?

Preoperative needle localization can be performed under
ultrasound guidance. It may be performed for lesions best
visualized or only visualized sonographically. If the lesions can
be seen both mammographically and sonographically, the
radiologist may choose localization under ultrasound guid-
ance because it often is faster, with decreased patient discom-
fort and lack of ionizing radiation. Ultrasound-guided needle
localization may also be performed for lesions that are located
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Figure 16–51 A, Sonographic image showing a cyst with internal
debris (complex cyst), warranting cytologic analysis. B, The fine nee-
dle is advanced under ultrasound guidance to the center of the cyst.
C, Image depicting evacuation of the cyst contents and complete
sonographic resolution of the lesion. This yielded benign cytology.



in regions of the breast that are difficult to access with the
alphanumeric grid necessary for mammographically guided
needle localization. These regions include proximity to the
chest wall and axillary regions.63

What is the technique for ultrasound-guided 
needle localization?

Patient preparation and positioning are identical to those of
ultrasound-guided core biopsy. Again, informed consent is
obtained.

After positioning the patient, the target lesion is 
localized under ultrasound guidance. The overlying skin is
prepared and draped in a sterile fashion. Local anesthesia 
is administered.

Then, using real-time ultrasonography, the localizing wire-
needle device is advanced through the center of the lesion,
maintaining a position parallel to the chest wall, preferably
advancing the needle tip about 1 cm distal to the lesion. Once
accurate positioning of the needle and needle tip is confirmed
sonographically, the needle is removed, leaving the localizing
wire in place. The accurate position of the wire is again con-
firmed sonographically. A measurement is obtained from the
skin surface to the center of the lesion and wire. This depth
measurement is conveyed to the surgeon in the dictated pro-
cedural report. A mark is placed on the overlying skin in ink,
demarcating the position of the center of the lesion.63

Whether the lesion is mammographically apparent or not,
mammographic images of the breast with the wire in place are
obtained and sent with the patient to the surgical suite.

Accurate excision of mammographically apparent lesions
after preoperative needle localization is confirmed at the time
of excision using specimen radiography. For lesions that are
only sonographically apparent, specimen sonography may be
performed to confirm lesion removal.64
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clinical and imaging characteristics of the breast mass.5,6

Proponents of the triple-test method of breast mass evalua-
tion, which includes physical examination, mammogram, and
FNAB, recommend excision of all nodules with discordant
test results and conservative management of all lesions with
concordant negative tests.5,6 The triple-test method, whereby
the results of clinical examination, mammography, and FNAB
are combined for diagnosis, increases the accuracy of FNAB to
almost 100%.7 One study showed that FNAB was the most
reliable diagnostic component of the triple-test method.6

Unfortunately, there persists a high insufficiency rate with
FNAB. The insufficiency rate can be minimized by increasing
the sample size or by performing immediate microscopic
assessment of specimen adequacy. In most breast care centers,
however, a cytopathologist is not available for on-site 
evaluation of the specimen while the procedure is being 
performed.

What is the comparable accuracy of 
fine-needle aspiration biopsy and core 
needle biopsy for palpable masses?

One study comparing FNAB of palpable lumps, performed 
by experienced aspirators and interpreted by experienced
cytopathologists, with CNB showed a specificity of 100% for
both procedures.8 Interestingly, the sensitivity for detection of
cancer was higher with FNAB than with CNB (99% vs. 92%;
P < .004). In contrast, the diagnostic accuracy of CNB for the
detection of breast cancer under mammographic guidance
(stereotactic core needle biopsy [SCNB]) and ultrasound
guidance is higher than the diagnostic accuracy of FNAB and
stereotactic fine-needle aspiration biopsy (SFNAB).9 With
CNB, experienced operators can obtain sufficient breast tissue
for histology in nearly all cases; therefore, there are rarely
nondiagnostic samples. Another advantage of CNB is that the
pathologist can distinguish invasive ductal breast cancer from
ductal carcinoma in situ (DCIS), and invasive lobular cancer
from lobular carcinoma in situ (LCIS).9,10 This distinction
cannot be made by aspiration biopsy cytology. Also, specific
benign diagnoses can be made more frequently by CNB than
by FNAB (Figs. 17–1 and 17–2).

FNAB is an invaluable technique for the detection of breast
cancer in nonsuspicious lesions. In one review, FNAB allowed
the detection of three unsuspected cancers in 222 screened

CHAPTER 17
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Needle biopsy is a less invasive alternative to surgical biopsy of
breast abnormalities. Fine-needle aspiration biopsy (FNAB) is
ideal for the triage of a palpable mass and, in experienced
hands, may provide a definitive diagnosis. Because of the high
insufficiency and false-negative rates for FNAB, however, core
needle biopsy (CNB) has become the preferred needle biopsy
method for sampling breast lesions, especially under mam-
mographic guidance. Recently, improvements in ultrasound
and transducer technology have led to the increased use of
ultrasound for the evaluation of dense breast parenchyma;
consequently, there has been a resurgence in the number of
FNABs of the breast performed under ultrasound guidance,
especially of cystic lesions. This chapter answers some practi-
cal questions about the performance and interpretation of
needle biopsy of the breast. Additionally, the management of
malignant and nonmalignant breast lesions diagnosed by nee-
dle biopsy is addressed.

FINE-NEEDLE ASPIRATION BIOPSY

What is the diagnostic accuracy of fine-needle 
aspiration biopsy of the breast for palpable 
breast masses?

FNAB is an inexpensive and reliable method to triage breast
masses, with few complications. In a summary of 18 reported
studies from expert laboratories, Grant and colleagues calcu-
lated a sensitivity of 92.5%, a specificity of 99.8%, and an
accuracy of 96.5% for FNAB of the breast.1 Zarbo and associ-
ates analyzed the results of FNAB procedures in 294 institu-
tions by 988 pathologists and found comparable results: a
sensitivity of 97% and a specificity of 97%.2 Of significance,
the mean frequency of unsatisfactory aspirates obtained by
nonpathologists was more than double the unsatisfactory
aspirates obtained by pathologists (18% vs. 7.2%). In a series
of 13 studies with 500 or more cases by Kline and coworkers,
the false-negative rate ranged from 2% to 11%.3 Layfield
reported a false-negative rate in the range of 3% to 5% and a
false-positive rate of 0.1% to 0.5% for FNAB in experienced
hands.4

The literature indicates a marked improvement in diagnos-
tic accuracy when the FNAB results are correlated with the
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patients and of eight unsuspected cancers in 2248 consecutive
symptomatic women with palpable masses and normal mam-
mograms.10 It is also the most cost-effective procedure for the
initial evaluation of clinically benign breast lumps.7 The pro-
cedure is performed on an ambulatory basis and requires
minimal patient preparation, and the cost of the tools needed
for the procedure (a disposable syringe, a needle, a few glass
slides, and a few reagents) is minimal.11 Additionally, the proc-
essing in the laboratory is inexpensive, when compared with
tissue biopsy by core needle or surgical excision. A study by
Layfield and colleagues examined the cost-effectiveness of
substituting FNAB for open biopsy in patients with benign
clinical and mammographic findings.7 The outcomes assessed
included stage-specific life expectancy, 10-year survival, and
total cost. In this study, 92.8% of the patients had benign cyto-
logic results, 4.9% had indeterminate results, and 2.3% had
malignant FNAB findings. The authors calculated a savings of
more than $700 for the diagnosis of a palpable breast lump at
the cost of 0.1% decrease in 10-year overall survival when the
following protocol is used: (1) excisional biopsy of all suspi-
cious lesions, (2) mammographic and clinical follow-up of all
benign FNAB findings, and (3) one-stage operative manage-
ment of breast masses with malignant FNAB findings.

What is the proper aspiration 
technique for palpable lesions?

To perform FNAB properly on a palpable mass requires a 
needle (usually 25 gauge, 1/2 inch, with a clear hub) and a
syringe (usually 10 mL) attached to the Cameco Syringe Pistol
(Precision Dynamics, San Fernando, CA). The skin over the
lesion is swabbed with an alcohol pad (local anesthesia is not
required). The mass is immobilized between the index and
middle fingers of the nondominant hand. Breast cancer is
generally firm and fixed by palpation. Benign neoplasms, such
as fibroadenomas, are firm and mobile, and cysts are generally
mobile and doughy when large but can be quite firm when
tiny. The needle is inserted into the target lesion, and the pis-
ton of the syringe is retracted to create suction. The needle
should be moved back and forth inside the mass using rapid,
short excursions. The piston is released before the needle is
withdrawn from the mass to prevent the entry of cells and 
tissue fragments into the barrel of the syringe, where they may
be irretrievable. The needle is removed from the syringe, the
piston is retracted, the needle is once again attached to the
syringe, and the material is expelled onto a glass slide. A mod-
ified technique for FNAB described by Kim and coworkers
eliminates needle manipulation and reduces the risk for 
needle-stick injury.12 In this technique, the FNAB is initiated
with 1 to 1.5 mL of air in the syringe; after aspiration, the
residual air is used to expel the material from the needle.
It is also possible to obtain good specimens by fine-needle
sampling without aspiration.13 In a series of 635 benign and
malignant breast lesions sampled with only a needle, a cellular
yield comparable to the classic technique was obtained, with
an insufficiency rate of 5.5%. This technique reduces the
amount of blood and allows for a better perception of tumor
consistency, necessary for small lesions.13

Fluid should be extracted from cysts until they com-
pletely collapse. If there is a residual mass, another aspiration
should be performed. For solid lesions, the aim is to keep 
the cellular sample in the needle; thus, if blood or cellular
material is seen in the needle hub, the aspiration should be
discontinued. The ideal number of aspirations will depend 
on the size and nature of the lesion. Sneige and colleagues
have stated that the reliability of aspiration cytology depends
on a uniform approach to breast sampling and reporting.14

They standardize the number of aspirations per lesion to three 
or four.

How are breast samples obtained by 
fine-needle aspiration biopsy prepared?

All aspirates are prepared as direct smears and stained with
both the Diff-Quik method (Baxter Healthcare Corp., Miami,
FL) and Papanicolaou method. Adequate specimens are
defined as aspirates that contain at least four to six well-pre-
served cell groups. To prepare an ideal smear, a drop of cellu-
lar material should be expressed onto a glass slide, near the
label. The slide should be held stationary and firmly in the
nondominant hand (Fig. 17–3). A second slide is placed at an
angle (of about 45 degrees), with its long edge resting on the
specimen slide. It is rotated (dropped slowly without pressure)
onto the specimen and spread to the opposite end, again 
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Figure 17–1 Core needle biopsy of microcalcifications (arrow)
associated with sclerosing adenosis.

Figure 17–2 Fourteen-gauge core needle biopsy of microcalcifi-
cations (arrows) associated with microcysts in mild columnar cell
hyperplasia (without atypia). Note the columnar cells with apo-
crine snouts lining the cysts.



without additional pressure. In this manner, the smear is 
oval in shape, thick at the leading edge, and feathered at the
tail. This type of smear is the ideal for cytologic analysis of
FNAB specimens. The thick portion of the smear is excellent
for pattern recognition, and the thin portion allows evalua-
tion of cellular detail. Air-dried smears can be examined
immediately using the Diff-Quik method, and slides are
placed in 95% alcohol for the Papanicolaou or hematoxylin
and eosin stains (which provide better nuclear definition).
A rapid Papanicolaou technique using air-dried smears 
combines some of the advantages of the air-dried smears 
and Papanicolaou staining.15

The “dab” technique is used to make several smears from an
overly cellular FNAB sample. In this method of multiple slide
preparation, the specimen is lightly touched (“dabbed”) and
then smeared on multiple slides (see Fig. 17–3). Ancillary
stains for organisms, mucin, hormone receptors, and other
immunohistochemical stains and image analysis can be done
on the additional smears. Material from FNABs can be sub-
mitted in culture medium for microbiology, in sterile collec-
tion fluid for flow cytometry, in formalin for a cell block, and
in glutaraldehyde for electron microscopy.

The Cytospin method of specimen preparation involves
flushing the aspirate into 10 mL of special fluid for transport
to the laboratory, where cells are sprayed onto one or more
special glass slides by centrifugation. It may be convenient in
an outpatient setting, in which one physician obtains the spec-
imen and another interprets it. The Cytospin method of pro-
cessing material aspirated from breasts is equal in sensitivity
and specificity to skillful preparation of direct smears16; how-
ever, it is more expensive and time-consuming. The aspirated
material from either a solid mass or a cyst can also be expelled
directly in Cytolyt solution (Cytyc Corp., Marlborough, MA)
for a Papanicolaou-stained monolayered cell preparation
(ThinPrep, Cyte Corp., Marlborough, MA).

Should cyst contents obtained by 
fine-needle aspiration biopsy be 
evaluated microscopically?

Benign cysts yield fluid and should collapse when aspirated.
Simple cysts have a thin lining and yield fluid with a few foam
cells. Complex cysts can have a papillary lining and tend to
yield turbid fluid that is more cellular and contains mostly
apocrine (metaplastic) cells. Clear or milky fluid is often acel-
lular and may be discarded.

Routine cytologic examination of all breast cyst fluids is not
recommended as a cost-effective procedure. Ciatto and col-
leagues reviewed the cytologic results of 6782 consecutive
breast cyst fluids and found only five (0.1%) clinically and
mammographically inapparent intracystic papillomas.17 All of
the intracystic papillomas yielded bloody fluid, yet the cyto-
logic diagnoses for these five lesions were not reliable: two
papillomas were correctly identified, two were not recognized,
and one was falsely diagnosed as malignant. The authors
nonetheless concluded that cytologic evaluation of cyst fluids
should be done when blood-stained fluid is obtained. The
indiscriminate evaluation of all other fluids in their series did
not affect the rate of detection of intracystic lesions and is not
recommended.

Few cysts contain cancer; 0.5% to 1.0% was reported in one
series.18 The FNAB of a malignant cyst generally yields bloody
fluid and may leave a residual mass. There is a high false-
negative rate in these cases owing to sparse cellularity and
nuclear degeneration of the cells that are present within the
bloody fluid. However, an aspiration of the residual mass can
increase the accuracy of detecting intracystic cancers. These
aspirates may be very bloody. If a clot forms, it can be submit-
ted in 10% formalin for preparation of a cell block.

Apocrine cells represent metaplasia of lobular epithelium
and can be abundant in some cysts. They can be found in pap-
illary aggregates, in large monolayered sheets, and also dis-
persed singly. The cytoplasm of the apocrine cell is usually
abundant and finely granular and can show squamous fea-
tures. The nuclei are central and round and can vary in size.
They have smooth nuclear membranes, finely granular chro-
matin, and a single prominent nucleolus. Occasionally, there
is prominent nuclear variability (in size and shape), especially
with squamous metaplasia (Fig. 17–4). The cellular atypia is
most pronounced when there is inflammation of the cyst.
With inflammation, there may be a residual mass following
aspiration owing to a thick capsule. This mimics cancer, but
inflamed cysts are usually not bloody, and intracystic or cystic
cancers are usually not inflamed.

Can fine-needle aspiration biopsy confirm a 
benign impression of fibrocystic change?

Aspiration biopsy of the breast can confirm a benign clinical
or radiographic diagnosis. All specimens that are not clearly
benign or clearly malignant are followed clinically, undergo
surgical biopsy, or undergo repeat needle biopsy. The main
challenge, therefore, with FNAB is the detection of breast 
cancer with a high sensitivity while reducing the number of
benign lesions requiring surgical biopsy.19 To evaluate the
accuracy of benign diagnoses by FNAB, Zemba-Palko and
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Figure 17–3 Smearing technique. The slide with the specimen is
held stationary in the nondominant hand. A second slide is placed
with its long edge resting on the specimen slide. It is rotated with-
out pressure onto the specimen and spread to the opposite end,
again without additional pressure. The “dab” (arrow) technique
allows one to make several smears from an overly cellular fine-
needle aspiration biopsy.



associates conducted a 20-year retrospective study of 1518
cytologically benign aspirates from palpable solid breast
lesions.20 Each FNAB was followed by surgical excision within
2 years. The aspirates were taken by clinicians, chiefly sur-
geons. There were 99 false-negative specimens (99 of 1518;
6.5%) for a sensitivity of 93%. There were 52 specimens avail-
able for review. Ten cases had no change in diagnosis, 16 were
reclassified as unsatisfactory (fewer than three to six well-
preserved epithelial cell groups), and 26 as atypical (cellular
dyshesion, nuclear enlargement, or irregularity).

In fibrocystic change, there is a mixture of cysts, fibrosis,
and epithelial proliferation. Areas of proliferation are highly
cellular, areas of fibrosis are rubbery and yield few cells, and
cysts yield fluid.21 Small regular ductal cells are seen in mono-
layered sheets with apocrine cells and bare stromal and
myoepithelial nuclei. There may be thin proteinaceous fluid
coating the slide. The nuclei of the benign ductal cells are gen-
erally 1.5 to 2 times the diameter of red blood cells as com-
pared with malignant nuclei, which tend to be larger. Benign
epithelial nuclei have smooth nuclear membranes, fine and
even chromatin, and inconspicuous nucleoli (Table 17–1).
The hallmark of a benign FNAB is the presence of bipolar
myoepithelial or stromal nuclei. Although their presence does
not exclude malignancy, it warrants caution in making the
diagnosis. Myoepithelial nuclei are oval, the chromatin is
evenly distributed, the nuclear membrane is smooth, and the
nuclei are devoid of nucleoli.

In fibrocystic change, as in cysts, intact apocrine cells may
be dispersed singly and must be differentiated from cancer.
Important clues to their benign origin are the uniformity of
the nuclei and cytoplasm and the low nuclear-to-cytoplasmic
ratio. These cells usually are admixed with fluid, foam cells,
and benign cell clusters. Many benign diseases of the breast
are similar cytologically, but even if a specific benign diagno-
sis beyond fibrocystic change cannot be rendered by FNAB,
the amount of epithelial proliferation and presence of epithe-
lial atypia can be evaluated.22–24 This distinction is significant
because several studies have indicated an increased risk for
subsequent breast cancer associated with increasing levels of
hyperplasia and atypia.25,26 Dupont and Page have reported a

1.5 to 2 times increased risk for cancer associated with prolif-
erative breast disease without atypia and a 5 times increased
risk with proliferative breast disease with atypia.25 Bodian 
and coworkers reported a modest increase in risk, of 2.1,
2.3, and 3.0, for proliferative changes with no atypia, mild
atypia, and moderate to severe atypia, respectively.26 Rosen 
has suggested caution in making precise risk estimates owing
to a lack of reproducibility of the criteria for borderline 
proliferative breast lesions.27

Nonproliferative fibrocystic change is not associated with
any increase in risk for developing breast cancer over subse-
quent years. The aspirates of nonproliferative lesions usually
are scanty and hypocellular, containing a few bare bipolar
nuclei, pieces of fibroadipose and fibrous tissue, dispersed fat,
and rare small round or oval sheets of small regular ductal
cells. If microscopic cysts are present, foam and apocrine cells
may also be seen.

Proliferative fibrocystic change, which is associated with a
mild increased risk for subsequent breast cancer, includes
lesions such as sclerosing adenosis, some fibroadenomas, and
radial sclerosing lesions. The aspirates generally are more 
cellular than with nonproliferative change, and the epithelial
sheets may be small and round or large and branched,
depending on the lesion (Fig. 17–5). The sheets of cells appear
regular with sharply defined margins. The shedding of single,
intact epithelial cells or small clusters of two to four cells is not
commonly observed. Nuclear crowding and pleomorphism
are mild but are more commonly present than in the non-
proliferative lesion. Numerous bare myoepithelial nuclei are
dispersed in the background.

In proliferative fibrocystic change with atypia, the epithelial
hyperplasia is accompanied by a loss of nuclear polarity and
regularity. There is a mixture of normal and abnormal cells
within a group of cells, and the atypical cells are pleomorphic,
hyperchromatic, disorganized, and crowded (Fig. 17–6).
Proliferative fibrocystic change with atypia is associated with
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Figure 17–4 Squamous metaplasia in the capsule of a cyst on
fine-needle aspiration biopsy. Intact tissue fragments were
obtained with a 25-gauge needle by aspirating the cyst capsule
following evacuation of its contents. Note the nuclear variability
and the spindle-shaped cytoplasm of the cells.

Table 17–1 Smear Characteristics of Benign vs. Malignant
Breast Fine-Needle Aspiration Biopsy (FNAB)

RBCs, red blood cells.
*The cellularity of a benign FNAB is relative to the degree of epithelial

hyperplasia.

Benign Malignant
Pattern Pattern

Bare myoepithelial Present Usually absent
nuclei

Cellularity Low to high* Usually high

Cohesion Strong Poor

Epithelial cell Even and flat Marked molding
arrangement Few single cells Many single cells

Nuclear size <2 RBCs >2 RBCs

Nuclear membranes Smooth Irregular

Chromatin Fine and even Coarse and irregular

Nucleoli Inconspicuous Mostly conspicuous

Intracytoplasmic lumina Absent Often present

Apocrine cells Usually present Absent

Background Usually clean Often necrotic



a definite risk for developing subsequent breast cancer and
includes such lesions as atypical lobular and ductal hyperpla-
sia. Many lesions diagnosed by FNAB as proliferative fibrocys-
tic change with atypia prove to be DCIS on histology.

In summary, therefore, FNAB does allow an accurate assess-
ment of the degree of proliferation in fibrocystic change,
although frequently, specific benign diagnoses cannot be
made. When a specific benign pathologic diagnosis is neces-
sary to account for a mammographic or ultrasound finding, a
core biopsy or excisional biopsy may be preferable. If a diag-
nosis of atypia is made by FNAB, excision of the lesion is 
necessary. In older women, a mass or region of microcalcifica-
tions with a high degree of proliferation by FNAB should be
excised, even in the absence of cytologic atypia, given the high
incidence of carcinoma found on histology when these lesions
undergo surgical biopsy.20,21

Does a diagnosis of atypia by fine-needle 
aspiration biopsy accurately reflect a diagnosis 
of atypical hyperplasia by histology?

A diagnosis of atypia by FNAB correlates poorly with the 
presence of a prognostically significant proliferation of
ductal epithelium on subsequent histology.28 Instead, atypia
by FNAB represents cytologic uncertainty rather than a spe-
cific diagnosis of atypical hyperplasia. Some epithelial cells
may show some nuclear enlargement or irregularity, or there 
may be cell dispersal. In some series that analyzed atypical
cytologic diagnoses, more than 50% of atypical cases proved
malignant by histology.29,30 In a series by Mulford and
Dawson, 134 of 3798 cases, or 3.5%, were diagnosed as atypi-
cal.31 Of these, 72 proved benign (54%), and 62 were malig-
nant (46%). The most common benign diagnoses were
fibroadenoma and fibrocystic change, accounting for 46% of
the benign cases classified as atypical cytologically. The fea-
tures responsible for a designation of atypia in benign cases
were increased cellularity, single epithelial cells, and reactive
nuclear atypia: finely granular, uniform chromatin, and small
prominent nucleoli.4 In general, the diagnosis of atypia suspi-
cious of carcinoma by cytology corresponds to cases with
malignant cytologic features but without sufficient cells to
evaluate, and to cases of low-grade carcinoma admixed with
benign ductal elements.14

In a review of 2197 FNAB cases, Al-Kaisi found 39 cases
(2%) that represented a “gray zone” of breast cytology where
the cytologic features of benign or premalignant breast lesions
overlap with those of malignant lesions.32 Fibroadenomas
accounted for 17 of the cases (44%). These tended to be cellu-
lar fibroadenomas with some cellular dyshesion, manifested
by isolated epithelial cells with intact cytoplasm. Other breast
lesions in the gray zone include papillary neoplasms, apocrine
carcinoma, and intraductal and atypical hyperplasia.32 For
SFNAB of nonpalpable lesions, there is a higher proportion of
atypical or inconclusive diagnoses than for FNAB of palpable
lesions.19 This is related to an increased proportion of DCIS
lesions as well as smaller sample size and increased number of
bloody smears for SFNAB as compared with FNAB of palpa-
ble lesions. Because a diagnosis of atypia by FNAB does not
accurately reflect a diagnosis of atypical hyperplasia by histol-
ogy, a diagnosis of atypia by FNAB should be followed by 
surgical biopsy.

Can a specific benign diagnosis ever be 
made by fine-needle aspiration biopsy?

Many benign breast lesions yield cytologic features that allow
their subclassification when sampled sufficiently by FNAB.
Maygarden and colleagues analyzed the cytology and histol-
ogy of 265 benign breast masses to determine the ability of
FNAB to accurately subclassify benign breast lesions.33 A non-
specific descriptive diagnosis was given in 135 cases (51%).
A specific benign diagnosis was made in 130 cases (49%).
Overall, the specific diagnosis was correct in 80% of cases. The
distinction between proliferative and nonproliferative fibro-
cystic change was not highly reliable.33 Lesions that could 
be specifically diagnosed with a high reliability included
fibroadenoma, papillary lesions, inflammatory lesions, fat
necrosis, gynecomastia, and lactational change.
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Figure 17–5 Proliferative fibrocystic change on fine-needle aspi-
ration biopsy. There are numerous groups of epithelial cells. They
are seen in cohesive clusters and branched fronds. Also note the
numerous benign oval myoepithelial nuclei in the background.
These features suggest that the lesion is a fibroadenoma.
However, the identical cytologic features are observed in prolifer-
ative fibrocystic change.

Figure 17–6 Proliferative fibrocystic change with atypia on fine-
needle aspiration biopsy. The epithelial groups in these cellular
aspirates show nuclear pleomorphism, cellular disorganization,
and crowding. Fragments of calcium are also seen in the smear
(arrow). This case proved to be atypical ductal hyperplasia and
focal ductal carcinoma in situ of the solid subtype on histology.



Fibroadenoma
The FNABs of fibroadenomas are quite variable. In middle-
aged and elderly patients, degenerate (fibrotic) fibroadenomas
may have little cellularity and resemble nonproliferative fibro-
cystic change. In general, typical fibroadenomas are highly cel-
lular and show numerous epithelial cells, bare myoepithelial
nuclei, and stromal fragments (Fig. 17–7). Epithelial cells are
present in monolayered sheets and branched fronds. Bare oval
nuclei are present in abundance and represent myoepithelial
and stromal cells.21 Stromal fragments appear as dense
fibromyxoid material with spindle-shaped cells. There may be
marked myxoid degeneration of the stroma, and this mimics
mucin of colloid carcinoma cytologically. However, there are
many bare bipolar nuclei within the strands of myxoid stroma
in fibroadenoma, and these are absent in colloid carcinoma.
Also, neoplastic epithelial cells are not observed in fibroade-
nomas. Giant cells, foam cells, and apocrine cells may be seen
in fibroadenomas. Some fibroadenomas have high cellularity,
nuclear atypia, mitotic figures, and many intact single cells,
features mimicking adenocarcinoma.28,31,34 In one series, intact
single atypical cells were seen in 27% of benign fibroadeno-
mas.34 Generally, the atypical features in fibroadenoma do not
dominate the smear and are accompanied by clearcut micro-
scopic markers of benign disease.

A fibroadenoma must be distinguished from a phyllodes
tumor. High stromal cellularity, mitotic figures, and single,
intact mesenchymal cells that have plump nuclei and a long
and wavy cytoplasm favor a diagnosis of phyllodes tumor.
Also, phyllodes tumor may show squamous metaplasia, which
is rarely seen in fibroadenoma.35 Phyllodes tumor with atypia
must be differentiated from a stromal sarcoma, which lacks
the glandular component.

Papillary Lesions
Papillary lesions include florid papillomatosis, papillomas,
and papillary adenocarcinoma; it is difficult or impossible to
differentiate these lesions cytologically. Three-dimensional
papillary clusters with fibrovascular or collagenous cores are
the hallmark of papillary neoplasms. Both marked cellularity

and cellular dissociation can be seen in papillomas (Fig.
17–8), and only marked cellular atypia favors malignancy.36

Mostly, however, papillary adenocarcinomas are composed of
monotonous, bland cells. The malignant cells show stratifica-
tion, are tall and columnar with square tops, and have
enlarged, elongated nuclei (Fig. 17–9). When a papilloma is
suspected and the FNAB shows marked cellular dissociation
and no definitive papillary structures, a CNB can aid in mak-
ing a more specific diagnosis and ensure that adenocarcinoma
is not falsely diagnosed (Fig. 17–10). More commonly, a vari-
ation in cell types is actually an important clue to a benign
diagnosis in papillomas.36,37 Regardless of the cytologic fea-
tures, a cytologic diagnosis of a papillary lesion requires con-
firmation by open biopsy, and even then the diagnosis may 
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Figure 17–7 Fibroadenoma on fine-needle aspiration biopsy.
This highly proliferative fibroadenoma shows folded monolayered
sheets of cohesive epithelial cells, bare oval nuclei, and stroma
(arrow).

Figure 17–8 Papilloma on fine-needle aspiration biopsy. This
low-power magnification of a papilloma shows marked cellularity
and dyshesion. The presence of the three-dimensional papillary
cluster warrants caution in making a diagnosis of carcinoma. The
excised specimen proved to be a highly proliferative papilloma.

Figure 17–9 Papilloma on fine-needle aspiration biopsy. This
high-power magnification of the papilloma in Figure 17–8 shows
cellular features that mimic breast cancer. The cells are monoto-
nous and singly dispersed. They show stratification, are tall and
columnar with square tops, and have elongated nuclei. In this
case, a false-positive diagnosis of adenocarcinoma, papillary type,
low nuclear grade was made by stereotactic fine-needle aspiration
biopsy. Owing to the small size of the lesion (4 mm) and the good
prognosis associated with the presumed carcinoma’s subtype 
and nuclear grade, a lumpectomy without axillary dissection was
performed.



be controversial. Resection of all these papillary lesions is 
recommended.

Inflammation
When purulent-appearing material is obtained by FNAB, it
should be cultured. This occurs in acute mastitis during lacta-
tion and in a subareolar abscess that is due to keratin plug-
ging, squamous metaplasia, and rupture of a lactiferous duct
or sinus. Subareolar abscess can mimic cancer clinically by its
firmness and can be seen in association with nipple invasion
and peau d’orange in nearby skin. The aspirate contains
inflammatory cells, cellular debris, and a giant cell reaction to
keratin. Superficial squamous cells are abundant.

Fat Necrosis
Needle biopsy of the breast is useful in differentiating cancer
from postsurgical or trauma-induced fat necrosis. Fat necro-
sis is firm and fixed when palpable, gritty by needle sensation,
and spiculated with calcifications when seen on the mammo-
gram. Therefore, fat necrosis mimics breast cancer clinically,
mammographically, and by needle sensation. The smears
show multinucleated giant cell lipophages and siderophages
(Fig. 17–11). Blood pigment is sometimes present. Fat necro-
sis can be associated with breast cancer; hence, its presence
does not exclude malignancy completely. Multinucleated giant
cells are also seen in suture granuloma and, in patients with
implants, in silicone granuloma.

Gynecomastia
Gynecomastia presents as a firm, rubbery, subareolar mass
that is resistant to the needle excursions during needle biopsy.
The FNAB can be quite painful. The cellularity is variable but
often scanty. There can be conspicuous cytologic atypia in
gynecomastia, including increased cellularity, pleomorphism,
and decreased cohesion. Mitotic figures are also frequently
seen. The clue to the benign diagnosis is the bare myoepithe-
lial nuclei.

Lactational Change
The aspirates of the lactating breast yield milky fluid with 
an abundance of acinar cells, are very cellular, and mimic 

adenocarcinoma. The cells have enlarged, hyperchromatic
nuclei, with prominent nucleoli and dense chromatin.
Because the cytoplasm is fragile, dispersed bare nuclei are
numerous in the background of vacuolated proteinaceous
fluid (milk). These nuclear features may suggest cancer, but
when breast cancer is seen in the lactating breast, it usually
shows frank malignant features.38

Can a definitive diagnosis of breast cancer 
be made by fine-needle aspiration biopsy?

By FNAB, the diagnosis of breast cancer can be suspected
almost immediately by its gritty sensation. A bloody aspirate
or a pasty cream-colored or pink aspirate with granules
strongly suggests cancer. The diagnosis can be confirmed
immediately by examination of a Diff-Quik smear. The smear
shows a homogeneous population of atypical epithelial cells
in poorly cohesive groups. Most mammary carcinomas have
abundant single intact cells with enlarged nuclei but lack bare
bipolar nuclei (Fig. 17–12) and can be rapidly and confidently
identified by an experienced cytopathologist.
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Figure 17–10 Papilloma on core needle biopsy. The papilloma is
easily diagnosed by core needle biopsy (14-gauge). Small nests of
epithelial cells are seen in collagenized stroma with a myofibro-
blastic proliferation. Calcifications were seen in the sclerotic por-
tion of the papilloma (arrow) and on the mammogram.

Figure 17–11 Fat necrosis on fine-needle aspiration 
biopsy. Abundant lipophages are seen, many of which are 
multinucleated.

Figure 17–12 Adenocarcinoma, grade II (on fine-needle aspira-
tion biopsy), showing a homogeneous population of noncohesive
epithelial cells with enlarged and hyperchromatic nuclei. Note the
absence of bare myoepithelial nuclei.



Some subtypes of breast cancer can be identified by FNAB
based on the cellularity, degree of nuclear atypia, and back-
ground pattern of the smears; the major task, however, is to
provide a reliable diagnosis of cancer. There are four patterns
of cellularity and atypia in aspirates of breast cancer:21 (1)
high cellularity and conspicuous atypia, (2) low cellularity
and conspicuous atypia, (3) high cellularity and minimal
atypia, and (4) low cellularity and minimal atypia.

Breast Cancer: High Cellularity and
Conspicuous Atypia
This is the most diagnostic pattern of breast cancer. The cells
are in poorly cohesive groups, many cells are intact and singly
dispersed, and the nuclei have conspicuous malignant fea-
tures: enlargement, pleomorphism, coarse chromatin, promi-
nent nucleoli, and abnormal mitotic figures (Fig. 17–13). The
cytoplasm is commonly eccentric and may have intracytoplas-
mic lumina with inspissated mucin.

The FNAB smears of medullary carcinoma are highly cellu-
lar and composed of large, pleomorphic cells with delicate
syncytial cytoplasm. There is a prominent infiltrate of lym-
phocytes and plasma cells. Because the cytoplasm is fragile,
many bare distorted nuclei are noted. The differential diagno-
sis includes metastases of a high-grade breast carcinoma to an
intramammary lymph node. The prognosis for medullary
carcinoma is good, despite its high nuclear grade. It can be
distinguished from the prognostically unfavorable cancers by
the background of lymphocytes and plasma cells. Medullary
carcinoma presents clinically as a soft round mass and must
also be differentiated from metastatic cancer.

Papillary carcinomas can be easy to identify if there are
markedly atypical cells in three-dimensional papillary clus-
ters, sometimes with distinct fibrovascular cores.

Breast Cancer: Low Cellularity and
Conspicuous Atypia
This pattern can be seen in scirrhous carcinomas that have
been poorly sampled. In general, more cells can be harvested
if multiple samples are obtained from the periphery of the
mass and if a finer needle is used (25 to 27 gauge). Multiple
samplings and immediate interpretation may reduce inade-
quate samples.27,39 Comedo DCIS can be low in cellularity, but

usually there are highly atypical pleomorphic cells in a back-
ground of necrosis, with or without dystrophic calcifications.

Not all atypical cells are malignant, and this pattern of
breast cancer, low cellularity and conspicuous atypia, can be
seen in fat necrosis and its subsequent repair and resolution.
In the irradiated breast, the epithelial cells show variation in
cell size (anisocytosis), but the nuclear-to-cytoplasmic ratio is
normal.40 When trying to distinguish radiation changes from
recurrent breast cancer in the conservatively treated patient, it
may be helpful to perform core biopsies.

Breast Cancer: High Cellularity and 
Minimal Atypia
A specific breast cancer diagnosis can be made by FNAB, even
in cases of low-grade cancers, when certain characteristic 
features are present. Colloid carcinoma has single intact cells
and small clusters of tumor cells in a “sea” of mucin, which 
is metachromatic on Diff-Quik stain (Fig. 17–14) and pink 
on Papanicolaou stain. The differential diagnosis includes
fibroadenoma with mucoid degeneration of the stroma.
Adenoid cystic carcinoma has noncohesive basaloid cells
arranged around balls and cylinders of homogeneous 
material, which is intensely metachromatic on Diff-Quik
staining. Tubular carcinoma, a well-differentiated ductal 
adenocarcinoma, presents as a small spiculated mass that 
is frequently aspirated under mammographic guidance.
The malignant cells have bland, uniform nuclei. However,
there should be a high suspicion of cancer owing to the mam-
mographic finding and the gritty sensation of the mass during
the aspiration procedure. Additionally, the bland, cohesive
malignant cells are found in characteristic patterns, which
include rigid open tubules (like a garden hose) and angular
arrowhead glands41 (Fig. 17–15).

Breast Cancer: Low Cellularity and 
Minimal Atypia
This is the typical pattern of benign breast aspirates, but it can
also be seen in breast cancer, most commonly in invasive lob-
ular carcinoma. The aspirates of invasive lobular carcinoma
may be of sparse cellularity and yield only small, bland cells.
Single-file arrangements and intracytoplasmic lumina may
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Figure 17–13 Adenocarcinoma, grade III, on fine-needle aspira-
tion biopsy. The nuclei are pleomorphic, with coarse chromatin
and abnormal mitotic figures (arrows).

Figure 17–14 Colloid carcinoma on fine-needle aspiration 
biopsy, showing single intact cells and small clusters of low-grade
tumor cells against a background of mucin. The mucinous back-
ground may be very vascular (arrow).



suggest lobular carcinoma (Fig. 17–16). A core biopsy 
can be performed to confirm this impression histologically
(Fig. 17–17).

CORE NEEDLE BIOPSY

What is the role of core needle biopsy
in diagnosing palpable breast lumps?

Many benign diseases of the breast are cytologically similar,
making specific diagnosis of breast masses a problem.33 Also,
there is an overlap in the cytologic features of some prolifera-
tive or premalignant breast lesions and those of malignant
lesions in aspirates by FNAB. This gray zone of FNAB repre-
sents the cases in which an unequivocal diagnosis cannot be
rendered cytologically (about 2% of FNABs).32 These lesions
include papillary neoplasms, cellular fibroadenomas, and
some breast carcinomas with small cells (lobular, tubular,
cribriform, and noncomedo DCIS). CNB of the breast may be

extremely useful in minimizing the size of the gray zone.
CNBs provide samples of breast tissue for histology that are
easier to interpret than FNAB. Markedly scirrhous carcinomas
may need to be sampled by CNB because of the scanty cellu-
larity of the FNAB. The determination of invasion by ductal
or lobular adenocarcinoma can be made by CNB (Figs. 17–18
and 17–19; see also Fig. 17–17).
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Figure 17–15 Tubular carcinoma on fine-needle aspiration 
biopsy. The bland, cohesive malignant cells are found in rigid
tubules (arrows) and angular arrowhead glands (arrowheads).

Figure 17–16 Lobular carcinoma on fine-needle aspiration 
biopsy (FNAB). The FNAB of invasive lobular carcinoma may yield
sparse cellularity. However, intracytoplasmic lumina are suggestive
of lobular carcinoma (arrows).

Figure 17–17 Core needle biopsy of an invasive lobular car-
cinoma. Single files of small, bland epithelial cells are seen infil-
trating dense fibrous tissue.

Figure 17–18 Core needle biopsy of low-grade ductal carcino-
ma in situ, solid subtype.

Figure 17–19 Core needle biopsy of a low-grade invasive tubu-
lar carcinoma. The carcinoma is composed of more than 75%
well-formed glands.



In essence, patients with an equivocal diagnosis by FNAB
may benefit from CNB.42,43 FNAB is less reliable than CNB in
the diagnosis of malignancy when there is an invasive lobular
carcinoma. In one series by Sadler and colleagues, the FNAB
failed to demonstrate malignant cells in 27 of 56 cases (48%)
of invasive lobular carcinoma.43 Ten additional cases of inva-
sive lobular carcinoma were diagnosed by CNB when the
FNAB was not diagnostic. Fibrosis and calcifications second-
ary to surgery or radiation can best be diagnosed by CNB
because the aspirates tend to be low in cellularity. But, in gen-
eral, FNAB is the most efficient, cost-effective, reliable proce-
dure for the diagnosis of palpable breast carcinoma. Ballo and
Sneige compared the sensitivity and specificity of CNB and
FNAB cytology in detecting breast carcinoma in 124 patients
who presented to the University of Texas M. D. Anderson
Cancer Center for evaluation of a palpable breast mass.8 The
patients underwent an average of three needle passes and con-
currently had a CNB using the 18-gauge Bard Monopty device
(C. R. Bard, Inc., Covington, GA). All of the patients had his-
tologic confirmation of their neoplasms. The specificity was
100% for both FNAB and CNB. However, the sensitivity was
higher for FNAB than for CNB (97.5% vs. 90%; P < .004) and
was not dependent on tumor type, size, or differentiation. The
addition of CNB to a negative FNAB failed to increase the sen-
sitivity in the detection of breast cancer.

In summary, FNAB is more cost-effective and requires less
time and effort than CNB in the diagnosis of palpable lesions.
The FNAB procedure allows for greater tactile sensitivity and
ease of immobilization. Additionally, FNAB allows for multi-
directional passes through the mass. These factors reduce the
probability of sampling errors with FNAB compared with
CNB for palpable breast masses. When there is discordance
with the cytology and imaging findings, a CNB can contribute
to a more definitive diagnosis.

What is the optimal number
of core biopsy specimens?

Stereotactic and ultrasound-guided percutaneous large core
biopsy are now commonly used for the initial histologic 
diagnosis of nonpalpable breast lesions. A CNB is a sampling
procedure; hence, the main concern in the diagnosis of most
breast lesions is establishing that the histologic findings on
CNB provide an accurate assessment of the mammographi-
cally or ultrasound detected target lesion. The first-generation
CNB instruments used an automated spring-loaded biopsy
gun with a large-core cutting needle (usually 14 gauge) for the
procurement of tissue from a target lesion. Second-generation
vacuum-assisted CNB devices, such as the Mammotome
(Biopsys Medical Instruments, Inc., San Juan Capistrano,
CA), use larger-caliber needles (usually 11 gauge) and allow
for multiple contiguous specimens to be obtained with a sin-
gle needle insertion. These vacuum-assisted CNB devices have
become a practical alternative to open surgical biopsy for the
evaluation of mammographic microcalcifications. They allow
for procurement of larger tissue samples, higher retrieval of
microcalcifications, sampling of smaller clusters of microcal-
cifications, and consequently, a reduction in the need for
rebiopsy.

If a cytopathologist is not available to determine specimen
adequacy of an SFNAB or a touch preparation of a core 

biopsy, it is accepted by most radiologists that a minimum of
5 core biopsies be performed for nodules and spiculated den-
sities and that a minimum of 10 core biopsies be performed in
cases of microcalcifications.44 In one series of 145 stereotactic
core biopsies using 14-gauge needles, diagnostic material was
obtained with one, two, three, four, five, and six core speci-
mens in 102 (70%), 117 (81%), 129 (89%), 132 (91%), 137
(94%), and 140 (97%) of the 145 lesions, respectively.45 A
diagnostic yield of 99% was obtained with five specimens for
masses and 87% for calcifications. Obtaining six specimens
increased the diagnostic yield to 92% for calcifications but did
not improve the yield on masses.45

Cancers that elude definitive diagnosis are more often asso-
ciated with microcalcifications than present as masses. When
microcalcifications are the target of stereotactic needle biopsy,
increased sampling and specimen radiography documenta-
tion are necessary.46 Automated Tru-Cut biopsy devices are
inefficient at sampling small foci of microcalcifications. In one
center, a minimum of 12 cores are obtained for microcalcifi-
cations.47 The procedure can take up to 1 hour. A definitive
surgical excision may be preferable in cases of high suspicion
for malignancy, but the issue remains unresolved at this
time.48

The Mammotome was developed in 1994 by a radiologist,
Fred Burbank, and a medical device engineer, Mark Ritchart,
to address the drawbacks of the automated core biopsy
devices. These drawbacks included the need for pinpoint
accuracy in targeting the lesion and the need for multiple
insertions to obtain the requisite number of cores: 5 for 
masses and 10 for microcalcifications. The Mammotome is a
specialized breast biopsy instrument with a probe at its distal
end with a piercing tip to penetrate breast tissue. Proximal to
the piercing tip of the probe is an aperture into which tissue is
drawn by means of a vacuum into a sampling chamber. Tissue
in the sampling chamber is cut away from the breast by a
coaxial cutter and pulled back into a standard pathology 
tissue cassette located in a specimen retrieval chamber49 (Fig.
17–20). The Mammotome can routinely excise an entire clus-
ter of microcalcifications, measuring up to 5 ¥ 5 mm, in less
than 10 minutes.47,50 The procedure is referred to as stereotac-
tic “mammotomy.” With the use of the Mammotome, a breast
lesion can be excised quickly and completely because it
remains in the breast while the vacuum helps to pull tissue
through the probe. The time necessitated for the performance
of the CNB procedure is half that needed with the automated
CNB devices because of the ability to obtain contiguous sam-
pling of the lesion with one insertion. Another advantage of
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the Mammotome vacuum is that there is less accumulation of
blood at the biopsy site, and less ecchymosis.9,51

Most radiologists now use the Mammotome exclusively for
the performance of SCNB. The likelihood of completely
removing microcalcifications is higher with the Mammotome
when compared with the automated biopsy gun. Liberman
and coauthors reported calcification retrieval in 95% of cases
with the 11-gauge Mammotome.52 In one study, the likelihood
of completely removing the mammographic lesion with the
14-gauge automated biopsy gun and the 14-gauge and 11-
gauge Mammotome was reviewed.53 Calcified lesions were
completely removed in 7%, 26%, and 69% of cases with the
14-gauge automated biopsy gun and the 14-gauge and 11-
gauge Mammotome, respectively.53 Another advantage is that
the minimum diameter of microcalcification clusters that can
be sampled is 3 mm with the automated gun versus 5 mm
with the Mammotome.54 Consequently, the number of exci-
sions performed following Mammotome biopsy is lower (9%
versus 14.9%), the rate of sample insufficiency is lower (1.7%
versus 4.4%), and the discrepancy rate between the mammo-
graphic findings and CNB diagnosis is lower (0.8% versus
3.4%) than with the automated biopsy gun.55 Of note,
Jackman and associates found that the underestimation of
DCIS on SCNB was 1.9 times more frequent with masses than
with microcalcifications, 1.8 times more frequent with auto-
mated CNB devices than with vacuum-assisted devices, and
1.5 times more frequent with 10 or fewer specimens than with
more than 10 specimens per lesion.56

A tiny titanium clip for delivery through the Mammotome
has been developed to permanently mark the biopsy site.47

The clip can be deployed to mark the area should re-excision
following wire localization be necessary. The contiguous sam-
pling by the Mammotome creates a small air-filled cavity. The
clip marks the cavity wall. In one series, 111 cases of CNB with
clip deployment were reviewed.57 The authors showed that 
31 (28%) clips were more than 1 cm from the target on at 
least one postbiopsy image. Postbiopsy mammography in two
orthogonal views is therefore necessary to document clip
position relative to the biopsy cavity. The radiologist must be
aware of the possibility of clip migration.58 In one rare case,
repeat postbiopsy mammograms showed displacement of tar-
geted microcalcifications adjacent to the misplaced clip.59

What type of stereotactic needle 
biopsy equipment is available?

There are two major types of stereotactic breast biopsy ap-
paratuses: upright units that are added to existing mam-
mography machines, and dedicated prone stereotactic biopsy
devices. There are two major advantages of the upright, add-
on units: low cost and flexibility of use. When the unit is not
being used for needle guidance, the mammography unit can
be used for screening. The disadvantages of the add-on units
are that patient motion is common, there are more episodes of
vagal reactions than with the prone unit, and there is limited
working space for the physician performing the procedure. All
of these factors adversely affect the accuracy of needle guid-
ance and lengthen the time of the procedure. The dedicated
prone units (Mammotest, Fischer Imaging, Denver, CO; and
Lorad StereoGuide, Hologic Corp., Bedford, MA) (Fig. 17–21)
minimize patient movement and vagal reactions and have

ample working space under the table. The disadvantages 
of the prone needle guidance systems are the expense and 
size of the unit. Additionally, the prone units do not allow for
versatile use; their sole purpose is to guide needles.49 It is 
recommended that another standard mammography unit 
or breast ultrasound unit (or both) be placed in the same
room so that the room does not stand idle when stereotactic
needling procedures are not being performed.9

How are the stereotactic images 
obtained and processed?

Stereotactic images can be obtained with conventional film-
screen technique or with the digital technique. Direct digital
imaging charge-coupled device (CCD) technology is available
on both of the prone units and on many of the add-on stereo-
tactic units. The film–screen technique is less costly, and there
is no restriction of the field of view. However, there is poor
contrast resolution, higher radiation dose, and lengthy film
processing time when compared with the digital technique.
Digital imaging allows for almost instantaneous image acqui-
sition and display (about 5 seconds). Additionally, there is
more contrast resolution, and the operator can postprocess
the image by adjusting the image contrast, brightness, and
magnification. The digital video display can be reversed to
black on white instead of white on black, which can be espe-
cially useful in identifying microcalcifications. Edge enhance-
ment algorithms can be applied to evaluate the margins of a
nodule.51

Parker and coworkers reported a multicenter experience
totaling 4744 stereotactic breast core biopsies, using 14-gauge
needles. Tissue diagnosis by stereotactic breast core biopsy
was found to be accurate and reproducible at 20 sites.44 The
complication rate was 0.2% and included three hematomas
and three infections. The breast cancer miss rate was 1.3%. In
comparison, surgical biopsy following needle localization may

281Chapter 17. Needle Biopsy Diagnosis of Breast Cancer

Figure 17–21 Lorad StereoGuide. This stereotactic system mini-
mizes patient movement and vagal reactions and provides ample
working space for the operator. (Courtesy of Hologic Corp.,
Bedford, MA.)



not be successful. Failure rate of 5% was reported even when
the technique was performed by those experienced with the
procedure.60

SCNB is not associated with lasting postbiopsy changes on
follow-up mammography.61,62 Complications include patient
motion, vasovagal reactions (up to 7% using upright localiza-
tion units), bleeding, and, rarely, pneumothorax.62,63 Needle
track seeding of malignant cells occurs in less than 0.01% 
of cases.64 The surgical excision can be directed to excise the
needle track if there is concern.65

How is a stereotactic needle 
biopsy performed?

Stereotactic localization uses parallax shift principles, appar-
ent movement of the breast lesion, to calculate the position of
the lesion in the breast. The three-dimensional coordinates 
of the mass are calculated from two radiographs taken at an
angle of ±15 degrees from a central beam.66 The needle is
inserted into the calculated position and can be positioned
within 1 to 2 mm of the target lesion (Fig. 17–22). A second
pair of radiographs is obtained to confirm the position of the
needle. In SFNAB, 25-gauge spinal needles are generally used.
As with palpable lesions, the sensation of the mass provides a
clue that the mass has been hit. Multiple specimens from dif-
ferent sites of the target lesion are obtained to minimize inad-
equate samples.

Variation in the size of the core needle used for SCNB with
an automated gun ranges from 14 to 20 gauge, but the best
results are obtained using an automated gun with a long
throw (2.2 to 2.5 cm) and a 14-gauge needle with a 1.5- to 1.9-
cm sample notch.61 Local anesthesia is used and a small 4- to
5-mm nick is made with an 11-blade scalpel. The small inci-
sion is unnecessary with 18- or 20-gauge core needles. The
biopsy needle is then manually advanced so that the needle tip
alignment is at the front edge of the lesion to be sampled. The

proper alignment of the needle with respect to the lesion is
confirmed by a set of prefire stereoscopic images. The auto-
mated gun is fired, and the proper postfire position of the nee-
dle tip is documented by another set of images (Fig. 17–23).
The breast is manually compressed to achieve hemostasis, and
a Steri-Strip or simple bandage is used to close the skin inci-
sion. SFNAB may be preferable to SCNB in women with small
breasts because the long throw of the automated gun may hit
the backplate of the apparatus, although with experience, this
can be avoided by using a side approach to the target.47 Digital
stereotactic imaging provides almost instantaneous image
reconstruction with better contrast resolution than film-
screen imaging and has eliminated the need for prefire and
postfire stereoscopic images; therefore, the patient is subjected
to fewer exposures. Additionally, recent software improve-
ments allow for targeting of the lesion orthogonal to the plane
of compression. Stereotactic needle biopsy, coupled with
stereotactic localization for laser ablation, thermal ablation, or
cryotherapy, has been tested on small breast cancers,67 and
excision of the entire breast mass under stereotactic guidance
has also been evaluated.68

When is an ultrasound-detected lesion 
diagnosed by needle biopsy?

Many breast surgeons and radiologists are now evaluating
nonpalpable breast masses by ultrasound. Up to 90% of mam-
mographically detected nonpalpable breast masses can be
identified by ultrasound.69 Ultrasound-guided biopsy is faster
and less expensive than stereotactic biopsy, with no compro-
mise in accuracy.69,70 Ultrasound offers many other advan-
tages, including no radiation exposure, shorter route to the
target, real-time image of the needling procedure, and ability
to sample the lesion multidirectionally.71,72 High-frequency
(7.5- to 13-mHz) linear array transducers with a large sole are
optimal for use in ultrasound of the breast.73

SECTION III. DIAGNOSIS282

{

Breast aperture

Adjustable
biopsy
needle

Film holder

Clear plastic
compressor
plate

Punction
device

Mammographic Needle Biopsy System

Figure 17–22 Mammographic
localization. The needle is inserted
into the calculated position, and
stereoscopic images are taken to
confirm the position of the needle.



When a complex cyst or an indeterminate lesion is identi-
fied by ultrasound, ultrasound-guided needle aspiration can
be performed. If the lesion is a cyst, it is managed based on the
appearance of the fluid and the degree of cyst resolution; clear
colorless fluid can be discarded, but bloody fluid must be ana-
lyzed. If the lesion is solid, FNAB or CNB under ultrasound
guidance can be done in the same setting. In 1999, a new
handheld version of the Mammotome was developed for use
under ultrasound guidance.51 In one series of 71 ultrasound-
guided breast biopsies, the device proved to be accurate with a
slightly higher risk for bleeding owing to lack of compression
of the breast when compared with CNB performed with
stereotactic guidance.74 However, the relative value of sono-
graphically guided Mammotome biopsy compared with
stereotactically guided Mammotome biopsy for solid masses
remains to be determined.

How is the ultrasound needle 
biopsy performed?

The ultrasound-guided breast biopsy is performed with 
the patient in the supine position. The skin is cleansed, and
sterile acoustic gel is placed on the breast. For core biopsy, the
needle pathway is anesthetized. The needle is introduced in a
direction longitudinal to the long axis of the transducer,
which allows for continuous visualization of the hyperechoic
(whiter) needle. This orientation is easier to maintain with the
aid of biopsy guide attachments for the transducer.73 Cysts can
be evacuated by placing the needle into the center of the mass
and then aspirating the fluid. When a core biopsy is per-
formed for solid lesions, the needle is aligned at the edge of
the mass, and the automated gun is fired under real-time visu-
alization (Fig. 17–24).

A breast and biopsy device-stabilizing apparatus has been
developed for performing three-dimensional ultrasound-
guided needle procedures with the patient in the upright 
position (Sonopsy, NeoVision Corp., Seattle, WA). Four
advantages of this method over conventional ultrasound 

needle techniques are as follows: (1) there is good immobi-
lization of the lesion with breast compression, (2) there is 
better visualization of the lesion by three-dimensional ultra-
sound imaging, (3) there is optimal chest wall access and elim-
ination of the risk for pneumothorax, and (4) it is easy to
correlate the ultrasound and radiographic images. All of these
factors increase the speed and accuracy of performing the
ultrasound-guided needle biopsy procedure.

Should a mammogram be performed 
following a core biopsy procedure?

Hann and coworkers performed mammograms in 86 cases
immediately after stereotactic core biopsy using 14-gauge nee-
dles to determine whether mammography should be done
routinely to diagnose hematoma, confirm sampling of micro-
calcifications, and establish a new baseline for future mam-
mograms.75 The authors found that 57 of 58 hematomas 
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Figure 17–23 Postfire stereotactic images. The needle tip is documented in its proper position with respect to the lesion of concern.

Figure 17–24 Ultrasound-guided core needle biopsy.



were clinically occult. Postprocedural mammograms showed
a decrease in a number of calcifications in 26 of 54 cases
(48%), as compared with specimen radiographs, which
showed calcium in 50 of 54 cases (93%). Three masses 
and one cluster of microcalcifications disappeared after 
biopsy. Hematomas obscured residual microcalcifications at
the biopsy site in three cases. The authors concluded that
mammography was not necessary immediately after core
biopsy for the diagnosis of hematoma and is inferior to 
specimen radiography for verifying sampling of microcalcifi-
cations. The frequent finding of hematoma makes mammo-
grams after core biopsy suboptimal for the establishment of a
new baseline.

What are the practical considerations
in the reporting of the pathologic 
diagnosis on core needle biopsy?

The most important consideration in the reporting of the
pathologic diagnosis on CNB is to address the specific pathol-
ogy of the target lesion. For example, for SCNB performed for
microcalcifications, the specific diagnosis for the targeted
focus of microcalcifications should be noted as the primary
finding along with documentation as to whether the micro-
calcifications on histology correspond to those in the CNB
specimen radiograph. Ideally, a SCNB performed for micro-
calcifications should be submitted in two parts; the first part
should include the tissue cores containing mammographic
microcalcifications, and the second part (which may con-
stitute most of the specimen volume) should include the 
additional tissue. A maximum of five intact cores should be
submitted in each cassette. Therefore, although a small focus
of clustered microcalcifications may be seen in a microscopic
fibroadenoma in 1 or 2 of more than 20 tissue cores, the 
primary diagnosis should be denoted as “fibroadenoma 
with clustered microcalcifications; corresponding to those in
the CNB specimen radiograph,” and any additional findings
should be delineated separately with attention to the presence
of any high-risk lesions.

In cases of fibrocystic change, microcysts and foci of papil-
lary apocrine hyperplasia may be associated with crystals of
calcium of oxalate. These may be difficult to identify without
polarization. Commonly, sclerosing adenosis (see Fig. 17–1)
and columnar cell hyperplasia (CCH) (see Fig. 17–2) may
present as suspicious clustered microcalcifications, occasion-
ally of the ossifying type. When multiple sites of microcalcifi-
cations are present in one breast, sampling of one can reliably
predict the pathology of another.48

A diagnosis of atypical ductal hyperplasia (ADH) is ren-
dered when there is hyperplasia and cytologic atypia as well as
structural rigidity of the ductal epithelium, but the prolifera-
tion is not limited to a monotonous population of cells with
distinct cell borders as in DCIS (Fig. 17–25). In most instances
in which DCIS is found on CNB, it can be subtyped by its
architectural pattern (solid, cribriform, micropapillary, papil-
lary), presence or absence of necrosis, and nuclear grade.
The presence of an extensive intraductal component and of
microinvasion should be noted to ensure that adequate mar-
gins are taken at the time of excisional biopsy. A suspicion of
microinvasion can be confirmed or refuted by immunohisto-
chemical staining for basement membrane (collagen IV and

laminin) and myoepithelial cells (smooth muscle actin, CD10,
and heavy-chain myosin).76

The reporting of the pathology of invasive breast cancer on
CNB should include any prognostically relevant findings. A
CNB does not permit reliable measurement of tumor size,
although a microscopic carcinoma completely incorporated
within a tissue core can be very accurately measured by ocular
micrometry. Most other prognostic features pertinent to a
T1N0 breast carcinoma can be determined on CNB.77 Grading
of the ductal carcinoma by Scarf-Bloom-Richardson scoring
(which includes evaluation of gland formation, nuclear grade,
and mitotic index) can be done on CNB material. Certain 
histologic subtypes of invasive carcinoma with favorable 
outcomes can be identified on CNB, including adenoid cystic
carcinoma, which is composed of nests of basaloid cells with
a cylindromatous pattern, tubular carcinoma with greater
than 75% well-formed glands (see Fig. 17–19), colloid carci-
noma characterized by an abundance of extracellular mucin
and lack of desmoplastic response, and medullary carcinoma,
which is characterized by high-grade nuclear morphology and
a syncytial growth pattern accompanied by an infiltrate of
lymphocytes and plasma cells.

Invasive lobular carcinoma of the classic variant shows
small neoplastic cells infiltrating dense fibrous tissue as linear
aggregates, sometimes with prominence of signet-ring cells
(see Fig. 17–17). Other variants (alveolar, solid, histiocytoid,
or pleomorphic) may need to be confirmed with immuno-
staining for E-cadherin, a transmembrane glycoprotein
involved in the formation of the intercellular junctional 
complex.76 E-cadherin immunostaining is typically absent or
markedly diminished in mammary carcinoma of the lobular
phenotype, as opposed to the intense cytoplasmic membrane
staining seen in normal, hyperplastic, and neoplastic ductal
epithelial cells. An E-cadherin stain can be useful in distin-
guishing solid DCIS from LCIS as well. In addition to E-
cadherin for diagnostic subtyping of invasive carcinoma,
immunohistochemical stains can be performed on CNB spec-
imens for prognostic markers, including estrogen and proges-
terone receptors and HER-2/neu. Feulgen-stained sections of
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Figure 17–25 Core needle biopsy of atypical ductal hyperplasia
(ADH). There is hyperplasia and cytologic atypia of the epithelium
as well as structural rigidity of the ducts, but the proliferation is
not limited to a monotonous population of cells with distinct cell
borders (as in ductal carcinoma in situ [DCIS]). The surgically
excised specimen showed DCIS and ADH.



the CNB can be used for determination of ploidy and S-phase
fraction with image cytometry. In general, these stains are per-
formed on CNB specimens when the targeted lesion is a small
invasive carcinoma that has been completely excised by the
needle procedure or when preoperative chemotherapy is to be
given.

Evaluation of the CNB for peritumoral lymphatic invasion
(PLI) should be done. The lymphatic space should have
endothelial cells because artifacts of fixation can cause 
separation of epithelial cells from the duct wall, mimicking
PLI. In CNB material, intraobserver reproducibility for PLI is
low.77

What is the significance of a diagnosis 
of atypical ductal hyperplasia by core 
needle biopsy?

The finding of ADH at SCNB is an indication for surgical
biopsy because of the prevalence of carcinoma in the lesions.
In one series, ADH was found in 25 of 264 lesions (9%),
including 21 of 105 sites of calcification (20%), and 4 of 159
masses (3%).78 Surgical biopsy was recommended in all 25
instances and was performed in 21. The histopathology of
these 21 cases was benign without atypia in 4 (19%), ADH in
6 (29%), and ductal carcinoma in 11 (52%), including 8 cases
of DCIS and 3 invasive ductal carcinomas.

Histologic findings of core biopsy and surgical biopsy spec-
imens were concordant in 5 and discordant in 11 cases of
ADH diagnosed by core biopsy in a series by Jackman and col-
leagues.79 The authors concluded that a diagnosis of ADH by
core biopsy is inaccurate and that excisional biopsy is neces-
sary. Also, an unequivocal diagnosis of ADH on a CNB does
not preclude the presence of DCIS in the immediate vicinity
of the target lesion. It is notable that studies that compare
CNB with automated and vacuum-assisted devices show a
marked reduction in the underestimation rate for ADH using
the 11-gauge Mammotome. In a comprehensive review of the
literature, Reynolds and coauthors noted that the underdiag-
nosis rate for ADH was 41% with the use of the automated
biopsy gun, as compared with 15% with the 11-gauge
Mammotome.80 In another review, several subsets of patients
with a diagnosis of ADH on CNB with a high likelihood of
DCIS in subsequent surgical excisions were identified.81 These
included patients in whom the CNB was diagnosed as ADH
bordering on DCIS and patients with a diagnosis of ADH with
papillary features, with a 63% and 36% likelihood of DCIS in
subsequent surgical biopsies, respectively. The number of
atypical foci in CNB and the mammographic span of the
microcalcifications, greater than four foci and greater than 
2 cm, also correlated with an increased likelihood of DCIS 
on excision.81

What is the accuracy of predicting 
invasion by stereotactic core biopsy?

Stereotactic core biopsy of breast carcinoma can accurately
predict invasion, although absence of invasion is not definitive
when only DCIS is found. Liberman and associates correlated
the histopathologic findings of stereotactic core biopsy and

surgery of 63 breast carcinomas and found concordance in 58
(92%), yielding invasive carcinoma in 46 cases and DCIS in 12
cases.82 The results were discordant in five cases (8%), includ-
ing three cases in which the stereotactic core biopsy showed
DCIS and surgery showed invasive ductal carcinoma. There
was one false-positive case by CNB in which the core biopsies
revealed intraductal carcinoma cells displaced in fibroadipose
tissue by the needle procedure. The CNB was falsely diag-
nosed as invasive ductal adenocarcinoma. This case illustrates
a potential interpretive pitfall. There is no evidence that the
displaced cells are biologically relevant.

There is a high rate of underdiagnosis of invasion by CNB.
In a series reported by Jackman and colleagues, there were 8 of
43 (19%) instances in which DCIS diagnosed by CNB proved
to be invasive carcinoma by surgical excision.79 Also, in a
multi-institutional study, Parker and associates reported that
33% of the lesions that were diagnosed as low-grade DCIS or
ADH and 11% of those diagnosed as high-grade DCIS were
underdiagnosed cases of invasive carcinoma.44 Lee and associ-
ates found that SCNB with the 11-gauge Mammotome was as
reliable as open surgical excision for diagnosing DCIS without
invasion.83 Nonetheless, in the latter series, DCIS without
invasion was diagnosed by CNB in 59 patients, and on exci-
sion, 17 (29%) had invasive disease. Despite the high inci-
dence of underdiagnosis by CNB, when a diagnosis of invasive
breast cancer is made, CNB is highly reliable and allows for a
decision regarding axillary lymph node sampling at the time
of mastectomy or segmental excision. The presence of an
extensive intraductal component (EIC) on CNB should be
reported because in one retrospective review of DCIS in breast
CNB with invasive cancer, the authors showed that the pres-
ence of an EIC correlated significantly with close or positive
margins on subsequent excision.84

Is there displacement of carcinomatous 
epithelium in surgical breast specimens 
following stereotactic core biopsy?

The attribution of carcinomatous displacement in surgical
breast specimens solely by core biopsy is complicated by 
the fact that these specimens are subjected to other needle
procedures. These include local anesthetic injection, needle
localization, suture placement, and FNAB. Youngson and
coworkers found displaced carcinomatous fragments outside
the main tumor mass in 12 of 43 (28%) consecutive cases of
breast carcinoma that were initially diagnosed by stereotactic
core biopsy using 14-gauge needles.85 In 18 of these surgical
breast specimens, the only needle procedure other than core
biopsy was local anesthetic injection by 25-gauge needle.
Displaced cancer fragments were seen in 7 of these 18 cases
(39%). The authors suggested that the core biopsy was the
more likely cause of tumor fragment displacement because
they previously documented only one case in which a 25-
gauge needle was associated with epithelial displacement.86

The displaced epithelial fragments may mimic stromal inva-
sion and represent a potential source of misdiagnosis (Fig.
17–26). The biologic and clinical significance of epithelial dis-
placement has not yet been ascertained. As noted previously,
there is one reported case of repeat postbiopsy mammograms
that showed displacement of targeted microcalcifications
adjacent to the misplaced clip.59
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What has been the effect of a selective 
core biopsy program on the yield of 
breast cancer at needle localization 
biopsy of nonpalpable breast lesions?

Before the introduction of core biopsy, the yield of breast can-
cer at needle localization biopsy was in the range of 21% to
35%, as evaluated in a selective core biopsy program.87 After
implementation of core biopsy, the yield increased to 55%.
Kaufman and colleagues compared a series of 47 patients 
with suspicious mammographic lesions diagnosed by wire-
localized breast biopsy with 66 consecutive patients diag-
nosed by SCNB.88 The use of SCNB was associated with breast
excisions of larger volume, negative margins, and decreased
need for re-excision.

What is the impact of stereotactic core 
biopsy on the cost of diagnosis?

In one study by Liberman and colleagues, stereotactic core
biopsy replaced surgical biopsy in 140 of 182 patients, with an
estimated reduction in cost of more than 50%.89 The mean
adjusted direct savings in cost was $893 for Medicare patients
and $1491 for all other patients (based on Relative Value for
Physicians [RVP] reimbursement data). Stereotactic core
biopsy decreased the cost of diagnosing nonpalpable breast
lesions by 52% (RVP) or 55% (Medicare).89 In another analy-
sis, the cost of biopsy per cancer detected decreased from
$11,555 to $8356 when stereotactic core biopsy was per-
formed for lesions that were strongly suggestive of cancer but
not clearly malignant.90

What nonmalignant lesions (other than ADH) 
on core needle biopsy require excision?

The management of patients following a diagnosis of
invasive and in situ ductal carcinoma and for most benign

breast lesions on CNB is well established. A diagnosis of ADH
by CNB requires surgical excision. However, the subsequent
management of certain nonmalignant proliferative breast
lesions diagnosed on CNB poses a continuing dilemma.
Jacobs and coauthors reviewed the available data regarding
subsequent surgical biopsy findings for lesions diagnosed on
CNB as lobular neoplasia, papillary lesions, radial scars,
fibroepithelial lesions, and columnar cell lesions in an attempt
to make management recommendations when these lesions
are encountered in CNB specimens.91

Lobular Neoplasia
LCIS is a relatively uncommon lesion, with an incidence of
less than 2% in most core biopsy series.91

Most of these studies are flawed by selection bias because
they are retrospective reviews of small numbers of patients. In
one series by Liberman, 16 of 1315 lesions that underwent
stereotactically guided biopsy using either a 14-gauge auto-
mated biopsy gun or Mammotome had LCIS.92 A surgical
excision was performed for 14 of these 16 cases, and car-
cinoma was found in three. Five of the excised cases showed
LCIS and an additional high-risk lesion, including radial scar
in three and ADH in two. In five cases in which LCIS was the
only finding on CNB, there was no carcinoma on excision.
Liberman and colleagues concluded that if LCIS is present on
CNB, a surgical excision is warranted if another high-risk
lesion is present. Additionally, if the LCIS lesion shows histo-
logic overlap with DCIS; for example, if the LCIS presents as a
cluster of microcalcifications with necrosis, excision is also
warranted.92 Finally, if there is radiologic-pathologic discor-
dance—for example, LCIS presenting as a mass—excision is
warranted. Burak and associates found one patient with DCIS
in a series of six excisional biopsies for ADH.93 Of 14 patients
with a primary diagnosis of LCIS on CNB reviewed by Shin
and Rosen, 3 (31%) had DCIS or invasive carcinoma on exci-
sional biopsy.94 Among six patients with ALH on CNB in the
same series, one had invasive lobular carcinoma and LCIS, and
two had LCIS on excision.94 Based on the available data, a sur-
gical biopsy is generally recommended for a diagnosis of LCIS
on CNB, especially if the LCIS is associated with another high-
risk lesion. The small number of ALH cases does not allow for
definitive conclusions about managing these patients.

Papillary Lesion
The diagnosis of papillary lesion on SCNB is rarely made. In
one review, Reynolds found an incidence of 0.16% (29 in
18,542 CNB specimens) for a diagnosis of papillary lesion 
on CNB.95 The reported incidence of papillary lesion on 
CNB was 0.65% (7 in 1077 CNB specimens), 1.3% (16 of 1236
CNB specimens), and 1.6% (12 of 734 CNB specimens) by
Liberman and colleagues,96 Philpotts and associates,97 and
Mercado and coworkers, respectively.98 A combined total of 38
papillary lesions were excised in these three series, 16 with a
diagnosis of benign papilloma on CNB and 22 with a diagno-
sis of atypical papilloma on CNB. Of the 16 cases of benign
papilloma on CNB, subsequent excisional biopsy revealed
benign papilloma in 15 and 1 case of papilloma with DCIS. Of
the 22 cases of atypical papilloma on CNB, 10 were benign, 6
had ADH, and 6 were DCIS on excisional biopsy. Although
limited data are available, papillary lesions should be excised
based on the small but definite chance of atypia or cancer on
excision.91
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Figure 17–26 Core needle biopsy (CNB) of a displaced epithe-
lial fragment. This displaced fragment of a papilloma can mimic
stromal invasion in a CNB specimen.



Radial Sclerosing Lesion
Cawson and colleagues found the sensitivity of SCNB for the
identification of radial sclerosing lesion (radial scar) to be
85%.99 In this series, 4 of 63 patients with radial scar sampled
by SCNB had DCIS on excisional biopsy. The SCNB showed
either ADH (3 cases) or DCIS (1 case). There were 29 of 42
excised radial scars with coexisting ADH that had an SCNB,
and ADH was identified in 21 (72%).99 Philpotts and associ-
ates found no malignancies at excision of 9 radial scars diag-
nosed by SCNB and suggested that surgical removal of these
lesions following SCNB may not be necessary.97 Based on a
study of 157 excisional biopsies of nonpalpable lesions diag-
nosed as radial scar at CNB, Brenner and coworkers also con-
cluded that surgical excision may not be required if there is no
associated carcinoma or ADH, the biopsy includes at least 12
core specimens, and the histology correlates with the mam-
mographic target lesion.100

Fibroepithelial Lesion
Lesions classified as fibroadenoma by CNB need not be
excised if the imaging findings are concordant with the diag-
nosis. Some fibroadenomas have cellular stroma, and their
distinction from phyllodes tumor is not possible on CNB.
Phyllodes tumors have ill-defined borders, stromal cells with
vesicular nuclei, occasional mitoses, marked epithelial 
hyperplasia, and focal squamous metaplasia. The differential
between a fibroadenoma and a benign and malignant phyl-
lodes tumor is based on stromal overgrowth, stromal cellular-
ity, stromal cell mitoses, and cytologic atypia. In short, a
diagnosis of fibroepithelial lesion on CNB requires excision of
the lesion to exclude a phyllodes tumor.76

Columnar Cell Lesion
Columnar cell lesions are encountered with increased fre-
quency in CNB procedures performed for microcalcifications
(see Fig. 17–2). They are characterized by columnar epithelial
cells lining the terminal duct lobular units and have been
termed columnar alteration with prominent snouts and secre-
tions (CAPSS) by Fraser and colleagues.101 In their series of
excisional biopsies, the authors found that DCIS was twice as
likely to be associated with CAPSS with atypia than with
CAPSS without atypia. The DCIS is most commonly of low
nuclear grade and of the cribriform-micropapillary architec-
tural pattern. Furthermore, an association of CAPSS with
LCIS and tubular carcinoma has been reported.102 However,
the appropriate management of columnar cell lesions on
CNB, in the absence of atypia, is still uncertain. In a review by
Brogi and Tan, 23 columnar cell lesions on CNB underwent
surgical biopsy.103 There were 7 cases (30%) of carcinoma on
excision; 4 were DCIS and 3 invasive carcinoma. None of the
cases of columnar cell hyperplasia without atypia on CNB
showed cancer on excisional biopsy. Based on these limited
data, excision of columnar cell lesions without atypia on CNB
is not recommended.

What are the potential pitfalls in the needle 
biopsy diagnosis of breast masses?

Potential errors in the use of diagnostic needle biopsy are
numerous (Table 17–2). False-negative results in fine-needle
breast biopsy range from 5% to 20%, which compares with

the range of surgically missed localized lesions.104 Breast 
cancer of low nuclear grade accounts for most false-negative
diagnoses. This can be avoided in specific tumor types with
characteristic features such as colloid carcinoma. Low-grade
ductal cancers may be cytologically indistinguishable from
lobular cancer, which tends to be of even lower cellularity. A
core biopsy can confirm the diagnosis with certainty. Even one
18-gauge core biopsy may be sufficient to make a diagnosis of
invasive carcinoma if a touch preparation of the tissue can be
done and stained with Diff-Quik to ensure that a diagnosis of
malignancy is made. The suspicious tissue is white and dense,
and the core biopsy of a breast cancer tends to sink in the for-
malin container.

Noncomedo DCIS is composed of a uniform population of
cells with small, uniform nuclei having small nucleoli. The
cells are seen in tight three-dimensional clusters, occasionally
admixed with some bare myoepithelial nuclei and benign
cells. Unlike with comedo DCIS, which shows necrosis and
atypia by FNAB, a diagnosis of cancer is difficult to make in
instances of noncomedo DCIS, which mimics proliferative
fibrocystic change by FNAB.

Failure to sample the lesion because of geographic miscal-
culation is the most common reason for false-negative FNAB
samples. Because breast cancers are often deeper than they
appear by palpation, some investigators have even proposed
that all palpable masses be aspirated under ultrasound guid-
ance.9,70 Sampling errors can occur with very small lesions
and, paradoxically, with large masses. Tumors with extensive
fibrosis can be of low cellularity and account for false-negative
results. In cases of large scirrhous cancers, the needle biopsy
should be taken from the periphery of the tumor, which is
often the most cellular component. Also, using 27-gauge nee-
dles may yield more cells in scirrhous tumors. Multiple needle
biopsy passes may reduce the number of false-negative breast
needle biopsies. For FNAB, three passes are optimal; because
of hemorrhage, there is no gain with additional passes.105 In
most cases, one or two well-performed aspirates will yield the
diagnosis, especially when a specific diagnosis is rendered.

It is important to determine specimen adequacy to reduce
the false-negative rate of breast fine-needle biopsy procedures.
Insufficient samples are defined as those with less than seven
clusters in the most cellular smears.4 Most unsatisfactory 
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Table 17–2 Breast Fine-Needle Aspiration Biopsy: 
Cytologic Diagnoses

Nondiagnostic: Insufficient or poorly preserved cells

Fibrocystic change: Small cohesive ductal cells, apocrine cells, and 
myoepithelial nuclei

Without proliferation
With proliferation
With proliferation and atypia

Specific benign diagnoses
Fibroadenoma
Papillary lesion
Inflammatory lesion
Fat necrosis

Atypical: Nuclear atypia in an otherwise benign pattern

Suspicious: Scanty cells with malignant nuclear features

Malignant: Monotonous population of enlarged, noncohesive 
ductal cells



specimens come from benign lesions.106 Fewer passes may be
needed to support a benign diagnosis in premenopausal
women than in postmenopausal women, in whom epithelial
atrophy accounts for few diagnostic cells. Zemba-Palko and
coauthors undertook a 20-year retrospective review of 52
false-negative diagnoses among 1518 benign breast aspirates
followed by surgery.20 The authors found that among false-
negative specimens aspirated from postmenopausal women,
20 or more epithelial cell groups per slide were seen. These
findings suggest that among postmenopausal women, high
cellularity alone may warrant an excisional biopsy. If
the clinical-mammographic-cytologic diagnostic triplet is
negative, the false-negative rate can be reduced from an aver-
age of 10% to less than 1%.106 More specific diagnoses can be
rendered with a core biopsy.48,50,61,65,70

In experienced hands, the false-positive rate of fine-needle
biopsy is less than 1%, comparable to intraoperative frozen
section.107 The false-positive rate can be reduced to less 
than 0.2% with judicious use of the triple-test method.106 To
minimize false-positive diagnoses, DeMay suggested that an
unequivocal diagnosis of breast cancer should not be made in
these instances: (1) in a poorly cellular aspirate; (2) in the
absence of single, intact cells; (3) in the presence of bare bipo-
lar nuclei; and (4) in the absence or paucity of atypia.21 Most
false-positive diagnoses are due to interpretive errors. Many
benign breast diseases mimic the patterns of cellularity and
atypia of breast cancer. For example, cellular fibroadenoma,
proliferative fibrocystic change with atypia, lactational
change, and phyllodes tumor are of high cellularity and have
conspicuous atypia. There can also be significant cellular
atypia following radiation or in fat necrosis, and in the male,
gynecomastia. In general, however, these smears are of low 
cellularity.

By FNAB, papillomas can show a monotonous population
of dyshesive, columnar cells that occasionally, in the absence
of myoepithelial nuclei, mimic cancer.108 Therefore, cancer
should not be definitively diagnosed in a neoplasm with a
papillary pattern unless there is marked cytologic atypia. Even
then, excisional biopsy must be done to confirm a diagnosis of
papillary carcinoma.

Needle biopsy of a radial scar with adenosis can lead to a
false-positive diagnosis. The gritty sensation of the mass, its
suspicious spiculated appearance mammographically, and 
the aspirate are suggestive of tubular carcinoma. The FNAB
may show small, angular, and tubular clusters like tubular car-
cinoma, although it tends to be less cellular, with more bare
nuclei.109 Sclerosing and microglandular adenosis, fibroade-
nomas, and lactational changes show microacinar structures
that may be overinterpreted as carcinoma.

Overdiagnosis and underdiagnosis of cancer may occasion-
ally be due to smearing and drying artifacts in FNAB speci-
mens, and this is even more common in cases in which there
is overlap of the cytologic features of benign and malignant
lesions (i.e., the gray zone of breast cytology).32 Therefore,
proper preparation of FNAB smears is imperative for accurate
diagnoses to be made. When proper smearing techniques can-
not be ensured, because of inexperience or a bloody sample,
the Cytospin16 or ThinPrep methods of processing of the
FNAB material should be employed.

Difficulty in SCNB interpretation occurs because of frag-
mentation, hemorrhage, and artifactual distortion of the tis-
sue.110 These problems can lead to false-positive diagnoses in

some benign pseudoinvasive lesions such as florid sclerosing
adenosis and radial scar. Distortion of ducts with DCIS may
lead to a false impression of invasive cancer. A false-negative
SCNB is most commonly due to sampling error. CNB is an
invaluable method of determining invasion of a breast cancer
preoperatively, although CNB can nonetheless underdiagnose
invasive disease.

Histologically, there is significant interobserver variability
in the diagnosis of proliferative breast lesions (including
epithelial hyperplasia, atypical hyperplasia, and noncomedo
DCIS) using standardized criteria.111–113 SCNB is further lim-
ited in the diagnosis of these borderline epithelial lesions by its
small sample size as well as by the distortion of the core tissue
secondary to the procedure.110 However, a study by Collins
and colleagues showed that there is a high level of diagnostic
agreement (90% confidence interval) among pathologists in
interpretation of CNB, comparable to that seen for open sur-
gical biopsy.114

SUMMARY

No single test can diagnose all breast cancers.115 The accuracy
of diagnosing breast cancer is 90% to 99% by FNAB, 85% to
90% by mammography, and 70% to 90% by physical exami-
nation.116 The diagnostic accuracy of physical examination,
mammography, and FNAB together approaches 100% for pal-
pable lesions,101 as does needle biopsy under stereotactic guid-
ance117 and under ultrasound guidance for nonpalpable breast
masses.70

Ideally, needle biopsy procedures will be performed in 
specialized centers by physicians experienced in the multi-
disciplinary approach to ambulatory breast care. Symptoma-
tic patients with palpable masses (referred or self-referred)
should be treated systematically. A clinical assessment of the
breast lesion and of the likelihood that the patient will return
for follow-up should be made. If, in the opinion of the clini-
cian, the patient is unlikely to return for follow-up, a mam-
mogram or ultrasound, or both, should be performed and 
an excisional biopsy scheduled at the initial visit. If, in the
opinion of the clinician, the patient is likely to return for 
follow-up, a mammogram or ultrasound, or both, should 
be performed, followed by needle aspiration or core needle
biopsy. If the lesion is cystic, the procedure will be therapeu-
tic. Malignant, suspicious, and atypical lesions should be
excised surgically. If the radiologic, clinical, and cytologic
impressions are benign and concordant, a follow-up visit
should be scheduled. Discordant results will also require sur-
gical excision.

For the diagnosis of nonpalpable breast lesions that are 
likely to be benign, ultrasound-guided or stereotactic-guided
breast needle biopsies may be performed. Ideally, an aspira-
tion biopsy can be done first, and core needle biopsy can then
be performed on all lesions not shown to be cysts. Breast
parenchyma with microcalcifications is best sampled stereo-
tactically using the Mammotome core biopsy device. It should
be emphasized that a negative needle breast biopsy cannot
definitely exclude cancer. It is therefore imperative to follow
all palpable and nonpalpable breast masses that are not surgi-
cally excised. If a malignant, atypical, or equivocal diagnosis is
rendered by CNB, an excisional biopsy is required. Using these
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clinical measures, breast cancer is rarely missed, whereas the
number of open biopsies can be reduced by half.
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with imaging protocols, patient populations, and radiologic
interpretation. Because DCIS is the earliest form of breast car-
cinoma, a screening test that detects this process is critical
(Fig. 18–2). The detection of invasive carcinomas after cells
have had access to the breast lymphatics and blood vessels
may be too late to positively affect patient survival. Detection
of DCIS on mammography has been shown to decrease mor-
tality from breast cancer. It is assumed that DCIS detection by
MRI will have a similar impact on mortality. The histologic
grade and type of DCIS detected by MRI do not appear to dif-
fer from those for DCIS detected mammographically; there-
fore, it is entirely possible that the MRI-detected DCIS is just
as important as that detected mammographically. In addition,
the detection of DCIS is one of the advantages that MRI holds
over ultrasound as an adjunct screening modality. Whereas
ultrasound does not usually detect mammographic occult
DCIS unless it presents as a mass, MRI is able to detect ductal
enhancement or “clumped enhancement,” and the DCIS
lesion does not need to manifest as a mass (Fig. 18–3).

Because of the significant rate of false positivity associated
with MRI screening, patient selection should be judicious and
individualized. A variety of factors should be incorporated 
in decision making, including risk assessment, breast density
on mammography, patient age and menopausal status, and
patient overall health.

The role of MRI screening in patients at increased risk for
breast cancer remains to be fully defined, and MRI is typically
not used for screening in the general population but may be a
useful adjunct to further evaluate abnormalities identified on
mammography and sonography.

What are the criteria for diagnosing 
a suspicious lesion?

MRI of the breast uses intravenous contrast to identify areas
of increased blood flow; areas on MRI that are suspicious for
malignancy will show increased contrast uptake. Although
this increased blood flow is often due to increased angiogene-
sis, other factors are also probably at play because areas of
DCIS that have not incited angiogenesis also display increased
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MAGNETIC RESONANCE IMAGING

What is the role of magnetic resonance 
imaging in breast cancer screening?

Breast cancer screening with modalities other than mammog-
raphy is not condoned by any professional organizations or
societies at this time. There are, however, emerging data that
screening with magnetic resonance imaging (MRI) may ben-
efit some high-risk patients.1–6 Most of these studies are com-
posed of small groups of patients; nevertheless, MRI screening
has been shown to demonstrate a 2% to 4% detection rate of
cancers that are not seen on mammography. Most patients
with MRI-detected cancers have small cancers, less than 2 cm,
and negative axillary nodes (Fig. 18–1). Use of surrogate end
points for survival, such as tumor size and nodal status,
demonstrates that early cancers can be detected with MRI. It
is uncertain, however, whether the detection of small cancers
in a high-risk population will positively affect patient mortal-
ity because no randomized study has been performed to date.
In general, when MRI screening is performed in high-risk
populations, 20% to 30% of patients will require biopsy based
on MRI findings, and 15% to 65% of patients who undergo
biopsy will be found to have breast cancer.

Patient populations that are considered at high risk in the
MRI screening trials have differed as well (Table 18–1). Some
trials have performed screening on patients with high suspi-
cion for harboring or proven BRCA1 and BRCA2 mutations.
Other trials have examined patients with a broader range of
risk factors, including those with a history of a previous breast
cancer, a previous biopsy demonstrating lobular carcinoma in
situ or atypical ductal hyperplasia, or a strong family history.
Additional studies have used risk-assessment models, such as
the Gail model, to determine high risk and have set entry cri-
teria at varying levels. Despite these variations in patient selec-
tion for MRI screening, there is a surprising consistency of the
data from multiple sites in different countries with different
imaging techniques.

What is not consistent in these trials is the ability of MRI to
detect ductal carcinoma in situ (DCIS); this may have to do
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Figure 18–1 This 51-year-old woman underwent right mastec-
tomy 4 years ago for multifocal mixed invasive ductal and lobular
carcinoma. Screening MRI was performed of the left breast. Fat-
suppressed sagittal three-dimensional fast spoiled gradient-echo
pulse sequence image (this and all subsequent images) following
contrast administration demonstrates a 5-mm irregular heteroge-
neously enhancing mass (arrow) in the posterior breast. This find-
ing was not seen on mammography or a directed ultrasound
examination following MRI. MRI-guided needle localization yielded
5-mm invasive ductal carcinoma with negative sentinel node.

*Risk factor for entrance into the screening study.
DCIS, ductal carcinoma in situ; MSKCC, Memorial Sloan-Kettering Cancer Center; NS, not studied; PPV, positive predictive value.

Table 18–1 Summary of Magnetic Resonance Imaging Screening Studies Performed to Date

Mean No. of No. of Cancers No. of 
Age Biopsies Detected by DCIS Cases

Studies Institute n (yr) Risk* (%) PPV (%) MRI Only (%) (%)

Kuhl et al. (2000)1 U Bonn 192 39 Gene carriers 14 (7%) 9/14 (64) 6/192 (3) 1/6 (17)

Tilanus-Linthorst Erasmus MC 109 43 High risk 9 (8%) 3/9 (33) 3/109 (3) 0/3 (0)
et al. (2000)5 Rotterdam

Warner et al. U Toronto 196 43 High risk 23 (12%) 6/23 (26) 4/196 (2) 0/4 (0)
(2001)3

Stoujesdijk et al. Nijmegen 179 NS High risk 30 (17%) 13/30 (43) 8/170 (4) 2/8 (25)
(2001)4

Lo et al. (2001)2 U Penn 157 43 High risk 28 (18%) 5/28 (18) 5/157 (3) NS 

Robson (2003)42 MSKCC 54 (129 44 Gene carriers 15 (12%) 3/15 (20) 3/129 (2) NS
rounds)

Kriege (2003)43 Erasmus MC 1869 (3280 40 High risk NS NS 39/3280 (1) 5/39 (13)
Rotterdam rounds)

Kuhl (2003)44 U Bonn 359 (583 39 Gene carriers 63 (11%) 21/63 (34) 21/583 (4) NS
rounds)

Morris et al. MSKCC 367 50 High risk 64 (17%) 14/59 (24) 14/367 (4) 8/14 (57)
(2003)6

Leach (2002)45 UK 1236 <50 High risk NS NS 15/1236 (1) NS

Podo (2002)46 Italy 105 46 Gene carriers 8 (8%) 7/8 (88) 7/105 (7) 3/7 (43)

Figure 18–2 A 29-year-old woman with strong family history
and prior benign biopsy yielding lobular carcinoma in situ (LCIS).
Mammography demonstrated an extremely dense breast with no
suspicious findings. Screening MRI examination following contrast
injection demonstrates an irregular enhancing mass (arrow).
Directed ultrasound to this region was negative, and the patient
underwent MRI-guided needle localization yielding low-grade
cribriform ductal carcinoma in situ (DCIS) and abundant LCIS.



contrast uptake.7–10 In addition, increased uptake alone is not
the sole criterion for malignancy because both benign and
malignant processes will exhibit increased contrast uptake.
Thus, any lesion or condition that results in increased blood
flow, such as hormonal stimulation, will generate increased
uptake.11

An international group of experts in breast MRI has devel-
oped a lexicon for interpretation to assist the radiologist 
in identifying features that may differentiate suspicious-
appearing from benign-appearing lesions.12–14 These guide-
lines have been published by the American College of
Radiology. The lexicon describes both morphologic and
kinetic features of lesions. The morphology describes how the
lesion “looks,” and kinetic analysis evaluates how the contrast
is taken up and washed out by the lesion. In general, if the
lesion morphology is suspicious, the lesion should undergo
biopsy regardless of the kinetic information. The kinetic
information is useful if a lesion is not clearly suspicious 
morphologically. In these cases, the addition of the kinetic
information can prompt biopsy rather than close-interval 
follow-up. Therefore, both the morphology and the kinetics 
of a particular lesion can be used to facilitate decision making
and provide complementary information about a lesion.

Morphologic features that are considered suspicious are
spiculated margins (Fig. 18–4) and rim enhancement (Figs.
18–5 and 18–6). Clumped linear enhancement (Fig. 18–7) is
suspicious for DCIS, particularly if in a segmental distribu-
tion, but can also be seen with benign histology. However,
because the descriptor is suspicious, biopsy needs to be 

performed. Interestingly, kinetic analysis appears not to be
reliable in DCIS.

Irregular masses with heterogeneous internal enhancement
can also be suspicious and warrant biopsy; however, the posi-
tive biopsy rate for these lesions is lower than that for masses
without rim enhancement (Figs. 18–8 and 18–9). Well-
circumscribed masses with nonenhancing internal septations
are considered benign and characteristic of fibroadenoma
(Fig. 18–10).

SECTION III. DIAGNOSIS294

Figure 18–3 A 66-year-old woman with BRCA1 gene underwent
MRI that demonstrated clumped enhancement (thin arrow) adja-
cent to a previous lumpectomy site that is marked with a vitamin
E capsule (thick arrow). Mammography demonstrated several cal-
cifications that were initially not interpreted as suspicious. Because
of the MRI findings, the calcifications were resected under stereo-
tactic guidance, yielding high-grade micropapillary DCIS com-
patible with recurrent carcinoma. The patient subsequently
underwent mastectomy.

Figure 18–4 A 44-year-old woman with known invasive lobular
carcinoma. Note spiculation of mass.

Figure 18–5 A 28-year-old woman with palpable invasive ductal
carcinoma demonstrating peripheral rim enhancement, a suspi-
cious sign for malignancy.
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shunting, which is characteristic of malignant lesions.
The problem is that most kinetic MRI features are not 
highly specific; benign lesions may have some MRI features
typically associated with malignancy, and vice versa (Fig.
18–12).

Because overlap exists, it must be expected that there will be
false-positive results if biopsies are performed on all lesions

Figure 18–6 A 39-year-old woman with a palpable lump. MRI
demonstrated central enhancement, a sign suspicious for malig-
nancy. Pathology yielded invasive ductal carcinoma.

Figure 18–7 A 67-year-old woman treated 2 years ago in the
contralateral breast for invasive lobular carcinoma underwent
screening breast MRI examination, which demonstrated segmen-
tal clumped enhancement along the 6-o’clock axis. Subsequent
mammogram and ultrasound were negative. MRI-guided needle
localization was performed, yielding high-grade extensive ductal
carcinoma in situ, solid and cribriform types.

Figure 18–8 A 55-year-old woman with biopsy-proven invasive
ductal carcinoma underwent preoperative MRI for extent of dis-
ease evaluation. MRI demonstrated an irregular heterogeneously
enhancing mass.

Figure 18–9 A 35-year-old woman with strong family history of
breast cancer and a new palpable finding. MRI demonstrated 
an irregular mass with heterogeneous internal enhancement.
Pathology yielded fibroadenoma.

Kinetic features that are suspicious for malignancy 
are rapid uptake and washout (Fig. 18–11). Because rapid
uptake occurs in the first 2 minutes, imaging of the breast
should be performed in less than 2 minutes. Washout of
the contrast material occurs owing to arteriovenous 
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that demonstrate some suspicious characteristics on MRI. In
many reported studies, the positive predictive value (PPV) of
MRI biopsy is about 40%. Therefore, most findings prove 
to be benign. It should be noted that this value of 40% is
found in a high-risk population of women—not a general

population. Therefore, if MRI were performed on the general
population, it would be likely to result in a much lower and
unacceptable PPV, one of the many reasons why MRI is not
recommended for patients who are not at increased risk for
breast cancer.

Figure 18–10 A 48-year-old woman with palpable finding. MRI
demonstrated a lobulated mass with homogeneous enhancement
and nonenhancing internal septations. Subsequent ultrasound
demonstrated the mass, and ultrasound core biopsy was per-
formed, yielding fibroadenoma.
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Figure 18–11 A 37-year-old woman with mass suspicious for
breast carcinoma underwent MRI evaluation for extent of disease.
MRI demonstrated a mass that has washout kinetics. Several
images were obtained at time points following contrast injections
and plotted on a graph. Note the rapid uptake of contrast and the
rapid washout, suspicious for malignancy.
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Figure 18–12 A 42-year-old woman with known right breast carcinoma presented for staging MRI examinations. A, In the contralat-
eral left breast, a suspicious enhancing lesion was identified (arrow). Region of interest is manually placed over the enhancement. 
B, Curve is generated at three time points following contrast injection. Note the malignant features of the curve. Biopsy was performed
that yielded radial scar, concordant with the imaging features. This demonstrates that although morphology and kinetic analysis are
important in deciding which lesions are suspicious, there will be false-positive findings.



297Chapter 18. Advanced Technology and Diagnostic Strategy for Breast Cancer

What is the procedure for biopsy 
of a suspicious lesion?

If a lesion is identified on MRI and is considered suspicious, a
directed ultrasound over the area is often performed. The
lesion’s location may seem different when viewed with MRI
than with ultrasound because MRI is performed with the
patient in the prone position and ultrasound with the patient
in the supine position. Thus, ultrasound should evaluate the
suspected area widely. If ultrasound shows an abnormality
corresponding to the MRI finding, ultrasound-guided biopsy
can be performed easily. If no ultrasound correlate is found,
the patient may need to undergo MRI-guided core biopsy or
MRI-guided localization with surgical excision. The position
of the lesion in the breast often dictates how biopsy will be
performed. Deep, posterior, or subareolar lesions are not opti-
mal candidates for MRI core biopsy, and thus localization
with surgical excision is usually necessary.

If an abnormality for which biopsy is recommended is seen
only on MRI (and not with ultrasound or mammography),
the patient will be required to undergo a second MRI for
localization at the time of biopsy. In addition, because cur-
rently there is no MRI equivalent of a “specimen radiograph,”
which is often obtained at the time of needle localization of
mammographic findings to verify retrieval of the abnormality
in question, a third, “postexcision” MRI may be indicated after
surgery to verify that the abnormality has, in fact, been
excised. When indicated, this is commonly performed as soon
as possible following surgery. From a practical standpoint, the
thorough evaluation and ultimate biopsy of an MRI lesion
may become quite laborious and stressful, and the patient
must fully understand the potential outcomes of having an
MRI for breast cancer screening before one is obtained.

What is the role of magnetic resonance 
imaging in the evaluation of a patient 
with known breast cancer to evaluate 
the extent of disease?

MRI has been demonstrated in numerous studies to be the
preferred method for detecting disease extent in the breast
before surgery.15–22 MRI can detect additional unsuspected
carcinoma in up to 33% of patients. This is particularly true
in young patients, patients with dense breasts (Fig. 18–13),
and patients with breasts that are difficult to examine. In 
specific cancer histologies such as invasive lobular carcinoma
and invasive ductal carcinomas with an extensive intraductal
component, MRI has been shown to provide additional infor-
mation regarding extent of disease. For example, in one study
from our institution, selected patients with newly diagnosed
invasive lobular carcinoma, a tumor that is notoriously mam-
mographically occult, underwent MRI screening to determine
whether additional unsuspected disease could be detected.
The findings demonstrated that 11 of 51 (22%) patients had
an additional focus of cancer on the ipsilateral side, and 5 of
53 (9%) had a contralateral cancer not seen on mammogra-
phy.23 Interestingly, the MRI data appear to mimic known
pathologic data, which have documented that most patients
with suspected unifocal disease on clinical examination are
found to have residual disease (usually multifocal and less

likely multicentric). For this and other reasons, postoperative
radiation is a mainstay of treatment.24–26

Because local failure rates of breast-conservation therapy
from the pre-MRI era are much lower than the incidence of
detection of additional disease seen on MRI, it is unclear
whether the detection and excision of residual disease de-
tected by MRI will actually affect recurrence rates (Fig.
18–14A and B). There may be considerable surgical overtreat-
ment when MRI is used in the staging of breast cancer because
these additional areas of carcinoma are now detected and are
surgically excised, whereas, previously undetected, they would
have been left in the breast and treated with radiation (Fig.
18–15A and B). The use of MRI for determining extent of dis-
ease may lead to an increase in the mastectomy rate in some
areas of the country because the standard of care is surgical
removal of all known or detected disease (Fig. 18–16).

Breast MRI can offer important information in the imme-
diate postoperative period in patients with positive margins
following an initial attempt at breast conservation.27 It is 
particularly helpful in patients with carcinomas that were 
difficult to diagnose mammographically or tumors without
abundant associated calcifications. The postoperative mam-
mogram is excellent for diagnosing residual calcifications but
fares poorly when trying to assess residual mass or residual
uncalcified DCIS. In these settings, MRI is able to give infor-
mation regarding the presence of bulky residual disease at the
margin of resection or the presence of additional disease else-
where in the breast, which may preclude an additional attempt
at conservation.

The edges of a postoperative seroma cavity will enhance on
MRI because of the presence of granulation tissue that begins
to form once the breast parenchyma is cut. The thin rim 
of enhancement that occurs around the cavity happens 

Figure 18–13 A 50-year-old woman with prior history of lobular
carcinoma in situ underwent screening bilateral breast MRI.
Mammography was negative, demonstrating dense breast tissue.
MRI demonstrated two adjacent irregular masses in the superior
breast that proved to represent several foci of invasive ductal car-
cinoma, pure tubular type, ranging in size from 0.2 to 0.7 cm.
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A B
Figure 18–14 A 33-year-old woman presented with a palpable mass. A, Staging MRI examination demonstrated a palpable mass that
is irregular and heterogeneous enhancement, compatible with invasive ductal carcinoma. B, Elsewhere in the breast in a separate quad-
rant, there was suspicious enhancement that represented a separate focus of invasive ductal carcinoma measuring less than 4 mm (arrow).
The patient was treated with mastectomy, whereas without the MRI results she would have undergone conservation therapy and post-
operative radiation therapy.

Figure 18–15 A 61-year-old woman with core biopsy–proven right breast invasive lobular cancer. A, Mammography demonstrated a
spiculated mass in the 10-o’clock axis of the breast confirmed on MRI examination (thin arrow). B, Elsewhere in the breast on MRI exam-
ination in a separate quadrant is a small focus of enhancement (thick arrow) that represents multicentric carcinoma. This patient under-
went mastectomy, and tumor was located throughout the lower outer quadrant.

A B

uniformly in the postoperative state and is distinguishable 
from nodular or mass enhancement at the margin of resec-
tion, which represents significant and extensive residual 
disease (Fig. 18–17).The role of MRI, however, is not to assess
for microscopic residual disease in those patients known to
have positive margins and for whom additional surgery is
planned.

What is the accuracy of magnetic 
resonance imaging?

To understand the sensitivity and specificity of MRI, one must
appreciate what he or she is looking at on the MRI. All MRI
examinations of the breast parenchyma use intravenous 
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Figure 18–16 A 48-year-old woman with extremely dense
breasts underwent excision of calcifications, yielding ductal carci-
noma in situ (DCIS) with positive margins. Postexcision mam-
mogram failed to disclose any residual calcifications. MRI was
performed 1 week after excision and demonstrated the seroma
cavity with thin rim enhancement compatible with postoperative
granulation tissue. MRI also demonstrated clumped enhancement
surrounding the cavity (thin arrow) compatible with residual DCIS.
In the lower aspect of the breast, additional clumped enhance-
ment (thick arrow) was identified compatible with multicentric
DCIS. Following confirmation of this impression, patient received
mastectomy.

A B
Figure 18–17 Rim enhancement from recent surgery is typically distinguishable from significant amount of residual disease. A, A 50-
year-old woman with large palpable breast mass status post surgery with positive margins. MRI demonstrated thin enhancement around
the postoperative cavity (arrows). B, A 42-year-old woman underwent an excisional biopsy yielding invasive lobular carcinoma extending
to the margins, and MRI was performed to assess residual disease. A large postoperative seroma cavity with an air-fluid level is seen, com-
patible with the postoperative state. In addition, residual mass is noted along the posterior margin of the biopsy cavity and extends infe-
riorly toward the nipple (arrows). Mastectomy confirmed the presence of extensive residual invasive lobular carcinoma.

contrast agent (gadolinium chelate) to assess the inherent vas-
cularity of lesions.28 Therefore, we can accurately identify
invasive carcinomas that have recruited blood vessels and 
that have greater microvessel density, leaky capillaries, and
arteriovenous shunts. For this reason, the sensitivity for inva-
sive carcinomas on MRI is extremely high. Invasive lobular
carcinoma, which has a unique growth pattern as well as a 
less reliable production of vascular endothelial growth 
factor (VEGF), may rarely be undetectable on MRI. Well-
differentiated or slowly growing tumors may not have as
robust a vascular supply and therefore may not take up the
contrast agent as avidly.

Benign lesions can also have increased vessel density but
usually do not have the leaky capillaries or arteriovenous
shunting seen with malignant lesions; thus, contrast does not
usually “wash out” of benign lesions, as is usually seen in
malignancy. Even benign breast parenchyma can enhance,
particularly at certain phases of the menstrual cycle, because
estrogen has been shown to increase capillary leakiness (Fig.
18–18). Thus, the optimal time for obtaining an MRI in a
menstruating woman is during the most quiescent phase of
the menstrual cycle, between days 7 and 14 after the last men-
strual period (Fig. 18–19).

Enhancement alone is not the only criterion for suspicion;
other features of benign and malignant lesions can help dis-
criminate them. A model based on the American College of
Radiology Breast Imaging Reporting and Data System (BI-
RADS) lexicon is available for MRI. In numerous studies, the
positive biopsy rate for MRI is no worse than and is usually
even better than the positive biopsy rate for mammography.
In general, positive biopsy rates range from 25% to 65%. The
accepted positive biopsy rate for mammography is in the
range of 25% to 35%.29–31
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Figure 18–18 A 50-year-old woman with strong family history
underwent screening MRI examination. Patchy enhancement in 
the superior breast was noted and thought to represent benign
hormonal enhancement, which was confirmed at follow-up MRI 
examination.

A B
Figure 18–19 A 43-year-old woman with a history of stage II breast cancer underwent screening MRI examination. A, Patchy 
enhancement was noted in the superior breast (arrow). B, This disappeared on the subsequent follow-up examination, probably owing
to hormonal changes.

The sensitivity of DCIS detection on MRI has been contro-
versial in the past. When using low-resolution techniques,
DCIS detection was low. However, with improvements in the
hardware and software used to perform MRI, the resolution
has improved over time, and it has become abundantly clear
that MRI is able to detect DCIS. The sensitivity of detection is
again variable when multiple series are examined. However, it
has been demonstrated that with high-resolution techniques,
sensitivity can approach 85%. MRI does not replace 

mammography because some lesions, particularly DCIS, are
calcified and are not detected on MRI.32

What is the clinical approach to 
magnetic resonance imaging findings?

Given the multiple and emerging applications of MRI tech-
nology, clinical decision making that incorporates MRI find-
ings can be complex (Fig. 18–20).

Patients often indicate that undergoing different screenings
for high-risk breast cancer at different intervals (i.e., mammo-
gram every year, staggered with sonography or MRI at alter-
nate 6-month periods) provides an added sense of security
and reassurance that they are getting “checked” in some way at
least every 6 months. At Memorial Sloan-Kettering Cancer
Center, however, our experience has been that different imag-
ing modalities complement each other and that information is
most useful when tests are performed synchronously. Thus, if
high-risk screening with MRI is performed, we most often
recommend that it be done within about 1 month of the 
yearly mammogram. This way, if a new finding is identified on
the MRI, it can be compared with the recent mammogram;
the physician would most likely want to obtain a new mam-
mogram if it had been done 6 months earlier.

Findings identified on MRI can vary from minimal and
scattered areas of nonspecific enhancement to a highly suspi-
cious mass, and follow-up of MRI findings can thus range
from performing a follow-up examination to a recommenda-
tion for biopsy. Because MRI contrast enhancement is related
to breast tissue blood flow, MRI can vary with the menstrual
cycle in premenopausal women. When obtaining a breast
MRI, timing the examination with the most quiescent phase
of the menstrual cycle, 7 to 14 days after the last period, can
reduce the risk for false-positive findings related to hormonal
stimulation.

When a suspicious lesion is seen on MRI but a recent mam-
mogram shows no findings, often a targeted sonogram is
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MRI

6-month follow-up

If negative, MRI-guided
biopsy or localization

If positive, US-guided
biopsy

Negative
BI-RADS 1 or 2

Suspicious
BI-RADS 4 or 5

Equivocal

Repeat day 7–14
menstrual cycle

Stop HRT for 6 wk 
and repeat

Ultrasound

Probably benign
BI-RADS 3

Figure 18–20 Algorithm for clinical decision making based
on MRI results. BI-RADS, American College of Radiology
Breast Imaging Reporting and Data System; HRT, hormone
replacement therapy.

obtained. In our experience, sonography will visualize 24% of
abnormalities first identified by screening MRI. If the lesion is
visualized by sonography, the patient can undergo the more
expeditious procedure of either sonogram-guided core biopsy
or surgical excision with ultrasound-guided localization. If
the sonogram fails to demonstrate the MRI abnormality,
biopsy is typically still pursued and is performed using MRI as
a guide. Both MRI-guided core biopsy and MRI localization
with surgical excision are feasible options for MRI abnor-
malities. If multiple abnormalities or one widespread area is
identified, often surgical excision with localization is recom-
mended because surgery provides a better opportunity for
more extensive sampling.

In our study of MRI screening in 367 women at high risk
for developing breast cancer, 59 (15%) underwent biopsy for
a suspicious lesion. Of these 59 patients, 50 (85%) had MRI-
guided localization, whereas 9 (15%) had sonographically
guided biopsies. A total of 14 of the 59 women (24%) who
underwent biopsy were found to have cancer. The likelihood
of finding cancer when a sonographic correlate was identified
(2 of 9 patients; 22%) did not differ significantly from when
the lesion was seen only on MRI (12 of 59 patients; 24%).6

Performing MRI-guided needle localization requires the
patient to undergo another MRI on the day of surgery so that
the lesion can be visualized and localized. One or more wires
made of titanium, and thus magnetically inert, are inserted by
the radiologist into the area or areas in question. A standard
mammogram is obtained so that the surgeon can estimate the
path and depth of the wire within the breast. Surgical excision
is performed in the standard fashion, targeting the area
marked by the wire. Because MRI abnormalities are identified
by blood flow, once surgical excision is performed and blood
flow is severed, the lesion within the removed specimen can
no longer be identified. Thus, there is no method for per-
forming a specimen radiograph using MRI. Rather, if a ques-
tion exists regarding adequate sampling, a postexcision MRI
can be performed on the operated breast to verify removal of
the area in question.

When MRI is performed for contralateral screening in a
patient with a known diagnosis of cancer (Figs. 18–21 and

18–22), identified contralateral abnormalities can undergo
biopsy at the time of surgery for the known cancer, using 
the same localizing techniques. Alternatively, patients can
undergo either ultrasound- or MRI-guided core biopsy 
preoperatively if amenable.

Often, MRI is performed to evaluate the extent of disease or
multicentricity in a breast with a known cancer. Importantly,
as with other imaging modalities, the decision to perform 
a mastectomy should not be based on MRI findings alone
because false-positive findings are common.

POSITRON EMISSION TOMOGRAPHY

What is the role of positron emission 
tomography scanning in the detection 
of breast cancer?

Positron emission tomography (PET) is one of the most
promising imaging modalities. In October 2002, the Center
for Medicare and Medicaid Services approved expanded 
coverage for the use of PET scanning in patients with breast
cancer; however, appropriate applications relating to breast
cancer have yet to be fully defined. PET scanning is most 
commonly performed using 18F-fluorodeoxyglucose (FDG), a
radiolabeled glucose analogue, and is based on the finding
that cells with high metabolic rates, such as tumor cells, con-
sume more glucose. Thus, 18F-FDG uptake is more avid than
in normal tissue.33 In addition, FDG is metabolized differently
from glucose, getting trapped in cells after it is consumed.
Therefore, tumor cells preferentially usurp FDG, which is then
trapped within the cell, thereby facilitating imaging of tumor
foci with nuclear medicine imaging techniques. The ability of
PET scanning to identify primary breast cancer lesions has
been extensively studied and documented.34,35 Although PET
scanning can clearly differentiate breast tumors from normal
tissue with high levels of specificity, its ability to detect 
smaller lesions is limited. In one study investigating breast
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A B
Figure 18–21 A 53-year-old woman with history of lobular carcinoma in situ had new calcifications in the right breast that were excised,
yielding ductal carcinoma in situ. MRI was performed for ipsilateral staging and contralateral screening. A, Residual clumped enhance-
ment was noted surrounding the clip (seen as signal void) that was placed following right breast stereotactic biopsy for calcifications (thin
arrow). B, Contralateral screening demonstrated a spiculated mass (thick arrow) in the left breast that proved to represent an invasive duc-
tal carcinoma, not detected on mammography.

A B
Figure 18–22 A 52-year-old woman with new spiculated mass in the right breast on mammography. Ultrasound-guided core biopsy
yielded invasive lobular carcinoma. MRI was performed for ipsilateral staging and contralateral screening. A, In the right breast, a unifo-
cal spiculated mass compatible with the known diagnosis of invasive lobular carcinoma was seen. B, In the left breast, clumped enhance-
ment in the central breast was proved to represent extensive ductal carcinoma in situ.

imaging with PET, sensitivity for primary tumor detection
was 92% for T2 lesions but only 68% for T1 lesions.36 Given
that mammography and MRI can consistently identify lesions
that are microscopic, PET scanning pales in terms of its limit
of resolution based on size criteria, and thus PET technology,
as it exists currently, is not useful as a screening modality for
the detection of primary breast cancer lesions. In addition to
the possibility of not detecting breast tumors that are small,
there is evidence that some histologic types of breast cancer,
such as invasive lobular cancers, may be less FDG avid, mak-
ing them more likely to go undetected by PET scanning.36,37

For these reasons, PET scanning is not a standard modality for
breast cancer screening.

What is the role of positron emission 
tomography scanning in the evaluation 
of a patient with breast cancer?

PET scanning is being investigated as a modality to determine
extent of disease in patients with known breast cancer or those
suspected of harboring a recurrence. Studies have analyzed
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the accuracy of PET scanning in demonstrating the presence
of lymph node metastases with the goal of obviating removal
of negative nodes and the associated morbidity (Fig. 18–23).
Although PET scanning has shown high specificity for lymph
node metastases, the detection of lymph node metastases with
PET seems to be a function of size and amount of tumor bur-
den in lymph nodes, as is seen with primary lesions. Thus,
micrometastatic disease in lymph nodes is not detectable 
by PET imaging. Sentinel lymph node biopsy, in which even
isolated tumor cells can be detected pathologically in lymph
nodes, is a new standard of care in breast cancer surgery.
Because PET scanning currently has no ability to detect such
microscopic amounts of disease, the role of PET scanning in
staging the axilla is quite limited.38,39

PET scanning has been demonstrated to effectively image
internal mammary nodal disease in breast cancer as well as
other tumor types. PET provides increased specificity over
computed tomography (CT) scanning for imaging nodal 
disease because CT relies only on size estimates to define 
suspicious nodes, with less than 1 cm being the generally
accepted cutoff point for normal size. PET can provide more
specific metabolic information that can distinguish benign
from malignant adenopathy with a high degree of reliability.
However, the assessment of internal mammary nodes is typi-
cally not part of standard treatment because previous work
has demonstrated that extended radical mastectomy, which
incorporates dissection of the internal mammary node chain,
does not confer survival benefit over standard modified radi-
cal mastectomy. Yet, the detection of metastatic disease in
internal mammary nodes could affect adjuvant treatment
decisions by resulting in the addition of either chemotherapy
or widened radiation fields, particularly if axillary lymph
nodes are negative and a patient would not have received
adjuvant treatment otherwise. To date, the role of PET scan-
ning to investigate internal mammary node status should be
considered exploratory.

There is no standard practice or set of recommendations
for evaluating extent of systemic disease in patients with
breast cancer. Practice patterns can vary widely, with 

physicians having different thresholds for obtaining different
imaging studies. The yield of discovering foci of metastatic
disease is quite low in patients with small primary tumors and
clinically negative nodes who are asymptomatic (<1%).
However, the yield will be higher in any patient with new
symptoms possibly related to the development of metastatic
disease, palpable adenopathy, or larger tumors (20% to 30%).
In such patients, imaging tests, including PET scanning, may
be helpful in determining whether identifiable metastatic dis-
ease is present. Definitive findings of metastatic spread could
substantially affect the decision to perform surgery and other
factors related to patient management.

Because the most likely sites of development of systemic
disease include bone, brain, lung, and liver, an extent of dis-
ease evaluation may include a CT scan of the chest, abdomen,
and pelvis and a bone scan. PET scanning has been shown 
to be useful in identifying abnormalities in bone as well as 
viscera and may be complementary to standard imaging
modalities.40 PET may also be more useful in specific clinical
scenarios such as when recurrence is suspected. Scar tissue
and radiation changes can be difficult to image, and the infor-
mation that PET scanning provides regarding the presence 
of hypermetabolic foci may raise or lower the suspicion for
the presence of disease. As with other imaging modalities,
it should be noted that a variety of different scenarios can 
lead to either false-positive or false-negative results on PET.
The presence of infection or autoimmune disease can cause
increased FDG uptake and thus lead to false-positive results.
Conversely, PET can miss small foci of disease and cannot be
relied on to consistently pick up areas with minimal disease.
Thus, as with all imaging modalities, definitive treatment
decisions should not be based on PET scan results alone.

What are novel tracers?

The use of fluorodeoxyglucose in detecting tumor is based on
the premise that glucose uptake by neoplastic lesions is greater
than in surrounding normal tissue. Although the detection of
tumor deposits makes PET useful for many reasons, the meta-
bolic property that makes tumors glucose avid is nonspecific
relative to tumor type. As a result, much current work is being
devoted to identifying novel tracers that are receptor specific
and thus have applications for specific tumor types. The
development of such technology holds promise for detection,
assessment of response to systemic therapy, and even treat-
ment because a radiolabeled ligand that is tumor specific
could be developed not only to identify and visualize tumor
but also to destroy it.

Some studies have demonstrated the ability of radiolabeled
estrogen molecules to image estrogen receptor–positive
tumors, and serial scanning after tamoxifen treatment may 
be useful in assessing response to treatment.41 At this time the
use of tumor-specific ligands in combination with PET scan-
ning is investigational only, but it holds promise for future
applications.

What is fusion imaging?

Fusion imaging technology is based on the concept that 
combining and superimposing two different imaging 

Figure 18–23 Fluorodeoxyglucose positron emission tomogra-
phy (FDG-PET) scan demonstrating uptake by breast cancer and
ipsilateral axillary nodes representing metastatic disease.
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modalities with different strengths provides better infor-
mation. Currently, PET/CT is performed at our institution.
Although PET provides important biologic and metabolic
information, often lesions seen on PET cannot be localized 
to the specific organ or site of involvement. Superimposing
CT images allows foci of uptake on PET to be localized to the
site of interest. Currently a biopsy cannot be performed based
on PET images alone, but a suspicious site seen on PET and
localized with CT can then undergo percutaneous needle
biopsy.

Other types of fusion imaging, combining MRI with 
PET, for example, hold promise for potential future applica-
tions but are not used as part of the current standard of
care.
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AJCC has released an updated version of the manual.3,4 It was
not until the late 1980s that the two bodies agreed on a single
staging system.5,6

Significant changes in the understanding of patients 
with breast cancer have furthered the development of the
TNM system. The most current system, published in 2002, is
found in the sixth edition of the AJCC Cancer Staging
Manual.7 It relies strongly on pathologic evaluation of
the patient, rather than clinical evaluation, more precisely
stratifying the patient and providing improved prognostic
information. With each upgrade the TNM classification 
has become more complicated. Its accuracy, however, has
increased as well, ideally preventing both undertreatment and
overtreatment.

What are the components of the 
TNM staging system?

Evaluation of the primary tumor and the regional lymph
nodes and a search for distant metastases is prerequisite to
staging a patient. Therefore, surgical resection of the primary
tumor, sampling of the axillary nodes, and knowledge of
metastatic disease are needed before beginning treatment.

How is tumor size evaluated and recorded?

When assessing the size of the primary tumor, only the inva-
sive component is considered.8 Determination either by 
palpation or by imaging using mammography, ultrasonogra-
phy, or magnetic resonance imaging (MRI) is considered clin-
ical classification. Determination surgically by evaluation of
the resected specimen is considered pathologic classification.
The maximum diameter of the primary tumor has always
been an integral part of staging, even in the earliest classifica-
tion systems, and has been shown to correlate with the risk for
lymph node metastasis as well as with prognosis.9–11 A positive
correlation has been documented between increasing size of
the primary tumor and the greater likelihood of disease in the
ipsilateral axillary lymph nodes.12

With the increased incidence of cancers found on screening
mammography, the average size of breast cancer at the time of

CHAPTER 19

Evaluating and Staging 
the Patient with 
Breast Cancer
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Why stage breast cancer?

Breast cancer, similar to other malignancies, is staged in 
order to classify groups of patients with similar outcomes 
and delineate treatment approaches based on the extent 
of disease. Using a uniform system ensures accuracy and 
consistency and provides a basis for clinical as well as basic 
science research. Patient outcomes in studies both nation-
ally and internationally can then be effectively compared.
With separate strata of disease defined by the staging 
system, the efficiency of specific treatments can be analyzed 
as well.

How did the current staging system develop?

One of the earliest widely used staging systems for breast can-
cer patients was the Manchester classification, first presented
in 1940. It consisted of four stages and was based on the local
extent of the primary tumor in conjunction with the presence,
absence, and mobility of involved axillary lymph nodes. This
system could only be used preoperatively and afforded prog-
nostic survival information.1 In 1943, Haagensen and Stout
published another set of criteria, the Columbia staging 
system, which defined whether a patient was appropriate for
surgery. Tumor size was not a factor in their system, but 
other grave signs of breast cancer, including skin ulceration,
edema, and tumor fixation, were important.2 The Columbia
clinical classification of breast cancer was a precursor for the
current staging system.

The TNM classification system, shorthand for primary
tumor (T), regional nodes (N), and distant metastasis (M),
was first introduced in 1958 by the International Union
against Cancer (UICC). Until this time, all staging was per-
formed on a clinical basis; thus, TNM was the first system 
for breast cancer staging based on histopathologic grounds.
Independent from the UICC, the American Joint Committee
on Cancer (AJCC) published a similar series of site-specific
staging systems between 1962 and 1974. The AJCC published
the first edition of their manual for the staging of cancer in
1977 based on the existing state of knowledge about clinical
outcomes of breast cancer. Every few years since that time, the
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diagnosis has decreased.13 Some of these small cancers could
be effectively treated with minimal local therapy; certain 
cancers, however, are inherently more malignant. The varied
outcomes among this group of small cancers created a need
for an enhanced system of delineation at the lower levels of
the staging system.4

The current staging system for primary tumor size, as pub-
lished in the AJCC Cancer Staging Manual, 6th edition, is
shown in Table 19–1.7 If the primary tumor either cannot be
assessed or involves the resection margin, it is designated 
TX. If the patient has presented with axillary lymph node
metastases and there is no evidence of a primary tumor,
it is designated T0. Carcinoma in situ now holds a place,
with ductal carcinoma in situ referred to as Tis (DCIS) 
and lobular carcinoma in situ as Tis (LCIS). Paget’s disease of
the nipple without an underlying tumor is designated Tis
(Paget). Paget’s disease of the nipple with an underlying
tumor falls in the category size of that tumor. T1 tumors are
less than 2 cm in their maximum diameter. A T1 mic tumor
demonstrates microinvasion of 0.1 cm or less. T1 tumors are
further subdivided into T1a if between 0.1 cm and 0.5 cm,
T1b if greater than 0.5 cm up to 1.0 cm, and T1c if greater

than 1 cm but less than 2 cm. T2 tumors encompass a group
of malignancies whose maximum diameter is greater than 
2 cm yet less than 5 cm. T3 lesions are greater than 5 cm in
their maximum diameter. Any tumor directly extending to 
the chest wall or skin is categorized as T4. T4 is further 
classified into T4a if the mass extends to the chest wall, not
including the pectoralis muscle; or T4b if there is edema
(including peau d’orange), ulceration of the breast skin, or
satellite nodules confined to the same breast. A combination
of T4a and T4b is considered T4c. Finally, inflammatory
breast carcinoma is automatically T4d. If a tumor is staged
pathologically, as opposed to clinically, the letter p precedes
the T designation.

In some cases, the tumor size must be determined by con-
sensus. If a patient has synchronous lesions in the same breast,
then the T stage is based on the larger of the two. Multifocal
cancers have a higher likelihood of lymph node metastases,
owing to a greater tumor burden; thus, it is important to 
recognize this multifocality when assigning a single stage in
one breast even when there are two lesions.12 Finally, if syn-
chronous, bilateral lesions are present, each breast is staged
independently.14
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Primary Tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ

Tis (DCIS) Ductal carcinoma in situ
Tis (LCIS) Lobular carcinoma in situ
Tis (Paget’s) Paget’s disease of the nipple with no tumor

T1 Tumor 2 cm or less in greatest dimension
T1mic Microinvasion 0.1 cm or less in greatest dimension
T1a 0.1 to 0.5 cm
T1b >0.5 to 1 cm
T1c >1 to 2 cm

T2 Tumor >2 to 5 cm in greatest dimension
T3 Tumor >5 cm in greatest dimension
T4 Tumor of any size with direct extension to chest wall or skin

T4a Extension to chest wall, not including pectoralis muscle
T4b Edema (including peau d’orange) or ulceration of the skin of the breast, or satellite skin nodules confined to the 

same breast
T4c T4a and T4b
T4d Inflammatory carcinoma

Regional Nodes (N)
NX Regional lymph nodes cannot be assessed (e.g., previously removed)
N0 No regional lymph node metastasis
N1 Metastasis in movable ipsilateral axillary lymph nodes
N2 Metastasis in ipsilateral axillary lymph nodes fixed or matted, or in clinically apparent ipsilateral internal mammary nodes in the 

absence of clinically evident axillary lymph node metastasis
N2a Metastasis in ipsilateral axillary lymph nodes fixed to one another or to other structures
N2b Metastasis only in clinically apparent 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 without axillary lymph node involvement, or in clinically apparent 

ipsilateral internal mammary node(s) nodes 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) and axillary lymph node(s)
N3b Metastasis in ipsilateral internal mammary lymph node(s) nodes and axillary lymph node(s)
N3c Metastasis in ipsilateral supraclavicular lymph node(s)

Distant Metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

From Greene FL, Page DL, Fleming ID, et al. AJCC Cancer Staging Manual, 6th ed. New York, Springer-Verlag, 2002.

Table 19–1 American Joint Committee on Cancer Staging System for Patients with Breast Cancer



How is the lymph node status 
evaluated and documented?

The presence or absence of malignant disease in the axilla has
long been recognized as one of the most significant prognos-
tic indicators for patients with breast cancer.15,16 To assess the
axillary lymph nodes accurately, they must be surgically
resected and examined pathologically. This can be performed
either by sentinel lymph node (SLN) biopsy or by full axillary
dissection.

SLN biopsy has replaced the traditional axillary dissection
for assessment of axillary nodal disease in most patients with
breast cancer. Axillary dissection is costly, carries a significant
morbidity in terms of lymphedema and nerve damage, and is
no longer necessary solely to provide staging information. It 
is generally reserved for patients with documented axillary
disease.

The concept of the SLN was introduced in 1994 when
Giuliano and colleagues published a landmark paper demon-
strating that intraoperative lymphatic mapping could accu-
rately identify the sentinel node, the lymph node most likely
to contain breast cancer metastases, and that this technique
could improve staging accuracy.17 The breast drains primarily
through sentinel nodes before spreading to other nodes;
therefore, detecting, removing, and sampling of these nodes
reflects the status of the axilla in more than 95% of cases.18

Because the pathologist has less tissue to examine, it is 
also possible to spend more time carefully studying the sen-
tinel nodes in order to identify metastases.19 Analysis of mul-
tiple sections, use of immunohistochemical (IHC) staining,

and molecular biologic detection of sentinel nodes increases
the accuracy of axillary staging and identifies significantly
more patients with lymph nodes metastases, especially
micrometastases.20 The rise in popularity of the SLN biopsy
has led to the more frequent detection of minute foci of
tumor, the clinical significance of which foci remains largely
unknown.4

Two of the major revisions in the 2002 staging guidelines
are related to the detection and description of lymph node
micrometastases and to the location and number of lymph
node metastases. Micrometastases are now differentiated from
isolated tumor cells on the basis of size. Metastatic lesions
smaller than 0.2 mm are now classified as isolated tumor cells,
whereas a micrometastasis is defined as a tumor deposit of
greater than 0.2 mm but less than 2.0 mm. Metastatic cells
seen with hematoxylin and eosin staining are considered to be
of equal importance to those discovered using IHC because it
is generally accepted that the size of a lesion is more closely
related to its clinical significance than is the way in which it
was detected.4

Identifiers are used to document the use of SLN biopsy ver-
sus axillary dissection as well as the employment of IHC or
molecular techniques. The classification is followed by i(+) 
if the lesion was detected by IHC or by i(-) if it was not
detected by IHC; and by mol(+) if the pathologist is using
reverse transcriptase polymerase chain reaction (RT-PCR) or
by mol(-) if the lesion is undetectable by RT-PCR. If the stag-
ing classification is based on SLN biopsy and not axillary dis-
section, the N is followed by (sn), which stands for sentinel
node.7 See Table 19–2 for a detailed description of the regional
pathologic lymph node status.
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Primary Tumor (pT)
See clinical classification in Table 19–1

Regional Nodes (pN)
pNX Regional lymph nodes cannot be assessed (not removed or previously removed)
pN0 No regional lymph node metastasis histologically, no additional information for isolated tumor cells
pN0(i-) No regional lymph node metastasis histologically, negative IHC
pN0(i+) No regional lymph node metastasis histologically, positive IHC, no IHC cluster >0.2 mm
pN0(mol-) No regional lymph node metastasis histologically, negative molecular findings (RT-PCR)
pN0(mol+) No regional lymph node metastasis histologically, positive molecular findings (RT-PCR)
pN1 Metastasis in 1 to 3 axillary lymph nodes and/or internal mammary lymph nodes with microscopic disease detected by 

sentinel lymph node dissection but not clinically apparent
pN1mi Micrometastasis >0.2 mm to 2 mm
pN1a Metastasis in 1 to 3 axillary lymph nodes
pN1b Metastasis in internal mammary nodes detected by sentinel lymph node dissection but not clinically apparent
pN1c Metastasis in 1 to 3 axillary lymph nodes and in internal mammary lymph nodes with microscopic disease detected by 

sentinel lymph node dissection but not clinically apparent
pN2 Metastasis in 4 to 9 axillary lymph nodes, or in clinically apparent internal mammary lymph nodes in the absence of 

axillary lymph node metastasis
pN2a Metastasis in 4 to 9 axillary lymph nodes (at least one tumor deposit >2.0mm)
pN2b Metastasis in clinically apparent internal mammary lymph nodes in the absence of axillary lymph node metastasis
pN3 Metastasis in 10 or more axillary lymph nodes, or in infraclavicular lymph nodes, or in clinically apparent ipsilateral 

internal mammary lymph nodes in the presence of 1 or more positive axillary lymph nodes; or in more than 3 axillary 
lymph nodes with clinically negative microscopic metastasis in internal mammary lymph nodes; or in ipsilateral 
supraclavicular lymph nodes

pN3a Metastasis in 10 or more axillary lymph nodes (at least one tumor deposit >2.0 mm), or metastasis to the infraclavicular 
lymph nodes

pN3b Metastasis in clinically apparent ipsilateral internal mammary lymph nodes in the presence of 1 or more positive axillary 
lymph nodes; or in more than 3 axillary lymph nodes and in internal mammary lymph nodes with microscopic disease 
detected by sentinel lymph node dissection but not clinically apparent

pN3c Metastasis in ipsilateral supraclavicular lymph nodes

From Greene FL, Page DL, Fleming ID, et al. AJCC Cancer Staging Manual, 6th ed. New York, Springer-Verlag, 2002.

Table 19–2 Pathologic Classification of Breast Cancer



The number as well as the location of lymph nodes is criti-
cal to accurate staging. A high number of involved lymph
nodes is a strong negative prognostic factor.21 Patients with 
1 to 3 positive axillary lymph nodes are classified as pN1a,
patients with 4 to 9 positive axillary nodes are considered
pN2a, and patients with 10 or more positive axillary nodes 
are considered pN3a. Metastasis to the infraclavicular lymph
nodes is a significant adverse prognostic feature; thus, these
nodes are also considered N3a.22

How are the internal mammary 
lymph nodes classified?

There is a synergistic effect on survival between the internal
mammary (IM) and axillary lymph nodes, with disease to
both nodal basins portending a poor prognosis. Additionally,
the size of the metastatic deposit within the node is associated
with survival.23 IM nodes are classified based on how they
were detected—SLN biopsy versus clinical exam or imaging—
as well as on the number of positive axillary nodes. In a
patient without axillary disease, IM lesions found with IHC
are considered pN1b, whereas those detected clinically or
radiographically are pN2b. In a patient with one to three
involved axillary lymph nodes, IM lesions found with IHC are
considered pN1c, whereas those detected clinically or radi-
ographically are pN3b. Finally, all IM lesions associated with
four or more involved axillary lymph nodes are considered
pN3b.

How are the supraclavicular 
lymph nodes classified?

Historically, a dismal prognosis has been associated with dis-
ease in the supraclavicular lymph nodes (SCLNs). This has
resulted in the M1 classification for these involved nodes in
the past. However, recent data suggest that women with locally
advanced breast cancer (LABC) and positive ipsilateral SCLN,
but no other metastatic disease, have survival rates compara-
ble to those seen in LABC patients without metastatic disease,
and considerably better than those with stage IV disease who
have metastases at distant sites.24 Therefore, SCLN metastases
have been reclassified as N3c or pN3c and are now placed in
stage IIIC.

What are the five stages created 
with the TNM groupings?

Stage 0, defined as TisN0M0, affords a 10-year survival rate of
95%. Stage I is T1N0M0 and has an approximately 88% 5-year
survival rate. Stage IIA is T0N1M0, T1N1M0, or T2N0M0 and
has an overall survival rate of 81% at 10 years. Stage IIB can
consist of T2N1M0 or T3N0M0 and has an overall survival
rate of 70% at 10 years. Stage IIIA contains many permuta-
tions, including T0N2M0, T1N2M0, T2N2M0, T3N1M0, and
T3N2M0, averaging a 59% 10-year overall survival rate. Stage
IIIB encompasses all T4 tumors with N1 or N2 status that
have not yet metastasized and demonstrates a 36% 10-year
overall survival rate. Stage IIIC is any T stage combined with
N3 status and also gives about a 36% 10-year overall survival

rate. Evidence of distant metastases indicates stage IV and has
an approximately 18% 10-year overall survival rate.7,25 Table
19–3 lists the stages as determined by the TNM groupings.

Why is histologic grade not 
a factor in staging?

Even though the morphologic appearance of breast cancer
and its degree of malignancy are likely to be related, histologic
grading remains very subjective, and developing a uniform
system to incorporate into staging has not been possible.
Unfortunately, the available studies that link histologic grade
to outcome in early breast cancers are both difficult to assess
and variable in results. At this time, sufficient data are lacking
to include this factor in a uniform staging system.4

Although histologic grade is not factored into the staging,
all invasive breast carcinomas should be graded. The
Nottingham combined histologic grade (Elston and Ellis
modification of the Bloom-Richardson grading system) is the
most commonly used.26 Histologic grade is determined by
assessing the tumor’s morphologic features, including tubule
formation, nuclear pleomorphism, and mitotic count. Each
factor is then rated between favorable (1 point) and unfavor-
able (3 points). The scores for all three categories are added.
Grade 1 is a combined score of three to five, grade 2 is a score
of six or seven, and grade 3 is a score of eight or nine.7

Do all patients need to undergo 
a complete workup for distant disease?

The prevalence of detectable metastases at initial diagnosis is
very low in the early stages of breast cancer. Nevertheless, their
presence does significantly alter the course of treatment. Thus,
it is important to distinguish patients with early distant 
disease. Unfortunately, widespread use of the entire gamut of
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Table 19–3 Stage Groupings for Patients with Breast Cancer
According to the TNM Classification

From Greene FL, Page DL, Fleming ID, et al. AJCC Cancer Staging Manual,
6th ed. New York, Springer-Verlag, 2002.

Stage 0 Tis N0 M0

Stage I T1 N0 M0

Stage IIA T0 N1 M0
T1 N1 M0
T2 N0 M0

Stage IIB T2 N1 M0
T3 N0 M0

Stage IIIA T0 N2 M0
T1 N2 M0
T2 N2 M0
T3 N1 M0
T3 N2 M0

Stage IIIB T4 N0 M0
T4 N1 M0
T4 N2 M0

Stage IIIC Any T N3 M0

Stage IV Any T Any N M1



staging tests is inaccurate, expensive, time-consuming, and
anxiety provoking. Ideally, the subset of patients most likely 
to develop distant disease needs to be identified, allowing
exhaustive workups to be performed appropriately. Patients
with stage III disease merit a comprehensive workup.

The three most common sites of breast cancer metastasis
are the bone, lung, and liver, in that order. A large study
encompassing more than 3600 women with breast cancer who
underwent preoperative metastatic workup with chest radiog-
raphy, bone radiography or scintigraphy, and liver echography
or scintigraphy revealed an abysmally low detection rate. It
was concluded that this pattern of testing should not be rec-
ommended for asymptomatic women because of poor sensi-
tivity and an extremely low detection rate of distant disease, as
shown in Table 19–4.27

Who should be evaluated for bone 
metastases, and how should it be done?

Bone is the most frequent site of distant breast cancer spread,
with about 25% of metastatic disease presenting at this site. Up
to 70% of women who die from breast cancer will eventually
have disease in the bony skeleton. The bones most commonly
affected, in declining order, are the spine, ribs, pelvis, skull, and
long bones of the extremities. Evaluation should commence
with a history and physical examination aimed at eliciting
osseous involvement. The patient should be questioned about
bone pain, history of fractures, and possible symptoms of
spinal cord compression such as lower extremity weakness 
with bowel or bladder dysfunction. If there is any suspicion 
of bony involvement, a workup may include measurement 
of serum alkaline phosphatase and serum calcium levels, tech-
netium bone scan, computed tomography (CT), MRI, positron
emission tomography (PET), or biopsy as appropriate.

The aforementioned multicenter review of more than 3600
patients demonstrated that preoperative evaluation of the
skeleton, in the absence of symptoms, is not warranted
because of low sensitivity and specificity. In this group, of
2450 stages I and II patients, only 22 (<1%) had a true-
positive bone scan, whereas 125 had false-positive results.
Further, there were no positive scans in patients without
symptoms and with normal levels of alkaline phosphatase.27

This supports the practice of performing radiologic or nuclear
medicine studies only on patients with specific complaints or
elevation of serum alkaline phosphatase.

More recently, PET scanning has been used to evaluate the
entire body for metastatic tumor deposits. A study comparing
whole-body PET scanning with traditional bone scintigraphy
was performed on 51 women with breast cancer. With a speci-
ficity of 98%, PET scanning was superior to bone scintig-
raphy, which displayed only 81% specificity.28 Additionally,
compared with bone scintigraphy, MRI had a higher rate of
skeletal metastases detection for the spine, pelvis, limb bones,
sternum, scapula, and clavicle but a lower rate in the ribs and
skull.29

Who should be evaluated for lung 
metastases, and how should it be done?

Up to 25% of patients with metastatic disease develop pul-
monary metastases, with only a small percentage of these
present at the initial breast cancer diagnosis. About two thirds
of women who eventually die from breast cancer have evi-
dence of disease in the lung. The initial evaluation for all
breast cancer patients should begin with a history and physi-
cal examination directed at signs of pulmonary involvement,
including fatigue, dyspnea, dry cough, and chest pain or a 
feeling of heaviness in the chest, even though most patients
are asymptomatic. If there is suggestion of pulmonary
involvement, the lungs may then be further studied with chest
radiograph, CT, fluorodeoxyglucose (FDG)-PET scan, or
bronchoscopy.

In a study of 3627 breast cancer patients undergoing pre-
operative staging by chest radiography, the detection rate of
preclinical lung metastases was found to be 0.3%, with a sen-
sitivity of 0.31 and positive predictive value of 0.44.27 Clearly,
the routine use of preoperative chest radiography for the
detection of pulmonary involvement is neither clinically use-
ful nor cost-effective because the false-positive results would
necessitate further unnecessary testing. However, because of
the age bracket of the women undergoing surgery for breast
cancer, a preoperative chest radiograph is often required at
many institutions. If there is an abnormal finding on the chest
radiograph, a CT scan may help to delineate nodules as well as
detect mediastinal disease. The presence of calcium in lung
nodules indicates benign pathology.

To assess the utility of chest radiography in the long-term
management of patients with breast cancer, 1161 chest radi-
ographs of 141 patients were examined. Of the chest radi-
ographs, 15% were clinically indicated, and the remaining
85% were undertaken as part of “routine” follow-up. Fewer
than 0.4% of the routine chest radiographs demonstrated pre-
viously undiagnosed pulmonary disease. Thus, the use of rou-
tine chest radiography is not a viable method of monitoring
asymptomatic breast cancer patients.30 Finally, when FDG-
PET was retrospectively compared with chest radiography for
detection of metastatic disease, FDG-PET was found to be
superior in the identification of pulmonary and lymph node
metastases.31

Who should be evaluated for liver 
metastases, and how should it be done?

The liver is the third most common site of distant breast can-
cer metastases. Two thirds of patients with stage IV disease
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Table 19–4 Sensitivity, Specificity, and Positive Predictive Value
of Radiologic Staging Tests in Evaluating Asymptomatic Patients
with Breast Cancer

From Ciatto S, Pacini P, Azzini V, et al. Preoperative staging of primary
breast cancer: A multicentric study. Cancer 1988;61(5):1040.

Positive 
Sensitivity Specificity Predictive Value

Chest radiograph 0.31 0.996 0.44

Bone radiograph 0.35 0.986 0.32

Bone scan 0.48 0.995 0.15

Liver ultrasound 0.29 0.995 0.33



will eventually sustain hepatic involvement. The initial evalu-
ation for all breast cancer patients should begin with a history
and physical examination directed at eliciting the presence of
right upper quadrant pain or fullness, jaundice, weight loss, or
hepatomegaly. It is exceedingly uncommon for women with
early breast cancer to present with findings of advanced liver
disease, such as portal hypertension or jaundice. If there is any
suggestion of hepatic involvement, the liver should be studied
with liver function tests and, possibly, radiographically.

Liver function testing includes measurement of the
enzymes alkaline phosphatase (AP), aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), and lactate
dehydrogenase (LDH). The performance of these tests on all
patients with breast cancer at the time of diagnosis results in a
very low yield. A study of 227 stages I, II, and III breast cancer
patients identified elevated liver enzymes in 33.32 In 27 of the
33, only one enzyme was elevated, most commonly LDH.
Overall, the specificity of liver enzymes is too low to reliably
detect hepatic metastases at the time of breast cancer diagno-
sis. Including liver enzymes without any clinical suspicion of
metastatic disease inevitably leads to unnecessary, expensive,
and extensive evaluation, which does not even accurately pre-
dict who will develop distant disease. It is the recommenda-
tion of most that only patients with elevations of multiple
liver enzymes or hepatomegaly should undergo further radi-
ographic evaluation of the liver.

Options for radiographic evaluation include radionuclide
liver scan, CT, ultrasound, MRI, and PET. 99mTc-sulfur colloid
scans cannot detect lesions smaller than 2 cm and are there-
fore not very sensitive. A study of 3627 breast cancer patients
revealed that screening liver ultrasound and liver scan have
very low rates for detecting preclinical asymptomatic metas-
tases, with positive predictive values of 0.33 and 0.08, respec-
tively.27 A study using a smaller series of 33 patients concluded
that preoperative ultrasound may be efficacious in a subgroup
of patients with markedly abnormal liver function tests or a
physical examination suggestive of hepatic involvement, but
not as a general screening tool.28 In a study at Memorial Sloan-
Kettering Cancer Center of 76 cancer patients in whom 124
indeterminate liver lesions were found on CT, hepatic ultra-
sound was a useful adjunct for patients with average body
habitus in order to characterize small (0.6- to 1.5-cm)
lesions.33 CT and MRI are superior to ultrasound and tech-
netium scanning for the identification of small metastatic foci
in the liver; however, neither is more useful for screening
asymptomatic patients.34 Finally, when FDG-PET was retro-
spectively compared with chest radiography, bone scintigra-
phy, and ultrasonography of the abdomen for detection of
metastatic disease, it was found to be superior in the identifi-
cation of pulmonary and lymph node metastases in compari-
son with chest radiography, but its sensitivity in the detection
of bone and liver metastases was comparable to that of bone
scintigraphy and liver ultrasonography.31

In summary, because the percentage of patients with liver
involvement at initial breast cancer diagnosis is so low and the
screening tests are very nonspecific, it is not necessary to per-
form routine screening in asymptomatic patients. In patients
with right upper quadrant pain or fullness, jaundice, weight
loss, or hepatomegaly, liver function tests and possibly imag-
ing studies are indicated.

Once hepatic involvement is present, the median survival 
is between 1 and 14 months. Factors that adversely affect

prognosis include advanced age, jaundice, deranged liver
function tests (elevated bilirubin, low serum albumin), ascites,
palpable hepatomegaly, and poor liver performance status.
Patients with a single focus of disease in the liver fare better
than those with multiple confluent and distant metastases.
The interval between initial presentation and metastatic dis-
ease does not seem to be a significant factor. The tumor 
marker CA-15-3 is usually elevated in patients who perform
poorly secondary to hepatic involvement; however, it is not an
independent predictor of survival. Marked elevation of carci-
noembryonic antigen (CEA) (>1000 ng/mL) may be used to
predict poor outcome on an individual patient basis, but the
level of elevation cannot be used to predict survival.35

Who should be evaluated for central 
nervous system metastases, and how 
should it be done?

The central nervous system consists of the brain, cranial
nerves, spinal cord, leptomeninges, and eyes. Central nervous
system involvement will eventually affect up to 20% of breast
cancer patients. Breast cancer is the second most common
type of cancer metastatic to the brain, second only to primary
lung cancer. The most common presenting symptoms are
motor deficit and gait disturbance (24%), seizures (23%),
headaches (16%), cognitive dysfunction (14%), nausea 
and vomiting (11%), cranial nerve dysfunction (10%),
cerebellar symptoms (2%), and speech disturbances (2%).36

The most common presentation of spinal cord involve-
ment is pain, which can mimic the pain of bony metastases.
The diagnosis of brain involvement is made on the basis of
clinical suspicion and then confirmed by CT or MRI of the
brain. MRI is the most sensitive method for detecting brain
metastases.37

Who should be evaluated for bone marrow 
micrometastases, and how should it be done?

The occult spread of tumor cells in patients with operable
breast cancer may be a determinant of the risk for future
metastases. Unfortunately, occult spread is overlooked with
conventional tumor staging. The status of the axillary lymph
nodes has historically been the most important indicator of
prognosis in breast cancer patients. However, up to one third
of women with negative lymph nodes have recurrence with
systemic disease. Monoclonal antibodies against cytokeratins
found specifically in epithelial cells are used to identify
metastatic cells in breast cancer patients. The detection of
bone marrow micrometastasis (BMM) is of potential clinical
significance because it may help to predict prognosis and dis-
ease course and to guide adjuvant therapies.37

Bone marrow aspiration at the time of initial surgical resec-
tion of invasive breast cancer is a brief and simple process 
performed by the primary surgeon. Once the patient is com-
fortably sedated by the anesthesiologist for her upcoming 
surgery, approximately 2 mL of marrow is drawn from each
anterosuperior iliac crest using local anesthesia. This aspirate
is then studied using an anticytokeratin monoclonal anti-
body immunocytochemical technique. The techniques
employed for the detection of micrometastatic cells in the
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marrow include immunocytochemistry (ICC), PCR, and flow
cytometry.38

Numerous studies have evaluated the clinical implications
of BMM. A correlation has been identified between increasing
breast cancer stage and a higher number of BMM cells de-
tected.39 BMM has also been shown to correlate with the size
and grade of the primary tumor. BMM was identified in 30%,
42%, 62%, and 75% of T1, T2, T3, and T4 carcinomas, respec-
tively.40 In grade I and II cancers, one study showed that 39%
of the patients had BMM, whereas in the grade III tumors,
52% had BMM.40 There does not appear to be a direct rela-
tionship between BMM and axillary lymph node metastases.41

BMM and axillary lymph node metastases may actually repre-
sent independent routes of cancer dissemination.38

Multiple studies have identified a strong correlation
between the presence of BMM and distant recurrence as well
as decreased survival. In the first study to demonstrate this
correlation, Cote and colleagues showed that the 2-year 
distant recurrence rate for bone marrow–negative patients
was 3%, compared with 33% in patients with BMM.37 The
absolute number of malignant cells in the bone marrow has
also been shown to predict early recurrence and decreased
survival.37 In a study by Diel and associates of 727 patients
with primary operable breast cancer, 76% of the patients who
developed distant recurrence had BMM at presentation, and
83% of those who died of their disease had BMM at the time
of initial diagnosis.40 Braun and coworkers, studying 552
women with stage I through III breast cancer, also found that
the presence of BMM was an independent indicator of death
from breast cancer.39

From the data available, it is evident that the knowledge of
a breast cancer patient’s bone marrow status may complement
knowledge about the axillary lymph node status. Further
research is necessary, however, to clarify the impact of bone
marrow status on outcome.

Are hormone receptors significant 
even though they are not included 
in the staging system?

Since the mid-1970s, estrogen receptor (ER) and progesterone
receptor (PR) status have been used in the clinical manage-
ment of breast cancer. They have served both as markers of
endocrine responsiveness and as harbingers for increased
recurrence. Even though the hormone receptors are clinically
useful, their absolute prognostic power is limited, and there-
fore they are not included in the staging system.

ER positivity is known to be a favorable prognostic indica-
tor, whereas PR positivity alone is a weak favorable prognostic
indicator. Overall, about 58% of breast tumors are ER and PR
positive. The next most frequently occurring combination is
ER positive, PR negative, which accounts for 23% of breast
cancers. The least common group, ER negative, PR positive,
accounts for only 4% of all cancers. Finally, about 15% of
cancers show no hormone receptors and are ER negative, PR
negative.42

ER-positive breast tumors have been shown to afford
patients longer disease-free as well as overall survival. A trial
of 1392 patients with early breast cancer was undertaken to
determine whether hormone receptor determination gives
independent prognostic information for long-term survival.

The 10-year overall survival rate for ER-positive patients 
was 66%, compared with 56% in the ER-negative group.
Additionally, higher percentages of ER-positive cancers were
found in white women as well as in postmenopausal
patients.43 Thus, the presence of the ER may provide prognos-
tic information in addition to that provided by the tumor size
and nodal status.

The ER status may identify subgroups of patients who
would benefit from specific treatments. A meta-analysis
encompassing more than 37,000 patients from 55 studies
demonstrated that in women with ER-positive cancers, a 5-
year course of tamoxifen significantly reduces the odds of
breast cancer recurrence and death. This strong correlation
was not seen with ER-negative tumors. The benefit was 
directly proportional to the level of ER in a tumor, with
patients with the highest levels of ER positivity faring best.44

Women whose tumors are both ER and PR negative have
about a 5% chance of responding to any endocrine therapy,
whereas those whose tumors are ER positive, PR positive have
a greater than 70% chance of response to endocrine therapies
of various types.45

A retrospective review encompassing more than 16,000
patients was recently compiled in order to assess the prognos-
tic utility of PR in addition to ER in patients with primary
breast cancer who received no systemic adjuvant therapy.46 It
was determined that women with systemically untreated ER-
and PR-positive cancers have better clinical outcomes than
women with ER-negative, PR-positive cancers, at least over the
first 3 years after diagnosis. Treatment with hormone therapy
broadens this effect. Also, there was a trend toward decreased
overall survival and disease-free survival for patients with ER-
positive, PR-negative tumors when compared with those with
ER- and PR-positive tumors. The combined presence of ER
and PR positivity may be a stronger marker for the benefit of
adjuvant therapy than just ER alone; thus, the addition of PR
status to ER status significantly improves the accuracy of pre-
dicting the endocrine responsiveness of the primary tumor.46

In conclusion, the major value of ER and PR status is as pre-
dictive factors for the utility of hormone-based therapy.

Why are the cell kinetics of individual 
breast cancers tested?

Markers of tumor cell proliferation are a valuable adjunct in
the determination of short-term survival. S-phase fraction is
related to the ploidy status of the tumor. Increased incidence
of aneuploidy and higher S-phase fractions have been corre-
lated with tumors that are ER and PR negative, are greater
than 2 cm in diameter, have spread to the axillary lymph
nodes, and occur more often in patients younger than 35
years. An elevated S-phase fraction and abnormal DNA
ploidy, in combination with the above associated factors, are
predictors of early distant relapse.47

An elevated thymidine labeling index (TLI) is associated
with a highly proliferative tumor cell population and has 
also been correlated with a greater probability of relapse 
and death. A prospective study of 286 node-negative breast
cancer patients who underwent locoregional treatment alone
was performed to determine the prognostic significance 
of numerous biologic markers. After 5 years of follow-up,
only the tumor size and the TLI proved to be significant 
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independent prognostic indicators of relapse-free survival.48

However, since TLI must be performed on a fresh specimen, it
is too labor intensive for incorporation into routine use.

Why are proto-oncogenes important 
in the diagnosis of breast cancer?

Cellular oncogenes are known factors in the pathogenesis of
malignancy. One of the most well known, HER-2/neu, occurs
in about 25% of all breast cancers. HER-2/neu is an oncogene
derived from the c-erbB proto-oncogene, which encodes for a
transmembrane glycoprotein receptor structurally similar to
epidermal growth factor receptor. It has been thoroughly
studied as a prognostic indicator, a predictor of response 
to systemic treatment, and a target of biologic therapy.
Overexpression of the HER-2/neu receptor implies that thou-
sands of HER-2/neu receptor molecules are present on the
tumor cell surface and that a proliferative signal is continu-
ously being transduced to the nucleus. In a retrospective
review of 529 patients, when high proliferative activity was
associated with HER-2/neu overexpression, the risk for relapse
was approximately doubled when compared with rapidly 
proliferating but HER-2/neu weakly expressing tumors.49

Additionally, HER-2/neu overexpression may be an indepen-
dent prognostic variable for patient survival. When immuno-
staining for erbB-2 protein is combined with evaluation of
nuclear grade, it may be possible to use immunostaining for
erbB-2 protein to identify patients at increased risk from 
within a relatively low-risk group.50 Also, the presence of
HER-2/neu overexpression is a predictive factor that may 
indicate success with the use of trastuzumab (Herceptin).49

The p53 gene, located on the short arm of chromosome 17,
encodes a nuclear protein that is found in small amounts in
normal tissue but in elevated amounts in tumor tissue. A
review of 192 patients with infiltrating ductal carcinoma 
identified a correlation between p53 expression and shorter
overall and disease-free survival.51 However, present data are
insufficient to recommend p53 measurements for the man-
agement of patients with breast cancer.

Finally, cellular proliferation has also been assessed using
Ki-67 monoclonal antibodies. The cellular target for Ki-67
antibodies is a cell cycle–specific nuclear antigen present in
proliferating cells but absent in the G0 resting phase. Positive
staining with the Ki-67 antibody has been correlated with
abnormal ploidy, high S-phase percentage, negative ER status,
and decreased survival.14

Why are growth factors sometimes 
measured in breast cancers?

The absence of a cellular response to estrogen in a breast can-
cer cell indicates that estrogen has been replaced by alternative
growth-regulatory substances. The growth factors may be
autocrine; that is, the growth control process acts locally and
is limited to the tumor cells alone. Alternatively, the mediators
may be paracrine; that is, they may be involved near the tumor
with roles including hyperplasia of the cancer stroma, known
as desmoplasia, or angiogenesis.52

Some of the growth factors recognized in breast cancer
include transforming growth factor-a (TGF-a), insulin-like

growth factor-1 (IGF-1), epidermal growth factor (EGF),
and platelet-derived growth factor (PDGF).53 The growth 
hormone–IGF-1 axis is understood to play a fundamental 
role in the development of breast cancer. The IGF-1 receptor
correlates directly with the presence of the ER. The mainte-
nance of normal breast tissue architecture is assisted by 
its effect on proliferation, differentiation, and apoptosis.
Although there are conflicting data regarding its ability to pre-
dict outcome, the IGF-1 receptor has been shown to be
involved in the development of resistance to tamoxifen and
trastuzumab (Herceptin), an anti-HER2/neu receptor mono-
clonal antibody that inhibits growth of erbB-2–overexpressing
breast cancer.54

When is restaging appropriate?

There exist a number of reasons for restaging, or thoroughly
re-evaluating, a breast cancer patient. Restaging is defined as
the repeated application of the TNM system.

The first and most common reason for restaging is to mon-
itor a patient in the immediate post-treatment course because
most recurrences occur within the first 2 years of initial diag-
nosis. The American Society of Clinical Oncology (ASCO) has
a published set of guidelines for recommended follow-up.
ASCO recommends a monthly breast self-examination as well
as physician visits for updated history and physical examina-
tion every 3 to 6 months for the first 3 years after treatment,
then every 6 to 12 months for the following 2 years, and annu-
ally once the fifth anniversary from treatment is reached.
Worrisome symptoms that would prompt further radi-
ographic or laboratory examination include chronic bone
pain or tenderness; rashes, redness, or swelling on the skin of
the breast; new breast or chest wall masses; chest pain or
shortness of breath; persistent abdominal pain; or sudden
changes in weight, especially weight loss. Mammograms of the
ipsilateral breast are recommended every 6 months for 2 years
following the completion of radiation therapy for lump-
ectomy patients and every year in the contralateral breast for
those who have undergone mastectomy. From that point,
yearly mammograms are acceptable for nearly all patients. All
women taking tamoxifen should undergo pelvic examination
on a yearly basis; however, there is no need for routine
endometrial biopsies. ASCO does not recommend the use of
blood tests or radiographic studies (beyond the mammogram
stated earlier) as follow-up care for patients in good physical
condition in the absence of symptoms. These additional tests
have not been shown to affect survival, may miss cancer when
it does exist or falsely indicate its presence, and are costly.55

At the time of an event, such as a recurrence or develop-
ment of a second primary malignancy, a thorough workup
should be performed. The knowledge of a patient’s current
breast cancer status is critical in making treatment decisions
for other diseases.

Finally, it is wise to perform retreatment staging when addi-
tional or new treatments are being given for breast cancer in
order to determine the current extent of the disease. A change
in stage may make a woman eligible for a new treatment or
may protect her by making her ineligible. Because the staging
guidelines change every few years, it is very possible that a
patient’s stage may change even if she has no additional evi-
dence of breast cancer.
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Predisposition mutations in the genes BRCA1 and BRCA2
are relatively common. It is estimated that the frequency of
carriers of BRCA1 in a multiethnic population is about 1 in
800 and that the frequency of BRCA2 in this population 
is slightly greater.7 There is a significantly higher frequency 
in selected populations; however, these numbers cannot be
extrapolated to describe all populations. Such genes account
for 5% to 10% of all breast and ovarian cancers.8 This 
implies that between 11,000 and 22,000 of the women 
who will be diagnosed in 2005 in the United States will have a
heritable form of breast cancer and that more than 700,000
individuals in the United States are carriers of a mutant 
allele.

Environmental and other factors also influence the proba-
bility that a woman will develop breast cancer. These include
older age, nulliparity, early age at menarche, late age at
menopause, previous history of breast cancer or benign breast
disease, obesity, one or more close relatives affected with
breast cancer, and a personal or family history of ovarian 
cancer. Use of exogenous estrogens and increased alcohol con-
sumption and the duration of these exposures also increase
risks.9

Knowledge about genes that predispose to the development
of breast cancer has exploded in recent years, but there is
clearly much still to be learned. Although information about
the number and frequency of these genes remains unclear, and
the probability that carriers will develop breast cancer is
incompletely defined, risk assessment can still be provided for
and may contribute to decisions about medical care for the
patient and family members. Molecular analysis of genes pre-
disposing to breast cancer is an option that may provide fur-
ther risk modification in selected families and individuals.
Genetic testing and risk assessment should be carried out
within the framework of a recommended genetic counseling
protocol to ensure informed and autonomous patient deci-
sion making.

Although new developments in molecular genetics enhance
our ability to perform risk analysis, the task is complicated 
by the discovery of an extensive number of different muta-
tions causing common hereditary cancers; incomplete ascer-
tainment of all predisposing genes and mutations; a high
frequency of variants of uncertain significance; incomplete
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Breast cancer is the most common gender-specific malig-
nancy among women.1,2 It is estimated that in 2005 over
211,000 women will have been diagnosed with breast cancer
in the United States and that more than 40,000 will die of the
disease. It is estimated that an additional 58,490 women will
be diagnosed with ductal carcinoma in situ (DCIS). One of
eight, or 12.6%, of all women can expect to develop breast
cancer at some time during their lifetime, and for 1 in 30
women, breast cancer will be the cause of death. Although
breast cancer may also affect men, the frequency among men
is quite small, approximately 1% of the total number of breast
cancers. However, the risk for developing disease varies among 
individuals.

Recent advances in understanding the genetic basis of sus-
ceptibility to breast cancer have led to risk estimates based on
family history, age at onset, and specific genetic tests. Because
of the growing public awareness of the predisposing genes,
both affected individuals and their unaffected relatives often
request risk assessment for themselves or their close relatives.
This chapter reviews the current general information about
the risk for developing breast cancer based on the family his-
tory of breast or ovarian cancer; the role of genetic testing for
modifying that risk; the potential benefits, drawbacks, and
limitations of testing; and specific recommendations for 
follow-up care for people who are identified as high risk.

Is there a hereditary predisposition 
to breast cancer?

Most cases of breast cancer occur sporadically in the absence
of other affected family members, but because breast cancer 
is a common disease, about 20% of individuals with breast
cancer have a positive family history.3 For more than 100
years, it has been observed that some families have multiple
relatives affected with breast cancer, sometimes coexisting
with ovarian cancer.4 Careful analysis suggested that the can-
cer predisposition in these families was transmitted as an
autosomal dominant trait.5 Many of these women develop
disease on the basis of inheritance of a predisposition gene. If
a woman inherits this gene, her likelihood of developing dis-
ease is high.6
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knowledge of genotype–phenotype correlations, including
penetrance estimates; cost; and the inconsistent willingness of
third-party payers, including Medicaid and Medicare, to pay
for the testing. A patient’s decision to undergo genetic testing
is sometimes complicated by fear of the potential misuse of
genetic information by insurers.

What are the genes predisposing 
to breast and ovarian cancer?

Mutations in BRCA1 and BRCA2 are known to be major 
causes of hereditary predisposition to breast cancer. The
BRCA1 gene was mapped in 1990 to 17q12 and cloned in
1994.10,11 The BRCA2 gene was mapped to chromosome
13q12-13 in 1994 and cloned in 1995.12,13 Among the high-risk
families selected for mapping studies and subsequently used
for mutation analysis, these genes were thought to account for
about 90% of all hereditary breast cancer. BRCA1 accounted
for 40% to 50% of hereditary breast cancer, and BRCA2 for
about 35% to 45%. More recent studies have shown that 
these contributions may have been overestimated.14–20 The
distribution and frequency of mutations vary in diverse ethnic
populations.

Several hundred mutations distributed throughout 
both genes have been identified. Readily available sources 
of information about mutations include the Breast Cancer
Information Consortium (http://research.nhgri.nih.gov/bic/)
and Myriad Genetics (http://www.myriad.com). Mutations are
interpreted as deleterious if they prematurely terminate or
truncate the protein product of BRCA1 at least 10 amino 
acids from the C-terminal or the protein product of BRCA2
at least 110 amino acids from the C-terminal.21 Specific 
missense and noncoding intron mutations are interpreted as
deleterious on the basis of linkage analysis of high-risk 
families, functional analysis, biochemical analysis, or demon-
stration of abnormal RNA processing. Genetic variants that
do not fulfill these criteria are reported as being of unknown
significance.

An inherited predisposition to the development of breast
cancer is also associated with germline mutations in p53
and may be seen in families with Li-Fraumeni syndrome,
characterized by an aggregation of soft tissue  tumors and
hematologic tumors.22,23 Likewise, breast (and thyroid) can-
cers are features of Cowden disease, an aggregation of hamar-
tomatous tumors that arise from mutations in the PTEN
gene.24 Heterozygotes for the mutant allele causing ataxia-
telangiectasia, a recessively inherited syndrome predisposing
to cancer, have an increased risk for breast cancer, but these
genes contribute only marginally to the total number of
cases.25,26 More recently, the variant 1100delC in CHEK2, a cell
cycle–checkpoint kinase, has been identified as a risk factor
for breast cancer.27 In rare cases of male breast cancer, muta-
tions in the androgen receptor gene may be contributory.28 An
interesting recent finding is that biallelic mutations in BRCA2
contribute to the Fanconi anemia phenotype. As expected,
affected individuals have a familial aggregation of breast can-
cer.29 All of these genes contribute only marginally to the total
number of cases with a hereditary predisposition; thus, an
unknown number of other predisposition genes have yet to be
identified.

What is the pattern of inheritance 
by which mutations in BRCA1 and 
BRCA2 are transmitted?

BRCA1 and BRCA2 are transmitted as autosomal dominant
traits. Any carrier, female or male, has a 50% chance of trans-
mitting the mutation to her or his offspring. The phenotype
of the carrier is gender dependent and variable, and pene-
trance for both breast and ovarian tumors is less than 100%.

What is the penetrance of 
predisposition genes?

Having a dominantly inherited breast cancer predisposition
gene is not sufficient to cause the development of breast can-
cer. Data obtained from the original families recruited for 
the mapping studies demonstrated that the penetrance of
breast and ovarian cancer among mutation carriers of BRCA1
and BRCA2 was high. These families were specifically selected
because they were large and had multiple affected family
members; thus, there was considerable bias of ascertainment.
Penetrance of breast cancer in BRCA1 carriers in these high-
risk families was 51% by age 50 years and 85% by age 80
years.6 The penetrance of ovarian cancer in these same fami-
lies was lower, 23% by age 50 years and 63% by age 70 years.
Comparable risks applied to the occurrence of a second tumor
in the same individual. Penetrance estimates for breast cancer
among BRCA2 carriers was equally high (87%), but the pene-
trance of ovarian cancer was considerably lower, about 6% to
10%. The penetrance of breast cancer in male carriers of
BRCA2 mutations was as high as 14%.30

Further studies in these high-risk families have confirmed
the high penetrance estimates and have also demonstrated
that the median age of onset of breast cancer in carriers of
BRCA2 mutations is higher than that in BRCA1 carriers.18

BRCA2 is believed to confer about a 6% risk for breast cancer
to male carriers, and male carriers of BRCA1 mutations are
also believed to be at increased risk for developing both
prostate cancer and breast cancer, but the exact risks have not
yet been determined.31 Prostate cancer, pancreatic cancer, and
melanoma show increased frequency in carriers of BRCA2
mutations.31 The frequency of other malignancies remains to
be defined. Recent studies have failed to identify an increased
frequency of colon cancer among carriers of mutations in
either of these genes.32

From the outset, investigators cautioned clinicians about
applying the penetrance values obtained from the high-risk
families to all carriers. Studies that were based on recall of
family history have demonstrated that penetrance of breast
and ovarian cancer among carriers may be significantly lower
in some families. However, a recent study based on genetic
analysis of the relatives of mutation carriers demonstrated
that the age-related penetrance by age 80 years was 82% for
breast cancer and 54% for ovarian cancer for BRCA1 muta-
tion carriers and 85% for breast cancer and 23% for ovarian
cancer for BRCA2 mutation carriers.33 A major determinant of
penetrance was birth year, with mutation carriers born after
1940 being at significantly higher risk for developing breast
cancer than mutation carriers born before 1940. This study
also showed that low prevalence within a family did not equal
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low penetrance. Rather, the low-prevalence families could be
explained on the basis of small family size or transmission
through the paternal germline. This study was carried out
exclusively among Ashkenazi Jews harboring one of the 
three founder mutations (discussed later), and it is unclear
whether these penetrance values apply to other populations
and mutations.

Have the same mutations been 
observed more than once?

Both BRCA1 and BRCA2 are large genes, and multiple muta-
tions have been demonstrated in each gene, many of which
occur in single affected families. Some mutations have been
seen repeatedly, particularly among certain ethnic groups,
indicating a historical progenitor or “founder.” For example,
among individuals of Ashkenazi Jewish origin, there are three
recurrent common mutations: 185delAG and 5382insC in
BRCA1, and 6174delT in BRCA2.34,35 The 5382insC is com-
mon in other Eastern European groups, and the 185delAG
mutation has been observed in Iraqi Jews, suggesting ancient
origin.36 The BRCA1 185delAG mutation has also been
observed in groups that may have had historical Jewish links.37

These three mutations account for more than 95% of all
detectable mutations among Ashkenazi Jews. The frequency of
nonfounder mutations detected among Ashkenazi families
with a heritable predisposition is low, 2% to 4%.38

The prevalence of founder mutations is high in the 
unaffected Ashkenazi Jewish population. Among control 
populations, the frequency of 185delAG was about 1%, the
frequency of 5382insC was 0.11%, and that of 6174delT was
1.36%.15,34,39,40 Thus, 2.4% of all Ashkenazi Jews are carriers for
at least one of these mutations, a rate at least eightfold greater
than that in other populations. The cases that arise from the
inherited mutations are thought to account for the excess of
breast cancer among Ashkenazi Jewish women.41 The founder
mutations in this population group have provided the basis
for many prevalence and penetrance studies.

There are multiple other populations in which founder
mutations occur. In Iceland, a single BRCA2 mutation,
999del5, accounts for all heritable cancer in the country.42 The
same mutation occurs in Finland. Founder mutations have
been identified in other countries, regions, or ethnic groups,
including those from Russia, Belarus, Poland, Norway,
Sweden, Finland, the Netherlands, Belgium, France, Germany,
England, Scotland, Wales, Northern Ireland, Spain, Italy,
Sardinia, Hungary, Czech Republic, Slovenia, Greece, Turkey,
Pakistan, India, Thailand, China, Mongolia, Japan, and the
Philippines as well as African Americans and French
Canadians (http://research.nhgri.nih.gov/bic/). Awareness of
these founder mutations may facilitate testing because tar-
geted mutation analysis may provide a more efficient
approach to testing for a given individual with a known 
ethnic origin.

Is there a correlation between 
genotype and phenotype?

The clinical presentation depends on whether the patient is 
a BRCA1 or BRCA2 carrier. The frequency of mutations is 

inversely related to the age of onset, with a lower than expected
contribution of BRCA2 mutations in early-onset breast 
cancer.14 The median age of onset of breast cancer among 
BRCA1 carriers is 41 years, whereas that of BRCA2 carriers 
is 45 years.34 Mutations in BRCA1 appear to be the major 
etiologic factor in breast-ovarian and site-specific ovarian
cancer families.17,43 Likewise, families in which there is an 
individual with both breast and ovarian cancer are far 
more likely to harbor mutations in BRCA1.16 Mutations in
BRCA2 contribute to an increased risk for breast cancer 
in men and may account for almost 15% of the total cases 
of male breast cancers.30 Some studies have suggested that
there is a correlation between the presence of specific muta-
tions and the risk for developing ovarian cancer. Some 
investigators have demonstrated that individuals carrying
mutations in the first two thirds of the gene have a higher fre-
quency of ovarian cancer than those carrying mutations in the
terminal one third.44,45 They have also reported that the occur-
rence of ovarian cancer is increased in BRCA2 carriers in
whom the mutation is found in exon 11.46 Others have found
no correlation.16

Who is at increased risk for 
developing breast cancer?

Women who present for breast cancer risk assessment may
generally be divided into two groups, those at moderate risk
and those at high risk.47 Women at moderate risk have fewer
affected family members, absence of a family history of
ovarian cancer, and an older age at the time of diagnosis.
The molecular basis of disease among such women may not be
the result of inheritance of a single dominant susceptibility
gene.

In contrast, women at high risk usually have multiple cases
of breast cancer in close relatives or early age at diagnosis. The
age of onset of disease tends to be one to two decades earlier
than in the general population (frequently, £45 years of age).
The affected relatives are often closely related, with one or
more affected first-degree relatives, especially in succeeding
generations, some with more than one primary tumor (i.e.,
bilateral breast cancer or breast and ovarian cancer). One 
or more affected individuals may have developed cancer
before the age of 50 years, and some have a very early age of
onset (<40 years of age). The earlier the age of onset, the more
likely it is that a mutation will be identified. There may be one
or more affected men in the family. The presence of a woman
with ovarian cancer in a family of women with breast cancer
or a woman with both breast and ovarian cancer significantly
increases the risk for a familial predisposition mutation. The
presence of any second primary tumor also supports the sus-
picion of an inherited predisposition mutation.48 Any woman
younger than 40 years, even in the absence of a family history,
particularly if she comes from a high-risk group, should be
considered to have a significant probability of being a muta-
tion carrier. For women at moderate risk for developing breast
cancer, the likelihood of developing disease has been deter-
mined empirically, based on observations from large numbers
of individuals.
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What are the statistical models used 
by genetic counselors and oncologists 
to estimate the probability that an 
individual will develop cancer?

Models of developing breast cancer used most frequently by
risk assessment counselors on behalf of unaffected women 
are the Gail model and the Claus model (Table 20–1). These
models of risk prediction were developed before genetic test-
ing was available but are still useful for women who have not
undergone genetic testing. Each of the models was based on a
different study design and uses different factors for calculating
risks. Hence, the estimates that are provided by each of these
models may differ.

Gail Model
The Gail model is still used for unaffected individuals with a
limited family history. Gail and colleagues based their model
on data in the Breast Cancer Detection and Demonstration
Project (BCDDP) of 2852 cases and 3146 matched controls.49

Five variables were used to calculate risk ratios. These in-
cluded current age, age at first live birth, age at menarche,
number of first-degree relatives with breast cancer, and num-
ber of prior biopsies. The Gail model predicts cumulative 
risks from age 20 to 80 years and corrects for other causes of
mortality. This model does not take into consideration the 
age at diagnosis of the relative’s breast cancer, nor does it 
consider the occurrence of breast cancer in second-degree 
relatives, thereby overlooking the contribution of genetic
mutations from the maternal grandparental generation as well
from paternal relatives. Both tables and a computer program
are available for estimating individual age-specific risks, based
on this model.

Claus Model
The second model commonly used for unaffected women was
derived by Claus and colleagues from data collected in the
Cancer and Steroid Hormone (CASH) study on 4370 breast
cancer cases in patients aged 20 though 54 years and 4688
controls.5 This study provides age-related risks for breast can-
cer dependent on the presence of one or two affected first- or
second-degree relatives together with their age at onset. These
data were compiled to create lifetime risk tables based on 
family history of breast cancer (see Table 20–1).

Neither the Gail model nor the Claus model takes into con-
sideration the carrier status of the proband or her affected rel-
atives, the presence of affected men, or the occurrence of
either bilateral breast cancer or ovarian cancer in family mem-
bers. The lifetime estimate derived from these models for the
proband remains the same, regardless of whether the proband
or her relatives have been tested.

What are the statistical models used 
by genetic counselors and oncologists 
to estimate the probability that an 
individual will be a carrier?

BRCAPRO Model
Models have also been developed to estimate the likelihood
that a woman carries a mutation in BRCA1 or BRCA2 (Table
20–2). BRCAPRO is a bayesian-based model that takes into
account the prevalence of mutations in the population and the
penetrance estimates that allows genetic counselors and oncol-
ogists to predict the likelihood that a given individual is a car-
rier of a BRCA1 or BRCA2 mutation50 (see Table 20–2). It takes
into account the affected or unaffected state of the proband,

SECTION IV. STAGING AND PROGNOSIS322

Table 20–1 Parameters Included in Models for Estimating Risks
of Developing Breast Cancer

Parameter Gail Claus Tyrer-Cuzick

Personal Information
Age Yes Yes Yes
Body mass index No No Yes
Hormonal factors Yes No Yes
Age at menarche Yes No Yes
Age at first live-born child Yes No Yes
Age at menopause No No Yes

Personal Breast Disease
Breast biopsies Yes No Yes
Atypical hyperplasia Yes No Yes
Lobular carcinoma in situ No No Yes
Ductal carcinoma in situ No No Unknown

Family History
First-degree relative with cancer Yes Yes Yes
Second-degree relative with cancer No Yes Yes
Age of onset in relatives No Yes Yes
Age of onset in proband N/A N/A Unknown
Bilateral breast cancer No No Yes
Ovarian cancer No No Yes
Male breast cancer No No Yes

Genetic Testing
Proband or relative had genetic No No Unknown

testing

Table 20–2 Parameters Included in Models for Estimating Risks
for Carrying a BRCA1 or BRCA2 Mutation

Parameter BRCAPRO Frank21

Personal Information
Age Yes Yes
Body mass index No No
Hormonal factors No No
Age at menarche No No
Age at first live-born child No No
Age at menopause No No

Personal Breast Disease
Breast biopsies No No
Atypical hyperplasia No No
Lobular carcinoma in situ No No
Ductal carcinoma in situ No Yes

Family History
First-degree relative with cancer Yes Yes
Second-degree relative with cancer Yes Yes
Age of onset in relatives Yes Yes
Age of onset in proband Yes Yes
Bilateral breast cancer Yes No
Ovarian cancer Yes Yes
Male breast cancer Yes No

Genetic Testing
Proband or relative had genetic testing Yes No



whether she has unilateral or bilateral disease, and the presence
or absence of breast and ovarian cancer and certain other can-
cers in all of her first- and second-degree relatives. Third-
degree relatives are not included in this estimate, nor are men
affected with breast cancer. The program provided by the
developers of this model includes estimates from the Claus
and the Gail models and from four other models. BRCAPRO
is widely used by risk assessment counselors and, when com-
pared with the estimates of experienced genetic counselors,
was found to be slightly more sensitive in identifying carriers
than were the counselors. Of note, 16% of carriers were not
identified by this model when the cutoff for testing was set
arbitrarily at 10% risk for harboring a mutation.

Many counselors use empirical data from Myriad Genetic
Laboratories that reported their experience in identifying
mutations in BRCA1 or BRCA2 in individuals submitting
samples to their laboratory.21 The patients were classified 
by their affected or unaffected status and by the presence 
of early-onset breast cancer or ovarian cancer in first- and
second-degree relatives. The researchers divided their popula-
tion of patients into 2233 Ashkenazi Jewish individuals and
4716 non-Ashkenazi Jewish individuals, because of the well-
recognized greater frequency of founder mutations among
Ashkenazi Jews. They took into consideration the type of
tumor (breast, ovarian, or both), the age of onset, and the
number of affected first- and second-degree relatives. These
data did not recognize the presence of an affected male in the
pedigree or the presence of bilateral breast cancer in either the
proband or her relatives. In none of these models (Gail, Claus,
or BRCAPRO) are third-degree relatives included. Estimates
derived from these data may underestimate the a priori risk to
be a carrier because male breast cancer was not included as a
risk factor and all affected relatives older than 50 years were
omitted from this model. In addition, the family history was
derived from laboratory requisition forms and not confirmed
independently. Some of these deficiencies have been addressed
on Myriad’s web-based compilation of data, but a drawback 
of the web-based data and the original study data is that the
carrier status of affected relatives is not included in the 
calculations. Because some probands included in the web-
based data came from families in which there was a known
mutation, the estimates may be biased upward.

An important point of consideration is that all of these
studies consider “affected” individuals to be only those with
an invasive lesion. A limited study of probands affected 
by DCIS compared risk estimates for a small number of
Ashkenazi women younger than 50 years with DCIS and those
with invasive lesions. Further studies are required to elucidate
these risks more fully. Another model includes women with
DCIS but routinely adds 10 years to the age at diagnosis; for
example, a woman diagnosed with DCIS at 45 years of age
would be included as an affected subject diagnosed at 55 years
of age.51 This model has been weighted to include the possi-
bility that DCIS may not always progress to an invasive lesion.

Tyrer-Cuzick Model
Lastly, a newer model, not presently available in a computer-
ized version, includes many additional personal characteris-
tics, including the presence of LCIS, height, weight, and body
mass index (BMI).52

For clinical counseling, it is useful to calculate risks derived
from several models and to offer these to patients as a range.

The experience and judgment of the genetic counselor are
invaluable in applying the risk assessment models in the most
appropriate way and in helping patients to understand their
risks. The American Society of Clinical Oncology guidelines
for genetic testing emphasize the importance of the clinical
judgment in estimating these risks.53

Who should have genetic counseling 
for heritable risk for breast or ovarian 
cancer, and how is it undertaken?

Genetic counseling is appropriate for individuals who per-
ceive themselves or their relatives to be at increased risk for
breast or ovarian cancer (see Table 20–1). Generally, such per-
ception is based on family history, although some individuals
with early-onset or multiorgan disease perceive that they and
their family members are also at risk for other malignancies. A
genetic evaluation is a multistep procedure that may result in
modifying risk. Because it is intended to be a service for each
person who participates and because the implications of a
positive test result can have profound ramifications for that
person and the family, participation is always voluntary.

A detailed protocol that is used for counseling patients in
the Human Genetics Program at New York University School
of Medicine is presented in the appendix at the end of this
chapter. An initial telephone contact by the genetic counselor
will provide the patient with details about the overall consul-
tation, and the counselor will obtain a preliminary family his-
tory. Some centers request that patients complete a written
family history form before making an appointment. The
counselor may suggest that more than one individual be
involved in the counseling process, particularly if a relative is
better suited to be tested initially. Arrangements are made to
obtain relevant medical records and pathology reports. The
patient will learn about the basic elements of the consultation,
including the educational aspects of the genetic counseling
session, the number of sessions to expect, and the way in
which results will be communicated (almost always in per-
son). Of considerable importance is communicating to the
patient the nondirective stance of the counselor so that the
patient is free, without coercion, to make a considered deci-
sion about whether to undergo genetic testing.

The first session lasts about 2 hours, during which the
counselor obtains a detailed medical history and at least a
three-generation family history with special attention to the
history of cancer in the relatives. In addition, general medical
and genetics histories are obtained to learn about other con-
ditions about which the patient may be concerned. Based on
this information, the genetic counselor or medical geneticist
will identify the gene or genes most likely to account for the
malignancies in the family or individual.

The educational aspects of the discussion include in-depth
information about the testing protocol. This includes a dis-
cussion about the contribution of BRCA1 and BRCA2 (or
other genes, if appropriate) to a hereditary predisposition to
breast cancer, the genetics of cancer, an approximate estimate
of the likelihood that the patient is a carrier, the likelihood of
detecting a mutation, the frequency of variants of uncertain
significance, the implications of both positive and negative
results, the recommendations for surveillance and cancer pre-
vention following testing, and the benefits and drawbacks of
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testing.54 If the patient is part of a family group being tested,
an opportunity is provided for each person to meet individu-
ally with the counselor or physician during this time.

The major reasons that individuals choose to be tested are
(1) the results may modify medical care; (2) the results of test-
ing may benefit relatives, especially daughters; and (3) just “to
know.” In conjunction with the first reason, there is consider-
able discussion about the options for medical care, which
include (a) doing nothing differently because the patient is
already following appropriate surveillance recommendations;
(b) initiating more intensified surveillance, surgical inter-
vention, or chemoprevention with referrals to appropriate
specialists or a high-risk prevention clinic; or (c) reverting to
surveillance appropriate for the general population because
the patient has learned that she is not at high risk. With
respect to the second reason, it is common that women seek-
ing testing have not discussed the testing with their relatives,
especially their daughters, with the intention of telling them
the results after the testing has been completed. We routinely
recommend that a woman inform her relatives of her inten-
tion to have genetic testing before undergoing the testing to
learn whether those relatives want to learn the results. We
encourage them to consider the rights of their relatives to
make the same independent and autonomous decisions as
they themselves have made.

At the conclusion of the first session, the patient has the
choice of having blood drawn for testing, declining testing
permanently, or deferring the decision about testing until a
later time. Some patients defer testing until we can ascertain
whether their testing will be covered by third-party payers.
Others defer so that they can discuss the implications of
testing with other family members and learn whether their
family members want to have the information. Some defer
because they determine that the information will not be use-
ful to them personally. Still others feel so emotionally over-
burdened at the end of the session that they prefer to have
their testing at a later time when they feel more comfortable.

Wherever possible, we make an effort to obtain pathology
reports that document the malignancies in the patient and
family members. This is particularly important with respect to
gynecologic cancers. In a woman who has had endometrial or
cervical cancer and not ovarian cancer, there is a significantly
lower probability that she or a member of her family is a
BRCA1 or BRCA2 carrier, compared with a woman who has
had ovarian cancer. In addition, a woman who has had an in
situ lesion has a lower probability of harboring a deleterious
mutation.21 If testing has been carried out in one or more
family members, we request those results because they 
may allow us to interpret our patient’s results with greater 
certainty or to estimate her risks to be a carrier with greater
accuracy. When there is a question about the diagnosis, we
may obtain slides for review by an in-house pathologist.

At the time that blood is drawn for testing, an appointment
is made for the patient to return to learn the results in person.
The results may be provided solely to the patient or in the
presence of a relative or friend designated by the patient. If
more than one member of a family is receiving results at the
same session, we determine in advance whether they wish to
receive their results separately or together. We have provided
some anticipatory guidance about potential difficulties that
may arise when one turns out to be a carrier and the other 
a noncarrier and in some instances have recommended 

that they may wish to receive their results at individualized
sessions.

An essential component of genetic counseling is a concern
about the psychosocial issues surrounding illness, especially
heritable disease. For the patient diagnosed with cancer or
coming from a cancer-prone family, there may be a significant
affective component. It is quite common that an individual
coming for genetic counseling and testing has other stress-
inducing events in her life that become even more burden-
some in the context of dealing with cancer and its hereditary
nature. She may be quite depressed or anxious.

Providing the patient with emotional support is a vital
aspect of genetic counseling. One important element of this
process is encouraging the patient to “tell her story,” that is, to
describe her experiences leading up to and following her diag-
nosis, to describe her support system and her response to her
treatment, to provide her own evaluation of her emotional
status, and to evaluate the impact of her disease on other 
family members such as her children, partner, and parents.
There are many patients for whom recalling their experiences
within a family with multiple affected members may be quite
depressing and anxiety provoking. Many patients have not
had an opportunity to discuss their experiences with a profes-
sional, and they express their appreciation at being given the
opportunity to do so. Although it is ultimately beneficial to a
patient to engage in this recollection, it can be emotionally
exhausting, and the patient may not feel prepared to go ahead
with the testing at that time. She may prefer to return to have
her blood drawn.

The counselor or physician needs to be prepared not only
for anger or depression among those who learn about an
increased risk but also for paradoxical or perhaps unexpected
responses. Patients who are told of positive results may
express a sense of relief because the uncertainty with which
they have lived has now been resolved. Patients who are told of
negative results may experience a sense of “survivor’s guilt,”
especially if other family members are told of positive results.
Patients may be quite depressed and require a referral to a psy-
chotherapist for psychotherapy or short-term use of antide-
pressants. Acute depressive reactions have been observed only
rarely under such circumstances, although the physician or
counselor should have made prior arrangements to obtain
emergency psychiatric consultation, should this be required.

The indications and timing of surveillance by self-
examination, physician examination, diagnostic imaging
including digitized mammography, breast and pelvic sonogra-
phy, magnetic resonance imaging (MRI), and tumor markers
are reviewed. Use of risk-reducing surgery is an important
subject for discussion, as is the potential role for 
chemoprevention.

How is genetic testing for BRCA1
and BRCA2 carried out?

Mutations in BRCA1 and BRCA2 can be detected with molec-
ular techniques that use polymerase chain reaction, including
direct DNA sequencing and single-stranded conformational
polymorphism analysis together with targeted sequencing.
Other methods are under development. For the individual
being tested, only a small blood sample is required. Ideally, an
individual in the family who is most likely to be a carrier
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should be tested first; that is, the youngest affected individual
or an individual with multiple tumors. If a mutation is iden-
tified in this affected person, other family members wanting to
know their carrier status may be tested. Any unaffected rela-
tive who does not have the family mutation is counseled that
her chance of developing breast or ovarian cancer is no differ-
ent from that of anyone else in the population. There may be
exceptions to this in a given family, but this would be subject
to a complete family and individual assessment.

If an affected individual from a high-risk family tests nega-
tive in the initial mutation analysis, it may be prudent to test
another affected member because the first individual may
constitute a sporadic case within a hereditary breast family.
The estimate of risk for that first individual should be based
on an assessment of the probability that breast cancer is heri-
table in the individual or family, together with an assessment
of the sensitivity and specificity of the test.

What are the recommendations to 
people who are at high risk for 
developing breast cancer?

Although the complete implications of inheriting a mutation
in either BRCA1 or BRCA2 are uncertain, it is still possible to
provide some risk assessment to carriers. This should be indi-
vidualized, taking into account the personal medical history 
of the patient, the family constellation of cancer, the ethnic
origin, and the specific mutation. The care provider should
investigate the latest studies and extrapolate from them infor-
mation that is most relevant. He or she should provide a range
of risks derived from multiple studies with an explanation of
the limitations of these results with respect to the given indi-
vidual. Patients should be educated about surveillance and
about the possibility of reducing risk for disease by up to 95%
by prophylactic mastectomy and oophorectomy.55–57 These
recommendations are applicable to patients who remain at
high risk, even in the absence of a detectable mutation. In
addition, risk assessment or testing and recommendations for
screening may be applicable to other family members and
should be offered.

Affected women with BRCA1 mutations should be advised
of their increased risk for a second primary tumor, either
breast or ovarian, and referred for appropriate monitoring, as
outlined below. Unaffected women who are carriers of the
mutation should understand the range of risks to which they
are subject, as discussed previously in the section on pene-
trance. Men carrying a BRCA1 mutation should be monitored
for prostate cancer and breast cancer, although it has not been
demonstrated that there is an early age of onset.

Affected and unaffected women carrying the BRCA2 muta-
tion should be advised similarly as for BRCA1 carriers, with
the caveat that the probability of ovarian cancer, although
higher than for the general population, is lower than for
BRCA1 carriers. Men who are carriers should also be exam-
ined regularly by their internists for signs of breast cancer. The
benefit of mammography in men at high risk is unknown.
Men and women should be screened for signs of melanoma
and monitored for symptoms of pancreatic cancer (i.e.,
unexplained abdominal pain). Currently, there are no recom-
mended screening tests for pancreatic cancer outside of an

investigational protocol. In addition, men who are carriers
should be monitored for signs of prostate cancer.

Breast Cancer
The major recommendations for increased surveillance for
prevention of breast cancer are breast self-examination and
mammography.58 Monthly breast self-examination should
begin in early adult life. The young woman should familiarize
herself with the characteristics of normal breast tissue and
should be instructed to palpate for lumps and to observe for
unusual discharges or skin retraction. This should be supple-
mented by semiannual or annual clinical examination begin-
ning at age 25 to 35 years. Up to 10% of breast cancers can be
detected by clinical examination alone.59

Mammography, ultrasonography, and MRI are useful for
identifying early cancers that may not be palpable by physical
examination. For women who are at moderate or high risk,
annual mammography is recommended beginning at age 
25 to 35 years.60 Whenever possible, the mammograms and
sonograms should be performed at the same institution and
with prior films and images available for comparison. Studies
on the risks and benefits of mammography have been based
on women with average risk; hence, the risks and benefits 
of mammography before age 50 years have not been estab-
lished.60 Although not proven, the estimated 20-fold increase
in risk for developing breast cancer for BRCA1 and BRCA2
mutation carriers suggests that mammography and ultra-
sonography screening may be of benefit.

Two major concerns with early use of mammography have
been expressed.62,63 First, early and frequent exposure to radi-
ation may, in fact, increase the risk for breast cancer, as dis-
cussed in Chapter 15. Second, mammography is less useful for
identifying small masses in younger women, whose breasts are
more dense than those of older women. Furthermore, clinical
trials have provided preliminary reports of cases of breast can-
cer in women with increased genetic risk that were identified
by MRI, but not by ultrasonography or mammography.64,65

For carriers of mutations in these genes, because the risk for
other malignancies is also increased, surveillance for carriers
should include monitoring for ovarian and prostate cancer.

Ovarian Cancer
Two major screening methods are available for detection of
early-stage ovarian cancer in BRCA1 mutation carriers: vagi-
nal ultrasound and measurement of the serum marker CA-
125. Vaginal ultrasound can detect masses as small as 2 mm in
diameter, that is, at a stage at which they may not be palpated
during physical examination.66,67 Two analytic methods have
been applied to improve the discrimination between malig-
nant and benign lesions: (1) application of a morphology
index based on ovarian volume, cyst wall thickness, and septal
structure; and (2) use of color-flow Doppler, which can 
reliably distinguish the lower impedance to blood flow of
ovarian neoplasms.68,69

CA-125 is a glycoprotein that is shed into the blood by
malignant cells, most commonly of ovarian epithelial origin.70

After a baseline is established, elevation on a subsequent
measurement may be indicative of the development of an
ovarian cancer.71 Unfortunately, both false-positive and false-
negative results occur with a measurable frequency, suggesting
that CA-125 is not a stand-alone technique to screen for early-
stage ovarian cancer. In addition, clinical trials assessing a
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variety of techniques for early diagnosis of ovarian cancer are
underway.

Risk-Reducing Surgery
Some individuals who are at increased genetic risk may
choose to have risk-reducing surgery for prevention of breast
and ovarian cancer. Bilateral salpingo-oophorectomy reduces
the risk for ovarian cancer by 95% and for breast cancer 
by about 50%.56 Bilateral prophylactic mastectomy reduces
the risk for breast cancer by about 90%.55,57 Residual breast 
or ovarian tissue following these operations provides the
remaining risk.72,73 For maximal reduction of risk, women
might choose prophylactic oophorectomy and mastectomy.
However, the single procedure that maximally reduces risk is
prophylactic salpingo-oophorectomy.

Prostate Cancer
Screening for prostate cancer is endorsed by some profes-
sional groups but not by others.74 The American Urological
Association recommends that prostate-specific antigen (PSA)
screening and digital rectal examination start at age 50 years
in the general population and at age 40 years for men in high-
risk groups (men with a positive family history and African
American men).75 The American Cancer Society similarly rec-
ommends that screening start at age 50 years for men in the
general population, at 45 years for African American men 
and for men with one affected first-degree relative, and at 40
years for men at higher risk.76 However, the American College
of Physicians and the American College of Preventative
Medicine recommend against the use of routine screening.77,78

Those who are proponents of screening argue that since the
widespread use of PSA testing there has been a migration to
lower stages of disease at diagnosis, which would ultimately
lead to an overall reduced cause-specific mortality rate.

What other social and psychological issues 
should be addressed with the patient?

Many individuals who are at high risk for hereditary cancer
choose not to have such testing. Some may cite a desire “not to
know,” whereas others express concerns about potential mis-
use by third parties, including insurers and employers.79 Given
the sensitive nature of this information, there are several steps
that the health care provider can take. First, he or she can pro-
vide the patient with a promise of confidentiality in compli-
ance with federal and state regulations. These statutes include
maintenance of the patient’s record in a locked cabinet or
within an electronic medical record that is not accessible to
others. The patient’s clinical information and test results can
be disclosed to others only with the patient’s written consent.
The inpatient hospital record can be written so that only
information necessary to the patient’s care is provided. For
example, it may be irrelevant to note that a patient is a BRCA1
mutation carrier if she is being admitted for a routine preg-
nancy delivery. Obviously, the guarantee of confidentiality is
waived by the patient when she signs a request directing her
information to a third party.

Second, the provider can advise patients that several forms
of legal protection exist on both the federal and state levels.80

The major federal laws are the Health Insurance Portability
and Accountability Act (HIPAA) of 1996 and the Americans

with Disabilities Act (ADA) of 1990. HIPAA provides patients
with the right to access their personal health information and
to direct who else may have access. The Act also specifies the
physical, procedural, and technologic security protections that
health care providers must make to ensure the confidentiality
of patients’ medical information. The ADA provides a broad
definition of disabilities, so that being perceived as having 
a disability is the same as actually having such a condition.
This confers certain protections to employees or prospective
employees with disabilities. For health care, the guiding prin-
ciple is that employers cannot treat their disabled employees
differently from other employees. Any requirements for pre-
employment testing must be extended to all. Likewise, any
limitations on health care benefits must be extended to all.
In recent years, certain states have enacted protective legisla-
tion that limits the use of genetic testing by insurers and
employers.80 Nonetheless, individuals may still be coerced into
having genetic testing.

Third, providers can anticipate adverse psychological inter-
actions of family members. Although individuals may report
no change of psychological state or may report resolution of
anxiety, even when they learn about an adverse outcome, a few
individuals may experience an acute depression. Learning of a
favorable test outcome may trigger an adverse psychological
response, including survivor’s guilt, depression, or a manic
attack. Before undertaking genetic testing, it is advisable to
review how the patient may handle the results and to arrange
for psychiatric support should an adverse psychological out-
come occur.

The identification of genetic risks for development of breast
and ovarian cancer has the potential to be a public health ben-
efit by leading the identification of those at risk before the
development of disease. Judiciously applied preventive strate-
gies could have a major impact for those at highest risk.
Significant changes are likely to occur with testing strategies
and prediction of risks. Development in these areas is likely 
to occur during the next several years, and it may be neces-
sary for health care providers to consult sources beyond this
chapter.
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Appendix: Genetic
Counseling Protocol

TELEPHONE INTAKE

1. Ascertain the problem and concerns of the patient and
source of referral.

2. Determine the affected or unaffected status of the pa-
tient and other family members by taking a brief family
history.

3. Provide a short description of the evaluation process, to
include

a. The number and length of the sessions
b. The elements of the evaluation
c. The type of information that is to be obtained and

given
d. Who will accompany the patient to the meeting (part-

ner, close friend, other relative, other)

4. Discuss fees and potential insurance issues.
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5. Advise the patient about additional information or
records that may be required.

6. Send release forms if necessary.

FIRST SESSION

1. Ascertain the motivation of the patient and others in
seeking information and testing.

2. Determine the patient’s understanding of what is to be
learned and the patient’s perception and that of others of
the probability that cancer is heritable in the family or
that the patient will develop cancer or have a recurrence.

3. Learn from the patient how the information is likely to be
useful both personally and by other family members.

4. Learn whether the patient definitely wants testing, does
not want it, or is uncertain, and learn what the factors that
influence that opinion are.

5. Describe the elements of the consultation:

a. The number of sessions (usually at least two)
b. The content of the sessions
c. Review of records and slides for confirmation of the

diagnosis
d. The time frame for the receipt of information and

completion of testing
e. How the patient will receive results (in person only,

with occasional exceptions)
f. The availability of other specialists (e.g., surgical, med-

ical, and gynecologic oncologists, radiologists, other
medical specialists, psychotherapists)

6. Obtain a detailed medical history, including the affected
or unaffected status of the patient. If the proband is
affected, find out the date and age of diagnosis; how the
patient came to be diagnosed; the physicians providing
care at each step of the diagnostic process; the treatment
received, both surgical and medical; reproductive history;
other medical history; exogenous hormone exposure;
smoking history; alcohol consumption; dietary fat con-
sumption; dietary supplements; and physical activity.

7. Obtain a detailed three-generation family history to
include

a. History of all maternal and paternal relatives, with
information about as many relatives as possible from
at least two antecedent generations (parental and
grandparental) and relatives from all descendant 
generations (i.e., children, grandchildren, nieces,
nephews)

b. Ages of affected and unaffected relatives
c. History of all malignancies in all recorded relatives and

their ages at diagnosis and death
d. Other genetic conditions in the family

8. Identify family members from whom confirmatory diag-
nostic information will be required and make arrange-
ments to obtain records, slides, and other test results if
possible.

9. Discuss a potential diagnosis and provide an estimate in
qualitative and quantitative terms of the probability that
there is a heritable cancer syndrome in the family and the
probability that the patient and other family members are
carriers. In discussing these issues, elicit whether the
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patient has discussed testing with other family members
and whether they want to receive results. Encourage the
patient to inform relatives of the testing before it occurs,
or at least before results are received.

10. Explain what testing or counseling may be applicable or
appropriate to define the condition more precisely (this
may not be possible until additional information and
records are obtained).

If Family or Individual Wants to 
Consider Testing

1. Discuss the contribution of major genes to a hereditary
predisposition to breast and ovarian cancer and describe
the genetics of the applicable hereditary predisposition.
Explain which gene or genes may be appropriate to test in
the given family.

2. Give a full explanation of the testing procedures, includ-
ing the identification of the individual within the family
who may be most appropriate to test first (i.e., the
youngest affected individual if possible).

3. Emphasize and quantify the accuracy and limitations of
the diagnosis, including the sensitivity and the specificity
of the testing.

4. Explain the implications of both positive and negative
results.

5. Advise the patient that a specific diagnosis may not be
possible.

6. Indicate whether the test is investigational and whether
the laboratory is a research laboratory, is approved by the
Clinical Laboratories Improvement Act, or is state
licensed.

7. Indicate, before testing, the importance of obtaining
medical records or other documentation of the diagnosis
in relevant family members, with your understanding that
it may not always be possible.

8. Discuss the emotional and psychological aspects of test-
ing versus not testing.

9. Discuss the benefits and drawbacks of testing versus not
testing for both affected and unaffected family members.

a. Benefits of testing
(1) Allows the patient to plan medical care
(2) May be useful for other family members who want

to learn their carrier status and risks and modify
their health care

(3) Allows unaffected family members to learn that
they are not at increased risk or are at lower risk
than anticipated

(4) Alleviates the anxiety of not knowing
(5) May improve family relationships

b. Drawbacks of testing
(1) May heighten anxiety in carriers
(2) May interfere with family relationships
(3) May produce guilt in parents who transmit the

gene
(4) May engender resentment among relatives, some

of whom will learn they are carriers whereas oth-
ers are noncarriers

(5) Individuals choosing testing and carriers may en-
counter employment or insurance discrimination

(6) Individuals choosing testing may, in the process,
learn genetic information about relatives who
choose not to be tested

(7) Patient may encounter uncertainty because of the
unknown efficacy of surveillance

10. Discuss issues of confidentiality; that is, results will be
shared only with individuals identified by the patient, and
the patient must provide written permission from these
individuals to share the results with them

11. Discuss fees and insurance reimbursement; potential for
insurance or employment discrimination.

12. Emphasize that testing will be limited to individuals who
are of age to consent unless medical management is
affected.

13. Remind the patient that testing is elective.
14. Tell the patient that he or she will receive the results in

person only and may wish to be accompanied by a part-
ner, relative, or friend.

15. Discuss the pros and cons of having individuals hear their
results with other members of their family or separately.

16. If family members are being counseled as a group, pro-
vide adequate time for all individuals to meet privately
with the counselor or physician.

17. Provide recommendations for surveillance and risk-
reducing surgery following testing.

18. Provide to the patient a written summary of the content
of the session summarizing the medical content of the
session.

19. Draw blood for testing, sign consent form, complete
insurance forms, or make arrangements for a second
appointment.

If the Family Is Not a Candidate for Testing
or Individuals Choose Not to Be Tested

1. Provide an estimate of the risks for recurrence or occur-
rence in affected and unaffected family members based on
the family history, personal medical history, and data
from current medical literature and risk assessment tools.

2. Offer DNA banking (tumor, lymphocytes, tumor block)
for appropriate family members if indicated.

3. Discuss scheduling additional sessions if needed or indi-
cated.

4. Provide the patient with a written summary and promise
a copy of the letter to the physician.

A patient may return to have blood drawn for testing at
another time.

INTERIM

1. Collect medical records, pathology specimens.
2. Review the medical records, including review by the

pathologist.
3. Update the literature search.
4. Conduct a multidisciplinary management conference.
5. Provide the referring physician with a summary of the

evaluation to the patient and any other designated indi-
vidual (written consent is required).



SECOND SESSION

1. Give results.

a. Ascertain who is to be in the room (may be done
before the appointment).

b. Review the implications of diagnosis, giving individu-
als the opportunity not to learn their results, or to
defer learning results.

c. Provide results.
d. Provide emotional support, especially for those learn-

ing of their at-risk status, or alleviate guilt for those not
at risk, if appropriate.

e. Reiterate the degree of accuracy and the limitations of
the test.

f. Review or explain how the risks were calculated.
g. Discuss the patient’s perception of the results and the

alternatives.

h. Discuss in greater detail preventive measures and sur-
veillance and state that there is no clear evidence that
surveillance improves outcome in breast cancer.

i. Refer to other medical specialists, if indicated, includ-
ing psychiatrist or psychotherapist.

j. Discuss the availability of clinical trials.
k. Discuss implications for other at-risk individuals in

the family and offer testing if appropriate. If preventive
measures should be performed before the legal age of
consent, testing should be offered to children.

l. After this session, write a letter to the patient sum-
marizing the results of testing and risk assessment 
and include recommendations for surveillance.
Provide a copy of the test report and obtain written
consent to report results to any third party, including
the physician.
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concerns a “bulging” tumor of the breast. Ancient Egyptian
physicians are instructed to do nothing to such bulging
tumors if they are hard and cool when touched—likely indica-
tive of cancer. This is in contrast to case 39, a tumor that had
“spread with pus over his breast” and had “produced redness,
while it is very hot therein”—certainly indicative of an
abscess. The recommended treatment here is incision with an
instrument known as a “fire drill.”

How did physicians in the ancient 
world view the etiology of cancer?

In ancient Greece, Hippocrates (circa 460–377 B.C.E.) set forth
a humoral concept of cancer’s origin, extending his belief
that diseases were caused by imbalances in the four basic
humors—blood, phlegm, and yellow and black bile—cancer
being due to an excess of black bile. Before this, breast cancer
was likely thought to be of supernatural origin. Clay models of
breast tumors found in the remains of Greek temples suggest
that remedies were sought through supernatural interven-
tion.2 Hippocrates wrote of “carcinoma apertus,” which was 
a malignant ulcer, and “carcinoma occlusus,” which was a
nonulcerated, deep-seated tumor. Of the latter, he stated that
it was better to omit treatment altogether, for, “if treated, the
patients die quickly; but if not treated they hold out for a long
time.”3 In the first century C.E., the teachings of the Roman
scholar Celsus did suggest that efforts to extirpate malignant
lesions early in their development might offer some hope of
success, whereas treatment when the disease became more
advanced might hasten its progression.4

Aglancon, by the second century C.E., embellished the
humoral concept, teaching that when the temperature of the
liver increased, it began to generate decomposed, thick blood,5

which the spleen forced to various sites in the body. If this
thick blood were to stagnate in an organ such as the breast,
cancer would be produced. His student Galen, whose writings
were destined to become the most authoritative therapeutic
directive for centuries, expounded on such humoral theories
of disease, also promoting the Hippocratic view that breast
cancer, among other neoplasms, was due to an excess of black
bile. The Greek surgeon and physician Paul of Aegina
(625–690) again promoted the belief that cancer arose from
thick overheated bile, which commonly affected the breast
“due to its laxity which admitted humours.”6

CHAPTER 21

Development of Modern
Breast Cancer Treatment
Daniel F. Roses

Breast cancer therapy has evolved through most of its long
history without any verifiable understanding of the behavior
of the disease, little technical means by which it could be 
studied, and limited diagnostic and therapeutic resources. By
contrast, our present modern era of breast cancer treatment,
beginning in the closing decades of the last century, has devel-
oped with increasing rapidity through the efforts of an
extremely broad spectrum of basic research scientists and
clinical investigators who have redefined our standards for
developing, evaluating, and applying meaningful therapeutic
strategies. Historically, the most important development in
breast cancer treatment was the rise of modern surgery, which
made careful and thorough ablation of local disease techni-
cally feasible and demonstrated to a skeptical medical world
that breast cancer is a treatable disease. Paradoxically, this
advance also made clear the limitations of therapy that was
exclusively directed at the breast and its regional nodal
drainage sites. As other therapeutic modalities were devel-
oped, the possibility of curing an ever-greater population of
patients became a reality. At the same time, advances in radi-
ographic and pathologic diagnosis also made clear the inap-
propriateness of overzealous and uniformly rigid efforts to
extirpate local disease. As we enter into a new century, the
intensity with which modern diagnostic and therapeutic
strategies are assessed, and with which the molecular mecha-
nisms of disease are being defined, carries the hope that we are
on the threshold of a new era in which it will become possible
to translate an enhanced understanding of oncogenesis and
growth into universally effective treatment and even prevention.

Has breast cancer always been 
a major health problem?

Cases of breast cancer have been recorded in medical writings
for more than 5000 years. In documents from the ancient
world, they appear with perhaps greater frequency than 
any other form of cancer. This suggests that the incidence of
breast cancer was significant, particularly considering that life
expectancy in the ancient world was probably no more than
40 years. The first written evidence possibly indicating a breast
cancer is from ancient Egypt and is found in the Edwin Smith
Surgical Papyrus, a compendium of surgical cases and thera-
peutic recommendations, dating back from 3000 to 2500
B.C.E.1 Although the patients referred to are to men, case 45
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How was cancer treated in the ancient world?

The basic component of cancer therapy, according to Galen,
was the use of purgatives, although he did recognize surgery 
as a form of therapy for accessible lesions. If surgery were re-
sorted to, he advised that it be done “from the root,” by which
he meant encompassing the veins “full of the malignant 
matter.”7 Recorded clinical observations of progressive axillary
nodal involvement, as well as descriptions of partial mastec-
tomies by the Greek physician Leonides in the second century
C.E., suggest that there existed a tension between the authori-
tative promotion of theories of humoralism on the one hand
and the recognition that surgery, then a violent therapeutic
intervention, might be required for a disease that so obviously
did not respond to purgatives, bleeding, caustics, cauteriza-
tion, or dietary manipulation.8

During the period from the fall of the Roman Empire to 
the Renaissance, medical progress remained stagnant as
Christianity and Islam limited anatomic dissection and, in
turn, surgical practice. The teachings of Galen were elevated to
official doctrine, and efforts to question his dictates were
viewed as heretical. Despite edicts to restrict the performance
of surgery, eminent surgeons, such as Henri de Mondeville
(1260–1320) and Guy de Chauliac (1300–1368), advocated
surgery for breast cancers that could be completely excised.
William of Salicet (1210–1277) and Lanfranc of Milan
(?–1315) advocated extending surgery to complete removal of
the breast. William of Salicet, in a synthesis of surgical and
humoral thinking, stated that

the disease cannot be truly cured except by the amputation of
the part, as I have said above, for its roots are imbedded in the
veins which course about it, and which are full of melancholy
blood [containing black bile]; and that it is necessary for the
perfect cure that the veins be cut and the roots extracted in
some fashion. This cannot be done except by removing the part
in its entirety, and the disease cannot be cured by any other
means. It appears to me that it is neither good, nor useful, nor
honest for the physician to interfere with this cure. It would be
better, to be sure, and I advise you, my friend, to decline.9

Medieval surgeons empirically recognized that inadequate
excision was futile. It is understandable, therefore, that breast
cancer, a disease that was likely to be locally advanced upon
presentation to surgeons, was for the most part treated by
attempts at local palliation using caustics. What was required
to free breast cancer treatment conceptually, if not practically,
from the dominance of folk wisdom and ancient medical
dogma was anatomic observation and study.

When did anatomic concepts 
of breast cancer development appear?

Anatomic paradigms for breast cancer arose with the
Renaissance and the renewed study of anatomy. The critical
figure in the development of scientific anatomy based on
observation and dissection was Andreas Vesalius (1514–1564).
Vesalius was also a surgeon who is recorded as having oper-
ated for cancer of the breast, excising the lesion widely and
achieving hemostasis by ligating blood vessels rather than by
the brutal cauterization in common use during this era.10 His

contemporary, Ambrose Paré (1510–1590), the most famous
surgeon of the 16th century, described the swelling of axillary
lymph nodes that he observed in patients with breast cancer.11

Although he is recorded as having excised superficial lesions,
for most patients he would compress the base of the breast
between lead plates, the resulting ischemia hopefully arresting
the progression of the disease.8

Several other surgeons of the 16th century described more
surgically aggressive approaches to breast cancer, including
Johannes Scultetus (1595–1645), who with great speed excised
the breast after traction had been applied by heavy leather
thongs threaded through its base, hemostasis being provided
by a hot iron applied to the chest wall12 (Fig. 21–1). Another
surgeon, Wilhelm Fabry von Hilden of Germany (1560–
1624), also developed a rapid technique using an instrument
that lifted the breast away from the chest wall, its base then
constricted with an iron ring, following which it was ampu-
tated. Guillaume de Houppeville incorporated the subjacent
pectoralis major muscle in his mastectomies, and Marcus
Aurelius Severino (1560–1634) first removed enlarged axillary
lymph nodes.13 Fabry von Hilden, however, observed that
excising axillary tumors was difficult and dangerous because

the breast veins come together in that spot, bleeding from which
must be controlled. Furthermore, also through contraction of
such tumors, the breast muscles which aid in breathing might
be injured, and for this reason there is danger of suffocation.
Therefore it is necessary to proceed slowly, humbly, and gently
with such parts.14

He recognized the futility of incomplete resection of fixed
lesions, noting,

Above all things, one must inform himself carefully whether 
the tumor weaves about or moves from one place to another,
or whether it can be removed from its base, including its roots.
For all would be for naught if a part of the tumor, be it ever 
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Figure 21–1 Mastectomy (breast amputation) for cancer. (From
Johannes Scultetus Armamentarium Chirurgicum, Amsterdam, 1741.)



so small, even a bit of membrane with which such tumors are
generally surrounded, were to remain behind. Then it flames
up again and becomes worse than ever before.14

Not surprisingly, he deferred treating ulcerating lesions
and, believing cauterization incited further malignant growth,
proposed the topical application of a distillate of suckling
puppies boiled in wine.

Surgeons of the Renaissance were obviously frustrated by
an inability to translate their new anatomic knowledge and
more critical clinical observations into therapeutic progress.
Despite their intentions, the extremes of disease continued to
be managed by bizarre topical concoctions, such as those of
Fabry von Hilden, and even by the application of animal feces
to the tumor, excreta being frequently used medicinally dur-
ing this era. Nevertheless, progress was clearly being made
toward establishing an anatomic concept of the disease upon
which a consistent therapeutic strategy could be constructed.

When was a local theory of breast
cancer introduced?

The 18th century brought a new focus by surgeons on
anatomic and experimental pathology. In France during this
Age of Enlightenment, the ancient humoral theory of oncogen-
esis was discarded most forcefully by Henri François Le Dran
(1685–1773) (Fig. 21–2). In a memoir published in 1757, he
reasoned that because axillary nodal involvement in a patient
with cancer of the breast was indicative of a worse prognosis,
the disease must spread through the lymphatics to these
lymph nodes and then into the general circulation after its 

origin in the breast. At its earliest phase of development,
therefore, it was a local disease and might well be eliminated
by surgery. If “cancer lymph” passed beyond the adjacent
lymph nodes, the entire lymphatic system would become con-
taminated.15 New theories on the lymphatic origins of cancer
arose. At the University of Halle, Friedrich Hoffman (1660–
1742) and Georg Ernst Stahl (1660–1734) espoused the view
that cancer was composed of fermenting and degenerating
lymph, a concept that was also proposed by John Hunter
(1728–1793).16

When did a unified surgical approach 
to breast cancer arise?

The surgical application of Le Dran’s conceptualization of
breast cancer as a local disease found its most forceful advo-
cate in Jean Louis Petit (1674–1750) of Paris (Fig. 21–3), a
leading founder of the French Academy of Surgery. In Petit’s
book, Traits des Maladies, Chirurgicales et des Operations, pub-
lished posthumously, he outlined a concept of ablative surgery
that required excising the breast, palpable axillary lymph
nodes, and underlying pectoralis major muscle if attached to
the tumor. As he noted,

. . . the roots of cancer were the enlarged lymphatic glands; 
that the glands should be looked for and removed and that 
the pectoral fascia and even some fibers of the muscle itself
should be dissected away rather than leave any doubtful tissue.
The mammary gland too should not be cut into during the
operation. . . . Where the integuments are also affected and
strictly joined to the cancer there is little hope to expect a
perfect cure if they are not both clearly extirpated together.17
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Figure 21–2 Henri François Le Dran (1685–1773), who devel-
oped a local theory of breast cancer. (Courtesy of New York
Academy of Medicine.)

Figure 21–3 Jean Louis Petit (1674–1750), who developed an
en bloc resection of the breast and palpable axillary lymph nodes.
(Courtesy of National Library of Medicine, Washington, DC.)



Although Petit did not always encompass the nipple and
areola in his procedures, he did clearly promote the concept of
en bloc resection of cancer. Petit attracted students from many
European surgical centers and certainly influenced the course
of breast cancer surgery through the 18th and 19th centuries.
Lorenz Heister (1683–1758) of Germany advocated mastec-
tomy with the attached pectoralis major muscle and axillary
nodes if necessary. However, his vivid description of a mastec-
tomy performed in 1720 leaves no doubt as to the brutality of
surgery at that time and the near impossibility of translating
any detailed surgical concept into clinical reality.18 Heister was
able to report the surgical removal of cancers “bigger than
one’s fist” and one that weighed 12 pounds, reflecting the
expanded advocacy of surgery as a therapeutic option.18

Bernard Peyrilhe (1735–1804) in 1773 envisioned surgery that
encompassed the entire breast, axillary nodes, and pectoralis
major muscle.19 Samuel Sharpe in England and Benjamin Bell
(1749–1806) in Scotland also promoted mastectomy and the
excision of palpable axillary lymph nodes. However, the limi-
tations on surgery in the preanesthetic and preantiseptic era
clearly continued to inhibit timely intervention and restrict its
use except as a treatment of desperation. As a result, extreme
pessimism regarding the curability of breast cancer persisted.

Did a local theory of breast cancer 
development result in any major 
change in treatment?

Despite the acceptance of Le Dran’s local concept of breast
cancer, surgery was still considered worse than the disease,
and little advance in treatment resulted. A vivid account of a
mastectomy performed on September 30, 1811, makes this
clear. The patient, the novelist Fanny Burney, best known for
her letters and diaries, was married to a French aristocrat,
Alexander D’Ablay, and living in France when, in 1811, she
noticed a lump in her breast. Cancer was diagnosed, and sur-
gery was performed by the illustrious surgeon to Napoleon,
Baron Dominique-Jean Larrey (1766–1842). In a letter to her
sister on the ordeal, she wrote that she was given very little
notice of her operation, only being informed that it would
take place on the very morning of the day of the procedure. To
gather up the necessary resolve, she was able to delay its com-
mencement for several hours, at which time Larrey arrived
with six assistants. After being prepared with wine she was laid
down on a bedstead. A handkerchief was spread over her face
to block her view, but it was thin, and she could make out
what was about to take place. When the procedure com-
menced, she let out a scream, which, she wrote, “lasted unin-
termittently during the whole time of the incision,” and when
the instrument was withdrawn, the pain was undiminished.
She recalled the “knife rackling against the breastbone—
scraping it!” The operation lasted 20 minutes, during which
time she fainted twice, and when the handkerchief was
removed from her eyes, she “saw my good doctor Larrey, pale
nearly as myself, his face streaked with blood, and its expres-
sion depicting grief, apprehension, and almost horror.”20

Madame D’Ablay lived another 30 years, which has even called
into question the accuracy of the diagnosis. More typical of
the results following surgery was the experience of 46-year-old
Abigail Adams Smith, daughter of the second president of the
United States. In the same year that Fanny Burney discovered

her tumor, she also felt a mass in her right breast and was
advised by Dr. Benjamin Rush that the only remedy was “the
knife.” He wrote,

From her account of the moving state of the tumor, it is now 
in a proper situation for the operation. Should she wait until 
it superates or even inflames much, it may be too late. . . .
I repeat again, let there by no delay. . . . Her time of life calls for
expedition in this business, for tumors such as hers tend much
more rapidly to cancer after 45 than more early in life.21

On October 8, 1811, in a bedroom next to that of John and
Abigail Adams, a 25-minute mastectomy was performed by
four surgeons. She recovered but died of her disease 2 years
later. Even more typical of treatment during this era is a
poignant account of an indigent patient having surgery for
breast cancer that took place in a crowded amphitheater in
Edinburgh in 1830, as recorded by an onlooking medical 
student, Dr. John Brown. The patient was brought into the
amphitheater in her street clothes, accompanied by her hus-
band and her dog, where she stoically withstood the painful
procedure only to die of sepsis a few days later.22

Given the desperation of such therapy, it is no wonder 
that in the same year as the operations on Fanny Burney 
and Abigail Smith, the English surgeon Samuel Young again
described treating breast cancer by compression, as had Paré
250 years earlier.17 This technique was to prove no more 
successful than it had been when originally introduced. The
problem of this era was best summarized by Henry Fearon
(1750–1825), who noted that although surgery for breast 
cancer at an early time represented the most favorable oppor-
tunity for effecting a cure, it was unlikely that patients whose
disease was creating few or any symptoms could be convinced
of undergoing such painful and dangerous therapy.23 In 1792,
a cancer charity ward was established for the first time at
Middlesex Hospital in London, where patients could be cared
for and studied in an attempt to arrive at some new under-
standing of the natural history of a disease that so eluded com-
prehension and possible methods of treatment. In 1803, the
first patient with breast cancer was admitted there for study.

Was breast cancer viewed as a curable 
disease at the beginning of the 19th century?

Such eminent English surgeons as James Syme (1799–1878),
Sir James Paget (1814–1899), and Robert Liston (1794–1847)
all wrote with skepticism on the possibility of effecting a cure
for breast cancer through surgery.24–26 Paget, who in 1874 was
to describe one of the more favorable forms of carcinoma of
the breast with which his name is attached, actually believed
that women with what was described as “scirrhous car-
cinoma”—a generic category that encompassed any lesion
with painless growth and a hard consistency—were less likely
to have a prolonged survival if surgery were attempted rather
than if the disease were allowed to progress unimpeded. In
1853, Paget wrote that “in deciding for or against the removal
of a cancerous growth, in any single case, we may, I think, dis-
miss all hope that the operation will be a final remedy for the
disease.”24 In 1856, citing his failure to have a disease-free sur-
vivor beyond 8 years among 235 patients on whom he had
operated, he again wrote, “We have to ask ourselves whether 
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it is probable that the operation will add to the length and
comfort of life enough to justify incurring the risk for its 
own consequences.”25 In the United States, D. Hayes Agnew
(1818–1892), ironically memorialized in the famous painting
by Thomas Eakins depicting his supervision of a breast proce-
dure at the University of Pennsylvania, wrote skeptically, “I do
not despair of carcinoma being cured somewhat in the future,
but this blessed event will never be wrought by the knife of the
surgeon.”27

What was the impact of microscopic 
pathology on breast cancer treatment?

The rise of microscopic pathology in the first half of the 19th
century provided evidence for a verifiable and rational expla-
nation on the natural history of breast cancer. Following the
development of the achromatic microscope in 1830 by Joseph
Jackson Lister (1786–1869), which enabled clear microscopic
images to be studied without blurring, Johannes Müller
(1801–1858) in 1838 was able to demonstrate the cellular
structure of malignant growths, whereas Joseph Recamier
(1774–1852) in 1829 first described “metastasis” as well as local
infiltration of malignant tumors into surrounding tissues and
veins.28,29 Tumors were now clearly defined as lesions evolving
from cells that could infiltrate and invade lymphatic and vas-
cular structures. With the establishment of cellular pathology
by Müller’s student Rudolf Virchow (1821–1902) (Fig. 21–4),
cancer was now viewed as evolving from normal cells.

The development of metastases, however, eluded patho-
logic observation and understanding. Virchow, for one, felt
that metastatic spread occurred “by means of certain fluids,
and these possessed the power of producing an infection
which disposes different parts to a reproduction of a mass of
the same nature as the one which originally existed.”30

Regional nodal metastases were viewed by Virchow as repre-
senting a temporary barrier to distant dissemination. Of axil-
lary nodal metastases, Virchow stated in 1858,

When an axillary gland becomes cancerous, after previous
cancerous disease of the mamma, and when during a long
period only the axillary gland remains diseased without the
group of glands next in succession or any other organs
becoming affected with cancer, we can account for this upon 
no other supposition than that the gland collects hurtful
ingredients absorbed from the breast and thereby for a time
affords protection to the body, but at length proves insufficient,
nay, perhaps at a later period itself becomes a new source of
independent infection to the body, inasmuch as a further
propagation of the poisonous matter may take place from the
diseased parts of the gland.31

Karl Thiersch (1822–1893) and Wilhelm Waldeyer
(1837–1921), by studying serial sections of cutaneous and 
gastrointestinal neoplasms, further established the epithelial
origins of malignant growth. They believed that migration of
cells, not the suffusion of “hurtful ingredients,” through the
lymphatic and circulatory system, led to metastases, agreeing
that the regional lymph nodes served as a protective filter.29

Virchow, like Paget before him, believed that cancer required
a hereditary or constitutional predisposition. Both believed
some inciting mechanism was required. For Virchow, the
mechanism was chronic irritation; for Paget, it had been a

humoral material that was spread throughout the vascular
system.32

By the second half of the 19th century, therefore, the estab-
lishment of the cellular origins of disease and the local pattern
of cancer’s progression had provided a more rational frame-
work on which to structure surgical treatment. If tumors
expanded and infiltrated before spreading to other sites, then
operations to encompass the disease widely, as originally 
proposed by Le Dran and Petit, were justified. Despite this
rethinking, the constraints on surgical practice compelled sur-
geons in the mid-19th century to sympathize with even such a
famously bold surgeon as Robert Liston of London, who wrote

Recourse may be had to the knife in some cases but the
circumstances must be very favorable indeed to induce a
surgeon to recommend or warrant him in undertaking any
operation for removal of malignant disease of the breast. When
the disease has been of some standing there is a considerable
risk of the axillary glands having become contaminated. No one
could now be found so rash or so cruel as to attempt the
removal of glands thus affected whether primarily or
secondarily.26

How did surgeons adapt the advances 
in cellular pathology to treatment?

The cellular basis of disease now began to permeate medical
thought and emboldened many surgeons to advocate more
thorough extirpation of the local origins of breast cancer.
Joseph Pancoast (1805–1882) in the United States again ad-
vocated removal of the breast in continuity with involved 
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Figure 21–4 Rudolf Virchow (1821–1902), who believed lymph
nodes to be a temporary barrier against breast cancer progression.
(Courtesy of New York Academy of Medicine.)



axillary lymph nodes.33 Writing in 1844, 2 years before the
introduction of general anesthesia, he did urge careful selec-
tion of appropriate cases, noting the great likelihood of local
recurrence “if it has involved the chain of axillary glands, and
especially if it has become adherent to the pectoral muscles, or
has formed an open ulcer,” urging a candid discussion of such
a risk with the patient.33

With the introduction of general anesthesia in 1846, a new
window was opened on what might be attempted in the local
extirpation of breast cancer. In 1869, Richard Sweeting in
England advocated removing the lower portion of the pec-
toralis major muscle as well as a generous margin of skin, not-
ing that if the cancer cells lie in the fascia, they are likely to
embed themselves in the lower part of the pectoralis major
muscle, “certainly not a vital organ that cannot safely be
removed. The lower two-thirds of the muscle is more than
occupied by the base of a large cancer.”34 Most influential was
Charles H. Moore (1821–1870) (Fig. 21–5), a surgeon at the
Middlesex Hospital, who in an 1867 article titled “On the
Influence of Inadequate Operations on the Theory of Cancer”
criticized the frequency with which the breast was only partly
removed by other surgeons. He noted the tendency for cancer
to recur centrifugally from the scar owing to inadequate
removal. He stated that

local recurrence of cancer after operations is due to the
continuous growth of fragments of the principal tumor. Such
recurrences may take place also in a residual part of the organ
respecting which it cannot be asserted that it is cancerous at the
time of operation. . . .35

He urged wide resection around the tumor to avoid cutting
through malignant tissue and directed surgeons to remove 
the entire breast as well as adjacent diseased tissue, including

generous margins of skin and axillary lymph nodes to avoid
“dividing the intervening lymphatics,” a crucial concept in the
development of surgical thinking.35 This approach was sup-
ported by W. Mitchell Banks in London and in the United
States by Samuel W. Gross (1837–1889), both of whom advo-
cated the elective inclusion of an axillary dissection with the
mastectomy.36,37 Joseph Lister (1827–1912) detached the ori-
gins of both pectoral muscles to enhance his ability to dissect
the axillary nodal contents. As he noted in an 1870 report on
antiseptic surgery,

I have at present a patient about to leave the infirmary three
weeks after the removal of the entire mamma for scirrhus, all the
axillary glands having been at the same time cleaned out after
division of both the pectoral muscles, so as to permit the shoulder
to be thrown back and the axilla freely exposed, as is done in
the dissecting room—a practice which I have for some years
adopted where the lymphatic glands are affected in that disease.38

The surgical revolution brought about by general anesthe-
sia, and then by antiseptic practice, proposed by Lister in
1867, led to an escalated effort to surgically treat breast cancer.
In Germany, Ernst Küster (1838–1922) championed axillary
dissection as a routine component of mastectomy, reporting
on his experience in 1883.39 Richard von Volkmann (1830–
1889) (Fig. 21–6), writing in 1875, concluded that the fascia of
the pectoralis major muscle could be infiltrated, and intro-
duced a procedure to remove it along with the breast and axil-
lary lymph nodes. As he explained,
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Figure 21–5 Charles H. Moore (1821–1870), who asserted that
breast cancer evolved centrifugally and required wide resection en
bloc with contiguous structures. (Courtesy of National Library of
Medicine, Washington, DC.)

Figure 21–6 Richard von Volkmann (1830–1889), who advo-
cated removal of the pectoralis major fascia along with the breast
and axillary lymph nodes. (Courtesy of National Library of Medicine,
Washington, DC.)



I was led to adopt this procedure because, on microscopical
examination, I repeatedly found when I had not expected it
that the fascia was already carcinomatous whereas the muscle
was certainly not involved.40

Lothar Heidenheim (1860–1940) provided support to
Volkmann, reporting on the frequency of lymphatic metas-
tases between the breast and pectoralis major muscle. In 1889,
he reported on his experience of including not only the pec-
toralis major fascia but also a superficial layer of muscle or
even the entire muscle for those instances in which the tumor
was fixed to the underlying muscle.41 The greater availability
of surgical specimens enabled further detailed pathologic
anatomic studies of breast cancer, many supporting a radiat-
ing pattern of lymphatic permeation.42,43 A consolidation of
the advances in surgery and the new conceptualization of
breast pathophysiology into a dominant therapeutic doctrine
was about to take place.

Why was Halsted so influential in the 
treatment of breast cancer?

William Stewart Halsted (1852–1922) (Fig. 21–7) had been
raised in New York City and received his medical education
and spent his early surgical career there. Like many well-to-do
graduates of American medical schools, he had gone to
Europe to immerse himself in the scientific medicine that was
emerging in the great centers of European learning, particu-
larly in Germany and Austria. Between 1878 and 1880, he
traveled to Vienna, Berlin, Hamburg, Leipzig, Kiel, Halle, and
Würzburg, where he was exposed to the modern advances in
clinical investigation, antisepsis, microscopic anatomy, and
pathology as well as to the great leaders of European surgery

such as Theodor Billroth (1824–1887), von Volkmann, and
Karl Thiersch (1822–1895).44 His move to the new Johns
Hopkins School of Medicine in 1888 and his subsequent
appointment in 1889 as surgeon-in-chief to the outpatient
clinic and appointment 2 years later as Professor of Surgery
and Surgeon-in-Chief to the Johns Hopkins Hospital led to
the establishment of a modern American school of scientific
surgery and a surgical training system, greatly influenced by
his European experience, that became the model for all those
that were to follow in the United States. This position of influ-
ence contributed significantly to his impact on the treatment
of cancer of the breast.

What was Halsted’s contribution 
to breast cancer treatment?

Halsted extended the operation devised by von Volkmann.
He believed that the Volkmann mastectomy was “obviously
incomplete” because it failed to encompass fully the sur-
rounding structures.45 Halsted noted that von Volkmann’s
results, along with the results of his contemporaries, were dis-
mal. Billroth, perhaps the most eminent surgeon of the era,
had reported an operative mortality rate of 18.5% and an 82%
local recurrence rate after only 3 years from treatment. Only
4.7% of Billroth’s patients had survived more than 3 years.
Halsted decided to include the entire pectoralis major muscle.
Gross infiltration of the pectoralis major muscle was not
uncommon, given the advanced presentations of many of the
patients on whom Halsted operated.46 This is clearly reflected
by one hospital summary from 1905 in which Halsted
describes an 8-cm cancer as “small” (Fig. 21–8).

In his first published reference to his operative approach to
cancer of the breast in 1891, Halsted stated his reason for
excising the pectoralis major muscle:

About eight years ago, I began not only to typically clean out
the axilla in all cases of cancer of the breast but also to excise 
in almost every case the pectoralis major muscle, or at least 
a generous piece of it, and to give the tumor on all sides an
exceedingly wide berth. It is impossible to determine with the
naked eye whether or not the disease has extended into the
pectoral muscle.

From the careful microscopical examination of many very
small cancers of the breast, I am convinced that the pectoralis
major muscle is usually, at the time of the operation, involved
in the new growth. Strange to say, no authorities (to my
knowledge) suggest the advisability of always removing the
pectoralis major muscle or a portion of it in operations for the
cure of cancer of the breast; and still stranger there are many
surgeons of the first rank—surgeons in favor of methodically
cleaning out the axilla—who instead of recommending the
excision of the muscle advise the removal of the fascia only
from the pectoral muscle. König, for example, in the fourth
edition of his Surgery says: “When the fascia over the pectoralis
major muscle is diseased, it [the fascia] must be removed.”
Surely it is absurd not to remove the muscle when its fascia is,
even to the naked eye, diseased.47

The en bloc removal of the breast and pectoralis major
muscle with wide resection of the skin and axillary nodes
became known as the Halsted mastectomy.
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Figure 21–7 William Stewart Halsted (1852–1922), in 1889, at
the time of his development of the radical mastectomy. (From
Crowe SJ. Halsted of Johns Hopkins. The Man and His Men. Springfield,
IL, Thomas, 1957.)



Why was the Halsted mastectomy viewed as 
an advance in breast cancer treatment?

At first, the Halsted operation was called the complete opera-
tion, then the radical mastectomy. The original Halsted mas-
tectomy consisted of en bloc removal of the entire breast and
wide excision of the overlying skin, full dissection of the 
axilla, and resection of the pectoralis major muscle. In 1894,
he wrote in the Johns Hopkins Hospital Reports,

The pectoralis major muscle, entire or all except its clavicular
portion, should be excised in every case of cancer of the breast,
because the operator is enabled thereby to remove in one piece
all of the suspected tissues.

The suspected tissue should be removed in one piece, 1) lest the
wound become infected by the division of tissues invaded by the
disease or of lymphatic vessels containing cancer cells, and 2)
because shreds or pieces of cancerous tissue might readily be
overlooked in the piecemeal extirpation.46

In his 1894 paper, Halsted was able to report dramatic
results with 50 patients who had been treated by his mastec-
tomy since 1889. He maintained that “the efficiency of an
operation is measured truer in terms of local recurrence than
of ultimate cure.”46 Halsted compared the local recurrence rate
in his patients with the results achieved by surgeons in Europe
who were performing the von Volkmann mastectomy. In the
European experience, local recurrence rates ranged from 51%
to 82%, whereas Halsted was able to report an incidence of
only 6% (Fig. 21–9).

Halsted’s 6% local recurrence rate was particularly striking
in light of his patients’ advanced stages of disease. “The prog-
nosis at the time of the operation was recorded as hopeless or
unfavorable in 27 of the 50 cases of complete operation,” he
wrote. “In every one of the 50 cases, some or all of the axillary
glands were cancerous.”46

Halsted, in his analysis of the results, followed von
Volkmann’s definition of cure, which required patients to be
disease free after 3 years. Halsted noted,“As to ultimate results,
permanent cures effected by the operation—we again look to
[von] Volkmann [who stated:] ‘I unhesitatingly make this
statement for all cancers, that when a whole year has passed
and the most careful examination can detect neither a local
recurrence nor swollen glands, nor any symptoms of internal
disease, one may begin to hope that a permanent cure may be
effected; but after two years, and after three years without
exception, one may feel sure of the result.’ ”45

In 1898, Halsted reported to the American Surgical
Association the results of 133 breast cancer operations 
performed at the Johns Hopkins Hospital over a 9-year 
period (1889–1898). Of the 133 patients, 13 (9%) had local
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Figure 21–8 A summary
report of a patient treated by
Halsted in 1905 describing an 
8-cm cancer as “small.” (From
Lewison EF, Montague AC [eds].
Current Concepts: Diagnosis
and Treatment of Breast Cancer.
Baltimore, Williams & Wilkins,
1981, p 7.)

Figure 21–9 Halsted’s report of his surgical experience com-
pared with those of his European contemporaries. (Data from
Halsted WS. The results of operations for the cure of cancer of the breast
performed at the Johns Hopkins Hospital from June, 1889, to January,
1894. Johns Hopkins Hosp Rep 1894–1895;4:297–350.)



recurrences, and 22 (16%) had cervical or internal mammary
regional recurrences. Of 76 patients who were operated on 3
or more years previously, 40 (52%) lived without signs of local
recurrences or regional metastases for more than 3 years.48

By contrast, the comparable disease-free survival statistics
reported by Halsted from the European review of operations
performed before the introduction of the radical mastectomy
ranged from a low of 4.7% (Billroth) to a high of 30.2%
(Bergmann).

Were there other surgeons proposing
operations similar to Halsted’s?

On September 19, 1894, the same year that Halsted reported
on his initial 50 patients at the Johns Hopkins Hospital,
Willy Meyer (1858–1932) (Fig. 21–10) of the New York 
Post-Graduate Medical School (now part of the New York
University Medical Center) described a similar operation for
breast cancer. Meyer, who had been born and educated in
Germany before coming to the United States in 1884, devel-
oped his procedure independently of Halsted. It differed from
Halsted’s in certain details. First, Meyer made a diagonal inci-
sion (Fig. 21–11) in the breast rather than the teardrop inci-
sion preferred by Halsted (Fig. 21–12). Second, Meyer excised

the pectoralis minor muscle along with the pectoralis major,
whereas Halsted divided the pectoralis minor but did not
excise it.49 Meyer’s diagonal excision eventually came to be
used more frequently than the teardrop incision, and Halsted
himself later excised the pectoralis minor as well.

Both Halsted and Meyer emphasized the need to excise
wide margins of skin and to immediately close the defect with
a graft. In his 1898 report, Halsted noted, “We remove rather
more skin than we did originally, and in all cases we graft the
wound immediately. Grafts are cut from the patient’s thighs
large as or larger than one’s hand. A single one of these large
grafts may be enough to cover the raw surface.”48 Skin graft-
ing, as practiced by Halsted, had originally been developed by
1886 by Thiersch, one of the surgeons whose clinic Halsted
had visited on his tour of Germany.

For a time, Halsted extended the radical mastectomy to
include routine removal of the ipsilateral supraclavicular
nodes, viewing metastases to these nodes as equivalent to
those in the axilla. The excision of anterior mediastinal nodes
was first performed by one of his residents, Harvey Cushing
(1869–1939), in cases of recurrent disease. Eventually, Halsted
abandoned the practice of excising the supraclavicular nodes
when he was unable to demonstrate an improvement in 
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Figure 21–10 Willy Meyer (1858–1932), who reported on a
radical mastectomy in 1894, the same year as Halsted. (From
Walsh JJ. History of Medicine in New York, vol 4. New York, National
Americana Society, 1919.)

Figure 21–11 The mastectomy incision of Meyer.

Figure 21–12 The mastectomy incision of Halsted. (From
Halsted WS. The Surgical Papers, vol 2. Baltimore, Johns Hopkins Press,
1924.)



outcome. He did not adapt mediastinal node excision as an
extension of his operation because it could not be incor-
porated en bloc by available techniques at that time.

Despite his efforts to extend even further the surgical land-
marks of his radical mastectomy, Halsted’s emphasis was on
early intervention in the evolution of the disease process. In
his 1894 paper, he wrote,

But now we can state positively that cancer of the breast is a
curable disease if operated upon properly and in time. I cannot
emphasize too strongly the fact that internal metastases occur
very early in cancer of the breast, and this is an additional
reason for not losing a day in discussing the propriety of an
operation.46

Halsted was aware of the limitations of surgery in many
instances and also of the importance of classifying breast 
cancer by stages. He wrote,

I know of no very successful attempted classifications of cancers
of the breast with reference to their relative malignancy, and yet
the importance of such a classification, if it were to any extent
possible, is so evident that it is unnecessary to emphasize it.48

What was the halstedian view 
of cancer dissemination?

In a 1907 report,50 Halsted wrote that he was in agreement
with the permeation theory of cancer metastasis as enunciated
by his English contemporary, the London surgeon William
Sampson Handley (1872–1962) (Fig. 21–13). Based on 

autopsy studies, Handley’s theory held that cancers arose in
one focus and spread in all directions centrifugally away from
the center, solely through the lymphatics. Halsted wrote,

The dissemination probably takes place by way of the
lymphatics—not by the blood vessels—and the disease holds
together without important interruptions. . . . It permeates to
the bone rather than metastasizes to it, and, via the lymphatics,
along fascial planes. Much evidence has been adduced by
others, and most convincingly by Handley, to indicate that the
centrifugal spread of breast cancer takes place primarily in the
plane of the deep fascia.50

Even metastases to liver were believed by Halsted to occur by
lymphatic permeation. The adherence to this lymphatically
oriented view of breast cancer dissemination by such domi-
nant surgical leaders as Halsted and Handley represented a
divergence from previous beliefs in tumor dissemination
through both the lymphatics and the bloodstream. In 1887, the
English surgeon Thomas Bryant had stated the contrary view:

When a cancer or carcinomatous growth ceases to be a local
disease, it spreads in three methods, by continuous or local
infection, by lymphatic infection, or by secondary vascular
infection. One form may be more marked than another or all
forms may coexist together.51

Why was Halsted preeminent among 
his contemporaries in the treatment 
of breast cancer?

Other surgical contemporaries of Halsted’s, not only Meyer,
promoted or reported on their experiences with similar oper-
ations. As superbly detailed by Frykberg and Bland, these
included Arbuthnot Lane in London (who, as reported in The
Lancet, performed a similar resection in 1893, 1 year before
the more substantive reports of Halsted and Willy Meyer), J.
Collins Warren in Boston, Jabez N. Jackson in Kansas City,
and Alton J. Ochsner in Chicago.23 Halsted became preemi-
nent not only because of the forcefulness with which he 
welded his surgery to his conceptualization of cancer dissem-
ination but also because of his promotion of a meticulous
operative technique that represented a major advance in sur-
gery in the early anesthetic and antiseptic era. It was summa-
rized well after his death in a 1925 memorial service address
by Rudolph Matas (1860–1957), the eminent professor at
Tulane University in New Orleans, who contrasted breast can-
cer surgery before Halsted to what Halsted practiced:

There are many of us who recall “an amputation” of the breast
for cancer, as it was classically performed in the late 70’s and
early 80’s. The operation then was a mere mammectomy,
performed in 15 or 20 minutes, or less, with a few rapid and
sweeping strokes of the knife. It was a quick, “brilliant,” but
bloody affair, in which the diseased mamma and underlying
fascia were removed, with here and there an obviously diseased
axillary gland. There was no effort to remove the breast and
tributary areas in block dissection, or systematically to pursue
and ferret out the disease and all its known hiding places or
routes of travel. The wounds were usually easily closed as there
was ample skin left to cover the incision completely without
leaving bare surfaces.
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Figure 21–13 William Sampson Handley (1872–1962), who
along with Halsted advocated a lymphatic permeation theory of
breast cancer dissemination. (From Brickner WH. The story of the
Annals. Ann Surg 1925;81:392–412.)



No one who has been privileged to see Dr. Halsted at work 
on a cancer of the breast could fail to recognize the reason for
his extraordinary success. Deeply interested in his work 
and absorbed in all its details, whether operating himself or
directing his staff of well-trained and brilliant assistants, his
delicate but far-reaching dissections, by which he pursued the
disease relentlessly, without regard to aesthetic effect or plastic
union; his minute and almost fastidious precautions against
infection and hemorrhage, controlling the smallest bleeding
point so that the total blood loss throughout the operation was
negligible; his skill and nicety in covering large skin defects with
autogenic skin grafts in a way that has scarcely been equalled
and has never been excelled; and his final dressing of the
wound, covering it with silver foil and immobilizing plaster
dressing, gave the impression to the onlooker that he was seeing
the performance of an artist, close akin to the patient and
minute labor of a Venetian or Florentine intaglio or cutter or 
a master worker in mosaic. Yet this task, which with all its
discipline and method often consumed two and three hours,
was practically shockless and bloodless and was followed almost
invariably by recovery.52

Halsted himself, in his 1898 report, described his efforts:

Operating for the cure of cancer is a very great labor. We never
attempt more breast cancers than one in a day. The operation,
including the toilet of the wound and the grafting, requires
from two to four hours with highly trained and skilled
assistants; it is performed in an absolutely bloodless manner,
and the patient, in consequence, suffers not at all from shock.48

Halsted’s influential approach to surgery became known as
the “surgery of safety,” embracing principles of gentle and
meticulous technique, and was practiced by generations of
surgeons whom he trained and who in turn went on to develop
similar residency programs at universities around the country.
As Samuel Crowe, who worked with Halsted at Johns Hopkins
and had developed the division of otolaryngology, wrote in
1912,

The operating room technique that Halsted initiated in
1889–1890 was far ahead of that at other large hospitals. He
insisted on rigid asepsis, and trained his assistants to handle
tissues with the greatest care and gentleness. He taught, by
example, that in the operating room brilliance and speed must
be subordinated to thoroughness and safety.53

His technique encompassed a view of cancer that placed the
surgeon in a position of potentially doing great harm. As
Halsted stated,

I believe that we should never cut through cancerous tissues,
when operating, if it is possible to avoid doing so. The wound
might become infected with cancer either by the knife, which
has passed through diseased tissue and perhaps carries
everywhere the cancer-producing agents, or by the simple
liberation of the cancer cells from their alveoli, or from the
lymphatic vessels. The division of one lymphatic vessel and the
liberation of one cell may be enough to start a new cancer.46

In his 1907 report to the American Surgical Association,
Halsted noted that

women are now presenting themselves more promptly for
examination, realizing that a cure of breast cancer is not only

possible, but, if operated upon early, quite probable. Hence the
surgeon is seeing smaller and still smaller tumors, cancers
which give not one of the cardinal signs.50

Halsted was able to report a 3-year (or more) disease-free
survival rate of 42.4% among 210 patients treated by radical
mastectomy at the Johns Hopkins Hospital. The postoperative
mortality rate in the hospital was 1.7%.50 Although the initial
data with radical mastectomy were tempered by this more
sober appraisal of longer-term survival statistics, the halstedian
concept of cancer dissemination, the importance of encom-
passing the entire local disease effectively, and a more confident
espousal of the importance of earlier diagnosis and expeditious
surgery became hallmarks of halstedian doctrine that perme-
ated thinking and continue to have a major impact to this day.

When did skepticism about the radical 
mastectomy arise?

In 1907, Halsted noted that even in instances where there was
no microscopic evidence of axillary metastases, 23.4% of
patients in his experience died from metastatic disease. He
regarded this as evidence of further lymphatic dissemination
before surgical intervention occurred. While this did not
explain the apparent failure of regional nodes to serve as tem-
porary barriers to the further spread of disease, Halsted
believed it unlikely that dissemination might take place in the
absence of lymph node metastases, arguing that there must
have been pathologically unappreciated disease “in many, if
not in most” of the axillae recorded as negative.50

It is curious that Halsted’s approach was not without criti-
cism in his lifetime. Rudolph Matas, for one, in a discussion of
Halsted’s 1898 report to the American Surgical Association,
reflected a point of view more akin to our contemporary one,
stating rather bluntly that the Halsted radical mastectomy
“offers no more prospect of cure or chance of escape from
internal metastases and secondary recurrence in the neck than
that obtained by the older and less mutilating operation.”54 In
1898, A. Marmaduke Shield in London expressed a similar
skepticism on the advisability of radical procedures for locally
advanced disease. In his monograph Diseases of the Breast he
wrote,

There is now a tendency to operate upon all cases of cancer of
the breast, and the more extensive the disease, the larger the
operation. I feel here that the greatest care and judgment is
needful in estimating the advisability of the performance of
these operations. The interest of the patients must always be
taken into due account. If extensive operations involving loss of
large areas of skin with slow, tardy, and painful convalescence
are universally done in these cases, we shall soon have patients
preferring the blandishments of the charlatan to the treatment
of the surgeon. It has seemed to me that the earlier the cancer
the more reason there is for a very complete operation. In
widely spread disease, it is as a rule hopeless to try to get
beyond the limits of the tumor. After undergoing the mental
and bodily distress of a severe operation, the disease returns
within six months at most or makes itself apparent in some
internal organ where likely enough it had been silently
progressing at the very time when an enthusiastic operator 
was attempting to eradicate its external manifestations by 
what is termed “heroic surgery.”55
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When was radiation introduced 
as a treatment of breast cancer?

In 1896, within one year after Roentgen reported on his 
discovery of x-rays using a cathode-ray tube, Emile Grubbe
treated a woman with breast cancer. As he reported many
years later, the patient survived only 1 month.56 The biologic
effects of radiation at that time were obviously untested. Soon
thereafter, Marie and Pierre Curie, who discovered the emis-
sion of radiation by uranium crystals in 1896, noted inflam-
mation and the shedding of skin at the ends of their fingers
which had held radioactive materials. Henry Becquerel, after
carrying in his vest pocket a small tube of radium given to him
by the Curies wrapped in paper and a cardboard box for sev-
eral hours, noted that a burn had developed on the underly-
ing skin, the exact shape of the oblong tube. Subsequently,
Pierre Curie observed that after strapping a radium fragment
to his forearm for 10 hours, he also developed an area of
inflammation which sloughed and subsequently healed.
Furthermore, hair did not return to the healed skin. Becquerel
and Pierre Curie reported these findings in 1901.57 Soon
thereafter, a number of investigators began attempting the use
of radium in the treatment of benign cutaneous neoplasms.
Alexander Graham Bell, for one, suggested in 1903 that 
radium be placed in a glass tube, which might then be inserted
into a cancer.58 Carcinoma of the cervix became an appropri-
ate lesion upon which to initiate this new theory, and several
dramatic responses were noted.

Breast cancer, an accessible lesion, became a target lesion
early on in this effort. In 1906, there was a report from Boston
on the use of radiation as primary therapy for breast cancer,
and 2 years later a French physician, George Chicotot,
attempted radiotherapy for breast cancer in Paris, memorial-
izing his effort in a painting he did of himself and the patient59

(Fig. 21–14). Not surprisingly, the often unrealistic expecta-
tions that had been generated by early enthusiasts inevitably
gave way to pessimism as primitive equipment, the lack of
ability to measure dose, and the general ignorance of the other
biologic effects of radiation led to the use of massive radiation
exposures aimed at eradicating tumors in one treatment.
Significant morbidity and even mortality, let alone long-term
complications and a high rate of recurrence, undermined the
initial enthusiasm for the technique.

In 1919, Claude Regaud promoted the crucial concept 
of dose fractionation. He argued that malignant tumors 
mimicked the high cell turnover rate of spermatogenesis 
in the testes of experimental animals, which he was able to
eliminate by sequential daily fractionated doses of radiother-
apy. A single massive dose was not able to produce the same
effect, while its toxicity to skin was prohibitive.60 Similarly
fractionated doses applied to cancer would be both more
effective and safer. With Henri Coutard, a fellow worker at the
Curie Foundation in Paris, efforts were initiated to treat head
and neck cancer as well as cancer of the cervix.61,62

Although the treatment of breast cancer by radiotherapy
became more common, its acceptance was limited to its use in
treating local recurrences after surgery. The first major effort
at primary radiation treatment for breast cancer was made by
the English surgeon Geoffrey Keynes in 1922 using radium
needles. Working at the St. Bartholomew’s Hospital in
London, he first applied this method without surgery, for

advanced and inoperable cases. In 1932, he was able to report
a 77.1% 5-year survival in the absence of palpable nodes and
a 33.6% survival with axillary metastases. Keynes extended his
use of radiation therapy for more operable lesions, combining
it with conservative surgery, having begun with very advanced
inoperable tumors.63 By 1937 he was able to report an 83.5%
3-year survival for patients whose lesions were confined to the
breast treated by radium implants, and he suggested that the
most effective therapy was the surgical excision of clinically
obvious disease followed by radiation therapy to destroy 
any subclinical disease that may have remained.64 Keynes 
proposed this treatment as an alternative to the radical
mastectomy while recognizing that radiation was not without
complications as a result of scarring and neurologic injury.
His efforts were interrupted by the outbreak of World War II,
when supplies of radium in London were dispersed because of
the danger of air raids and when Keynes himself had joined
the Royal Air Force.65 In the United States, George E. Pfahler
also reported in 1932 on an experience with the use of post-
operative radiation, noting an improved survival in patients
with axillary metastases.66

When was a systemic concept 
of disease treatment introduced?

Even before the emergence of radiation as a form of cancer
therapy, hormonal manipulation had been recognized as
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Figure 21–14 Painting by George Chicotot, The First Trial of X-
ray Therapy for Cancer of the Breast (1908, Musée de l’Assistance
Publique, Paris.) The physician pictured is Chicotot himself.



influential in the progress of breast cancer. Sir Astley Cooper
as early as 1835 had referred to observations he had made on
size variations of tumors in pre- and postmenopausal patients
as well as a greater frequency of the disease in nulliparous
women.67 In 1889, Albert Schinziger (1827-1911) proposed
oophorectomy as a form of treatment based on his observa-
tion that the prognosis was worse in younger patients and 
the unlikely premise that this procedure might make women
“a little bit older.”68 It was George Beatson (1848-1933) of
Glasgow, however, who first performed a bilateral salpingo-
oophorectomy on a 33-year-old woman with a chest wall
metastasis from breast cancer in June of 1895. The dramatic
response led him to treat two other similar patients, one of
whom again demonstrated a response. He reported his expe-
riences in 1896.69 Other surgeons subsequently attempted
oophorectomy in young patients with advanced disease.
Subsequently, ovarian ablation by radiation was used by some
as an alternative to surgical oophorectomy.

How was halstedian surgery extended?

The effort to follow halstedian principles was extended by 
the adoption of the frozen section technique for tissue prep-
aration and rapid diagnosis by Rutherford in 187170 and 
promoted initially at the Johns Hopkins Hospital in 1895.71

Frozen section preparation of biopsy tissue allowed surgery to
be performed immediately after histologic diagnosis, a con-
cept fully in keeping with the halstedian hypothesis of rapidly
encompassing the disease process without delay or risking its
dissemination through any surgical means. Most important, it
withdrew any reservations about the histologic verification
and study of disease, particularly as more patients were pre-
senting with less advanced and clinically obvious disease. At
the same time, halstedian principles were extended anatomi-
cally even further as attention was directed to internal mam-
mary metastases. Richard S. Handley (1909–1984), stimulated
by the observance of parasternal recurrences after radical
mastectomy made by his father, W. S. Handley,72 performed
internal mammary node biopsies. In R. S. Handley’s initial
series of 50 patients, a significant 38% rate of metastases was
demonstrated.73 These observations suggested that the radical
mastectomy was inadequate because it did not encompass this
frequent site of regional metastases. W. S. Handley proposed
treating the internal mammary nodes with interstitial radia-
tion, but other surgeons began to develop surgical procedures
that would encompass this drainage site en bloc with a radical
mastectomy. Such an operation became formalized first by
Mario Margottini (1898–1981) in Italy in 1948 and sub-
sequently by Jerome Urban (1914–1991), among others.74–76

Erling Dahl-Iversen (1892–1978) in Denmark again adopted
Halsted’s initial efforts to excise the supraclavicular as well as
the internal mammary nodes as separate procedures at the
time of radical mastectomy.77 The most radical extension of
halstedian doctrine was reported by Prudente in France, who
treated advanced cases by a trans-scapulothoracic amputation
of the upper extremity en bloc with the mastectomy.78 Owen
Wangensteen (1898–1981) also developed a “super-radical”
mastectomy, which combined a radical mastectomy with
resection of the supraclavicular, internal mammary, and
mediastinal lymph nodes.79 When an improvement in survival
could not be demonstrated, and with an operative mortality

of 12.5%, the procedure was abandoned.80 An extended radi-
cal mastectomy continued to be advocated by Urban based on
the premise that the lymphatic drainage of medial lesions was
also to the internal mammary nodes (Fig. 21–15).

As extended radical procedures were attempted, there was a
growing recognition of the multicentric evolution of breast
cancer in many instances, an observation first made by G. L.
Cheatle in England81 in 1920, as well as the risk for contralat-
eral breast cancer. This provided additional support for the
basic concept of mastectomy, although conceptually detached
from the lymphatic permeation theories that had been previ-
ously embraced, even for lesions far smaller than Halsted had
encountered, and led some, such as New York surgeon George
Pack (1898–1969), in 1951 to advocate bilateral mastectomies
in the treatment of clinically unilateral disease.82

When did the radical mastectomy 
begin to lose favor?

While efforts were being made to encompass wider zones of
local lymphatic permeation, evidence began to accumulate
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Figure 21–15 Extended radical mastectomy of Urban. The ster-
num has been split, and the chest wall is separated by cutting
through the ribs and intercostal soft tissues just lateral to the cos-
tochondral junctions of the second through fifth ribs to achieve
resection of the internal mammary chain in continuity with the
overlying muscles and breast. (From Urban JA, Baker HW. Radical
mastectomy in continuity with en bloc resection of the internal mam-
mary lymph node chain. Cancer 1952;5:992–1008. Copyright ” 1952
American Cancer Society. Reprinted by permission of Wiley-Liss, Inc., a
subsidiary of John Wiley & Sons, Inc.)



that lymphatic permeation could not be implicated in the dis-
semination of disease, as Halsted and Handley had proposed.
The concept of en bloc resection was first called into question
when J. H. Gray reported, in 1938, that lymphatic permeation
was rarely observed through lymphatic channels extending
from the primary lesion to the regional lymph nodes.83 An
alternative concept of lymphatic embolization was consistent
with the concept of metastasis first established by the studies
of Thiersch and Waldeyer. There also seemed to be a paucity
of lymphatic vessels on or even approaching the deep fascia of
the pectoralis major muscle, further undermining a basic
premise of halstedian doctrine.

There also emerged the growing recognition of an intraep-
ithelial phase in breast cancer evolution first recognized grossly
by Joseph C. Bloodgood (1967–1935), who as an assistant to
Halsted commented on the exudation from a clinically benign
tumor “many grayish-white granular cylinders, which I called
comedos.”84 Following further histologic observations by
numerous investigators it was termed “in-situ” by Broders in
1932 and was notable for the absence of malignant cell migra-
tion beyond the ductal basement membrane85 and for the
absence of lymphatic permeation and lymph node involve-
ment.86 By the end of the 1930s, there began to emerge a
reassessment of the concept of lymphatic permeation as a
foundation for extensive surgery along with a growing appre-
ciation of more favorable histologic characteristics for many
cancers, which differed from those of the tumors for which
radical procedures had been devised.

Halsted, as already noted, recognized that as many as 25%
of his patients without lymph node metastases died of breast
cancer. Furthermore, when his patients were followed for
longer than 3 years, it became clear that the success of long-
term cure diminished as even more time elapsed from the
dates of initial treatment. As patients were followed to 5 and
10 years, there was a progressive decrease in survival, an obser-
vation also noted in series from the Massachusetts General
Hospital, as reported by Greenough and colleagues in 1907,87

and from the Mayo Clinic, as originally reported by Judd and
Sistrunk in 191488 and then by Harrington in 1929.89 In 1922,
the eminent pathologist James Ewing (1866–1943) wrote,

From clinical and pathological studies I have drawn the
impression that, in dealing with mammary cancer, surgery
meets with more peculiar difficulties and uncertainties than
with almost any other form of the disease. The anatomical
types of the disease are so numerous, the variations in clinical
course so wide, the paths of dissemination so free and diverse,
the difficulties of determining the actual conditions so complex,
and the sacrifice of tissue so great as to render impossible in a
majority of cases a reasonably accurate adjustment of means 
to ends. The scope of the operative field having apparently
reached a limit, the chief hope for a reduction in the mortality
from mammary carcinoma lies in its prevention and earlier
diagnosis.90

When was staging introduced?

As the surgical treatment of breast cancer expanded, Halsted’s
prophecy that women would present for treatment at earlier
stages of disease was fulfilled. The broader spectrum of breast
cancer faced by surgeons required appropriate prognostic 

criteria to enable meaningful study. The first attempt to 
establish a staging system based on clinical criteria is credited
to Steinthal of Stuttgart91 in 1905. More widely accepted was 
the clinical Manchester Staging System introduced in England
in 194092 and the Portmann Classification introduced in
Cleveland in 1943.93

However, it was Cushman Haagensen, a vigorous exponent
of radical mastectomy, and Arthur Purdy Stout in the early
1940s who paradoxically signaled a retreat from the uniform
application of the radical mastectomy by identifying those
prognostic factors that made the procedure inappropriate. In
reviewing more than 568 patients with breast cancer treated
by the radical mastectomy at the Columbia-Presbyterian
Hospital from 1915 to 1942, Haagensen and Stout defined
three features that were associated with 100% mortality at 5
years and a 60% incidence of local recurrence despite treat-
ment by radical mastectomy.94,95 These features were edema 
of the skin that extended over one third of the breast,
satellite nodules of cancer within the skin, and erythema and
edema over one third of the breast indicative of inflammatory 
carcinoma. They also defined other features indicative of
inoperability, which included internal mammary nodal
metastases, supraclavicular nodal metastases, extensive axil-
lary metastases leading to edema of the arm, and, of course,
distant metastases. They further identified additional “grave
signs,” any two of which also placed the patient in the same
inoperable category. These included edema of the skin over
less than one third of the breast, skin ulceration, chest wall fix-
ation, axillary lymph nodes greater than 2.5 cm in diameter,
and fixation of the axillary lymph nodes to the skin or deep
structures of the axilla. More prognostically favorable lesions
were categorized by the size of the tumor or the presence or
absence of movable axillary lymph nodes. The Columbia
Clinical Classification (Table 21–1), dividing patients into
stages A, B, C, and D, became the most important early 
classification system by which to stage patients for surgical
treatment and to assess prognosis and long-term survival 
following treatment.96

What advances led to radiotherapy 
as a primary modality of therapy?

Between 1920 and 1940, kilovoltage therapy was developed.
This was first introduced by William David Coolidge
(1873–1977), who invented a vacuum x-ray tube that could
produce energies as high as 200 kV.97 Physicists studying the
effects of radiation quantitated the radiation dose by identify-
ing the first physical unit for measurement of radiation, the
roentgen, which was replaced by the rad in 1956, as techniques
for delivering radiation were refined. The physical dose distri-
bution of 200 kV limited the use of kilovoltage therapy to
superficial lesions. Higher beams of energy clearly had to be
developed if greater cure rates were to be realized for deeper
lesions.98 Radioactive cobalt provided by nuclear fission 
soon after World War II provided a substitute for radium,
which was extremely expensive. Concurrently, new electronic
devices, such as the betatron and the linear electron accelera-
tor, could provide beams of very high energy. Such megavolt-
age energies were able to produce their maximal ionization at
levels much deeper than the skin, and the limitation of skin
tolerance was no longer a major issue.99
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These advances made it possible to apply radiation therapy
not only as a substitute for surgery for inoperable cases but
also as an adjunct to the radical mastectomy for patients 
at high risk for local recurrence. In the 1930s, François
Baclesse (1896–1967) administered radiation to 21 patients
before surgery. Of note is the fact that in one third of
the patients treated with preoperative radiation therapy, no
tumor was found in the mastectomy specimens, with almost
all of the others demonstrating marked changes in tumor
morphology.100 With larger series and longer follow-up,
however, survival rates seemed the same, and there was a
growing consensus that radiation therapy could be reserved
for use following mastectomy, if necessary.

More significantly, some investigators began to use radia-
tion as an adjunct to lesser surgical procedures. In 1941,
Robert McWhirter (1904–1994) (Fig. 21–16) in Edinburgh
began to perform mastectomy alone followed by postopera-
tive irradiation of the axillary, supraclavicular, and internal
mammary lymph nodes for patients with operable breast can-
cer, instead of a radical mastectomy, with comparable 5-year
survival rates. For the first time, combining two modalities of
therapy in the treatment of operable breast cancer was pre-
sented as a viable option.101 In a trial conducted by Sigvaard
Kaae and Helge Johansen102 in Copenhagen between 1951 and
1957, patients were randomized to treatment with either
extended radical mastectomy or total mastectomy and post-
operative radiation therapy. Survival rates and local recur-
rence rates were equivalent, further supporting the use of

radiation therapy in the treatment of subclinical disease. This
concept was extended to the breast itself by François Baclesse
at the Curie Foundation, who began to treat patients with
both operable and inoperable disease by radiotherapy, in most
cases without excision of the tumor. Dosage was adjusted
based on the size of the tumor, and the radiation portals were
adjusted as well, based on the findings in the axilla. Although
Baclesse concluded that this was not appropriate for all cases,
he did suggest that in selected instances and for those who
refused mastectomy, radiation was an alternative.103 Sakari
Mustakallio104 in Finland initiated an effort to excise favorable
lesions followed by radiation to the breast through tangential
portals as well as axillary and supraclavicular radiation.

When was the radical mastectomy modified?

David H. Patey (1889–1977) and W. H. Dyson, of the
Middlesex Hospital in London, began to question the appro-
priateness of routine removal of the pectoralis major muscle,
particularly in instances in which there was no discernible
involvement by the tumor. Because the original halstedian
concept was based on large lesions often abutting or affixed to
the pectoralis major muscle and the concept of continuous
lymphatic tumor extension, removal of the pectoralis major
muscle became increasingly questioned. While the pectoralis
major was preserved in Patey’s procedure, most of the other
components of Halsted’s procedure were left intact, including
removal of the pectoralis minor, a complete axillary dissec-
tion, and excisions of wide margins of skin. Patey and Dyson

347Chapter 21. Development of Modern Breast Cancer Treatment

Stage A
No skin edema, ulceration, or solid fixation of tumor to chest
wall; axillary nodes not clinically involved

Stage B
No skin edema, ulceration, or solid fixation of tumor to chest
wall; clinically involved nodes, but <2.5 cm in transverse
diameter and not fixed to overlying skin or deeper structures of
axilla

Stage C
Any of five grave signs of advanced breast cancer:
• Edema of skin of limited extent (involving less than one third

of the skin over the breast)
• Skin ulceration
• Solid fixation of tumor to chest wall
• Massive involvement of axillary lymph nodes (measuring 

≥2.5 cm in transverse diameter)
• Fixation of the axillary nodes to overlying skin or deeper

structures of the axilla

Stage D
All other patients with advanced breast cancer, including
• A combination of any two or more of the five grave signs

listed under stage C
• Extensive edema of the skin (involving more than one third of

the skin over the breast)
• Satellite skin nodules
• The inflammatory type of carcinoma
• Clinically involved supraclavicular lymph nodes
• Internal mammary metastases, as evidenced by a parasternal

tumor
• Edema of the arm
• Distant metastases

Table 21–1 Columbia Clinical Classification

Adapted from Haagensen CD. Diseases of the Breast, 3rd ed. Philadelphia,
WB Saunders, 1971, p 630.

Figure 21–16 Robert McWhirter (1904–1994), who began to
treat patients with radiation after total mastectomy as an alterna-
tive to radical mastectomy. (Courtesy of New York Academy of
Medicine.)



first reported on their technique in 1948.105 A subsequent
analysis by Handley and Thackray of 143 patients treated with
Patey’s procedure at the Middlesex Hospital showed survival
equivalent to that of radical mastectomy in patients classified
as stage A by the Columbia Clinical Classification (see Table
21–1), with no recurrences in the pectoralis major muscle
being noted.106

How did mammography alter 
therapeutic thinking?

Although efforts to detect breast cancer radiographically 
were made throughout the century, Jacob Gershon-Cohen 
in Philadelphia vigorously pursued this diagnostic technique
and was able to demonstrate in 1948 the ability to detect 
nonpalpable carcinoma.107 The feasibility of diagnosing 
breast cancer radiographically became increasingly evident
through the efforts of Robert Egan108 and others, and by 
the 1960s, strategies were proposed for evaluating asympto-
matic patients in screening programs.109 Initial data sug-
gested that mortality could indeed be reduced by such an
approach, and despite concern that mammography could
itself induce breast cancer if used inappropriately and exces-
sively, a concern largely abated by smaller radiation dosage,
mammography became integrated into the diagnostic arma-
mentarium of physicians.110 This led to the detection of an
increasing number of clinically occult and prognostically
favorable cancers, providing even greater impetus to reducing
the extent of surgery. If the radical mastectomy had demon-
strated the feasibility of curing breast cancer and had encour-
aged women to seek treatment earlier, as Halsted had
predicted, was it not equally appropriate to propose that a 
further inducement to earlier diagnosis would be a reduction
not only in breast cancer mortality but also in the extent of
surgery?

What led to a permanent withdrawal 
from radical mastectomy?

Increasingly, surgeons began to adopt the modification of the
radical mastectomy proposed by Patey and Dyson, essentially
the same prehalstedian operation that had been performed by
Moore in 1867. In 1953, I. G. Williams and his colleagues111

reviewed 1044 cases of breast cancer treated at St.
Bartholomew’s Hospital in London from 1930 to 1939. They
found that the 10-year survival rates of patients treated by
radical mastectomy, modified radical mastectomy, or simple
mastectomy did not differ, with or without the use of
additional radiation therapy. In the United States, the modi-
fied radical mastectomy was championed by such surgeons 
as John L. Madden112 and Hugh Auchincloss.113 The better 
cosmetic and functional results following the procedure 
were emphasized, and survival rates appeared comparable to
those following Halsted’s radical mastectomy. The extensive
removal of skin advocated by Halsted, and even by Patey and
Dyson in their modification, became questioned, and primary
skin closures were increasingly achieved with reduced skin
margins.

By 1972, the frequency with which the radical mastectomy
was performed began to decline dramatically. Data developed

by the Commission on Cancer of the American College of
Surgeons revealed that between 1972 and 1981, use of the rad-
ical mastectomy had plummeted from 47.9% of operations
for breast cancer to 3.4%. At the same time, the frequency
with which the modified radical mastectomy—an often ill-
defined designation—was performed had risen from 27.7% of
operations for breast cancer to 73.2%.114 By 1974, the modi-
fied radical mastectomy had eclipsed the radical mastectomy
as the most widely performed procedure for breast cancer in
the United States. During this time, reconstruction of the
breast following mastectomy was introduced, first with
implant placement techniques,115,116 and then with autologous
musculocutaneous flaps using the latissimus dorsi117 or rectus
abdominis muscles.118

The justification for lesser operative procedures was 
supported by the relative freedom from recurrence in the 
pectoralis major muscle following procedures in which it 
was preserved.83 Evidence presented by Engell119 that there was
venous dissemination of cancer cells, not only in breasts 
but also in other solid tumor models, along with experimen-
tal evidence that cancer cells could bypass regional lymph
nodes as well as extend from lymphatics to blood vessels,
further undermined the concept of contiguous lymphatic 
permeation and even orderly embolization.120,121 George Crile
Jr., Oliver Cope, Vera Peters, and Bernard Fisher, among 
others, began to question not only the appropriateness of
mastectomy in all instances but also, most important, the 
biologic principles used to support ablative surgery of the
breast and regional lymph nodes. These questions coincided
with the emergence of support for, and reliance on, prospec-
tive randomized trials to assess more objectively the compar-
ative efficacy of different therapeutic options, not only
surgical but also those directed at the increasingly perceived
problem of early systemic dissemination. At the forefront of
these efforts to carry out controlled clinical trials, with appro-
priate statistical power derived from the participation of mul-
tiple institutions, was the National Surgical Adjuvant Breast
and Bowel Project (NSABP), initially founded as the Surgical
Adjuvant Chemotherapy Breast Cancer Group, and directed
by Bernard Fisher122 (Fig. 21–17). These studies challenged
physicians to prove or disprove clinical hypotheses by 
scientific methodology and to shun retrospective analyses 
that purported to support what might well be antiquated
thinking that served as the biologic underpinning of surgical
therapy.

How did multimodality therapy evolve?

Chemotherapy developed with great rapidity after World War
II from several programs that dealt with such diverse goals as
chemical warfare, nutrition, and research into basic biochem-
ical mechanisms. The rapid development of chemotherapeu-
tic agents and their potential applications to the treatment of
solid tumors compelled the National Institutes of Health to
organize national controlled studies to assess their efficacy.
During this era as well, a renewed interest arose in the
endocrine treatment of breast cancer as Charles B. Huggins
(1901–1997) at the University of Chicago in 1941 demon-
strated the efficacy of castration in the treatment of metastatic
prostatic cancer and proposed that oophorectomy, as had
originally been attempted in the late years of the 19th century,
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might be efficacious as well in the treatment of breast can-
cer.123,124 The availability of corticosteroids made the prospect
of adrenalectomy to further reduce endogenous hormones
possible. Both testosterone and synthetic estrogen were used
in the treatment of advanced breast cancer, provoking further
investigation into the role of hormones in the etiology and
promotion of the disease.125 The demonstration of the estro-
gen receptor protein by Elwood V. Jensen and associates126 and
by Jack Gorski and associates in 1966127 and its identification
in human breast cancer by William McGuire,128 and sub-
sequently, the identification of progesterone receptors,129

provided greater predictability to the impact of hormonal
manipulation. The development of antiestrogen compounds,
first described in 1971, provided another means of treatment
for metastatic breast cancer.130 Although such advances in
chemotherapy and hormonal therapy were directed initially at
metastatic disease, they refocused attention, with greater
specificity, on the potential for systemic therapy of earlier
stages of disease.

By the 1970s, the effectiveness of radiation therapy was
becoming well established, and the increasing use of mam-
mography had provided greater impetus toward early diagno-
sis and a possible reduction in the extent of surgery. The 
policy of screening populations of normal women with rou-
tine periodic mammography received a major impetus from
the trial of the Health Insurance Plan (HIP) of Greater New
York comparing 62,000 women randomized to have or not
have annual mammography. In this trial, annual mammogra-
phy detected a significant percentage of clinically occult 
cancers, with an associated 40% reduction in mortality.131 The
progressive realization that any efforts to improve survival
might depend on the effective treatment of subclinical local
and systemic disease led to a variety of trials initiated to assess
the appropriateness of new approaches to local treatment and
to assess what might be the impact of systemic drug therapy as

an adjunct to surgery in high-risk patients likely to harbor dis-
tant micrometastases.

A randomized trial using thiotepa as an adjuvant to surgical
therapy was begun by the NSABP in 1958 under the direction
and support of the National Institutes of Health. All patients
were treated by a radical mastectomy with chemotherapy de-
livered at the time of surgery and for 2 days postoperatively 
so that cells that might have been disseminated at the time of
surgery would be destroyed. When compared with patients
receiving a placebo, a benefit was suggested for those receiving
thiotepa who were premenopausal and had four or more
lymph nodes containing metastases.132 Subsequently, there
were numerous trials of adjuvant chemotherapy based not 
on the presumption of tumor dissemination at the time of
surgery but on the recognition of patients at high risk for 
harboring systemic micrometastases. Two such studies had a
particularly strong impact on forming a consensus that adju-
vant chemotherapy was of value, which in turn led to further
study of a broader spectrum of patients. Between 1972 and
1975, the NSABP compared 349 patients randomized to re-
ceive L-phenylalanine mustard (L-PAM) for 2 years or placebo.
All patients had been treated by radical mastectomy and had
been demonstrated to have nodal metastases. L-PAM was cho-
sen because of its relative lack of toxicity.133 In another trial
begun in 1973 by the Milan Cancer Institute, 386 patients
treated with radical mastectomy and proved to have nodal
metastases were randomized to receive a regimen of cytoxan,
methotrexate, and 5-fluorouracil for 12 cycles given over 
the course of a year or placebo.134 In the NSABP trial, a 
9% improvement in recurrence-free survival for the treat-
ment group was demonstrated, and in the Milan trial, a 12%
improvement was seen, with subset analyses in both trials
demonstrating a particularly significant improvement of 17%
for premenopausal women. Such data clearly affected survival,
a claim that advocates of differing approaches to local therapy
could not make. These studies established the early systemic
treatment of breast cancer as the linchpin of multimodality
therapy and became the prototype for similar efforts with
other solid malignant neoplasms.

When did molecular biology first 
affect breast cancer treatment?

A modern era of hormonal therapy was launched with the
identification of estrogen receptor protein in breast cancer
cells.135 Subsequently, progesterone receptor assays became
available, and it was shown that a high percentage of patients
with advanced breast cancer responded to hormonal therapy
when both the estrogen receptor and progesterone receptor
were present. The level of hormone receptor and the positivity
of only one of the two hormone receptors or the absence of
both were directly related to the ability to elicit a response
from hormonal ablation. Before then, trials of adjuvant
oophorectomy, performed either surgically or by radiothera-
peutic ablation, initiated in the 1950s and 1960s for pre-
menopausal or early postmenopausal women, were equivocal.
The development of antiestrogens, initially proposed as
antifertility drugs, led to the use of one agent, tamoxifen,
as a primary treatment option when antihormonal therapy
was desired, and was applied to the adjuvant setting in 
several trials beginning in 1975 for both node-positive and
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Figure 21–17 Bernard Fisher (1918– ), whose championship
and successful directorship of controlled clinical trials dramatically
altered the direction of local and systemic therapy and led to a
rethinking of breast cancer biology.



node-negative patients.136 The survival benefit to women receiv-
ing tamoxifen in the treatment of early breast cancer was sup-
ported in meta-analyses of adjuvant trials and, as expected,
restricted to those with estrogen receptor–positive tumors.137

An additional observation was a decrease in the development
of contralateral breast cancer, particularly in those receiving
prolonged therapy, prompting the initiation of the first ran-
domized prevention trials using tamoxifen in women at high
risk for developing breast cancer.138–141 In the NSABP preven-
tion trial (NSABP P-1), tamoxifen reduced breast cancer by
50% in high-risk patients, its effect also being limited to estro-
gen receptor–positive tumors.141 The development of selective
estrogen receptor modulators (SERMs), such as raloxifene,
with potential preferential antiosteoporotic effects, but with-
out undesired agonist effects in the uterus, and the develop-
ment of aromatase inhibitors to selectively block estrogen
production have further broadened the spectrum of antihor-
monal treatment and possible preventive strategies.

In 1997, Dennis Slamon and associates reported on the
adverse impact on prognosis that tumor overexpression 
of HER-2/neu, an epidermal growth factor receptor, had in
node-positive patients with breast cancer.142 This led to the
development of the monoclonal antibody trastuzumab143

(Herceptin, Genentech, Inc., South San Francisco, CA) to
interrupt HER-2/neu cancer cell growth stimulation.

When was breast conservation established 
as an alternative to mastectomy?

As prospective randomized adjuvant systemic trials were
increasingly applied in the effort to improve survival for high-
risk patients, prospective randomized trials became applied as
well to assess the efficacy of surgical therapy. Between 1971
and 1974, in 34 institutions participating in the NSABP pro-
tocol B-04, 1765 women with primary operable breast cancer
and clinically negative axillae were randomized to radical 
mastectomy, total mastectomy followed by chest wall and
regional nodal irradiation, or total mastectomy alone. Delayed
axillary dissection was performed for the last group if their
nodes became clinically positive. Women with clinically 
positive axillae were randomized to radical mastectomy 
or total mastectomy and locoregional radiation.144 In the
node-negative and node-positive groups, there was no dif-
ference in disease-free survival or overall survival in any 
of the treatment arms of the study. This consolidated the
inappropriateness of radical mastectomy and provided sup-
port for those who viewed skeptically the therapeutic benefit
of axillary dissection.

Two additional trials were of particular importance 
regarding mastectomy, then the foundation stone of surgical
therapy. One, conducted by Umberto Veronesi and the
National Cancer Institute of Milan between 1973 and 1980,
compared 701 patients with lesions 2 cm in diameter or less
and clinically negative axillae randomized to either radical
mastectomy or quadrantectomy and axillary dissection fol-
lowed by radiotherapy (QUART). Relapse-free survival and
overall survival were the same145 (Fig. 21–18). Between 1976
and 1984, a second trial begun in the United States by 
the NSABP (protocol B-06) randomized 1843 patients with
lesions up to 4 cm in diameter to total mastectomy or seg-
mental mastectomy (lumpectomy) with or without radiation

therapy.146 This trial demonstrated that treatment with either
total mastectomy or lumpectomy plus radiation was able 
to achieve equally effective local control of disease and that
overall survival was equivalent in all three groups, although
lumpectomy alone was significantly inferior to lumpectomy
and radiation in achieving disease-free survival in the 
conserved breast (Fig. 21–19). Twenty-year follow-up of
both trials has further confirmed the earlier findings and 
conclusions.147,148

Subsequent trials have been conducted to confirm and
refine the appropriateness of breast-conserving treatment.
The increasing use of mammography has led to the applica-
tion of prospective randomized trials in the assessment of
breast conservation for the expanding population of patients
with noninvasive disease detected mammographically. When
mastectomy is required or judged appropriate, reconstruction
has been increasingly used with growing confidence that it
does not adversely affect survival or the ability to detect recur-
rent disease.

The other foundation stone of surgical therapy, axillary 
dissection, has also been subjected to increased scrutiny
because its direct therapeutic impact has remained unproven,
whereas the prognostic significance of axillary metastases
has been enhanced by effective adjuvant systemic therapy.
Cabanas149 introduced the concept that a specific cutaneous
site—in the case he reported, a penile carcinoma—would
drain not only to a specific nodal site but also to a specific 
sentinel node. Donald Morton150 brought this concept into the
operating room with great specificity in the treatment of
melanoma using blue dye to map the lymphatic circulation
and convincingly demonstrated that identifiable sentinel
nodes were the first drainage sites not only of cutaneous lym-
phatics but also of nodal metastases. Armando Giuliano151

applied this blue dye technique to the treatment of breast 
cancer to map the lymphatic drainage to the sentinel nodes,
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Figure 21–18 Actuarial disease-free survival from the National
Tumor Institute of Milan trial comparing radical mastectomy with
quadrantectomy, axillary dissection, and radiation. (Data from
Veronesi U, Saccozzi R, DelVecchio M, et al. Comparing radical mastec-
tomy with quadrantectomy, axillary dissection, and radiotherapy in
patients with small cancers of the breast. N Engl J Med 1981;305:6–11.
Copyright ” 1981 Massachusetts Medical Society. All rights reserved.)



a technique augmented by the use of radioisotope using a
gamma probe as proposed by David Krag and others.152 The
nodal tumor status could thereby be evaluated by the selective
assessment of this node or nodes while limiting the extent of
surgery for those without nodal metastases. Sentinel lym-
phadenectomy has now become the focus of intense study and
clinical application and is leading to a further redefinition of
surgery for cancer of the breast.

SUMMARY

At the beginning of a new century, breast cancer treatment has
shifted from a confident belief in the possibilities of improv-
ing survival with aggressive local treatment to a far broader
effort to utilize the advances in diagnostic radiology, radiation
therapy, and chemohormonal therapy to treat more appropri-
ately both the local disease and the possible, often likely, sys-
temic disease. Conservative and selective surgical approaches
to the breast and axilla, once viewed as heretical, have become
standard forms of therapy for most patients. Improved sur-
vival has been achieved for many patients with improvement
in diagnostic imaging, technical advances in radiotherapy, the
development of effective chemotherapeutic and pharmaco-
logic hormonal agents, and the progressive ability to assay and
develop therapies directed at the molecular components of
the disease. This shift in treatment paradoxically reflects the
still only vaguely understood origins and evolution of breast
cancer. Certainly the advances in molecular biology, most 
significantly the identification of the susceptibility gene for
early-onset breast cancer, BRCA1, by Mary-Claire King at the
University of Washington,153 followed by BRCA2, hold great
promise for further directing studies to elucidate the basic
mechanisms of breast cancer oncogenesis.

The modern advances in breast cancer treatment and basic
research on the molecular biology of the disease have cast the
often heroic efforts of our surgical ancestors as primitive, and
even inhumane. Placed in a historical context, however, their
efforts in the late 19th and early 20th centuries were quite the
opposite, demonstrating that survival could be improved and,
for the first time, providing evidence that breast cancer could
be cured. After centuries of therapeutic nihilism that relegated
women to an often painful existence and certain death, their

efforts to effectively ablate local disease, although significantly
modified in recent decades, remain a critical component of
modern therapy. Most important, their legacy provided the
momentum for the present efforts made possible by modern
technology, scientific methodology, and molecular biology to
further improve survival and even to prevent breast cancer in
the near future (Table 21–2).
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Figure 21–19 Life-table analysis showing disease-free survival, distant disease-free survival, and
overall survival of patients treated by the National Surgical Adjuvant Breast and Bowel Project pro-
tocol B-06 comparing total mastectomy (TM) vs. segmental mastectomy plus radiation (SM +
RTx). (Data from Fisher B, Baver M, Margoles R, et al. Five-year results of a randomized clinical trial com-
paring total mastectomy and segmental mastectomy with or without radiation in the treatment of breast
cancer. N Engl J Med 1985;312:666–673.)

Local origin of disease proposed (Henri François Le Dran), circa
1750

Principle of en bloc excision of breast and palpable axillary
lymph nodes (Jean Louis Petit), circa 1750

Cellular origins of cancer (Johannes Müller), 1838
Axillary nodes barrier to dissemination (Rudolf Virchow), 1858
Centrifugal local dissemination encompassed by wide excision of

breast, skin, axillary nodes, and, if necessary, pectoral muscles
(Charles H. Moore), 1867

Inclusion of pectoralis major fascia in mastectomy (Richard von
Volkmann), 1875

Radical mastectomy (William S. Halsted, Willy Meyer), 1894
Oophorectomy for metastatic breast cancer (George Beatson),

1896
Primary radiation treatment of breast cancer (Geoffrey Keynes),

1922
Total mastectomy and postoperative regional irradiation (Robert

McWhirter),1941
Columbia Clinical Staging (Cushman Haagensen, Arthur Purdy

Stout), 1943
Extended (internal mammary dissection) radical mastectomy

(Mario Margottini, Jerome Urban), 1948
Mammographic detection of clinically occult breast cancer

(Jacob Gershon-Cohen),1948
Modified radical mastectomy (David H. Patey, W. H. Dyson),

1948
Estrogen receptors (Elwood V. Jensen, Jack Gorski, William

McGuire), 1950–1960
Excision and locoregional radiation (François Baclesse, Sakari

Mustakallio), 1973
Adjuvant chemotherapy trials (Bernard Fisher, Gianni

Bonadonna), 1975–1976
Breast conservation trials (Umberto Veronesi, Bernard Fisher),

1981–1985
Breast cancer susceptibility genes BRCA1 and BRCA2 (Mary-Claire

King), 1990–1996
Sentinel lymphadenectomy (Donald Morton, Armando Giuliano,

David Krag), 1991–1998

Table 21–2 Milestones in the Development of Modern Breast
Cancer Treatment



REFERENCES

1. Breasted JH. The Edwin Smith Surgical Papyrus. Chicago, University
of Chicago Press, 1930, pp 363–406.

2. Greaves M. Cancer, The Evolutionary Legacy. New York, Oxford Union
Press, 2000, p 141.

3. Adams F, trans. The Genuine Works of Hippocrates. London,
Sydenham Society, 1849, p 758.

4. Shimkin MB. Contrary to Nature. US Dept of Health, Education, and
Welfare Publication No. (NIH) 76–720. Washington DC, Government
Printing Office, 1977.

5. Said HM. Cancer: The last two and a half millennia of etiology and
cure. In Twelfth International Cancer Congress, Buenos Aires, Oct
5–11, 1978. Karachi, Pakistan Hamdard Foundation, 1978.

6. Sebastian A. A Dictionary of History of Medicine. London/New York,
Parthenon Publishing, 1999, p 147.

7. Galen C. Opera Omnia. Kuhn CG (ed)., Leipzig, 1824.
8. Robinson JO. Treatment of breast cancer through the ages. Am J Surg,

1986;151:317–333.
9. William of Salicet. On scrofula, induration, and cancer of the breast.

In Zimmerman LM, Veith I (eds). Great Ideas in the History of
Surgery. Baltimore, Williams & Wilkins, 1961, p 112.

10. Wagner FB. History of breast disease and its treatment. In Bland KI,
Copeland EM III (eds). The Breast. Philadelphia, WB Saunders, 1991,
p 5.

11. Wolff J. Die Lehre von der Krankenheit, vol. 1. Jena, G Fischer, 1907,
p 42.

12. Scultetus J. Armamentarius Chirurgicum. Amsterdam, 1741.
13. Meade RH. An Introduction to the History of General Surgery.

Philadelphia, WB Saunders, 1968, chap 13.
14. Hilden F von. How a hard cancer [of the breast] and other complica-

tions were caused by curdled milk. In Zimmerman LM, Veith I (eds).
Great Ideas in the History of Surgery. Baltimore, Williams & Wilkins,
1961, p 246.

15. Kardinal CG, Yarbro JW. A conceptual history of cancer. Semin Oncol
1979;5:396–408.

16. King LS. The Philosophy of Medicine: The Early Eighteenth Century.
Cambridge, MA, Harvard University Press, 1978.

17. Petit JL, cited by Power D. The history of amputation of the breast to
1904. Quoted by Robbins GF (ed). Silvergirl’s Surgery: The Breast.
Austin, TX, Silvergirl, 1984, p 35.

18. Heister L. General System of Surgery, vol II. London, Innys, 1745, p 14.
19. De Moulin D. A Short History of Breast Cancer. Boston, Martinus

Nijhoff, 1983.
20. Burney F. Selected letters and journals. In Hembow J (ed). New York,

Oxford University Press, 1986, pp 129–139.
21. Rush B. “Letters of Benjamin Rush.” In Butterfield LH (ed). Princeton

University Press, 1951, vol 2. Quoted in McCullough D. John Adams.
New York, Simon & Schuster, 2001, p 602.

22. Yalom M. A History of the Breast. New York, Knopf, 1997, pp 225–226.
23. Frykberg ER, Bland KI. Evolution of surgical principles for the man-

agement of breast cancer. In Bland KI, Copeland EM III (eds). The
Breast. Philadelphia, WB Saunders, 1991, pp 543–553.

24. Lewison EF. The surgical treatment of breast cancer: An historical and
collective review. Surgery 1953;34:904–953.

25. Paget J. On the average duration of life in patients with scirrhous can-
cer of the breast. Lancet 1856;1:62–63.

26. Liston R. Elements of Surgery. With notes by Samuel D. Gross.
Philadelphia, Barrington & Haswell, 1846, p 412.

27. Agnew DH, quoted in Donegan WL. An introduction to the history of
breast cancer. In Donegan WL, Spratt JS (eds). Cancer of the Breast.
Philadelphia, Elsevier Science, 2002, p 6.

28. Triolo VA. Nineteenth-century foundations of cancer research:
Advances in tumor pathology, nomenclature, and theories of oncogen-
esis. Cancer Res 1965;25:75–106.

29. Wilder RJ. The historical development of the concept of metastasis.
J Mt Sinai Hosp 1956;23:728–734.

30. Sugarbaker EV. Cancer metastases: A product of tumor-host interac-
tions. Curr Probe Cancer 1979;3:7.

31. Virchow R. “Cellular Pathology”. Chance F (trans). London, John
Churchill, 1860, p 187.

32. Classics in oncology: Sir James Paget. CA Cancer J Clin 1971;21:
302–304.

33. Pancoast J. Treatise on Operative Surgery. Philadelphia, Carey & Hart,
1844, p 269.

34. Sweeting R. On a new operation for cancer of the breast. Lancet
1869;1:323.

35. Moore CH. On the influence of inadequate operations on the theory
of cancer. R Med Chir Soc Lond 1867;1:244–280.

36. Banks WM. A brief history of the operations practiced for cancer of
the breast. Br Med J 1902;1: 5–10.

37. Gross SW. An analysis of two hundred and seven cases of carcinoma
of the breast. Med News 1887;51: 413.

38. Lister J. Further evidence regarding the effects of the antiseptic system
of treatment upon the salubrity of a surgical hospital. In Collected
Papers, vol 2. Oxford, Clarendon Press, 1909, p 158.

39. Kuster E. Zur Behandlung des Brustkrebses. Arch Klin Chir
1883;29:723–735.

40. Haagensen CD. Diseases of the Breast, 3rd ed. Philadelphia, WB
Saunders, 1986, chap 54.

41. Heidenheim L. Über die Ursachen der localen Krebsrecidive nach
Amputation Mammæ. Arch Klin Chir 1889;39:97–166.

42. Rotter J. Concerning the topography of mammary carcinoma. Arch
fur Klinische Chirurgie 1899;58: 346.

43. Stiles H. Contributions to the surgical anatomy of the breast. Edinb
Med J 1892;37:1099

44. MacCallum WG. William Stewart Halsted, Surgeon. Baltimore, Johns
Hopkins Press, 1930.

45. Halsted WS. The results of operations for the cure of cancer of
the breast performed at the Johns Hopkins Hospital from June,
1889 to January, 1894. Johns Hopkins Hosp Rep 1894–1895;4:297–
350.

46. Halsted WS. Operation report. In Lewison EF, Montague AC (eds).
Current Concepts: Diagnosis and Treatment of Breast Cancer.
Baltimore, Williams & Wilkins, 1981, p 7.

47. Halsted WS. The treatment of wounds with especial reference to the
value of the blood clot in the management of dead spaces. Johns
Hopkins Hosp Rep 1890–1891;2:255–280.

48. Halsted WS. A clinical and histological study of certain adenocarcino-
mata of the breast and a brief consideration of the supraclavicular
operation and of the results of operations for cancer of the breast from
1889 to 1898 at the Johns Hopkins Hospital. Ann Surg 1898;28:
557–576.

49. Meyer W. An improved method of the radical operation for carcino-
ma of the breast. Med Rec 1894;46:746–749.

50. Halsted WS. The results of radical operations for the cure of cancer of
the breast. Ann Surg 1907;46:1–19.

51. Bryant T. The Disease of the Breast. London, Casess & Co, 1887.
52. Matas R. In memoriam—William Stewart Halsted: An appreciation.

Bull Johns Hopkins Hosp 1928;36:2–27.
53. Crowe SJ. Halsted of Johns Hopkins: The Man and His Men.

Springfield, IL, Thomas, 1957.
54. Bland CS. The Halsted mastectomy: Present illness and past history.

West J Med 1981;134:549–555.
55. Shield AM. A Clinical Treatise on Diseases of the Breast. London,

Macmillan, 1898.
56. Grubbe EH. X-ray Treatment: Its Origin, Birth, and Early History. St

Paul, MN, Blace, 1949.
57. Quinn S. Marie Curie. New York, Simon & Schuster, 1995,

chap 8.
58. Bell AG, quoted by Lichter AS. Radiation therapy. In Abeloff MD,

Armitage JD, Lichter AS, et al. (eds). Clinical Oncology. New York,
Churchill Livingstone, 1995, p 221.

59. Williams FH. A further note on a new method of using roentgen rays:
Consideration of primary treatment of some early cases of breast can-
cer by these rays. Boston Med Surg J 1906;154:641.

60. Regaud C, Ferroux R. Discordance des effets des rayons X, d’une part
et la peau, d’autre part dans le testicule, par le fractionement de la
dose. Diminution de l’efficacité dans le peau, maintien d l’efficacité
dans le testicule. C R Soc Biol (Paris) 1927;97:431–434.

61. Regaud C. Sur les principles radiophysiologiques de la radiothérapie
des cancers. Acta Radiol 1930;11:456–486.

62. Regaud C, Coutard H, Hautant A. Contribution au traitement des
cancers endolaryngés par les rayons-X. In Tenth International
Congress of Otolaryngology, 1922, pp 19–22.

63. Keynes GL. The radium treatment of carcinoma of the breast. Br J
Surg 1932;19:415–480.

64. Keynes GL. Conservative treatment of carcinoma of the breast. Br J
Med 1937;2:643–647.

65. Ellis H. A History of Surgery. London, Greenwich Media, Ltd., 2001,
p 179.

SECTION V. TREATMENT352



66. Pfahler GE. Results of radiation therapy in 1,022 private cases of car-
cinoma of the breast from 1902 to 1928. AJR Am J Roentgenol
1932;27:497.

67. Cooper A. The Anatomy and Diseases of the Breast. Philadelphia, Lea
& Blanchard, 1845.

68. Wagner FB. History of breast disease and its treatment. In Bland KI,
Copeland EM III (eds). The Breast. Philadelphia, WB Saunders, 1991,
p 14.

69. Beatson GT. On the treatment of inoperable cases of carcinoma of the
mamma: Suggestions for a new method of treatment, with illustrative
cases. Lancet 1896;2:104–107.

70. Rutherford W, cited by Schofer AE. A Course of Practical Histology.
London, Smith Elder, 1877, p 285.

71. Cullen TS. A rapid method of making permanent specimens from
frozen section by the use of formalin. Bull Johns Hopkins Hosp
1895;6:67–73.

72. Handley WS. Cancer of the Breast and Its Treatment, 2nd ed. London,
John Murray, 1922, p 256.

73. Handley RS, Thackray AC. The internal mammary lymph chain in
carcinoma of the breast: Study of 50 cases. Lancet 1949;2:276.

74. Margottini M. Recent developments in the surgical treatment of breast
cancer. Acta Union Int Contra Cancer 1952;8:176–178.

75. Sugarbaker ED. Radical mastectomy combined with incontinuity
resection of the homolateral internal mammary node chain. Cancer
1953;6:969–979.

76. Urban JA. Surgical excision of internal mammary nodes for breast
cancer. Br J Surg 1964;51:209–212.

77. Dahl-Iversen E, Tobiassen T. Radical mastectomy with parasternal and
supraclavicular dissection for mammary carcinoma. Ann Surg
1969;170:889–891.

78. Prudente A. L’amputation inter-scapulo-mammothoracique (tech-
nique et résultats). J Chir (Paris) 1949;65:729.

79. Wangensteen OH. Carcinoma of the breast. Ann Surg 1950;132:833–
843.

80. Wangensteen OH, Lewis FJ, Arhelger SW. The extended or super-
radical mastectomy for carcinoma of the breast. Surg Clin North 
Am 1956;36:1051–1063.

81. Cheatle GL. Benign and malignant changes in the epithelium of the
breast. Br J Surg 1920;8:21.

82. Pack GT. Argument for bilateral mastectomy. Surgery 1951;29:929–
931.

83. Gray JH. The relation of lymphatic vessels to the spread of cancer. Br
J Surg 1938;26:462–495.

84. Bloodgood JC. Comedo carcinoma (or comedo-adenoma) of the
female breast. Am J Cancer 1934;22:842–853.

85. Broders AC. Carcinoma in-situ contrasted with benign penetrating
epithelium. JAMA 1932;99:1670–1674.

86. Fechner RE. History of ductal carcinoma in situ. In Silverstein M (ed).
Ductal Carcinoma in Situ. Philadelphia, Lippincott Williams &
Wilkins, 2002, pp 3–11.

87. Greenough RB, Simmons CC, Barney JD. The results of operations for
cancer of the breast at the Massachusetts General Hospital from
1894–1904. Surg Gynecol Obstet 1907;3:39–50.

88. Judd ES, Sistrunk WE. End-results in operation for cancer of the
breast. Surg Gynecol Obstet 1914;28:289–294.

89. Harrington SW. Carcinoma of the breast: Surgical treatment and
results. JAMA 1929;92:208–213.

90. Ewing J. Neoplastic Diseases. A Treatise on Tumors. Philadelphia, WB
Saunders, 1940, p 598.

91. Steinthal CF, translated by Sugg SL. Staging and prognosis. In
Donegan WL, Spratt JS (eds). Cancer and the Breast, 5th ed.
Philadelphia, Elsevier, 2002, p 479.

92. Patterson R. The treatment of malignant disease by radium and x-rays.
London, Edward Arnold, 1948.

93. Portmann UV. Clinical and pathologic criteria as a basis for classifying
cases of primary cancer of the breast. Cleveland Clin J 1943;10:41.

94. Haagensen CD, Stout AP. Carcinoma of the breast. I. Criteria of
operability. Ann Surg 1943;118:859–876.

95. Haagensen CD, Stout AP. Carcinoma of the breast. II. Criteria of
operability. Ann Surg 1943;118:1032–1051.

96. Haagensen CD, Stout AP. Carcinoma of the breast: Results of treat-
ment 1935–1942. Ann Surg 1951;134:151–172.

97. Coolidge WD. A powerful roentgen-ray tube with a pure electron dis-
charge. Phys Rev 1913;2:409–413.

98. Buschke F. Radiation therapy: The past, the present, the future.
Janeway lecture, 1969. AJR Am J Roentgenol 1970;108:236–246.

99. Schulz MD. The supervoltage story. Janeway lecture, 1974. AJR Am J
Roentgenol 1975;124:541–559.

100. Baclesse F, Gricouroff G, Tailhefer A. Essai de roentgen-thérapie du
cancer du sein suivie d’operation large: Résultat histologiques. Bull
Cancer 1939;28:729–743.

101. McWhirter R. The value of simple mastectomy and radiotherapy in
the treatment of cancer of the breast. Br J Radiol 1948;21:599–610.

102. Kaae S, Johansen H. Breast cancer: Five-year results. Two random
series of simple mastectomy with postoperative irradiation versus
extended radical mastectomy. AJR Am J Roentgenol 1962;87:82–88.

103. Baclesse F. Roentgen therapy done for cancer of the breast. Acta Union
Intcontra Cancer 1959;15:1023.

104. Mustakallio S. Treatment of breast cancer by tumor extirpation and
roentgen therapy instead of radical operation. J Fac Radiol 1954;16:
23–26.

105. Patey DH, Dyson WH. The prognosis of carcinoma of the breast in
relation to the type of operation performed. Br J Cancer 1948;2:7–13.

106. Handley RS, Thackray AC. Conservative radical mastectomy (Patey’s
operation). Ann Surg 1969;170:880.

107. Gershon-Cohen J. Atlas of Mammography. New York, Springer-
Verlag, 1970.

108. Egan RL. Experience with mammography in a tumor institution.
Radiology 1960;25:894–900.

109. Shapiro S, Venel W, Strax P, et al. Ten- to fourteen-year effect of screen-
ing on breast cancer mortality. J Natl Cancer Inst 1982;69:349–355.

110. Wald N, Frost C, Cuckle H. Breast cancer screening: The current posi-
tion. BMJ 1991;302:845.

111. Williams IG, Murley RS, Curwen MP. Carcinoma of the female breast:
Conservative and radical surgery. BMJ 1953;2:787–796.

112. Madden JL. Modified radical mastectomy. Surg Gynecol Obstet
1965;121:1221.

113. Auchincloss H. Modified radical mastectomy: Why not? Am J Surg
1970;119:506.

114. Report by the American College of Surgeons Commission on Cancer.
Chicago, Oct 22, 1982. Cited by Frykberg ER, Bland KI. Evolution of
surgical principles for the management of breast cancer. In Bland KI,
Copeland EM III (eds). The Breast. Philadelphia, WB Saunders,
1991.

115. Bostwick J, Vasconez LO, Jurkiewicz MJ. Breast reconstruction after a
radical mastectomy. Plast Reconstr Surg 1978;61:682.

116. Radovan C. Tissue expansion in soft-tissue reconstruction. Plast
Reconstr Surg 1983;74:482.

117. Schneider WJ, Hill LH, Brown RG. Latissimus dorsi myocutaneous
flap for breast reconstruction. Br J Plast Surg 1981;30:286.

118. Hartrampf CR, Scheflan M, Black PW. Breast reconstruction with a
transverse abdominal island flap. Plast Reconstr Surg 1982;69:216.

119. Engell HC. Cancer cells in the circulating blood. Acta Chir Scand
Suppl 1955;201:1–7a.

120. Fisher B, Fisher ER. The interrelationship of hematogenous and 
lymphatic tumor cell dissemination. Surg Gynecol Obstet 1966;122:
791.

121. Fisher B, Fisher ER. Barrier function of lymph node to tumor cells and
erythrocytes. I. Normal nodes. Cancer 1967;20:1907–1913.

122. Fisher B. From Halsted to prevention and beyond: Advances in the
management of breast cancer during the twentieth century. Eur J
Cancer 1999;35:1963–1973.

123. Huggins C, Hodges CV. Studies on prostatic cancer. I. The effect of
castration, of estrogen, and of androgen injection on serum phos-
phatase in metastatic carcinoma of the prostate. Cancer Res
1941;1:293–297.

124. Huggins C, Doa TLY. Adrenalectomy and oophorectomy in the treat-
ment of advanced carcinoma of the breast. JAMA 1953;151:1388–
1394.

125. Muss HB. Endocrine therapy for advanced breast cancer: A review.
Breast Cancer Res Treat 1992;21:15.

126. Jensen EV, Block GE, Smith S, et al. Estrogen receptors and breast 
cancer response to adrenalectomy. In Hall TC (ed). Prediction of
Response to Cancer Therapy. Monogr Natl Cancer Inst 1971;34:55–70.

127. Toft D, Shyamala C, Gorski J. A receptor molecule of estrogens: Studies
using a cell-free system. Proc Natl Acad Sci U S A 1967;57:1740–1743.

128. McGuire WI, Carbone PP, Vollmer EP. Estrogen Receptors in Human
Breast Cancer. New York, Raven, 1975.

129. Allegra JC, Lippman ME, Thompson EB, et al. Distribution,
frequency, and quantitative analysis of estrogen, progesterone,
androgen, and glucocorticoid receptors in human breast cancer. Cancer
Res 1979;39:1447.

353Chapter 21. Development of Modern Breast Cancer Treatment



130. Cole MP, Jones CTA, Todd IDH. A new antiestrogenic agent in late
breast cancer: An early clinical appraisal with IC46474. Br J Cancer
1971;25:270–275.

131. Shapiro S, Strax P, Venet L. Evaluation of periodic breast cancer
screening with mammography: Methodology and early observations.
JAMA 1966;195:721–738.

132. Fisher B, Raudin RG, Ausman RK, et al. Surgical adjuvant chemother-
apy in cancer of the breast: Results of a decade of cooperative investi-
gation. Ann Surg 1968;168:337.

133. Fisher B, Carbone P, Economou SG, et al. L-Phenylalanine mustard
(L-PAM) in the management of primary breast cancer: A report of
early findings. N Engl J Med 1975;292:117.

134. Bonadonna G, Brusamolino E, Valagussa P, et al. Combination
chemotherapy as an adjuvant treatment in operable breast cancer. N
Engl J Med 1976;294:405.

135. Jensen EV, DeSombre ER, Junglblut PW. Estrogen receptors in hor-
mone responsive tissues and tumors. In Wissler RW, Dao TL, Wood S
(eds). Endogenous Factors Influencing Host-Tumor Balance. Chicago,
University of Chicago Press, 1967, pp 15–30.

136. NATO Steering Committee. Controlled trial of tamoxifen as a single
agent in the management of early breast cancer. Br J Cancer
1988;57:608.

137. Early Breast Cancer Trialists’ Collaborative Group. Tamoxifen for early
breast cancer: An overview of the randomized trials. Lancet
1998;351:1451.

138. Powles TJ. The Royal Marsden Hospital (RMH) trial: Key points and
remaining questions. Ann N Y Acad Sci 2001;949:10.

139. Veronesi U, for the Italian Tamoxifen Study Group. Tamoxifen for
breast cancer among hysterectomised women. Lancet 2002;359:1122.

140. Cuzick J. The prevention of breast cancer. Program and abstracts of
the 3rd European Breast Cancer Conference, March 19–23, 2002,
Barcelona, Spain.

141. Fisher B, Costantino JP, Wickerham DL, et al. Tamoxifen for preven-
tion of breast cancer: Report of the National Surgical Adjuvant Breast
and Bowel Project P-1 Study. J Natl Cancer Inst 1998;90: 1371–1388.

142. Slamon DJ, Clark GM, Wong SG, et al. Human breast cancer:
Correlation of relapse and survival with amplification of the HER-
2/neu oncogene. Science 1987;235:177–182.

143. Pegram MD, Slamon D. Biological rationale for HER2/neu (c-erbB2)
as a target for monoclonal antibody therapy. Semin Oncol 2000;27:
13–19.

144. Fisher B, Redmond C, Fisher ER, et al. Ten-year results of a random-
ized clinical trial comparing radical mastectomy and total mastectomy
with or without radiation. N Engl J Med 1985;312:674–681.

145. Veronesi U, Saccozzi R, DelVecchio M, et al. Comparing radical mas-
tectomy with quadrantectomy, axillary dissection, and radiotherapy in
patients with small cancers of the breast. N Engl J Med 1981;305:6–11.

146. Fisher B, Bauer M, Margoles R, et al. Five-year results of a randomized
clinical trial comparing total mastectomy and segmental mastectomy
with or without radiation in the treatment of breast cancer. N Engl J
Med 1985;312:666–673.

147. Veronesi U, Cascinelli N, Mariani L, et al. Twenty-year follow-up of a
randomized study comparing breast-conserving surgery with radical
mastectomy for early breast cancer. N Engl J Med 2002;347:1227–
1232.

148. Fisher B, Anderson S, Bryant J, et al. Twenty-year follow-up of a ran-
domized trial comparing total mastectomy, lumpectomy, and lumpec-
tomy plus irradiation for the treatment of invasive breast cancer. N
Engl J Med 2002;347:1233–1241.

149. Cabanas RM. An approach for the treatment of penile carcinoma.
Cancer 1977;39(2):456–466.

150. Morton DL, Wen DR, Wong JH, et al. Technical details of intraopera-
tive lymphatic mapping for early stage melanoma. Arch Surg
1992;127:392–399.

151. Giuliano AE, Jones RC, Brennan M, et al. Sentinel lymphadenectomy
in breast cancer. J Clin Oncol 1997;15:2345.

152. Krag D, Weaver D, Ashikaga T, et al. The sentinel node in breast can-
cer—a multicenter validation study. N Engl J Med 1998;339:941–946.

153. Hall JM, Lee MK, Newman B, et al. Linkage of early-onset familial
breast cancer to chromosome 17q21. Science 1990;250:1684.

SECTION V. TREATMENT354



elucidate better prognostic indicators that more accurately
calculate the risk for mortality. Discovering the tumor 
and tumor microenvironment conditions that lead to states of
metastatic tumor cell dormancy could provide major thera-
peutic options.

How do observations regarding 
breast cancer cell growth and 
tumor cell dormancy affect treatment?

A discussion of breast cancer cell growth must consider not
only the complexities of the primary tumor and the breast tis-
sue microenvironment in which it resides but also the pres-
ence of occult or measurable metastatic tumor and the variety
of tissues hosting such tumor deposits. Although perhaps only
partially understood at present, it appears clear that during
the natural history of breast cancer, the interplay (autocrine
and paracrine) between cancer cells and host environment
and perhaps the interplay between the primary tumor, while it
is still present, and secondary tumors affect the growth rate
and overall progression of disease. Until recently, discussions
of breast cancer cell growth focused on the measures of
primary tumor progression and have come mainly from 
two sources: (1) direct analysis of randomized breast cancer
screening trials and (2) indirect measures of tumor cell DNA
synthesis and of cell division. Such models failed to include
the growth and progression of metastatic disease and the
influences of the host on the growth rate of the complete
tumor burden.

For example, Gershon-Cohen and colleagues5 reported in
1963 on a small series of 18 patients who had two or more
mammograms before a biopsy of their tumor. They used these
data to calculate a median observed tumor doubling time
(DT) of 120 days (range, 23 to 209 days). Their observations
led investigators to conclude that the smallest 1- to 2-mm
lesion detectable by mammography would have undergone an
estimated 20 doublings of cell mass since its initial transfor-
mation to a cancer cell, and a 10-mm tumor would require an
average of an additional 4 years of growth. Thus, using the
median DT of 120 days, it would take a total of 20 years for an
initial transformed breast epithelial cell to become a 2-cm
cancer.6 In another study by Fournier and colleagues,7 147
patients had serial mammograms before definitive treatment.
The observation of these breast cancers ranged from 

CHAPTER 22

Multimodality Treatment 
of Breast Cancer
John E. Niederhuber

Efforts to reduce breast cancer mortality have focused on early
diagnosis and improved therapy. These efforts have been facili-
tated by a greater acceptance and participation by women in
active screening programs, by their willingness to participate
enthusiastically in clinical research trials, and by the evolution
of treatment that has become truly multidisciplinary. The
intensity of these changes in the management of breast cancer
has transformed what was once a relatively straightforward
therapy into one of sometimes overwhelming complexity.
Comprehension of the nuances of this complexity is often diffi-
cult for both physician and patient. This chapter attempts to
clearly explain the process for choosing among multiple options
of treatment for patients with stages I and II invasive breast 
cancer as well as for some patients with stage IIIA disease (i.e.,
the operable, local regionally advanced breast cancers).

The complexity surrounding the variety of options for
breast cancer therapy derives from our inability to predict
accurately the natural history of a given patient’s cancer.
Treatment strategies effective for some patients are less effec-
tive or even ineffective for others—presumably because they
represent genetically distinct tumors. Some years ago, Bloom
and colleagues1 had an opportunity to observe the course of
untreated breast cancer. They concluded that the survival of
untreated breast cancer patients presenting at the same clini-
cal stage was quite variable, ranging from months to decades.

During the past 2 decades, results of adjuvant chemo-
therapy trials and hormonal interventions have suggested the 
need for a significant rethinking of models for breast cancer
growth and progression.2 In support of rethinking the model
for breast cancer growth and metastasis is the long-standing
recognition that the course of the disease is often quite
extended—certainly more so for breast than for other 
common epithelial tumors. Not infrequently, breast cancer
patients experience relapse of their disease 20 or more years
after the initial diagnosis and surgical treatment. This cer-
tainly implies that some breast cancers during specific periods
in their natural history are completely dormant.2–4

Obviously, the relationship of a specific cancer’s growth
rate to prognosis is critical to decisions regarding appropriate
therapy and the sequencing of the various treatment options
within an overall plan. Because recurrence of breast cancer is
at present invariably associated with death from the disease,
our primary goals must be to define the best methods of dis-
covering breast cancer at the earliest possible stage, to identify
ways of more precisely defining tumor growth rate, and to

355



2 months to 11 years (mean, 27 months), and the measured
DTs were 44 to 1869 days (mean, 212 days).7

The pattern of essentially exponential growth, however,
does not fit well with clinical observations. To begin with,
there has been a lack of correlation between DT and tumor
differentiation. Studies have also shown that DT is much
longer for larger, grossly measurable tumors than it is for pre-
detection cancers.8 As a result, an alternative model based on
irregular growth patterns rather than consistent growth was
proposed. This model is known as the gompertzian growth
rate because it is based on the 19th-century observations of
Gompertz.9 This gompertzian model was specifically devel-
oped for breast cancer and predicts a progressive increase in
the length of DT with the passage of time and with an increase
in tumor volume.

Although the gompertzian model is incompletely under-
stood, growth-inhibitory influences, such as tumor cell necro-
sis factor, the process of apoptosis, and immunoregulatory
responses by the host, are implicated but remain to be defined.
The gompertzian model has seemed more compatible with
actual clinical observations regarding the natural history of
breast cancer and has been consistent with the results of adju-
vant polychemotherapy trials that presumed log cell-kill.10–15

In the early 1970s, a method of labeling tumor cell DNA
with tritiated thymidine during the S phase of the cell division
cycle was introduced into clinical practice.16,17 This made it
possible, using DNA flow cytometry and image cytometry, to
assess the number of cells of a given tumor that were actually
in the S phase of the cell cycle.18 DNA flow cytometry, as well
as direct labeling of tumor cells, could determine the propor-
tion of tumor cells actively dividing, the duration of the 
division cycle, and the DNA ploidy of the tumor. This assess-
ment of the primary tumor was shown to be useful in deter-
mining risk and contributed to the overall decision regarding
adjuvant therapy. For example, breast cancers with diploid
DNA content tend to be of a lower grade and to have a higher
estrogen receptor (ER) content, whereas tumors that are an-
euploid are more anaplastic and have a low ER content or are
ER negative.

Plevritis, writing in Mathematical Biosciences,19 presents a
mathematical model that simulates tumor size and growth
rate among screen-detected and interval breast cancers. The
author notes that the initial set of models20,21 was developed
before most randomized controlled screening trials had
accrued enough follow-up data. With longer follow-up, alter-
native methods for modeling breast tumor growth have
emerged. The Plevritis model19 differs from previous models
because it uses information about tumor size when the tumor
is clinically detected in a nonscreened population (control
arm) and searches backward in time to determine the earliest
the tumor could have been screen-detected under optimal
screening conditions. The advantage of this approach is that
detection of the tumor in the nonscreened cohort is an
observable event, whereas actual time of tumor onset is not.
When this algorithm was implemented, it demonstrated that
screen-detected tumors are smaller in diameter and slower in
growth than interval cancers. Also, the slower-growing screen-
detected cancers had a longer lead time.

Thus, the answer to the question regarding the growth 
rate of stages I and II breast cancer is that these cancers do 
not always grow at a constant rate. Irregular tumor growth
and progression is the result of a balance of progressive 

genetic alterations between initiation and detection (predetec-
tion phase), genetic events that permit metastasis, hormonal
changes within the patient, deceleratory growth patterns (as
tumor volume increases), the regulation of tumor angiogene-
sis, spontaneous tumor cell death (necrosis), genetically pro-
grammed cell death (apoptosis), immunologic modulation,
and host defenses from adjacent nonmalignant tissues.22 For
the most part, it is reasonable to assume that the stepwise
genetic changes that take a transformed cell from initiation
through to ultimate metastatic growth are changes facilitating
growth, invasion, and acceptance in other tissues.

As noted previously, those involved in the long-term 
follow-up of patients treated for primary stages I and II breast
cancer are not surprised when their carefully monitored
patient suddenly manifests recurrence of disease after being
disease free for 2, 3, and even 4 decades.3,4 Thus, although it is
important to study and use data concerning the growth rates
of primary breast tumors, there are clearly multiple factors at
play when projecting the ultimate course of the total disease
(primary and metastatic), and primary tumor growth rates
more often than not have no relationship to the length of a
patient’s relapse-free survival and overall survival.23 This con-
clusion is supported by several clinical observations:

1. The length of time a patient may experience without evi-
dence of recurrent disease is not a good predictor of the
length of survival after relapse.24 These observations, along
with others such as the sudden appearance of chest wall
metastases, suggest a change in tumor cell growth rates
around the time when the recurrent disease is first detected
and that the host microenvironment and systemic factors
may be significantly involved.25,26

2. There are two peaks of recurrences over time. There is an
early sharp peak at 2 to 3 years and a broader peak in the
incidence of metastases at 7 to 9 years.27–32

3. Although larger tumors are at greater risk for having
involved axillary lymph nodes, it is well established that
tumor size and nodal status are independent predictors of
outcome.33 Large tumors are often found to be node nega-
tive, and occasionally patients present with an axillary mass
and undetectable primary breast cancer.

4. The increasing frequency of tumors being ER and proges-
terone receptor (PR) negative that occurs with age is seen
to plateau abruptly with the onset of menopause.34,35

At issue, therefore, is the extent to which breast cancer 
is viewed in relative isolation as an autonomous entity of
proliferating cells or as an “organ” or “tissue” composed of
tumor and its supporting environment. If it is viewed as an
autonomous unit, then “killing the last cancer cell” becomes
the key to treatment decisions. On the other hand, if breast can-
cer is seen as cancer cells growing within a dynamic and com-
plex support environment of positive growth facilitators and
negative growth regulators, a more sustained therapeutic
approach—for example, hormonal manipulation or molecu-
larly targeted approaches—becomes the paradigm of therapy.23

The increased numbers of methods available to determine
these growth variables over the entire course of the disease,
as well as other measures of risk, obviously require the com-
puter software capability of handling a diverse data set. These
evolving computer programs also include mathematical solu-
tions to the different growth possibilities (i.e., exponential,
gompertzian, linear) to permit the compliance of more 
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complex data sets with earlier clinical observations.36 As a
result, computer analysis is becoming extremely useful in
identifying risk variables consistently associated with recur-
rence for node-negative early breast cancer and is becoming
essential to designing appropriate therapy and appropriate
clinical trials—especially in the adjuvant setting.37–39

Often, these computer-based programs are referred to as
“neural networks,” a computerized form of artificial intelli-
gence.40 Such systems have been applied to oncology patients
using a set of data defining a given patient’s prognostic infor-
mation. The neural network is trained to use the stimulus of
this prognostic information to predict patient outcome.41 This
allows the construction of a survival probability curve for an
individual patient and the improvements in that curve that
can be predicted from specific interventions. This methodol-
ogy is certainly important in planning the aggressiveness as
well as the sequencing of therapy42 (Fig. 22–1).

What is the impact of mammographic 
screening on the stage of disease 
at detection and on mortality?

In a study by Cady and colleagues,43 patient data from 1969 
to 1993 were gathered from the New England Deaconess
Hospital and the Mt. Auburn Hospital (both in Boston). The

results clearly demonstrate that invasion, size, and nodal
involvement are dramatically decreasing as a result of mam-
mographic screening (Table 22–1). The impact of mammo-
graphy, in fact, has led to further subdividing T1 lesions into
subgroups T1a, T1b, and T1c to accommodate the rising 
incidence of detection of tumors of reduced dimensions
(Table 22–2).

Several other reports also describe an earlier clinical pres-
entation of invasive breast cancer and a higher incidence 
of noninvasive breast cancer.43–46 Ductal carcinoma in situ
(DCIS), accepted as a precursor of invasive ductal cancer
(IDC), is currently diagnosed 90% of the time as clinically
occult disease in the presence of an abnormal mammo-
gram.46–48 This documented increase in the percentage of
newly diagnosed breast cancers having Tis, T1a, or T1b stage,
coupled with recent reports that the number of women who
undergo mammographic screening continues to rise, pro-
mises to further reduce breast cancer mortality. For example,
the percentage of women older than 40 years who undergo
mammographic screening increased 200% during the 1980s.49

Even with this increase in use of mammography, estimates are
that perhaps 25% of women older than 50 years have never
had a mammogram.50

In an effort to determine the current use of screening
mammography, Ostbye and colleagues at Duke University51

reviewed data obtained by two national longitudinal surveys,
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A
Figure 22–1 A, Basic architecture of a neural network for analyzing prognostic variables for breast cancer. ER, estrogen receptor; PgR,
progesterone receptor; T, tumor. 



the Health and Retirement Study (HRS)52 and the Asset and
Health Dynamics among the Oldest Old (AHEAD) survey.53

The HRS involves 5942 women aged 50 to 61 years, whereas
the AHEAD survey concerns 4543 women aged 70 years and
older. Use of mammographic screening appears to be fairly
stable at 70% to 80% among women aged 50 to 64 years.51

There is a steady decline in use after age 70 years to about 40%
among women aged 85 to 90 years.51,53 Higher education,
being married, higher income, not smoking, no cognitive
impairment, perception of health being excellent, and a 
higher life expectancy were all positively related to participa-
tion in screening.51 The Medicare Current Beneficiary Survey
had similar findings, with only 26.7% of women 75 years and
older involved in screening.54

The increased participation of women in voluntary annual
screening mammography programs is accepted as the major
reason for a significant decline in deaths from breast cancer.
This decreasing mortality, seen between 1989 and 1998, has
occurred for every age and racial group.46,55 Tabar56 recently
reported a 63% reduction in breast cancer mortality for
women 40 to 69 years of age who were documented to have

participated in annual screening mammography. Some have
argued that this observed reduction in mortality is not the
result of screening mammography but is primarily due to the
tremendous improvements in therapy.57,58 This explanation
seems highly unlikely because a similar reduction in mortality
should have occurred in the control group. Even when 
corrected for possible selection bias, the reduction in breast
cancer mortality was at least 50%. Other randomized breast
cancer screening trials have undergone recent long-term 
follow-up, and they also support a significant reduction in
breast cancer stage at diagnosis and in overall mortality.59,60

To further test whether there is an underlying association
between mammography use and decreasing late-stage disease,
investigators at the Fred Hutchinson Cancer Research Center
in Seattle studied the effect of an organized breast cancer
screening program.50 They used patients enrolled in the
Seattle-based Group Health Cooperative. They found that
mammography screening increased for the health plan mem-
bers from 25.9% to 51.2% among women aged 40 to 49 years
and from 32.9% to 74.7% of women older than 50 years. More
important, they found that enrolling women in organized
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Maximum Diameter of Invasive Breast Cancer Over Time*

MAH NEDH

Diameter (cm) Diameter (cm)

Time Period Measured No. (%) Mean Median Measured No. (%) Mean Median

1969–1973 — — — 264 3.1 2.5

1974–1978 — — — 272 2.8 2.4

1979–1983 125 3.0 2.5 319 2.6 2.0

1984–1988 306 2.6 2.0 449 2.3 2.0

1989–1993 410 2.0 1.7 354 2.1 1.5

Total 841 (85) — — 1658 (85) — —

T1a and T1b Cancers as a Proportion of All Measured Invasive Breast Cancers Over Time†

MAH NEDH

Median Median
Time Period No. of Cases Proportion (%) Diameter (cm) No. of Cases Proportion (%) Diameter (cm)

1969–1973 — — — 18 7 1.0

1974–1978 — — — 30 11 1.0

1979–1983 10 8 1.0 47 15 0.8

1984–1988 55 18 0.9 90 20 0.6

1989–1993 116 28 0.8 102 29 0.8

Axillary Nodal Dissection and Nodal Metastases in Invasive Breast Cancer at NEDH

No. of Cases (%)

Axillary Nodal Negative
Time Period No. of Cases Dissection Nodes‡ 1 + Nodes >3 + Nodes‡

1969–1973 315 259 (82) 143 (55) 35 (14) 45 (17)

1974–1978 337 255 (76) 128 (50) 35 (14) 47 (18)

1979–1983 382 333 (87) 191 (57) 49 (15) 45 (14)

1984–1988 499 445 (89) 293 (66) 52 (12) 47 (11)

1989–1993 409 224 (55) 154 (69) 29 (13) 23 (10)

Total 1942 1516 909 200 207

screening and getting a screening mammogram were asso-
ciated with a 69% reduction in the risk for late-stage disease
among the cancer cases. Even more important was the finding
of a 61% reduction in the odds ratio for late-stage 
disease with screening enrollment when determined using 
the general health plan population (disease-free) controls.
This latter comparison provides the least biased estimate 
of an advantage for enrollment in an organized screening 
program.

Although the marked reduction in mortality resulting from
optimal mammographic screening has been welcome news,
there has been a controversy regarding the appropriateness of
screening for women between the 40 and 49 years of age.61

With the continuing debate, the evidence is increasing that

this age group may also benefit. Breast cancer occurs in the 40-
to 49-year-old population at the rate of about 1.3 to 1.6 cases
per 1000 women per year.62 In part, the controversy sur-
rounding screening of younger women derives from the fact
that many large-scale trials were not designed to analyze
specifically women 40 to 49 years old.63 Point estimates in sev-
eral trials, however, demonstrate a mortality reduction in this
population due to mammographic screening, ranging from
22% to 49%.63 One of the main arguments against screening
in the premenopausal years is the higher number of false-
positive findings produced by mammography because of dif-
ferences in breast composition. Nevertheless, there is already a
great deal of evidence that mammography for premenopausal
women can significantly reduce mortality.62–65 In 1996, a
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*Significance for diameters: MAH, P < .001; NEDH, P < .001.
†Significant trend was MAH: proportion, P < .001 and median diameter, P < .005; NEDH: proportion, P < .001, and median diameter, P < .001.
‡P < .001.
MAH, Mt. Auburn Hospital, Boston; NEDH, New England Deaconess Hospital, Boston.
Modified from Cady B, Stone MD, Schuler JG, et al. The new era in breast cancer: Invasion, size, and nodal involvement dramatically decreasing as a result of

mammographic screening. Arch Surg 1996;131:301–308. Copyright 1996, American Medical Association.

Table 22–1 Impact of Mammographic Screening on Tumor Invasiveness, Size, and Nodal Involvement
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Primary Tumor (T)
Definitions for classifying the primary tumor (T) are the same for clinical and for pathologic classification. The telescoping method of 

classification can be applied. If the measurement is made by physical examination, the examiner will use the major headings (T1, T2, 
T3). If other measurements, such as mammographic or pathologic, are used, the telescoped subsets of T1 can be used.

Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis* Carcinoma in situ: intraductal carcinoma, lobular carcinoma in situ, or Paget’s disease of the nipple with no tumor
T1 Tumor 2 cm or less in greatest dimension

T1a 0.5 cm or less in greatest dimension
T1b More than 0.5 cm but not more than 1 cm in greatest dimension
T1c More than 1 cm but not more than 2 cm in greatest dimension

T2 Tumor more than 2 cm but not more than 5 cm in greatest dimension
T3 Tumor more than 5 cm in greatest dimension
T4† Tumor of any size with direct extension to chest wall or skin

T4a Extension to chest wall
T4b Edema (including peau d’orange) or ulceration of the skin of the breast or satellite skin nodules confined to the same 

breast
T4c Both (T4a and T4b)
T4d Inflammatory carcinoma

Regional Lymph Nodes (N)
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 to one another or other structures
N3 Metastasis to ipsilateral internal mammary lymph node(s)

Pathologic Classification (pN)‡

pNx Regional lymph nodes cannot be assessed (e.g., previously removed or not removed for pathologic study)
pN0 No regional lymph node metastasis
pN1 Metastasis to movable ipsilateral axillary lymph node(s)

pN1a Only micrometastasis (none larger than 0.2 cm)
pN1b Metastasis to lymph node(s), any larger than 0.2 cm
pN1bI Metastasis in 1 to 3 lymph nodes, any more than 0.2 cm and all less than 2 cm in greatest dimension
pN1bII Metastasis to 4 or more lymph nodes, any more than 0.2 cm and all less than 2 cm in greatest dimension
pN1bIII Extension of tumor beyond the capsule of a lymph node metastasis less than 2 cm greatest dimension
pN1bIV Metastasis to a lymph node 2 cm or more in greatest dimension

pN2 Metastasis to ipsilateral axillary lymph nodes that are fixed to one another or to other structures
pN3 Metastasis to ipsilateral internal mammary lymph node(s)

Distant Metastasis (M)
Mx Presence of distant metastasis cannot be assessed
M0 No distant metastasis
MI Distant metastasis [includes metastasis to ipsilateral supraclavicular lymph node(s)]

Stage Grouping
Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage IIA T0 N1 M0

T1 N1 M0
T2 N0 M0

Stage IIB T2 N1 M0
T3 N0 M0

Stage IIIA T0 N2 M0
T1 N2 M0
T2 N2 M0
T3 N1 M0
T3 N2 M0

Stage IIIB T4 Any N M0
Any T N3 M0

Stage IV Any T Any N M1

Table 22–2 Staging Classification

*Paget’s disease associated with a tumor is classified according to the size of the tumor.
†Chest wall includes ribs, intercostal muscles, and serratus anterior muscle, but not pectoral muscle.
‡The prognosis of patients with pN1a is similar to that of patients with pNO.
Adapted from Beahrs OH, Henson DE, Hutter RVP, et al. Manual for Staging of Cancer, 6th ed. Philadelphia, American Joint Committee on Cancer, The

American Cancer Society. New York, Springer-Verlag, 2002.



meta-analysis of randomized screening trials presented in
Sweden64,65 demonstrated a 24% reduction in mortality from
breast cancer in mammographically screened women aged 40
to 49 years.

The ability of screening mammography to diagnose cancer
in the preclinical phase of growth, when a cancer is either
noninvasive or just beginning its invasive growth phase, cre-
ates a great need for developing additional markers of risk.
With these early invasive tumors, the goal is to minimize
unnecessary therapy. It is imperative to calculate the risk, as
accurately as possible, for the presence of occult micrometas-
tases. Specific markers of risk are vital pieces of prognostic
information needed to guide decisions regarding the extent of
local tumor treatment, the need for nodal dissection, and the
type and duration of systemic therapy.

What is the impact of biologic 
markers on therapeutic decisions?

At diagnosis, patients present with primary tumor staging that
historically has provided information on the risk for develop-
ing locoregional and distant site failure, the risk for death
from disease, and the probability of response to specific treat-
ments. Such clinical and pathologic staging is enhanced by the
identification of molecular markers associated with the tumor
process that are of value in determining prognosis and in
making decisions regarding therapy. In this new era of rapid
scientific discovery, research to identify and characterize 
specific biomarkers of breast cancer and specific genetically
altered cellular pathways not only relates to patient outcome
but also is increasingly offering opportunities for targeted
therapies. While such research will more accurately define the
risk for developing recurrent disease, the ultimate goals are
the detection of those women at risk for developing breast
cancer and the development of preventive interventions.

Estrogen Receptor and Progesterone Receptor
Intracellular Proteins
Intracellular steroid hormone receptors, discovered in 1966,
were the initial tumor markers used in predicting risk for
recurrence and for making decisions regarding hormone ther-
apy. Some 50% to 85% of breast cancers contain measurable
amounts of ER protein (>10 fmol/mg).66 The degree to which
tumors are ER and PR positive is a reflection of how well dif-
ferentiated the tumor is; that is, tumors that are ER and PR
positive are of low grade. ER and PR are linked in that PR
expression depends on transcriptional activation by a normal
ER–estrogen complex.

There are two ER subtypes, ERa and ERb, expressed from
different genes.67 ERa is a more potent transcriptional activa-
tor than ERb in standard laboratory assays and has a higher
affinity for estrogen response elements.68–73 ERa and ERb con-
sist of three distinct domains: an N-terminal domain, a DNA-
binding domain, and a C-terminal ligand-binding domain.
The binding of a specific ligand to the ER produces a distinct
conformational change in the receptor protein, enabling it to
interact selectively with the coregulatory proteins, coactiva-
tors, and corepressors involved in the transcriptional activa-
tion of estrogen-regulated genes.74

In addition to predicting a more favorable disease-free sur-
vival, ER positivity predicts a higher (50% to 60%) response

rate to hormone or endocrine therapy. The response rate is
highest when both ER and PR are positive. Perhaps the pres-
ence or absence of ER has been most important in making
decisions regarding adjuvant therapy in early node-negative
breast cancer. ER-negative, node-negative patients have an 8%
to 12% worse outcome than those who are ER positive.66,75

McGuire and colleagues37 used a multivariant analysis of risk
factors in 3000 breast cancer patients and found that the ER
status in node-negative patients was more predictive than
tumor size. This was not true for node-positive patients. It
remains difficult to state that ER functions as an independent
marker, however. ER expression is highest when tumors are of
favorable histology, have a normal DNA diploid pattern, and
have a low number of cells undergoing division.

Selective ER modulators (SERMs) are synthetic chemical
compounds that, when bound to ER, produce a tissue-
selective biologic activity. Depending on the nature of the
bound SERM, the ER subtype, the gene promoter elements,
and the cellular levels of coregulatory factors, the response in
specific tissues may vary. In tissues such as an ER-positive
breast tumor, the biologic activity may be one of blocking
estrogen function, whereas in other important selected nor-
mal tissues, the biologic effect is one of preserving desired
estrogen function.76,77

Tamoxifen was the first SERM developed and approved 
by the U.S. Food and Drug Administration (FDA) (in 1986)
for adjuvant therapy in postmenopausal women with node-
positive breast cancer. It was later approved (in 1990) for
node-negative breast cancer. In the adjuvant setting, tamox-
ifen reduces the risk for disease recurrence in ER-positive
patients by 47% and reduces overall mortality from breast
cancer by 26%. The response rate using tamoxifen for ER- and
PR-positive patients with metastatic breast cancer is 60% 
to 75%, and it is about half that when only one receptor is
positive.

DNA Content and S-Phase Fraction
The determination of DNA content and of the number of cells
actually synthesizing DNA and proceeding through the cell
cycle has been facilitated by automated systems of flow
cytometry. These analyses are best performed on fresh-frozen
tissue. A diploid content is present in 32% to 51% of breast
cancers. A report in 1993 of a consensus conference regarding
the value of DNA flow cytometry provides a good summary of
its status.78 As mentioned earlier, diploid tumors have a favor-
able prognosis compared with aneuploid tumors; aneuploid
breast cancers are larger in size and of higher grade. DNA con-
tent has not fared well as an independent marker in multi-
variant analysis because of its strong association with other
more powerful markers of risk. S-phase fraction, on the other
hand, has proved to be a more independent predictor but also
loses some of its value when compared with tumor grade.

Other measures of cellular proliferation, such as thymidine
labeling for image-cytometry (TLI), are more accurate meas-
ures of the actual number of cells in the S phase of the cell
cycle and have proved to be stronger predictors of risk than
the S-phase fraction calculated from flow cytometry. TLI is
more difficult to perform and therefore has not been adopted
for routine clinical evaluation.

Antibodies reactive with a nuclear antigen present only in
cells in G1, S, G2, and M phases and not in G0 cells have also
been used to measure the rate of tumor cell proliferation.79,80
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High Ki-67 antibody scores (more proliferating cells) are asso-
ciated with a poor prognosis and have been reported as an
independent marker of risk.81,82

Cell Adhesion Molecules
The ability of cancer cells to grow, invade, and metastasize is
dependent on the integrity of cell adhesion proteins, prote-
olytic enzymes, growth factors, and growth factor receptors.83

For cancer cells to metastasize, they must acquire a motile
phenotype and be able to penetrate tissues in order to reach
the microvasculature and lymphatic channels. The initial step
in the metastatic process involves an interaction with the base-
ment membrane and the eventual passage through this mem-
brane into the extracellular matrix.

A major component of the basement membrane is a large
family of glycoproteins called the laminins.84 Numerous breast
cancer cell surface proteins, namely the integrins, constitute
cell surface receptors that interact with specific molecular 
sites on collagen and laminin. Integrins are transmembrane
molecules composed of ab heterodimers.85 Integrins have also
been found to interact with growth factors such as parathy-
roid hormone–related protein (PTHrP), which is involved 
in normal mammary gland development and function.86,87

Overexpression of PTHrP in experimental models increases
the expression of a6 and b4 integrin subunits, resulting in
increased adhesion, migration, and invasion of MCF-7 breast
cancer cells. Dales and colleagues studied the prognostic value
of markers of activated endothelial cells, CD105, Tie-2/Tek,
and VEGF receptors.88 They studied 905 patients with breast
cancer and found that overexpression of CD105 and of
Tie-2/Tek significantly correlated with a poor outcome. This
was not the case in their study of VEGF-R1 and VEGF-R2.
Furthermore, CD105, but not Tie-2/Tek, retained its prognos-
tic significance for node-negative low-risk breast cancer.
These were independent markers when compared with other
risk indicators in a multivariant analysis. Overexpression of
CD105, Tie-2/Tek, and VEGF-R1, but not of VEGF-R2, was 
an independent predictor of greater metastatic risk. Only 
Tie-2/Tek and VEGF-R1 expression correlated with early local
failure in node-negative patients. Thus, these markers may
allow selection of those node-negative patients who would
benefit from more aggressive therapy, especially from specific
antiangiogenic agents.89–91

Studies have also implicated the importance of stabilizers 
of cell–cell and cell–matrix interactions, demonstrating the
role of desmosomes and cadherin-containing junctions.92 For
example, E-cadherin belongs to a large family of proteins
responsible for the calcium-dependent cell–cell adhesion and
is a normal adhesion molecule expressed in breast ductal
epithelial cells but found to be significantly reduced in areas of
invasive breast cancer.92–95 Rimm and associates93 reported
that E-cadherin was significantly decreased or absent in 63%
of primary breast tumors and that the cytoplasmic portion of
the E-cadherin molecule that attaches to the actin cytoskele-
ton through catenins such as a-catenin was reduced or lost in
18%. Other studies suggest that in high-grade breast cancers,
E-cadherin may be replaced by P-cadherin.96 P-cadherin is
usually expressed only in the luminal cells of the adult breast
and in the basal layers during fetal development. Its presence
in malignant ductal epithelial cells represents abnormal
expression.96 In a retrospective study of 222 breast carcino-
mas, P-cadherin was shown to identify a subgroup of cancers

that were ER negative and that had a higher proliferation
index and an aggressive pattern of growth.97 This would 
suggest that E-cadherin and P-cadherin have distinct roles 
and hormonal relationships in breast cancer growth and 
progression.

Whether changes in the expression of P-cadherin, E-
cadherin, and a-catenin will prove to serve as independent
markers for the presence of occult micrometastases remains 
to be demonstrated. Alterations in the expression as well as in
the structure of E-cadherin and the catenins have been linked
to tumor cell invasion and metastasis in breast cancer and sev-
eral other tumors.98,99

Matrix Metalloproteinases
A series of gelatinases (matrix metalloproteinases) secreted by
cytoplasmic zymogens and activated by cell membrane pro-
teins are specifically reactive with type IV basement mem-
brane collagen.94,100 Two of the metalloproteinases, MMP-8
and MMP-9, have been found to be elevated in invasive breast
cancers.101 A current hypothesis is that breast cancer cells
stimulate the fibroblasts, causing the stroma around the
tumor to produce these gelatinases, which then act to break
down the extracellular matrix, facilitating tumor invasion and
metastasis.102–107 Although MMP-8 and MMP-9 may prove to
be useful markers of risk, of even greater interest is the possi-
bility that metalloproteinase inhibitors will be useful thera-
peutic agents.108,109

Cathepsin D
Cathepsins are proteases with enzymatic activity against
matrix proteins. Cathepsin D is estrogen dependent and is
overexpressed and secreted in about 22% of invasive breast
cancers. Overexpression is associated with a high incidence of
nodal metastases and a worse prognosis.110 A study of the
prognostic value of cathepsin D in 771 patients with breast
cancer found an increase in death rate approaching 70% with
a doubling of the level over threshold values.111 The strong
association of cathepsin D with a positive nodal status, how-
ever, may make it less useful in predicting risk, especially in
patients with node-negative disease.66,112

Oncogenes and Tumor Suppressor Genes
The most widely studied of the oncogenes is the erbB-2 (HER-
2/neu) oncogene. The erbB-2 oncogene is overexpressed in
15% to 20% of breast cancers, and this overexpression is asso-
ciated with larger tumors, node positivity, higher S-phase
fractions, and ER negativity.113–115 It is associated with an 
overall worse prognosis and an increased incidence of metas-
tases.116,117 It loses some of its value as a prognostic factor
because it is associated mainly with node-positive patients
who are routinely treated aggressively. Studies have found
overexpression of erbB-2 in less than half of recurrent breast
cancers.118 Of recent interest is the observation that erbB-2
amplification has shown correlation with an increased benefit
of doxorubicin-based adjuvant therapy but a lack of equal
benefit with cyclophosphamide, methotrexate, and 5-
fluorouracil (CMF) therapy.119,120 Amplification of c-myc has
also been reported in about 20% of tumors and is associated
with higher-grade tumors and loss of hormone receptors.113,121

Mutations in some tumor suppressor genes, including p53,
BRCA1, BRCA2, PTEN, and ATM, as well as epigenetic inacti-
vation of other suppressor genes, such as SYK and NES1,
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appear to be important to the development and progression
of breast cancer. The most widely studied tumor suppressor
gene is p53. The presence of mutated p53 (in 40% to 50% of
breast cancers) correlates with the usual features of high-risk
tumors.122,123 Mutant p53 has been documented in more than
50% of patients having the breast and ovarian cancer syn-
drome and in all cases of Li-Fraumeni syndrome.124 Detection
of mutant p53 has a negative impact on both disease-free 
survival and overall survival. In one report dealing with 
node-negative patients, the 6-year disease-free survival rate
decreased from 90% (no mutant p53) to 60% (mutant p53).123

In other reports, the presence of mutant p53 predicted an even
worse disease-free survival.122 Once again, the predictive value
of p53 is somewhat weakened by its association with other
known predictors of poor outcome. Loss of heterozygosity at
a number of other chromosomal loci in breast cancer cells
indicates that p53 is just one of several tumor suppressor
genes involved in the progression of breast cancer.125,126

Whether any of the oncogene or tumor suppressor gene
abnormalities alone or in a specific pattern will be able to pro-
vide highly specific and accurate predictive value where it is
most needed, that is, in early breast cancer, remains unknown.
In general, these genetic abnormalities have been identified
with advanced stages of disease—larger tumors that are
actively proliferating, are node positive, have a higher histo-
logic-grade, and are receptor negative—all markers of poor
outcome. They are not, at this time, useful as stand-alone
markers in making decisions regarding therapy.

Genomics and Proteomics
The relative completion of the Human Genome Sequencing
Project heralds a new era in breast cancer research. As a result,
genomic hybridization and complementary DNA (cDNA)
and RNA expression profiling and proteomic analyses of
breast cancer cells, surrounding host tissue, and patient serum
hold great promise for determining patients at risk or harbor-
ing early predetection breast cancer. These new technologies
will eventually provide the true characterization of the
patient’s tumor and define the highly individualized therapy
required.

Considerable work has already been reported using cDNA
microarrays to detect differences in gene expression in breast
cancer.127–130 In one study, 130 genes were identified and clearly
defined different tumor types, including breast.131 For breast
cancer, there were 42 genes that appeared to correlate signifi-
cantly with the overall survival of patients. Examples of genes
that were clearly up-regulated and predicted a worse prognosis
were cyclin B1, TGF-b3, B-Myb, and Erg2. Those genes that
were down-regulated included MIG-6, Esp15, and CAK.131

Workers at the Institute of Proteomics, Harvard Medical
School, have developed an automated literature-mining tool,
called Med Gene, which they used to analyze the extensive
reports of novel microarray gene expression studies compar-
ing breast cancer to normal breast tissue.132 This relational
database seems to demonstrate that for genes displaying a 5-
fold or less change in tumor tissue compared with normal 
tissue, there is no evidence in the literature of a correlation 
of altered gene expression and breast cancer phenotype.
However, with genes showing a 10-fold change in expression
level, there was a strong correlation between the level of
expression and disease. This strongly suggests that these are
the genes deserving further intense study. It is interesting that

this was true for ER-positive tumors but not ER-negative
tumors. Even so, the search found a number of understudied
genes in ER-negative tumors with a 10-fold expression that
certainly deserve investigation.

It has been shown that comprehensive gene transcriptional
profiles can be obtained from single-passage fine-needle 
aspirations of breast cancers.130,133,134 These authors were suc-
cessful in obtaining good quantity and quality of RNA suit-
able for successful microarray analysis from 71% of the needle
aspirates.134 Although these transcriptional profiles have pro-
vided significant insight into tumor characterization and have
helped define prognosis in node-negative early-stage breast
cancer,134 expression arrays may not accurately characterize all
tumor-associated and functional proteins involved in the can-
cer process. There are several concerns in this regard: (1) a lack
of correlation between level of transcript expression and 
actual protein level; (2) abnormalities associated with the
translocation of the protein in the cancer state; and (3) the
possible underidentification of proteins because of restriction
on the number of expressed sequence elements on a
microchip.

Some of these concerns are now being addressed by 
proteomic studies that attempt to characterize all proteins
encoded by the genome and functionally expressed.135–137

Proteomics allows identification of protein–protein interac-
tions and identification of specific proteins associated with a
given malignancy, such as breast cancer. Even more impor-
tant, proteomics will be able to identify specific stages of this
disease from premalignant to metastatic. Proteomics may also
provide a direct method of monitoring the serum or tissue
protein profile before and after administration of systemic
therapy as a way to predict response and outcome.138

What needs to be done to 
completely evaluate the patient 
before initiating treatment?

For the surgeon, the preoperative evaluation of the patient
with biopsy-proven breast cancer can be divided into two
tasks. First, the surgeon is responsible for providing the
patient with a safe operative experience and postoperative
recovery. To accomplish this, the surgeon must obtain a com-
prehensive systems assessment of the patient’s current health
status and a thorough review of all prior health care. This
requires a careful search for any risk factors that might suggest
the presence of occult cardiac disease and renal and pul-
monary compromise. Unsuspected ischemic heart disease is
the most frequent cause of serious surgical complications in
postmenopausal women. Pulmonary disorders such as asthma
and chronic obstructive pulmonary disease can be a signifi-
cant source of morbidity when the surgery is extensive and
includes reconstruction. The surgeon needs to be aware of the
presence of diabetes mellitus, any chronic cutaneous diseases
such as collagen-vascular disease, and prior exposures to radi-
ation that might complicate the normal healing of tissues.

Second, the goal of the surgeon as a member of a multidis-
ciplinary breast cancer treatment team is to begin the process
of defining the extent of the patient’s cancer and the process
of assisting the patient, including the patient’s family, in devel-
oping an understanding of appropriate therapy options based
on accurately staged disease.
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What are the laboratory tests 
and imaging needed?

Keeping the two goals mentioned earlier in mind, the surgeon
and anesthesiologist will want to obtain a complete blood
count (CBC); platelet count; and a general laboratory panel
that includes liver function assessment, prothrombin time,
serum albumin, blood sugar, calcium, and serum creatinine. A
chest radiograph and an electrocardiogram (ECG) (especially
important for women in their postmenopausal years) are con-
sidered routine. Other tests may be deemed necessary based
on careful evaluation of the patient’s past medical history and
current health status. As discussed later in this chapter,
patients who are to receive an anthracycline (doxorubicin) as
part of their adjuvant therapy should have a baseline multiple-
gated acquisition (MUGA) cardiac scan, Doppler echocardio-
graphy, or both before therapy is initiated. These tests are used
to monitor cardiac toxicity during systemic treatment.

The surgeon must be satisfied that a good-quality bilateral
mammogram exists for the patient. If the diagnosis of invasive
cancer was obtained by stereotactic x-ray or ultrasound-
guided core needle (14 to 18 gauge) biopsy or by a needle- and
wire-localized breast biopsy (the gold standard) of an occult
mammographic abnormality, it is important to document
clearance of the radiographic findings. The most common
example is the mammographic finding of clustered micro-
calcifications. In this case, it is best to obtain a repeat two-
view mammogram of the surgically cleared breast to ensure
the removal of all the microcalcifications or, in the case of an
occult density, the clearing of the abnormality on the mam-
mogram that led to the original biopsy. This repeat imaging of
the breast may be obtained after lumpectomy and before ini-
tiation of breast irradiation.139,140 This optimizes confidence

that all mammographic abnormalities have been eliminated
and histologically evaluated.

It is important that the surgeon personally review the
histopathologic findings with the pathologist. Tumor histol-
ogy, volume, and margins are important factors in planning
surgical therapy. There is no substitute for an in-person
review of the histopathology in developing a confident plan
for local therapy.

A bone scan is indicated only when suspicious skeletal
symptoms are present and when the serum alkaline phos-
phatase is elevated. A computed tomography (CT) scan is
obtained only when indicated by patient symptoms or for
stage III locally advanced breast cancer patients. An exception
is sometimes made when the patient presents with clinical
stage II disease. In such instances, CT evaluation of the chest,
abdomen, and pelvis provides reassurance that the disease is
confined to the axilla, establishes a baseline for future evalua-
tions, and provides information regarding the status of the
internal mammary and mediastinal lymph nodes.

Functional imaging using fluorodeoxyglucose positron
emission tomography (FDG-PET) is increasingly used in the
management of patients with cancer—especially lung, colo-
rectal, and lymphoma cancers.141 As experience increases, it is
clear that whole-body PET imaging can detect distant metas-
tases from breast cancer, but it remains to be determined
whether its sensitivity and accuracy are equal to or exceed
standard CT imaging and whether there will be specific
instances in the management of breast cancer in which the
ability of PET to detect occult disease will contribute to the
treatment decision process.142

Magnetic resonance imaging (MRI) of the breast is clearly
a valuable new diagnostic tool (Fig. 22–2). In evaluating the
breast for the presence of cancer, gadolinium-enhanced scans
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Figure 22–2 Magnetic resonance imaging of
the breast. A, Normal craniocaudal (left) and
mediolateral oblique (right) mammograms of the
right breast. B, Sagittal view MRI of the same right
breast demonstrating an invasive ductal cancer.



have proved to be exceptionally sensitive (close to 100%).143

Cancerous tissue has a more rapid initial enhancement after a
bolus of intravenous gadolinium (gadopentetate dimeglu-
mine, 0.1 mmol/kg body weight) than benign tissue.
Specificity, however, may be as low as 60%, primarily because
of false-positive findings.

Currently, gadolinium-enhanced MRI is used to evaluate
the difficult diagnostic problems (e.g., when trying to delin-
eate the extent of the tumor). MRI is better than physical
examination, film-screen mammography, and ultrasonogra-
phy in determining the extent of the cancer before sur-
gery.144–146 The patient with invasive lobular carcinoma is an
excellent candidate for having gadolinium-enhanced MRI of
both breasts. It is difficult to correctly assess the extent of inva-
sive lobular cancer within the breast and its potential multi-
focality using standard imaging (especially when considering
breast conservation).147 The higher incidence of occult con-
tralateral disease for patients with lobular carcinoma also sup-
ports the use of MRI.148

Another indication for MRI is a patient who presents with
an axillary metastasis but has a negative physical examination,
ultrasound, and mammogram. In this situation, gadolinium-
enhanced MRI has become routine. MRI is also indicated and
more accurate in following the response of stage III, locally
advanced breast cancer, to primary chemotherapy and pro-
vides for a more accurate assessment of the extent of residual
tumor. This is critical to making a decision regarding the use
of further cycles of systemic therapy and for the feasibility of
breast preservation in these patients (Fig. 22–3).

There are also a number of women who require regular
screening but have glandular dense breasts for which two-
view film-screen mammography is not ideal. These women
tend to be younger. There are also a number of women with a
history of Hodgkin’s disease clearly at increased risk for devel-
oping breast cancer.149,150 Also, young women with a strong
family history or BRCA1 or BRCA2 gene mutations would be
candidates for MRI screening. In a prospective study151of
screening for breast cancer in women with a family history or

genetic predisposition for developing breast cancer, MRI
detected 20 cancers (including one DCIS) that were not found
on mammography or by clinical exam. Eleven of the 19 inva-
sive cancers were smaller than 10 mm, and only 1 had an asso-
ciated positive axillary lymph node.

At present, however, gadolinium-enhanced MRI is used
primarily in managing the difficult diagnostic problem—
especially when attempting to rule out multifocality and to 
better define the extent of tumor. For such patients, there is
increasing evidence that MRI will alter the surgical manage-
ment of the primary cancer in a significant percentage of
women, perhaps as many as 25% to 30%. More study is
required to better define this percentage and to identify 
the characteristics of the patients most likely to benefit.
Gadolinium-enhanced MRI is currently more accurate than
mammography in defining the extent of disease as it relates to
the index tumor and of finding multicentric disease not seen
on standard film mammograms when used before excisional
biopsy or lumpectomy. Although MRI is somewhat compro-
mised when used in the immediate (<4 to 6 weeks) period
after surgical removal of the tumor, it may be helpful in select-
ing patients in whom the margins of excision remain positive
or close (<2 mm), providing information about location and
extent of residual tumor requiring further excision.

To date, MRI has not proved to be useful in identifying pos-
itive axillary lymph nodes and directing actual node sampling.
Some reports suggest that MRI may prove useful in MRI-
directed breast cancer ablation procedures.152,153

How do other medical conditions 
affect therapy decisions?

Cardiac and Pulmonary Disorders
With modern techniques for delivering radiation to the breast
and, if indicated, to the regional lymph nodes, there is very 
little risk to the heart and the lungs. Even so, when there is a
history of cardiac disease or underlying lung disease, extra
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Figure 22–3 Magnetic resonance imaging used to follow the response to polychemotherapy treatment of an inflammatory left 
breast cancer in a young woman. A mastectomy was performed shortly after the July 2004 MRI, and no residual tumor was found by
histopathology.



precautions are warranted, but it is unusual for such condi-
tions to be severe enough to preclude irradiation. When this is
the case, a simple complete mastectomy is performed, often
using regional and local anesthesia.

The risk to the heart is associated with the treatment of left-
sided breast cancer. The left ventricle may receive irradiation
from the tangential field, and an increase in left descending
coronary artery disease has been reported.154 The left ventricle
is also at risk when the internal mammary chain of lymph
nodes is treated. Large prospective randomized trials looking
at the role of irradiation following mastectomy and as part of
breast-conserving therapy (BCT) have shown a slight increase
in the number of cardiac deaths in irradiated patients with
left-sided breast cancer.154 This is almost exclusively in stage 
I disease. Once these risks became known, changes in the 
technique of delivering the radiation using CT-directed con-
formal therapy appear to be eliminating cardiac damage.
Endomyocardial injury has been reported when radiation was
given while patients were receiving doxorubicin.155

Some lung tissue almost always receives low amounts of
radiation, especially when the treatment plan includes the
regional lymph nodes. Using electrons instead of photons,
especially in the treatment of the supraclavicular nodes, may
reduce the incidence of acute pneumonitis. Pulmonary fibro-
sis may occur in portions of the lung included in treatment
fields because the lung is the most sensitive tissue.156 This can
result in some slight decline in pulmonary function but not
enough to cause symptoms in a normal patient. The concern
comes when there exists underlying chronic lung disease.

Rheumatologic Disorders
A history of one of the numerous rheumatologic diseases,
although affecting only a relatively small number of patients
with breast cancer, is not to be overlooked. Often, these dis-
eases are associated with small vessel vasculitis or significant
skin changes. The presence of such conditions obviously may
complicate the use of radiation and affect the cosmetic results
of BCT. Awareness of potential risks was initially noted in a
report from the University of Texas M. D. Anderson Cancer
Center,157 where skin complications of moist desquamation,
ulceration, and skin necrosis were observed in three patients.

It should be noted, however, that the number of instances
of patients with connective tissue disorders reported to have
had complications following breast-conserving radiation
therapy is quite small.158,159 Many of these earlier reports used
techniques not used today, and rheumatologic diseases repre-
sent a spectrum of disorders that affect the vessels and con-
nective tissues in different ways. Thus, the knowledge that a
patient has such a disease should be considered on a case-by-
case basis.160 Recht161 recommended that radiation in these
patients be limited to a dose of 45 Gy given in 25 fractions
using 6 MV or higher-energy photons. He emphasized that
care should be taken to minimize any match-line overlap and
not to combine radiation with chemotherapy.161

A number of rheumatologic diseases may be associated
with dilated cardiomyopathy, including systemic lupus ery-
thematosus, polyarteritis nodosa, and progressive systemic
sclerosis. Heart disease is virtually never the presenting symp-
tom in these patients, and persons with connective tissue dis-
ease may have a degree of cardiac involvement overlooked or
underestimated when they present with breast cancer.

How does age affect the 
decision-making process?

Patient age as a factor in planning appropriate breast cancer
therapy has been an area of some controversy. The question
really concerns two patient groups, the very young (<35 years
old) and the older group (>80 years old). In response to this
question, one is tempted to state simply that age is not a fac-
tor and that patients are managed according to stage of dis-
ease, with exceptions in the very elderly based on significant
comorbid disease.

This would, however, be an oversimplification, and it is
important to review the issues that have been raised concern-
ing the effect of age in the selection of therapies. Most debate
has focused on patients younger than 35 years. A number of
centers reported that patients younger than 35 years treated
with breast conservation appeared to have a higher risk for
recurrence of cancer within the treated breast than that
observed for older patients.162–172 Others have argued that
improved patient selection, especially regarding the presence
of extensive intraductal component (EIC) (Fig. 22–4), and
insistence on good, histologically negative margins eliminated
the observed increase in recurrence of cancer within the 
treated breast.173–177 As a result, surgeons and radiation oncol-
ogists no longer dissuade young patients from breast conser-
vation but pay careful attention to the histology and
uniformly recommend re-excision of the biopsy site.161 The
re-excision is done to establish optimal margins and to be sure
all EIC, if present, has been excised. Further, even if there is a
slight increased risk for local recurrence, it is not at all clear
that this would translate into a decrease in overall survival.161

At the other end of the age spectrum (patients in their
eighth and ninth decades of life), there has been some senti-
ment that these elderly patients would not tolerate breast radi-
ation well or that it was not necessary to achieve disease
control. Clearly, there is no evidence that such patients cannot
tolerate good radiotherapy.162,178,179 What is not known is
whether all such patients require radiotherapy for control.
At this state of our knowledge, it is certainly best to include
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Figure 22–4 Patterns of associated intraductal component,
including extensive intraductal component. Wavy lines indicate
the invasive tumor border, and clusters of dots show intraductal
cancer.



radiation as part of the treatment. When early-stage disease is
found in a patient in this advanced age group, a generous wide
excision under local anesthesia with good follow-up is proba-
bly excellent treatment. Also, good physician–patient commu-
nication and solicitation of the patient’s treatment preferences
are critical to building a successful partnership with elderly
patients. Spending the extra effort to do so will improve the
quality of the treatment decisions by the elderly.180

Are there other medical conditions 
that affect treatment decisions?

Rarely, patients provide a history of prior high-dose irradia-
tion for other malignancies—most commonly Hodgkin’s
lymphoma. It is best to recommend mastectomy for such
patients. Low-dose irradiation, given in the past as treatment
for infant thymic enlargement, is not considered a contraindi-
cation for breast conservation.

Some have argued that a strong family history is a risk 
factor for local failure if breast conservation is used.161 Others
have failed to show this, and in fact there are not enough data
collected to provide a confident answer. At this time, the
appropriate decision would rest significantly on the strength
of the family history coupled with genetic testing, evidence
regarding the overall risk for developing contralateral breast
cancer, and of course, the patient’s desire. If these factors,
taken together, add up to a physician–patient decision to con-
sider prophylactic mastectomy, then perhaps an optimal cos-
metic result and overall risk reduction can be best achieved 
by bilateral mastectomies and transverse rectus abdominis
myocutaneous (TRAM) reconstruction.

What about breast cancer occurring 
in the pregnant patient?

Since 1975, there has been a 60% increase of first full-term
pregnancies in women older than 30 years of age.181 As a
result, there is an increase in the number of breast cancers
diagnosed during pregnancy (about 1 to 3 per 10,000 preg-
nancies).182 Mammograms are not routinely used as part of
the initial evaluation in pregnant women presenting with
breast symptoms, both to avoid radiation risk to the fetus dur-
ing the first and second trimester and because mammography
is less reliable as a diagnostic tool in the dense gestational
breast. Ultrasound may be useful in differentiating cystic
lesions from solid tumors. In addition, MRI is useful for eval-
uating the breast during pregnancy and can also be used to
look for evidence of metastatic disease, if indicated.183

If the diagnosis is made early in pregnancy, a difficult 
decision must be made regarding a therapeutic abortion.
Obviously, this would greatly simplify treatment decisions.
However, recent evidence indicates that especially in early
nondisseminated disease, there is no benefit to early abortion,
survival being the same with or without abortion.182 Breast
cancer cells do not cross the placenta, as occurs with some
cancers such as melanoma, lymphosarcoma, or leukemia, and
therefore are not a direct threat to the fetus.182

Modified radical mastectomy is usually the treatment of
choice for such patients. If the patient is in the third trimester,

a decision can be made to seek early induced delivery and to
hold the radiation for breast conservation until after delivery.
In almost all cases, chemotherapy is not used during preg-
nancy but delayed until after delivery. The effect of chemo-
therapy on the fetus is directly related to gestational age and
drug dosage. Certainly, cytotoxic therapy has been used after
the first trimester without apparent damage to the fetus. Even
so, the risk for complications such as sepsis and hemorrhage
during unplanned delivery make the risk of chemotherapy
during even the last trimester too great to justify its use in an
adjuvant setting.183,184

What is meant by the term 
multimodality therapy?

When a patient is newly diagnosed with stage I or II breast
cancer, she and her physician team are faced with a number of
treatment decisions. The choices to be made depend heavily
on the input of the radiologist evaluating the imaging of the
tumor within the breast, the pathologist evaluating the tumor
grade and the adequacy of the surgical margins, and the
design of an appropriate treatment plan by the surgeon, radi-
ation oncologist, and medical oncologist. When mastectomy
is part of the treatment, a plastic surgeon experienced in
breast reconstruction is also important to the multidiscipli-
nary approach. It is this team of physicians that is best pre-
pared to determine appropriate local therapy, management 
of regional nodes, selection of adjuvant therapy, and most
important, the best sequencing of available treatment options.

The many decisions that need to be carefully considered
and, to a great extent, the continued complexity of these deci-
sions, in light of rapidly advancing new knowledge derived
from laboratory investigations of the biology of cancer and
from the results of clinical trials research, are the basis for a
multidisciplinary team approach to both the diagnosis and
the treatment of breast cancer. All members of the team 
contribute valuable knowledge and critical thinking to the
sequencing of the various therapeutic options. This medical
team is joined by psychiatrists and psychologists expert in
working with cancer patients and their families and by social
workers, genetic counselors, and support groups to help the
patient through the difficult time of diagnosis and therapy.
Providing an expert team is the best way to ensure having a
patient prepared to continue a productive high-quality life at
the completion of the treatment phase.

Even though the greater use of screening mammography is
resulting in the detection of smaller and smaller cancers, the
risk for developing a distant recurrence that ultimately leads
to death has not been eliminated. As a result, there is an ongo-
ing requirement to include systemic therapy in the manage-
ment of the primary tumor. Strategies of clinical research that
examine drug combinations, doses of drug, new agents, and
endocrine therapies are now being applied to the treatment 
of newly diagnosed, early-stage, node-negative breast cancer
as well as locally advanced disease. How these systemic 
therapies should be integrated with local therapies (surgery
and radiation), the intensity of the systemic therapy to 
be used, and how such systemic treatment may alter local
therapy are important questions for future study. Having a
multidisciplinary team approach greatly facilitates the selec-
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tion of clinical trials research to be made available to the
group’s patients and encourages physician and patient partic-
ipation in these trials. Thus, the standard of care is raised to its
highest level by the combined input of physicians with differ-
ent areas of clinical expertise.

In the paragraphs that follow, the surgical, radiotherapeu-
tic, and chemotherapeutic-hormonal options for treatment
are examined for their specific indications and their sequenc-
ing in the overall plan.

What are the indications 
for breast conservation?

The 1990 National Cancer Institute Consensus Conference on
the treatment of early-stage breast cancer stated that “breast
conservation treatment is an appropriate method of primary
therapy for most women with stage I and II breast cancer and
is preferable because it provides survival rates equivalent 
to those of total mastectomy and axillary dissection while 
preserving the breast.”185 Given that BCT is an equivalent 
therapy when compared with mastectomy, the factors that
become important to the patient in making this choice are the
risk for local recurrence after BCT (vs. mastectomy) and the
ability to achieve the desired cosmetic result. Thus, this ques-
tion is not really “what are the indications for BCT,” but
instead “what are the factors, if any, that might be considered
contraindications.”

For example, the first step is a careful evaluation of pre-
operative breast images. These may need to be repeated 
before radiation following lumpectomy (tumorectomy) to
ensure clearance of microcalcifications. Film-screen mam-
mography must include magnification views for microcalcifi-
cations. These magnification imaging studies define the extent
of the tumor and determine the status of the remainder of the
involved breast as well as the contralateral breast.

In recent years, the additional images obtained by MRI have
also been useful in defining the extent of tumor involvement.
As noted earlier, in cases of malignancy, it is important that
microcalcifications be surgically cleared from the region of the
tumor to eliminate the possibility of multicentricity. The pres-
ence of extensive microcalcifications is often an indication of
the presence of an EIC. The goals are to ensure, by imaging,
that (1) the contralateral breast is clear of any mammograph-
ically suspicious areas that would require biopsy; (2) the
involved breast has been cleared of all suspicious areas; and
(3) if microcalcifications were a feature of the primary tumor,
magnification views have documented their extent, and post-
surgical films have confirmed that they were cleared.

The second step is a careful pathologic evaluation of the
breast tissue removed. There is no substitute for a direct
review of the gross specimen and histology by the surgeon sit-
ting in consultation with the pathologist. The surgeon must
be responsible for correct specimen orientation so that all
sides can be inked using different colors. Gross tumor meas-
urements are performed by the pathologist only after the gross
intact specimen has been oriented and appropriately inked.
Although inking is the preferred method for assessing mar-
gins, there are some problems with this technique that the sur-
geon should be aware of. For example, during the excision of
the specimen and subsequent initial handling, some of the
fatty tissue may be rubbed off the exterior surface. In addition,

the ink may seep into crevices in the margin surface, causing
some microscopic confusion regarding the actual margin
depth.

This discussion regarding specimen orientation and inking
of margins underscores the importance of obtaining adequate
tumor-free margins in determining the risk for local recur-
rence.186 The best data and most frequently quoted studies are
those of the National Surgical Adjuvant Breast and Bowel
Project (NSABP) and the Joint Center for Radiation Therapy
(JCRT).178,187,188 In the JCRT study of 340 patients treated with
60 Gy, patients with EIC-negative tumors had a 5-year local
recurrence rate of 1% if margins were negative and 2% if mar-
gins were negative but the carcinoma was within 1 mm of the
ink but not at the ink.188 If there was focal margin involvement
(i.e., three or fewer low-power fields were positive), the risk
for recurrence increased to 9%. When margins were more
than focally involved, the risk was 19%. For patients with EIC-
positive tumors, the risk for local recurrence in the JCRT
patients with negative margins was 8%. This risk increased to
27% when EIC-positive tumors demonstrated histologically
positive margins.178,188

In practice, it is best to obtain generous negative margins,
especially when there is a significant EIC. Although the defini-
tion of a negative margin may differ among institutions, most
breast cancer surgeons strive to achieve a margin of a mini-
mum of 1 to 3 mm of normal tissue. In other institutions, the
standard is a margin of 1 cm or greater.189 When concerned
about adequacy of margins, it is in the patient’s best interest to
re-excise the original biopsy site.

As suggested, the presence of EIC must be carefully consid-
ered. A re-excision of the tumor bed should be performed in
all EIC-positive tumors to ensure the absence of multicentric-
ity (skip areas of DCIS scattered among normal breast tissue
in the areas around the primary tumor). If the re-excision
specimen exhibits multiple areas of residual cancer, mastec-
tomy is the preferred treatment (Table 22–3).
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Definition Ductal carcinoma in situ (DCIS) inside and
outside the index lesion or DCIS with 
minimal amounts of invasion.

Workup Pay careful attention to the mammogram. 
EIC patients frequently have 
microcalcifications. Make sure all 
suspicious-looking microcalcifications are 
excised.

Primary excision Should be wide; negative pathologic 
margins should be the goal.

Re-excision Use liberally, especially if margin is positive 
or if residual microcalcifications are 
present.

Treatment If margins are negative on first excision or 
re-excision shows minimal tumor with 
negative margins, treat with lumpectomy 
plus radiation.

If new margins are positive, especially with 
widespread DCIS in the re-excision 
specimen, treat with mastectomy.

Table 22–3 Management of Patients with an Extensive
Intraductal Component

Modified from Abeloff MD, Lichter AS, Niederhuber JE, et al. Breast. In
Abeloff MD, Armifage JO, Lichter AS, et al. (eds). Clinical Oncology. New
York, Churchill Livingstone, 1995, p 1617.



What seems to be clear from all reports is the conclusion
that the greater the extent of resection, the lower the risk for
local failure. Thus, even when EIC is present, patients under-
going quadrantectomy have an acceptable failure rate, and
those with EIC-negative tumors drop below a 1% risk.190 The
surgeon and the patient are faced with balancing the extent of
breast resection with a desire for a favorable cosmetic out-
come. The greater the resection, as in quadrantectomy, the
worse the cosmetic result and the less the indication for breast
preservation. The cosmetic result of a reconstructed breast
may actually be preferred.

Smitt and colleagues186 at Stanford University evaluated 
the impact of surgical margins on long-term local control.
They found that truly negative margins (greater than 2 mm)
resulted in 90% local control at 10 years, in contrast to 82%
for patients with positive and close margins. Re-excision to a
negative margin was important, providing a 97% 10-year local
control rate. When tumors were EIC positive, the re-excision
specimen demonstrated residual cancer 82% of the time,
compared with only 31% for EIC-negative tumors.

In another report examining re-excision for EIC-positive
tumors, residual DCIS was noted a minimum of 2 cm from
the primary in at least 30% of EIC-positive tumor re-excision
specimens. This finding confirmed that a wide excision such
as segmentectomy or quadrantectomy is necessary to provide
the lowest risk for local failure.191 Younger patients (<40 years
old) and those with comedo-type DCIS histology are 
reported to demonstrate a greater distance of spread within the
adjacent ductal systems, perhaps accounting for the increased
difficulty of truly clearing these lesions and the greater risk for
local failure observed in EIC-positive tumors for young
women and comedo histology.192 Although the presence of
EIC is not considered in itself a contraindication to breast
preservation, it clearly demands an exacting approach to
ensuring clear margins through a resection of greater volume.
The importance of re-excision cannot be overemphasized.

Perez recently reported the experience of treating T1 and
T2 breast cancer by breast preservation and radiation at
Washington University School of Medicine in St. Louis.193 He
analyzed the records of 1347 patients treated with breast
preservation between 1970 and 1997 at their institution. The
10-year incidence of local failure was 7% for T1 tumors and
11% for T2 tumors. It is important to note that Dr. Perez also
found that patients younger than 40 years who had EIC had a
greater risk for local relapse (17%) compared with a similar
EIC-positive group of postmenopausal women, who had a
relapse rate of 10%.

Although most invasive breast cancers are adenocar-
cinomas arising from the terminal ducts (about 80%), there
are several less common histologic findings that have a better
overall prognosis. The better prognosis of these tumors
(mucinous, medullary, papillary, tubular, and adenoid cystic)
is best seen in node-negative patients.194 Other pathologic 
features, such as vascular-lymphatic invasion, inflammatory
response, and degree of intratumor necrosis, have been less
helpful in predicting risk. Eventually, genomic and proteomic
profiling will provide more specific prognostic information.

The final determinant in selecting a woman for BCT has to
do with the patient’s desires and expectations. It requires a
certain commitment of a surgeon’s time to listen carefully to
what the patient is saying and to ask appropriate nonleading
questions that give an insight into the patient’s wishes 

regarding cosmetic outcome. The size of the required breast
resection compared with the breast size and the expected
changes in the breast secondary to the radiation must be care-
fully evaluated to provide reasonable expectations of what the
final cosmetic outcome might be.

From a technical standpoint, placement of the incision is
important to the cosmetic outcome. It is best placed in a cir-
cumareolar position or in a line that runs parallel to the mar-
gin of the areola. It is essential to obtain optimal hemostasis of
the cavity and to avoid closure of the deep tissues, letting the
cavity fill with a small seroma that will gradually be reab-
sorbed during the healing process. Drains in the breast should
be avoided. The placement of small titanium clips in the walls
of the cavity will assist the localization of the radiation boost.
Every effort is made to keep the site of the lumpectomy 
entirely separate from the site of the axillary surgery.

What are the contraindications 
to breast-conserving therapy?

Perhaps an easier way to approach the question of selecting
patients for BCT is to review the absolute and relative con-
traindications or the reasons for choosing mastectomy. The
Joint Committee of the American College of Surgeons, the
American College of Radiology, the College of American
Pathologists, and the Society of Surgical Oncology attempted
to provide a consensus of standards, which was published in
1992.195 Absolute contraindications to BCT are well estab-
lished (Table 22–4). They include (1) prior therapeutic radia-
tion to the involved breast, (2) a patient in the first or second
trimester of pregnancy, (3) the presence of two or more dis-
tinct tumors present in different quadrants of the breast,
and (4) the presence of diffuse, suspicious microcalcifications
involving more than one quadrant of the breast.

Relative contraindications are, by their nature, somewhat
controversial. They include (1) a large tumor volume–to–
breast volume ratio precluding an acceptable cosmetic out-
come; (2) a very large breast, which may present unacceptable
difficulty in delivering a uniform radiation dose to the breast
following tumorectomy; and (3) a history of collagen-vascular
disease and primary lung disease.

The intensity of the skin reaction and fibrosis in patients
with a collagen-vascular disorder such as scleroderma, cuta-
neous lupus, and active collagen disease may be related to 
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Absolute Contraindications
• Prior therapeutic radiation to the involved breast
• When the patient is in the first or second trimester of

pregnancy
• The presence of 2 or more distinct tumors involving different

quadrants of the breast
• The presence of diffuse, suspicious microcalcifications

involving more than 1 quadrant of the breast

Relative Contraindications
• Large tumor volume-to-breast volume ratio precluding an

acceptable cosmetic outcome
• Very large breast, which may present unacceptable difficulty

in delivering a uniform radiation dose to the breast
• History of collagen-vascular disease and primary lung disease

Table 22–4 Contraindications to Breast-Conserving Therapy



how much their skin and subcutaneous tissues are clinically
involved. This must be carefully evaluated before making a
decision regarding radiation therapy. Although prior radia-
tion to the chest wall is generally a contraindication to BCT, it
is important to have the radiation oncologist assess the previ-
ous port sites, the dosage received, and the time lapse from
prior treatment before arbitrarily excluding the patient. The
issue of the large breast is not often a deterrent if methods are
devised to immobilize the breast to ensure a homogeneous
radiation dose. The problem with the very large, essentially
fatty breast is not the ability to deliver the appropriate radio-
therapy but the risk of the breast’s developing marked fibro-
sis and retraction following radiotherapy. These patients 
often are better served by mastectomy and reconstruction
with a TRAM flap accompanied by a significant reduction
mastopexy of the contralateral breast.

In the past, patients with tumors located beneath the 
nipple–areolar complex were not considered good candidates
for BCT. The concern was that such patients had a more
extensive spread of tumor along the various branching ducts
that would not be adequately excised by lumpectomy.196 The
extent to which such lesions should be resected (i.e., whether
the nipple–areolar complex is excised) remains a contentious
subject. Recent data suggest the nipple-areola may be left in
place as long as an acceptable negative tumor margin is
achieved. Even if one includes the nipple–areolar complex as
part of the resection, the cosmetic result is actually quite
acceptable, leaving a good breast mound with normal skin
sensation and texture. There is no evidence that the incidence
of local recurrence is higher when central lesions are treated
by the same criteria used elsewhere in the breast.197–199

What is the current status of sentinel lymph 
node mapping and axillary node dissection?

The size of the primary tumor and the status of the axillary
lymph nodes, although independent predictors, are additive
and still remain the strongest prognostic factors in determin-
ing survival from breast cancer. Of these two staging features,
physicians have, by tradition, placed a greater weight on the
presence of tumor cells in axillary nodes as the more accurate
predictor of systemic occult metastases. Thus, there are three
important reasons to consider axillary dissection. The first is
to determine whether the axillary nodes are positive or nega-
tive and to what extent they are involved. This knowledge pro-
vides essential information for the process of making sound
therapeutic decisions. The second reason, although controver-
sial, concerns the fact that positive nodes left untreated may
later cause the patient to have significant local problems such
as pain, impaired motion, ulceration with infection, and limb
edema. The third reason is also controversial and concerns the
risk that nodal disease may, in itself, be the source of distant
spread. Although these three concepts have provided the
rationale for node dissection, they must be considered, to
some extent, the historical basis for this procedure.

To my best knowledge, Sir Charles Moore was the first, in
1867, to record a dissection of the axillary content when
removing a cancerous breast.200 Eventually, this concept led, in
the United States, to the widely accepted Halsted radical 
mastectomy, which persisted as the primary treatment of
breast cancer until appropriately tested by the surgeons of

the NSABP in their B-04 trial.201,202 This trial, which began in
1971, clearly demonstrated that breast cancer patients with
clinically determined stage II disease had equal long-term 
outcome whether treated by radical mastectomy or by total
mastectomy (without axillary node dissection) plus radiation
to nodal areas.

For clinically determined stage I patients, the survival
results were identical whether the patient had a radical mas-
tectomy, total mastectomy plus nodal radiation, or total mas-
tectomy with delayed nodal dissection when and if nodal
disease developed. In the last group, only 20% of patients with
clinical stage I disease went on to develop involved nodes
despite the 40% rate of detecting positive nodes in the radical
mastectomy group. This extremely important trial began to
place in question the role of axillary dissection and most cer-
tainly began to eliminate arguments for even more radical
surgery such as dissection of the internal mammary nodes
and the supraclavicular nodes. The B-04 trial was followed by
B-06, designed to evaluate the efficacy of breast-preserving
surgery.203 Like B-04, long-term follow-up of patients enrolled
in B-06 has continued to add to our understanding of the role
of axillary dissection.

Two factors have had a significant impact on the evolution
of the approach to the axillary nodes. The first event was the
introduction some 30 years ago of the concept of adjuvant
chemotherapy.204,205 The use of either chemotherapy or hor-
monal therapy has been shown to provide statistically signifi-
cant benefits to most women with breast cancer. The decision
to offer adjuvant therapy, as indicated earlier, initially was pri-
marily based on nodal status. This fact accounts to a great
extent for the ongoing practice of including axillary nodal 
dissection. What remains unclear is the impact of adjuvant
therapy on occult nodal disease.

The second significant change has been the impact of
screening and routine mammography on the stage of detected
disease. As a result, today it is estimated that 80% of newly
detected breast cancers each year represent early-stage dis-
ease.185 Thus, when we answer the question implied in the title
of this chapter, that is, “What is meant by the term multi-
modality therapy?,” we do so today in the context of a very dif-
ferent set of parameters, which include more patients with
noninvasive disease, smaller invasive cancers, more favorable
histologic findings, and the increasing frequency of finding
only microscopic minimal involvement of one or two axillary
nodes.

Nevertheless, we are still left with a desire to know whether
this extremely important prognostic indicator is positive 
or negative. One factor in the equation has been well docu-
mented over the years and demonstrated again in recent 
studies. This factor is the knowledge that we are not very suc-
cessful at clinically assessing the axilla. In an analysis of 377
breast cancers of stage T1 to T4 tumors undergoing axillary
dissection, 44% of those judged to have clinically negative
axilla were actually pathologically positive, and 34% judged
preoperatively as clinically positive proved at pathologic
review to be negative.206 In this study, the authors confirmed
two other commonly held principles: (1) the rate of detecting
involved nodes correlates with the risk for finding axillary
metastases, and (2) there is only a 2% incidence of skipped
metastases to level III nodes when levels I and II are negative.
This latter finding supports the perception that resecting level
I and II lymph nodes provides adequate staging.
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Over the years, surgeons have noted that patients with pal-
pable breast cancers were more likely to have positive axillary
nodes. Silverstein and his colleagues207 found evidence to sup-
port this axiom when they reviewed their practice experience.
They compared the predictive value of using T stage in com-
bination with the physical findings of either a palpable or
nonpalpable tumor compared with using only the T stage to
predict axillary stage. Their conclusions were based on 1554
axillary node dissections in which 551 (35.5%) were node
positive. They found that even in early T-stage cancers (T1b,
T1c, and T2), if the lesion could be palpated on breast exami-
nation, there was a significantly greater risk (P < .002) of
finding involved axillary nodes than when the tumor was
nonpalpable for the same T stage.

It is important to remember that multiple studies have
reported axillary node involvement in 12% to 37% of patients
whose tumors were 1 cm or smaller.208 These numbers con-
cerning the risk for axillary metastasis, however, may overstate
the problem because of the dramatic downward slope of the
maximum tumor diameter today. Cady,209 in a review of cases
at the New England Deaconess Hospital from 1989 to 1993,
found 29% of all invasive cancers to be only T1a or T1b (1 cm
or smaller). If this trend continues, the median diameter will
be less than 1 cm within this decade. This clearly requires
changes in the standard approach to surgical therapy.

Certainly there is no argument with the fact that surgical
clearing of the axillary nodes provides excellent local control
of the disease. The issues behind the controversy of providing
such treatment for all patients are the increasing numbers 
of patients presenting with early-stage, nonpalpable cancers
and the decreasing use of nodal status in deciding whether
adjuvant therapy is to be used.210 Couple these facts with the
associated morbidity of axillary dissection arm edema, pares-
thesias, loss of shoulder mobility, and pain and the possibility
that adjuvant therapy in itself may be adequate therapy for
micrometastatic nodal disease, and one has the basis for the
dilemma facing surgeon and patient. Is there a way to select
patients who really need axillary staging?

Sentinel Lymph Node Mapping
The answer has come in a somewhat unexpected way—not
through discovery of a prognostic marker211–215 but through
the development of a new surgical technique termed sentinel
lymph node (SLN) mapping. SLN mapping has taken on the
role of being the best current method for selecting clinical
stage I patients for axillary dissection. The concept of SLN
mapping dates back to work by Cabanas in 1977 describing
the first draining lymph node in squamous cell carcinoma of
the penis.216 Morton and colleagues217 applied this concept to
melanoma staging, and in 1993, Krag218 reported identifica-
tion of the SLN in the axilla of breast cancer patients using
radioisotope localization. This was almost simultaneously 
followed by a report by Giuliano and colleagues using the 
blue dye technique established by his colleague Morton for
melanoma SLN mapping.219,220 Giuliano and coworkers221

were able to find a sentinel node in 114 of 174 lymphadenec-
tomies and demonstrated that the sentinel node accurately
predicted the status of the axillary nodes in 96% of the 
dissections.

This technique involved the injection of 3 to 5 mL of 1%
isosulfan blue vital dye into the breast tumor and surrounding
breast tissue or into the wall of the previous biopsy site. A

small incision was placed in the low axilla, and the lymphatic
channels stained by the blue dye were carefully identified and
followed to the blue-stained sentinel node. In the hands of
Giuliano and associates, a careful analysis of the sentinel node
was more accurate in predicting a positive axilla than a stan-
dard level I and II dissection with routine histopathology 
of the identified nodes. It is important to note that in their
investigation, T1 tumors had a somewhat higher-than-
expected incidence of positive nodes, 20%. Other investigators
have used 99mTc-labeled antimony sulfur colloid injected into 
the breast lumpectomy (biopsy) site to identify lymphatic
drainage and a sentinel node.222

During the years since these initial reports, many technical
advances have simplified the SLN mapping procedure and
have resulted in even greater accuracy of SLN identification
(now generally accepted to be >95%).223 For example,
anatomic studies demonstrated that lymphatic drainage in the
breast occurs in a nonrandom fashion to the axillary SLN.224

In addition, many studies showed that injecting the tracer into
the dermis or subdermal skin and in a subareolar location was
equal to or perhaps slightly better than peritumoral injection.
Compared with the breast parenchyma, the skin around the
areola has a much denser lymphatic network. Hand-held
gamma probes have been specifically designed for SLN identi-
fication. They have a smaller probe head of 14 mm and more
internal shielding to improve accuracy.

SLN mapping is a minimally invasive procedure and as such
has rapidly gained popularity and acceptance by both sur-
geons and patients. In multiple nonrandomized studies, SLN
mapping accuracy for predicting the status of the axillary
nodes has been quite high, with an apparent false-negative
rate of 2% to 3%. Thus, although not as yet confirmed by a
randomized trial, SLN mapping has been widely adopted, and
patients with a negative SLN are not subjected to an axillary
dissection. It remains unclear whether patients with an SLN
positive for microscopic disease need a completion axillary
dissection. Several studies suggest that micrometastases
detected only by immunohistochemistry in the SLN of
patients with T1 tumors have a very low incidence of involve-
ment of additional axillary nodes.

The important questions to validate SLN mapping are
being addressed by two large phase III trials. The NSABP B-32
trial opened in 1999 randomizes clinically node-negative
patients with T1-3 breast cancers to SLN mapping followed by
axillary dissection or SLN biopsy alone. In the SLN biopsy
alone group, if the SLN is positive, the patients go on to axil-
lary dissection. All negative SLN patients are further assayed
using immunohistochemistry (www.nsabp.pitt.edu). The sec-
ond major trial is being conducted by the American College of
Surgeons Oncology Group (ACOSOG) as protocols Z0010
and Z0011. Z0010 is attempting to determine whether SLN
biopsy in T1-2, N0, M0 patients, including immunohisto-
chemical assessment, is equal to or better than bone marrow
aspiration for determining prognosis. The B-32 trial and
Z0010 have reached accrual and await maturity. Z0011 ran-
domizes SLN-positive patients (excluding those positive only
by immunohistochemistry) to completion axillary dissection
or to no immediate axillary dissection or axillary radiation
(www.acosog.org).

Some surgeons recommend SLN mapping for patients with
high-grade or extensive DCIS, where it is possible that occult
microinvasion exists or has been documented but no clinical
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data exist to support SLN mapping in these cases. When, how-
ever, the DCIS is so extensive as to require mastectomy, SLN
mapping can be used to avoid unnecessary axillary dissection.

There are several contraindications at present for doing
SLN mapping and proceeding directly to axillary dissection.
These include the clinically suspicious axilla and tumors
located in the tail of the breast (tail of Spence). In addition, if
the surgeon fails to identify with confidence an SLN, axillary
dissection is required. Some debate continues about whether
SLN mapping should be performed before beginning patients
on neoadjuvant or induction chemotherapy, but the results of
the NSABP B-27 trial indicate that SLN biopsy is a reliable
staging procedure following chemotherapy.225 There is a sig-
nificant learning phase for surgeons, and initially an axillary
dissection should be performed with the SLN mapping until
confidence is established in the ability to identify the SLN
accurately. It is not uncommon to find two and sometimes
three nodes that qualify as the SLN, and interestingly, there is
evidence that those with multiple negative SLNs have a better
prognosis.226

Technical Aspects of Level I and II 
Node Dissection
The extent of axillary node dissection needed to accurately
stage and treat the breast cancer patient has also been the 
subject of debate. From past experience, it is clear that when
levels I and II are negative, it is rare that there will be skip
metastasis to level III, the highest axillary nodes. The best esti-
mate of the risk for such an occurrence is generally cited to be
about 2%.206 In recent years, this has led most surgeons to do
at least a level I dissection and to include level II when 
the tumor size predicted a greater risk. By limiting the node
dissection to only levels I and II (i.e., dissecting only to the
medial border of the pectoralis minor muscle), the risk for
associated long-term morbidity is virtually eliminated. A level
I and II node dissection is associated with the lowest risk for
subsequent axillary recurrence. Care is taken to preserve the
lymphatic channels along the anterior surface of the axillary
vein and overlying the brachial plexus. The lateral and medial
pectoral nerves are avoided, as are the long thoracic nerve and
the thoracodorsal nerve. Preserving the upper branches of the
costobrachial sensory nerve avoids the dense and bothersome
numbness along the upper inner arm.

Because screening has resulted in discovery of smaller and
smaller tumors, the number of women being subjected to
unnecessary node dissection is a concern. When no nodes
were removed from the axilla, the Danish Breast Cancer
Group recorded a 19% recurrence in the axilla in 5 years.215

This contrasted with a 5-year risk of 5% when more than five
negative nodes were resected.215

From this discussion, it seems safe to conclude that, based
on present knowledge, axillary dissection of at least level I and
II nodes is indicated for patients undergoing mastectomy (this
also ensures removing all of the tail of the breast), patients for
whom therapy would be changed by identifying whether the
axilla was positive or negative and to what extent positive (i.e.,
number of nodes positive), and patients involved in clinical
trials.

The essential question, which requires further testing, is
whether the presence of micrometastases in axillary nodes
requires primary resection in the setting of multimodality

therapy.227 It is certainly possible that careful sentinel node
analysis may provide the necessary prognostic information,
but current trial results must be awaited. The approach to sen-
tinel node evaluation may be further aided by use of reverse
transcriptase polymerase chain reaction (RT-PCR) to detect
the presence of tumor cell DNA in otherwise histologically
negative sentinel nodes.228 Proof of the efficacy of sentinel
node staging should eliminate the need to evaluate the entire
axilla and permit managing the axilla expectantly following
adjuvant chemotherapy. Eventually, T1 tumors may all be
managed expectantly for development of axillary metastases
without even the sentinel node testing.

Which mastectomy patients 
benefit from radiation therapy?

Historically, postmastectomy radiation therapy was common
practice in the management of breast cancer. The more
advanced stage of disease at diagnosis and the high rate of
development of local skin flap and chest wall recurrent disease
accounted for this approach. The first trial to test this question
was the Manchester, England, study of immediate compared
with delayed postmastectomy chest wall radiation. This trial
began in 1948, and in the intervening years, a number of ran-
domized prospective trials were completed.229–236 Although
none of these early trials found a clear survival benefit, we
now know that there is a significant decrease in chest wall
relapse, approaching 5%, when postoperative irradiation is
used.237,238

With the passage of time, an interesting conclusion from
the analysis of the many adjuvant chemotherapy trails began
to emerge. This conclusion indicated that chemotherapy
failed to lower the risk for chest wall recurrence.239–241 This was
even true when high-dose polychemotherapy was used.242

These perhaps surprising results have led to a re-evaluation of
the indications for postmastectomy chest wall irradiation
(Table 22–5). For example, the Danish Cooperative Breast
Group published a report that in premenopausal women
treated with mastectomy and CMF (cyclophosphamide,
methotrexate, and 5-fluorouracil) adjuvant chemotherapy,
the addition of chest wall irradiation not only improved 
disease-free survival but also improved disease-free survival
when node-positive, premenopausal patients were ana-
lyzed.243,244 These observations, plus the introduction of
aggressive polydrug adjuvant chemotherapy for node-
positive patients, led to the use of postmastectomy chest wall
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Indicated
• Positive or close (1–2 mm) margins following mastectomy
• T3 tumors (especially stages T3, N1)
• All T4 tumors
• High-dose chemotherapy for cure in patients with extensive

nodal involvement
• Extracapsular nodal disease

Considered
• ≥4 positive nodes, especially premenopausal

Table 22–5 Indications for Postmastectomy Chest Wall
Irradiation



irradiation only in selected patients with stage II tumors hav-
ing evidence or risk of internal mammary node involvement
and/or local extension close to or into the chest wall.

Often, the question is raised concerning extending the irra-
diation to the axilla in breast conservation and in mastectomy
patients. In node-positive patients, the incidence of recur-
rence in the axilla is less than 1% when a careful axillary dis-
section has been performed. Currently, radiation to the axilla
is advised when there is extracapsular extension of the tumor
in the involved nodes or when there are four or more involved
nodes.

Who should receive adjuvant chemotherapy?

Even though the first randomized prospective clinical trials
designed to determine the benefits of adjuvant chemotherapy
began more than 30 years ago, questions persist regarding the
choice of therapy, the intensity, and the duration of therapy. In
addition, there has been great concern that every effort be
made to identify risk factors that would better select patients
for such treatment. The debate has focused on a real concern
that many women were receiving potentially dangerous 
therapy unnecessarily. To address these issues, the Early Breast
Cancer Trialists’ Collaborative Group (EBCTCG) undertook 
a meta-analysis of all randomized trials conducted before
1985.210 This analysis included 133 randomized prospective
trials involving some 75,000 women.210 This group convened
again in 1995 and 2000 to update their analysis.245–247 As a
result, the EBCTCG overview analyses provide excellent 
support for several sound conclusions regarding the use of
adjuvant therapy. These are as follows:

1. There is a significant survival benefit for women receiving
polychemotherapy.

2. The survival advantages have been demonstrated in all age
groups, but the magnitude of the benefit appears to be less
in older women.

3. Polychemotherapy has been shown to be of greater benefit
than single-agent chemotherapy.

4. Administering adjuvant chemotherapy for more than 6
months has not generally been of great benefit.

5. Adjuvant tamoxifen is of some benefit in all patient groups
but appears to have a greater benefit in women older than
50 years.

6. Several years of tamoxifen treatment provides greater 
benefit than a single year.

7. The analysis appears to support the conclusion that 
combined chemoendocrine therapy is superior to either
chemotherapy or endocrine therapy alone (the benefit
appears greater in older women than younger).

8. Perhaps the most important and somewhat unexpected
result of the analysis was evidence that gains in survival
from adjuvant treatment were larger at 15 years than at 5
years.

Translating results of the EBCTCG meta-analysis into terms
that are understandable for the patient is never easy. A woman
with a T1 or T2 tumor that is node negative has a 10% to 20%
risk for dying of breast cancer. The smaller the tumor and the
more favorable the histology, the closer the risk is to 10% or
even less (5%). Given the standard adjuvant treatment, she
can expect an approximate benefit of 4% (a decrease of four

deaths for 100 women treated). This translates to a persistent
annual reduction in the odds of death of 30%. For node-
positive patients, the benefit is 12%, with a reduction in an-
nual risk for death of 15%. This is summarized in Table 22–6.

The benefit of adjuvant chemotherapy is certainly real, and
because of the very large number of women affected by can-
cer worldwide, it is extremely valuable. The benefit, however,
is only a modest change, and women at significant risk for
developing recurrent disease continue to do so whether or not
they have been treated with polychemotherapy with or with-
out tamoxifen. Of great significance is the observation that the
long-term (15-year) follow-up of these trials by the EBCTCG
never shows a plateau in the curve, suggesting instead a pro-
longation in time to relapse rather than a true elimination of
occult disease.247 As a result, current interest has focused on
dose intensity, scheduling of drug administration, sequencing
of therapies (primary chemotherapy), and, of course, new
agents.

Addressing the issue of dose intensity, Cancer and
Leukemia Group B (CALGB) members reported a clinical
breast trial comparing three dose levels of CAF—cyclophos-
phamide (Cytoxan), doxorubicin (Adriamycin), and 
5-fluorouracil—for node-positive patients.248 The two higher-
dose arms had significantly better relapse-free and overall sur-
vival results than the low-dose arm. The highest-dose arm,
however, was essentially what is commonly used in standard
practice. This is consistent with the EBCTCG analyses244,246

that found anthracycline-containing regimens to be better
than standard CMF.

The Southwest Oncology Group (SWOG) reported in 
2001 the results of comparing tamoxifen alone to CAF plus
tamoxifen (CAFT) therapy in postmenopausal, node-positive,
receptor-positive patients. The 5-year disease-free survival
rate was 76% for CAFT and 67% for tamoxifen alone.249 The
NSABP B-20 trial showed that both premenopausal and 
postmenopausal women who were node negative but had
hormonally dependent tumors benefited from the addition of
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Table 22–6 Improvement in 10-Year Survival from Treatment
of 100 Women with Stage II Breast Cancer

Adapted from Early Breast Cancer Trialists’ Collaborative Group. Systemic
treatment of early breast cancer by hormonal, cytotoxic or immune therapy:
133 randomised trials involving 31,000 recurrences and 24,000 deaths
among 75,000 women. Lancet 1992;339:71–85. © by The Lancet Ltd.

Absolute
Proportional Reduction
Reduction in in 10-Year
Annual Mortality/
Mortality 100 Women
Percentage Treated 

Treatment (SD) (SD)

Age <50 yr
Polychemotherapy 25 (5) 10 (3)
Ovarian ablation 28 (9) 11 (4)
Polychemotherapy + ? 30–40 ? 12–16

ovarian ablation

Age >50 yr
Polychemotherapy 12 (4) 5 (2)
Tamoxifen 20 (2) 8 (1)
Polychemotherapy + 30 (5) 12 (2)

tamoxifen



tamoxifen to their adjuvant chemotherapy.250 The results of
these trials suggest that receptor-negative tumors may be
more responsive to chemotherapy.

Of the new drugs introduced in recent years, certainly the
taxanes have been the most interesting.251–254 These drugs act
to disrupt microtubules. Other drugs include those that inter-
fere with epidermal growth factor receptors on cancer cells,
known as the epidermal growth factor receptor inhibitors (gefi-
tinib, erlotinib, lapatinib), or agents that interfere with the
capacity of cancer cells to invade (matrix metalloproteinase
inhibitors), and inhibitors of angiogenesis. In a study of pacli-
taxel in an adjuvant setting, the CALGB conducted a trial that
randomized women with node-positive breast cancer to four
cycles of CA (Cytoxan [cyclophosphamide] and Adriamycin
[doxorubicin]) given every 3 weeks with or without four addi-
tional cycles of paclitaxel given every 3 weeks.255 The sequen-
tial treatment using paclitaxel resulted in an improved 5-year
disease-free survival (65% without paclitaxel vs. 70% with)
and an improved overall survival (77% without paclitaxel vs.
80% with). Of interest is the observation that the benefit of
the additional paclitaxel was confined to women with ER-neg-
ative tumors. Similar results were found in the NSABP 
B-28 trial of similar design.256,257

The benefits of adjuvant chemotherapy and adjuvant 
hormonal therapy have also been shown to improve disease-
free survival and overall survival in low-risk, node-negative
patients. Because node-positive patients obviously suffer from
a greater risk for treatment failure, the benefit, as expected, is
not as great in the node-negative patients. As a result, there is
considerable interest at present in searching for prognostic
and predictive indicators that would better select node-
negative patients for adjuvant therapy. Ideally, these markers
of disease risk would also aid in selecting the type of adjuvant
therapy most likely to be beneficial.

Many studies have been conducted to evaluate the value of
p53 as a prognostic indicator in node-negative patients. These
studies in general have failed to document that p53 expression
has a predictive value.258 About one fourth to one third of
breast cancer specimens stain positive for p53.258,259 It is possi-
ble that actual cDNA sequencing to identify p53 gene muta-
tions may identify a higher-risk group and be better than
immunohistochemical identification of p53. Other markers
being studied include those of microvessel density (angio-
genesis), tumor invasion (urokinase plasminogen activator
inhibitor-2), the presence or absence of telomerase activity,
and expression of cathepsin, erbB-2, and mdr-1. Obviously,
whether these or other markers prove useful will require con-
siderably more study. The design of such studies is difficult
because of their complexity.

For today’s patient, with a low-risk, node-negative tumor,
the risk markers of age, tumor size, hormone receptor level,
and degree of tumor differentiation must still be used to
decide whether adjuvant therapy is indicated and what 
therapy should be recommended. For a tumor that is 1 cm or
less in diameter, a 95% to 99% relapse-free survival rate can be
expected unless the histologic findings show a poor nuclear
grade and lymphatic invasion. If this is the case, the relapse-
free survival drops to 67%, similar to that of a node-positive
tumor, and adjuvant therapy is certainly indicated.260–262

Patients with node involvement or node-negative patients
with tumors greater than 1 cm in diameter (T1c) are appro-

priate candidates for adjuvant chemoendocrine therapy.
Patients with T1c-staged tumors that are node negative but
ER negative receive CA. If they are younger than 50 years, such
patients are also given tamoxifen if they are ER positive.
Patients with T1c tumors who are ER positive and older than
50 years are treated with tamoxifen unless they are node pos-
itive, in which case they have an option for CA followed by
tamoxifen.

Who should receive adjuvant 
hormonal therapy?

Clinical trials data, epidemiologic studies, and now molecular
research support the role of estrogen in the initiation and
development of hormonally dependent breast cancer.263–268 As
a result, antagonizing estrogen is a prime target to reduce the
risk for recurrence of breast cancer following treatment of the
primary tumor and for prevention of second breast can-
cers.269,270 Receptors for estrogen were discovered in 1966, and
within a few years, it became obvious that patients whose
tumors lacked ER rarely responded to endocrine ablative sur-
gery or hormonal therapy. The first SERM developed was 
the nonsteroidal tamoxifen.271 Tamoxifen was approved by 
the FDA in 1986 for adjuvant treatment of postmenopausal
women with node-positive disease and in 1990 for node-
negative disease. Postmenopausal women have breast cancer
that usually expresses ER and PR, and in such women, there
are multiple sources of endogenous estrogen such as the skin,
fat, muscle, and breast stromal cells. Breast cancer cells also
can be shown to produce estrogen.270

Tamoxifen has been shown to reduce the development of
recurrent disease by some 47% and overall mortality by 26%
in ER-positive breast cancer patients.272 Five phase III ran-
domized trials comparing tamoxifen to placebo have been
performed in women at risk for developing breast cancer. All
trials were positive for tamoxifen, showing a 38% to 48%
reduction in ER-positive breast cancers but no effect for pre-
venting ER-negative cancers.273 As a result, tamoxifen became
the drug of choice for hormonal therapy of women with ER-
or PR-positive tumors.

The EBCTCG reported a recent meta-analysis that provides
an overview of the use of tamoxifen as adjuvant therapy either
alone or in combination with chemotherapy.210,273,274 In these
trials, tamoxifen reduced the incidence of breast cancer by
38%. Although the incidence of breast cancer was reduced in
all age groups, it was only the incidence of receptor-positive
tumors that was reduced. Both this meta-analysis and a 
similar review of the NSABP prevention trials confirmed the
risks associated with daily tamoxifen use.275 These included
endometrial cancer and thromboembolic occurrences as the
most serious complications of therapy. Although serious and
potentially life threatening, both were rare and almost never
occurred in women younger than 50 years. Vasomotor 
symptoms and genitourinary effects were the most common
toxicities—especially in women in their perimenopausal years.

Tamoxifen, however, is not the perfect SERM and exhibits
partial estrogen-like actions as well. These are amply demon-
strated by its toxicities, such as the development of endome-
trial polyps or cancer and the occurrence of thromboembolic
disease. In addition, tamoxifen has an estrogen-like positive
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effect on reducing osteoporosis and the incidence of osteo-
porotic fractures.276 In efforts to identify and synthesize more
efficacious drugs for antagonizing estrogen, investigators have
focused on the estrogen synthetase enzyme (aromatase),
which is the rate-limiting enzyme catalyzing the conversion of
androgens to estrogens. Highly specific aromatase inhibitors
(AIs) that block total body estrogen production by more 
than 99% have been developed. When AIs have been com-
pared with tamoxifen in direct comparison trials, they have
appeared superior. As a result, efforts are now underway to
compare third-generation AIs. There are two classes of
AIs: steroidal (class I) and nonsteroidal (class II). The third-
generation AIs are more effective and less toxic. Anastrozole 
(1 mg daily) is completely absorbed from the gastrointestinal
tract and has a half-life of about 50 hours with steady-state
serum concentrations achieved at about 7 days. Letrozole 
(2.5 mg daily) is also completely absorbed by the gastroin-
testinal tract and has a half-life of 2 to 4 days. Steady state is
achieved at 2 to 6 weeks. Both are nonsteroidal AIs.
Exemestane (25 mg daily) is a steroidal AI with nonreversible
enzyme binding and, unlike the others, appears to also prevent
bone loss. It is also readily absorbed and is about 90% protein
bound. Exemestane reduces estrogen levels to a greater degree
than anastrozol.277

The largest trial to evaluate the AIs for adjuvant treatment
of breast cancer is the anastrozole (Arimidex), tamoxifen
alone or in combination (ATAC) trial. The drugs are given for
5 years to 9366 postmenopausal women. The first analysis at
33.3 months (median) follow-up showed anastrozole to have
a significantly better disease-free survival than tamoxifen
(reduced by 17%; P = .006). There did not appear to be a 
benefit from combining the drugs at this early date of
analysis.278

Thus, adjuvant treatment of postmenopausal women with
invasive breast cancer with tamoxifen or an AI is indicated for
all T1-3, N0, ER-positive, PR-positive tumors with unfavor-
able histology or associated risk factors such as angiolympha-
tic invasion, high nuclear grade, and HER-2 overexpression.
For those patients who are perimenopausal (<60 years of age)
with ER- or PR-positive tumors, adjuvant chemotherapy fol-
lowed by 5 years of tamoxifen or AI is indicated for the addi-
tive effects. Of the available AIs, anastrazole continues to be
the preferred agent, but there is increasing interest in exemes-
tane because it is slightly more active and because it appears to
prevent bone loss. Whenever possible, the AIs should be
administered as part of a clinical trial. Of importance is the
evidence that indicates that the steroidal AIs do not show
cross-resistance with the nonsteroidal AIs, and vice versa. A
single study (MA17 Intergroup) compared 5 years of letrozole
versus placebo in postmenopausal women with hormone
receptor–positive breast cancer who, after receiving 4.5 to 6
years of adjuvant tamoxifen, were still disease free.279 The early
results of this trial are strongly supportive of the continuation
of endocrine therapy using an effective AI in sequence with
the 5 years of tamoxifen. The estimated 4-year disease-free
survival rate is 93%, compared with 87% for the placebo
group (P < .001).

For premenopausal women, there is increasing evidence 
that ovarian ablation or suppression using luteinizing 
hormone–releasing hormone plus tamoxifen is equivalent to
adjuvant chemotherapy.23 Further research is needed to 

document this and to explore the potential benefit of timing
the oophorectomy to occur during the luteal phase of the cycle.

How can the quality of life of breast 
cancer survivors be improved?

Patients who have been successfully treated for breast cancer
make up the largest group of long-term cancer survivors. It is
important to recognize that at least one fourth of these are
women younger than 50 years. As a result, issues of quality of
life (QOL) are an extremely important component of overall
outcome assessment. The term QOL defines the physical, psy-
chological, social, and spiritual aspects of everyday living—
measured during active anti-cancer therapy or as a survivor
without known disease. Studies of QOL in such patients are
important to identify the specific needs of patients that could
be addressed by medication, psychosocial intervention, and
physical therapy and exercise.

Only a few studies have compared breast cancer survivors
with noncancerous healthy women.280,281 Arndt and colleagues
in Germany reported the results of a study designed to
describe the QOL of patients with breast cancer 1 year after
diagnosis and compared them to women in the general popu-
lation.282 They concluded that overall the QOL, general health,
and physical functioning of breast cancer survivors 1 year
after diagnosis was comparable to that of women in the gen-
eral population. This was not the case, however, when they
evaluated the emotional, social, role, and cognitive functions.
These assessed measures of QOL showed persistent deficits
and were more likely to be found in young women. Bloom and
colleagues at the University of California, Berkeley, conducted
in-person interviews with 185 women younger than 50 years
at diagnosis who were cancer free for 5 years.283 They com-
pared QOL in the physical, psychological, social, and spiritual
aspects of daily living at 5 years with an assessment performed
a few months after the diagnosis. They found that about 75%
were now menopausal with an improved QOL. They did not
find any significant changes in employment status, marital or
partner status, sexual activity, sexual problems, self-esteem,
and attendance at religious services or frequency of prayer.
Greater improvement in their physical QOL was associated
with having fewer chronic health conditions, being employed,
and having been treated with chemotherapy.

One of the more bothersome problems for younger women
who have been treated for breast cancer is the symptoms asso-
ciated with therapy-induced menopause.284 As a result, the
surgeon is frequently consulted by such patients regarding
estrogen replacement therapy. The safety of using hormone
replacement therapy (HRT) in women with a history of breast
cancer has always been questioned because of the possibility
that these hormones would stimulate the growth of micro-
metastases or induce the development of new primary
tumors. A retrospective analysis from the Royal Hospital for
Women in Australia found that women given HRT following
the diagnosis and treatment of breast cancer had 16 new or
recurrent incidents of breast cancer, compared with 31 inci-
dents in a matching group of breast cancer patients not given
HRT.285 It is highly likely that any differences in increased risk
for patients receiving HRT would be small if risks do exist,
and therefore large numbers of patients would need to be 
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randomized to establish a clear answer. A National Cancer
Institute workshop concluded that HRT users could be pre-
dicted to have survival decreases greater than 2 years. This
decrease does not appear to be as great when progestin is used
in combination with tamoxifen to alleviate unwanted symp-
toms. Users of tamoxifen plus progestin are projected to live
more than 0.5 year longer than users of tamoxifen alone.286

There are other options for managing concerns regarding
osteoporosis, such as alendronate (Fosamax), an aminobis-
phosphonate that acts as a specific inhibitor of osteoclast-
mediated bone resorption. The bisphosphonates inhibit the
recruitment function of osteoblasts to produce an inhibitor of
osteoclast formation. Clinical trials involving postmenopausal
women treated with alendronate showed a 9% increase in
lumbar spine density over a 3-year span as well as a significant
increase in hip, forearm, and total-body bone density.287 This
resulted in a 50% reduction in fractures.288,289

The ability of the bisphosphonates to increase bone density
and their lack of significant risk have positioned them as the
first alternative to HRT in dealing with postmenopausal
osteoporosis. Evidence has suggested that they may be useful
in delaying the development of bone metastases. This pro-
mises to be an important new area of investigation in the
management of breast cancer.290,291

There has also been increased interest in the role of physi-
cal exercise as an intervention that could improve QOL in
cancer patients. One of the difficulties has been in determin-
ing the type of exercise—aerobic versus strength training—
and there is little information regarding the frequency,
duration, and timing of exercise interventions. In a review of
12 published randomized trials, the authors found a positive
effect of exercise on overall QOL in three studies, a positive
benefit in terms of decreasing fatigue in three studies, an
improvement in physical function in one study, and an
improvement in physical capacity, muscular strength, or both,
during and after cancer treatment in six studies.292 It certainly
appears that exercise can be an extremely important part of
the therapy regimen, but almost certainly such interventions
need to be specifically designed and in fact tailored to the indi-
vidual. The program needs to be adjusted to meet specific
needs of the individual patient during different phases of
active anti-cancer therapy.

How should patients with stages 
I and II breast cancer be followed?

The standards for follow-up and surveillance of breast cancer
patients whose primary tumors have been successfully treated
for cure are well established.293 Initially, patients are seen by a
member of the treatment team for interview and examination
every 4 months for the first 2 years. This frequency is chosen
in part not so much for the risk for early recurrence as for the
positive effect physician–patient interactions have on address-
ing psychological as well as physiologic issues that determine
post-therapy QOL. The visits are scheduled every 6 months
for the remainder of the first 5 years and then conducted on
an annual basis. At the time of the visit, a CBC, platelet count,
and general laboratory chemistries, including a liver function
panel and prothrombin time, are drawn. Some reports suggest
that routine laboratory testing is not justified and that a care-
fully conducted patient interview and physical examination is

sufficient for the early discovery of recurrent disease.294 A
chest film and mammogram are obtained every 12 months.
For patients treated by breast conservation, the first follow-up
mammogram should be obtained 6 months after completion
of the breast radiotherapy.

Women taking tamoxifen require close follow-up regarding
the risk for endometrial carcinoma. A yearly pelvic examina-
tion is mandatory. Controversy exists regarding the value of
yearly uterine ultrasound, but certainly any change in ultra-
sound pattern of the uterine lining or vaginal bleeding is indi-
cation for uterine lining biopsy. It must be remembered that
women with a history of breast cancer are also at risk for
developing second malignancies and that colon surveillance
every 3 to 5 years is as important as yearly pelvic examination
for ovarian cancer and endometrial cancer.

Signs and symptoms obtained by careful interview or labo-
ratory findings suggestive of recurrent disease require imme-
diate restaging. This is accomplished by obtaining a bone scan
and CT imaging of the chest, abdomen, and pelvis. MRI is
generally equivalent to CT imaging unless there are specific
indications for MRI’s use. For example, MRI is preferred for
evaluation of the central nervous system and spine. Biopsy of
accessible specific lesions may be helpful, providing confirma-
tion of the metastatic disease and an opportunity to deter-
mine the receptor status and HER-2 expression as it relates to
the metastatic disease—even when this information is avail-
able concerning the primary tumor.

It is important that the patient be able to identify with one
physician member of the multidisciplinary treatment team.
This can be a very supportive relationship and reduces the
number of visits for the patient while continuing to provide
optimal coordinated follow-up.

What can be said in conclusion?

Looking back at the list of questions that compose the format
of this chapter, I am reminded of the much longer list of ques-
tions and concerns brought by patient and family to the initial
interview. I am convinced there is nothing more devastating
to the people of our time than to hear the words—no matter
how carefully delivered—that announce the diagnosis of can-
cer. Those words change forever one’s life and his or her con-
fidence about the future. For a woman who often has such
awesome responsibilities to children, spouse, and extended
family, I believe the words have an even greater weight. For
most women today, breast cancer is their greatest fear. The
physician should remember this when providing for her needs
and should listen intently as her responsible physician and
member of her team. Finally, the goal is to reduce or eliminate
this list of questions. This can only be accomplished through
more questions and the research to find their answers.
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carcinoma. Despite Haagensen’s efforts to effect a name
change for this condition, from the anxiety-invoking term
“lobular carcinoma in situ” to the less awesome “lobular neo-
plasia,” LCIS remains the most commonly used name.

How is lobular carcinoma in situ diagnosed?

LCIS is almost always an incidental finding in a breast biopsy
specimen, the biopsy having been performed for another rea-
son. Unlike DCIS, it does not form a mass, it does not produce
nipple discharge, and there are no mammographic findings to
signal its presence. It is often multicentric and occurs bilater-
ally. Metastasis does not occur in LCIS. The lesion often
involves both the acini of the lobules and the terminal ducts,
and within the ducts, its differentiation from DCIS is some-
times difficult.

The evolution of LCIS within the mammary acini remains
controversial. Within the lobules are two types of cells: epithe-
lial cells, and beneath them, lining the cell membrane, the
myoepithelial cells. These latter cells are not regularly seen
within the acini. The proliferating cells of LCIS arise from the
epithelial cells, filling the lumina of the acini to form solid
rounded structures. These neoplastic cells are only slightly
larger than the normal acinar epithelial cells, and mitoses are
unusual. As these cells increase in number, they fill the acini,
and the lobules become enlarged and more obvious. However,
the diagnosis is not dependent on the number or size of
the affected acini; rarely, a single lobule may be involved.
Although most of the acini involved by LCIS are crowded with
these cells, the cells do not have to fill the lumina to merit the
diagnosis of LCIS. Occasionally, if a group of isolated lobules
of LCIS is seen within the fat of the breast, it may be mistaken
for infiltrating carcinoma. However, normal lobules may also
be seen similarly isolated in the mammary fat.5

How can one tell the difference 
between lobular carcinoma in situ 
extending into ducts and ductal carcinoma 
in situ extending into lobules?

LCIS often involves both the acini of the lobules and the 
terminal ducts, and within the ducts, its differentiation 

CHAPTER 23

Treatment of In Situ 
Breast Cancer
Gordon Francis Schwartz

When our surgical predecessors more than two generations
ago began to use the “in situ” label to describe an “earlier,”
noninvasive stage of breast malignancy, they never realized the
controversy their contributions would create several decades
later. Until recently, it was believed that success in breast 
cancer therapy was directly related to the magnitude of the
operation the surgeon could perform. The term radical was
virtually always part of the description of the operative proce-
dure employed to “cure” patients. It was not until screening
mammography to achieve earlier detection became ubiqui-
tous in the 1970s that our patients first questioned the appro-
priateness of their reward, that is, mastectomy, for their
diligence.

Lobular carcinoma in situ (LCIS) and ductal carcinoma in
situ (DCIS) were first described and first named by Foote and
Stewart in 1941 and 1946, respectively.1,2 Lobular neoplasia was
first suggested as an alternative term for LCIS by Lattes3; the
term carcinoma was challenged by Haagensen4 as being mis-
leading because the disease was not considered malignant in
its own right. The name itself often led to more aggressive
procedures based only on this unfortunate designation and
the anxiety it engendered, affecting both patients and their
doctors. Within the past 2 decades, largely because of screen-
ing mammograms, DCIS has come to occupy its own place on
the program of virtually every breast cancer conference.
Moreover, the discussion changes from one program to the
next, with enthusiastic and outspoken advocates of what
appear to be widely disparate philosophies about diagnosis,
classification, and treatment.

LOBULAR CARCINOMA IN SITU 
(LOBULAR NEOPLASIA)

The treatment of LCIS, or lobular neoplasia, as some breast
specialists prefer to call this risk marker, has been the source
of considerable controversy. It was initially thought that this
lobular proliferation of the breast epithelium, if untreated, led
to the development of invasive lobular carcinoma in that
breast. Haagensen was among the first to challenge this 
shibboleth with studies that indicated that LCIS was only a
marker of risk and not itself malignant in the customary sense
of the term.3,5 He considered it a benign pathologic-clinical
entity when it occurred by itself, without a coexisting invasive
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from DCIS is sometimes difficult. The involvement of
small ducts by LCIS at the ductulolobular junction is 
often confusing. LCIS cells may form buds around the 
periphery of a duct, displacing the glandular epithelium,
in a pattern that resembles Paget’s carcinoma of the 
nipple. These growth patterns are commonly called pagetoid
spread because of the presumed extension of LCIS cells 
into the epithelium of the ducts. Whether this finding repre-
sents DCIS extending backward into the lobule or LCIS
extending into the duct is often a difficult decision for a
pathologist.6

These occasional findings at the ductulolobular junction
have also led to the question of whether LCIS and DCIS 
have a common origin in a stem cell lesion capable of going 
in either direction, that is, ductal or lobular. If a common 
precursor cell for both DCIS and LCIS could be docu-
mented, this would in part explain why the invasive cancers
that develop subsequently in women with LCIS may be 
of ductal or lobular character and occur in almost equal 
proportions.

When the terminal ducts of the breast are involved by
LCIS—and this may occur even to the point of the ducts’
being more extensively involved than the contiguous lob-
ules—the stain for E-cadherin can help to distinguish between
LCIS and DCIS.7,8 E-cadherin is a transmembrane glycopro-
tein responsible for calcium-dependent cell-to-cell adhesion.
This protein is usually absent in LCIS but not in DCIS. Thus,
at least in theory, DCIS cells stain for E-cadherin, and LCIS
cells do not. Studies to date support this hypothesis with rea-
sonable accuracy. Because current treatment recommenda-
tions for LCIS and DCIS differ, this distinction does assume
clinical significance. Because a difficult distinction between
LCIS and DCIS implies that the DCIS is almost always small
in volume and of low nuclear grade, however, many DCIS
experts would not recommend any treatment more aggressive
than local excision and surveillance anyway. The major ques-
tion then becomes whether to re-excise the area encountered
to examine the contiguous breast tissue for additional areas of
disease. Re-excision is generally not indicated for LCIS, whereas
DCIS usually requires wider excision.

Quite recently, staining for high-molecular-weight (HMW)
cytokeratins has been added to staining for E-cadherin at the
Armed Forces Institute of Pathology (AFIP) to help differen-
tiate borderline lesions into lobular and ductal phenotypes.
The staining characteristics for these two markers are reversed
in LCIS and DCIS, compared with the staining for E-cadherin.
The stains for HMW cytokeratin are negative in DCIS and
positive for E-cadherin; the opposite is true in LCIS, namely
(perinuclear) staining for HMW cytokeratins but absence of
staining for E-cadherin.9 This simple-sounding (if expensive)
way to differentiate these two lesions from each other is com-
plicated by two groups of hybrid cells: positive hybrids that
exhibit both markers, and negative hybrids that exhibit nei-
ther. The AFIP uses a designation mammary intraepithelial
neoplasia (MIN) for an intermediate proliferation that 
cannot be assigned to either ductal or lobular origin by 
light microscopy; these hybrids may represent as many as 
half of the lesions designated MIN. The other half of these can
be separated into lobular or ductal origin by these staining
characteristics.

For reasons that remain unexplained, LCIS most often
occurs in premenopausal women, or in postmenopausal

women who are using estrogen replacement therapy, with or
without concurrent progestins.

What was the initial experience 
with surveillance alone for patients 
with lobular carcinoma in situ?

The early Columbia studies of Haagensen convinced that
institution’s surgeons to observe rather than treat these
patients, so that long-term data are available in that patient
population. Two of the largest series of such patients are 
from the Columbia-Presbyterian Medical Center and from
Memorial Sloan-Kettering Cancer Center.5,10 Observations 
at the two institutions were similar, with only a minority 
of patients developing a subsequent invasive cancer. Their 
treatment options were initially quite different, however—
surveillance alone, versus mastectomy, often bilateral—and
the differences in treatment were considered to be related to
where in New York City the diagnosis was made—West Side
(Columbia-Presbyterian) or East Side (Memorial).

How common is lobular carcinoma in situ?

Because LCIS occurs uncommonly and is generally an unfore-
seen finding in a breast biopsy specimen obtained for another
reason, Haagensen reviewed almost 10,000 benign breast
biopsies to determine the actual incidence of LCIS. He found
that LCIS was identified in 2.7% of biopsies for benign breast
lesions. However, Page and colleagues found LCIS in only
0.5% of more than 10,000 benign biopsies at Vanderbilt
University.11

What has been the subsequent 
experience with surveillance alone 
for lobular carcinoma in situ?

That patients with LCIS are at increased risk for invasive
breast cancer at some time in the future is not questioned. All
major studies have made this observation, although the
reported incidence of subsequent breast cancer varies, from a
low of 4% to a high of 35%. In the longest follow-up series,
the probability of a woman’s developing an invasive car-
cinoma was 13% by 10 years after the diagnosis of LCIS, 26%
after 20 years, and 35% by 35 years, roughly a 1% increase per
year.12 Of crucial importance is the observation that after an
initial diagnosis of LCIS, both breasts are at the same risk.
Therefore, there appears to be no logical reason to perform
mastectomy of only the breast known to harbor LCIS. The
appropriate prophylactic procedure would be bilateral total
mastectomy.

Whether there is a quantitative risk relationship between
the extent of LCIS in the biopsy specimen and the likelihood
of a subsequent breast cancer is also uncertain. Although
studies indicate a trend in this direction, it has not been
proved. Bodian and associates noted a 1.6-fold greater risk if
more than 10% of the total number of lobules in a specimen
were involved by LCIS, compared with specimens that had less
than 10% of the lobules involved.12 This difference was not
statistically significant.
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Are there any other risk factors for 
the development of invasive cancer 
in the patient with lobular carcinoma in situ?

Family history of breast cancer in the mother or a sister of
a woman with LCIS might convey additional risk; this is of
most concern in women who are diagnosed with LCIS before
age 40 years. From the reported experience of Haagensen,
the breakpoint between an even greater risk than the risk 
usually associated with the diagnosis of LCIS occurred at age
40 years.

An understanding of the typical course of the breast cancer
that may develop is also crucial to the formulation of a 
treatment plan when LCIS is encountered. Both breasts, not
just the one in which the LCIS was detected, are at about the
same long-term risk for subsequent breast cancer. This obser-
vation suggests that LCIS, if not excised, does not itself
progress to invasive cancer. Moreover, such lack of progression
may be inferred by the histology of the subsequent breast can-
cer. In the review by Bodian and associates, only 27% of the
subsequent breast cancers were invasive lobular carcinomas;
the remainder were invasive ductal carcinoma, with several
subtypes of ductal carcinoma found.12 If progression from
LCIS to invasive cancer were the rule, it would be expected
that the later invasive cancer would be of the same origin.
(Although purely invasive lobular carcinoma constitutes only
about 10% of all breast cancers, many cancers seem to have
both lobular and ductal features in association with each
other.)

How has the management of lobular 
carcinoma in situ evolved?

Despite the reluctance of the medical community to change
the name of LCIS to lobular neoplasia or another less threat-
ening term, the treatment of LCIS has undergone significant
evolution as physicians have accepted the concept that what
had initially been considered a “real” cancer was in fact a
marker of increased risk. Before its recognition as a marker,
rather than as being malignant in its own right, it was most
often treated by mastectomy. As this disease became better
understood, unilateral mastectomy was abandoned as treat-
ment, in favor of surveillance alone. To be sure, there are
women for whom the specter of a subsequent invasive 
breast cancer is too great to endure, and this increased risk for
developing a potentially life-threatening cancer leads them 
to choose mastectomy, with or without reconstruction.
However, it must be stressed that mastectomy, in this context,
is a prophylactic, not therapeutic, procedure. If chosen, it
should be bilateral because both breasts are at about equal
risk. Unilateral mastectomy, even with so-called mirror-image
biopsy of the opposite breast, is not a logical choice. If the
diagnosis of LCIS is made on the basis of a biopsy of one
breast for an unrelated benign finding, it should be accepted
that LCIS may also be present in the contralateral breast as
well, given its predilection for bilaterality and multicentricity.
Radiation therapy for LCIS is never indicated.

It has been a major undertaking to convince many surgeons
that observation alone is appropriate when LCIS is detected.
As recently as 1988, surgical oncologists were surveyed about

their approach to LCIS, and one third of the respondents still
advocated mastectomy. A slim majority, 54%, advised obser-
vation alone. When a similar questionnaire was sent to the
same physician groups in 1996, 10% of the respondents still
recommended unilateral mastectomy, suggesting their lack of
information about this disease or their conviction that LCIS is
a premalignant lesion.13

What advice should be given to the 
patient who has a core biopsy that 
reveals lobular carcinoma in situ?

The difficulty in making the diagnosis of LCIS with certainty
in borderline situations is magnified when the specimen 
is a core biopsy performed to explore a mammographic 
finding. This is often true whether the tissue is obtained with
a standard core needle or a vacuum-assisted core device
(Mammotome [Biopsys Medical Instruments, Irvine, CA]).
What should the next recommendation be—surgical needle-
guided biopsy to excise the area in its entirety, or careful 
follow-up, usually a 6-month-interval mammogram? This
problem has been addressed by several teams of breast spe-
cialists with modestly different conclusions based on small
series of patients.14–16 Because the diagnosis of LCIS in these
situations is probably an incidental finding, this decision
should be made in part by reviewing the reason for the origi-
nal recommendation for biopsy (e.g., mass, parenchymal dis-
tortion, calcifications). If the microscopic findings in addition
to the LCIS are not concordant with the mammograms, a sur-
gical procedure would be mandated. When a suitable explana-
tion for the mammographic findings is documented by the
core biopsy and the explanation would not itself demand a
surgical procedure, the incidental finding of LCIS would not
play a role in this decision, and open surgical biopsy would
not be recommended based only on the finding of LCIS. This
recommendation is not valid if the microscopic sections are
equivocal (i.e., LCIS vs. DCIS, LCIS vs. ADH [atypical ductal
hyerplasia]) or if the pleomorphic form of LCIS is the diag-
nosis. Because LCIS itself is not considered malignant and is
known to be multicentric and bilateral, attempting to excise
all of it from the breast is futile and unnecessary. The same
recommendations are valid if a core biopsy reveals atypical
lobular hyperplasia (ALH) only.

What advice should be given to the 
patient with lobular carcinoma in situ?

Patients whose otherwise benign breast biopsies reveal the
presence of LCIS should be informed that a marker for
increased risk has been detected. They should be aware of the
nomenclature and of the inaccurate use of the word carcinoma
in this diagnostic phrase as the term is customarily employed.
Because mammography has become the mode of diagnosis
for DCIS, the differences between DCIS and LCIS should be
discussed with the patient. Even when DCIS is treated by
observation alone, it requires clear surgical margins (see the
discussion of DCIS that follows) and is considered a unilateral
threat, unlike LCIS. The patient should be informed that 
LCIS is usually multicentric and bilateral but requires no 
further treatment after its diagnosis. However, the patient
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should be informed of her two options: either bilateral total
mastectomy with or without reconstruction, or lifetime 
observation. If mastectomy is chosen, it must be done with 
the patient’s understanding that it is a prophylactic, not ther-
apeutic, procedure. When acquainted with the risk for subse-
quent invasive cancer, using an approximation of a 25% risk
in the next 25 to 30 years, the patient’s choice depends on her
own perceptions of this risk. Is her glass 75% full or 25%
empty?

The Society of Surgical Oncology (SSO) has addressed this
subject, in part, in its position statement on prophylactic mas-
tectomy, updated in 2001: “Clinicopathologic presentations
that portend risk of cancer with a specific indication for 
bilateral prophylactic mastectomies include . . . atypical hyper-
plasia of lobular . . . origin,” and indications for unilateral
prophylactic (contralateral) mastectomy in patients with a
diagnosis of the ipsilateral breast include “lobular carcinoma
in situ in the remaining breast . . . and . . . development 
of either invasive lobular or ductal carcinoma in a patient 
who elected surveillance of lobular carcinoma in situ.”17 The
SSO did not make a recommendation for mastectomy in 
these situations. Its statement was issued, at least in part, “to
guide insurance programs in determining coverage and 
help patients (who elect prophylactic mastectomy) to obtain 
reimbursement.”17 In 1996, the National Surgical Adjuvant
Breast Project (NSABP) findings, in their review of 182
women with LCIS (only) enrolled in Protocol B-17, concluded
that there was no reason to perform mastectomy on women
with LCIS.18

LOBULAR CARCINOMA IN SITU SUMMARY

Since its presence and significance were first understood about
two generations ago, and its acceptance as a risk marker,
rather than as cancer sui generis, has been almost universally
adopted, research interest in LCIS as a separate proliferative
lesion has waxed and waned. The origin, detection, treatment,
and even prevention of other breast proliferations or neo-
plasms moved LCIS into the background, so that interest in
LCIS is generally resurrected only when its diagnosis is in
doubt or its presence in conjunction with other lesions man-
dates consideration of its coexisting effects as well. It has now
been well accepted by most breast experts that the treatment
of LCIS is based on the patient’s perceptions of the risk-to-
benefit ratio, choosing between the subsequent theoretical
development of an invasive and, therefore, possibly life-
threatening cancer and the immediate effects of bilateral 
mastectomy. Additionally, no correlation has yet been made
between the known genetic mutations that increase the risk
for invasive cancer (e.g., BRCA1, BRCA2) and the occurrence
of LCIS, or whether the combination of any genetic mutation
and a personal history of LCIS implies a greater risk than
either of these factors alone.

If we could identify precisely which patients with LCIS
today will develop a “real” cancer tomorrow, perhaps we could
tailor treatment to fit the situation. Using today’s knowledge,
however, bilateral mastectomy is unnecessary surgery for most
women with LCIS. In a specialty practice devoted to breast
diseases for more than 25 years, I have not yet performed a
bilateral mastectomy for LCIS.

DUCTAL CARCINOMA IN SITU

What was the initial treatment 
for ductal carcinoma in situ?

Although the initial descriptions of what we currently call
DCIS may have been formulated in 1946, it was not until 2
decades later that the difference between its behavior and that
of frankly invasive breast cancer was really considered. In
1956, in the first edition of his book, Diseases of the Breast,
Haagensen noted the various subgroups of “intraductal” car-
cinomas (i.e., comedo, solid, cribriform, and low papillary—
morphologic definitions that still partially survive).19 His
patients’ cancers were found as palpable masses with a mean
diameter of almost 5 cm, and most had axillary node metasta-
sis. The 5-year survival rate for these women was 58%, leading
him to comment that the pathologists’ suggestion that these
tumors were “noninfiltrating” did not take into account the
small portion of the entire epithelium that could be examined
in any individual case, irrespective of how many microscopic
sections were studied. Haagensen thought these cancers
should be treated no differently from other invasive 
breast cancers, which at that time were managed by radical
mastectomy.

As initial experience with mammography was gained in 
the late 1960s and early 1970s, these smaller and entirely 
intraductal cancers were detected with increasing frequency,
usually as tiny groups of clustered calcifications, not yet 
forming an actual mass. Nevertheless, the standard of
care remained mastectomy. It was assumed that despite the
absence of invasion in the sections studied, progression to
invasive cancer would inevitably occur. This assumption was
based, in general, on observations of the coexistence of DCIS
with invasive carcinomas, as well as on studies of patients who
subsequently developed breast cancer after prior biopsies for
what was thought to be benign disease but that on review
demonstrated DCIS. This led to the recommendation for
mastectomy, albeit with the expectation that the likelihood of
the patient’s dying of breast cancer without mastectomy
would be negligible.

What has led to a reassessment of the 
management of ductal carcinoma in situ?

It was not until the late 1970s that Betsill and his colleagues
suggested that untreated DCIS did not necessarily progress to
invasive cancer, at least in some patients.20 That observation
has, in part, led to the current controversy about the treatment
of this disease, compounded by the increasing incidence of
DCIS detected by mammograms. This has occurred as screen-
ing mammography for asymptomatic women has been
embraced as a major advance in the discovery of earlier malig-
nancies and as notable improvements in mammographic
technique, such as magnification films, have detected tiny,
subtle changes within the breast.

In the past several years, current experience, including our
own data, indicates that as many as one fourth of nonpalpable
breast cancers (those detected by mammography) will prove
to be DCIS. As implied by the name, DCIS appears to arise
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within ducts of the breast that become greatly dilated as the
process evolves. In the usual scenario, when necrosis occurs
within the lumina of the ducts, the precipitation of radi-
ographically opaque inorganic material, usually containing
calcium, leads to the mammographic discovery of these areas
of intraductal disease as areas of clustered “calcifications”
on a mammogram. It had been assumed that if the process
continues without interference, the involved ducts grow in
number and volume until finally discovered by the patient or
physician as a palpable mass. At some time in this process,
the formerly intraductal, cytologically malignant but biolo-
gically noninvasive cells penetrate through the basement
membrane of the ducts, and the disease becomes invasive,
with all of the implications of any invasive carcinoma.

As this inevitable progression of DCIS to invasive carci-
noma has been challenged, with a minimum risk to the
patient of developing a subsequent, life-threatening cancer,
the importance of the identification of DCIS at some early
stage in its natural history that will obviate the obligatory
treatment of the entire breast (whether by mastectomy or by
irradiation) has become a topic of great debate. If, as now
accepted, DCIS is not always accompanied by invasion or 
does not necessarily progress to this stage, to prescribe lesser
treatment for DCIS—that is, excision—than for invasive 
carcinoma implies an obligation to recognize when simple
identification and excision of DCIS at this one site constitutes
adequate treatment. This premise, however, also implies that
the eradication of DCIS at one location ensures that the site
detected is no greater in significance than what might be a
concurrent, as yet undetected but more important (e.g., inva-
sive) finding at another location within the same breast. We
have reported that in our own series of patients with mam-
mographically detected malignancy, other (multicentric) foci
of DCIS may occur in other quadrants of the breast, but the
likelihood of an unsuspected invasive cancer is remote.

What is the significance of clinical
ductal carcinoma in situ?

The separation of clinical from subclinical DCIS to permit a
more careful comparison of equivalent diseases was first sug-
gested by Gump and coworkers, and their distinction also has
great implications for treatment.21 DCIS presenting as a pal-
pable mass, as nipple erosion (Paget’s carcinoma), or as nipple
discharge is not the same as DCIS presenting as an area of cal-
cifications on a screening mammogram or discovered as an
incidental finding in a specimen of breast tissue removed for
another reason. Haagensen and his contemporaries detected
cancer based on clinical findings, whether as mass, nipple ero-
sion, or nipple discharge; the so-called intraductal cancers
that he treated had a mean diameter of almost 2 inches!

Staging systems for breast cancer have not yet addressed the
entire spectrum of DCIS, so that all DCIS is considered stage
0, Tis. This presumes the absence of any invasion, however
microscopic. Microinvasion of any size changes the staging to
stage I, T1mic. The subdivision of DCIS into categories for
consideration is somewhat arbitrary. Therefore, it is easier
from the treatment viewpoint to discuss clinical DCIS (vide
infra) than subclinical DCIS, which is detected by mammo-
graphy or as an incidental finding. Current data indicate that
there are patients in whom DCIS is not inexorably followed 

by invasive cancer, but I do not consider most women with
clinical DCIS among that group. Except for highly selected
patients, until data are available that refute this recommenda-
tion, patients with clinically detected DCIS should continue to
undergo treatment that includes the entire breast, that is, irra-
diation or mastectomy, and selected patients should undergo
axillary sentinel node biopsy. Exceptions to this dictum might
be made for those patients with small (<1 cm diameter), pal-
pable, but biologically favorable types of DCIS.

Therefore, using these definitions, the term palpable DCIS
is almost an oxymoron. A palpable mass, even if largely intra-
ductal, should not be considered noninvasive. As already
noted, the appropriate designation should probably be “no
invasion documented in the sections studied.” Except in the
case of such specially selected patients, these allegedly intra-
ductal but palpable lesions are often accompanied by micro-
invasion, even when not seen, and the appropriate treatment
addresses the entire breast and, arguably, the axilla as well.

Some of these predominately intraductal but palpable
lesions may achieve considerable size and may be accompa-
nied by clinically involved axillary nodes. They are character-
ized by their firmness, their fairly well-delimited margins, and
an abundance of malignant-appearing calcifications on mam-
mography. Patients with these large lesions are usually not
candidates for treatment by irradiation because of the diffi-
culty of excising all of the calcifications that permeate the
ducts contiguous to and even at great distance from the mass
itself. The palpable masses called DCIS that radiotherapists
currently seek to treat are small ones, amenable to wide local
excision with clear surgical margins.

What is the major histopathologic dilemma 
in the diagnosis of ductal carcinoma in situ?

The controversy about DCIS begins with a more careful defi-
nition. As noted previously, Haagensen and others carefully
separated the term intraductal from the term noninfiltrating.
The terms were not then considered synonyms! As radi-
ographic techniques improved and the mammographic 
detection of smaller masses, then areas of nonpalpable calcifi-
cations, became more common, the terms noninvasive, in situ
ductal, intraductal, noninfiltrating, and DCIS have become
interchangeable. As currently used, each of these defining
terms confirms the absence of invasive carcinoma.
Additionally, rather than each being an entity unto itself, there
is probably a continuous spectrum of “neoplastic activity”
from what pathologists currently call atypical ductal hyper-
plasia (ADH) through DCIS to invasive carcinoma. The 
sometimes subtle changes that characterize the differences
between these lesions (i.e., from ADH to DCIS and from 
DCIS to microinvasive carcinoma) often confound the most
experienced pathologists. When shown the same slides, even
renowned pathologists often disagree among themselves
when trying to distinguish among these borderline lesions.22

For example, Page has stated that the lesion should be consid-
ered DCIS instead of ADH if at least two duct spaces are
involved.23 Other pathologists consider geometric size more
important, 2.0 mm being the cutoff between ADH and
DCIS.24 Irrespective of this controversy, even if labeled as
DCIS, the lesion described in this scenario would be consid-
ered low grade, and the diagnostic designation on the “bottom
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line” of the pathology report should not influence patient
care. The recognition of these difficulties in distinguishing
what might be called low-grade DCIS from ADH has even led
to the suggestion for a new name to describe these borderline
lesions—MIN, ductal type, or ductal intraepithelial neoplasia
(DIN).25 The only difference between this system and current
ones is avoiding the use of the term carcinoma in the body of
the report. Instead, the terms, DIN 1-a, DIN 1-b, DIN 1-c, DIN
2, and DIN 3 are used to describe the progression of changes
that start with ADH and end with the comedo type of DCIS.
Changing the terminology in this manner only minimally
addresses the major question of classification in general.

Within the past few years, differences in architecture or
morphology have gradually assumed less significance than
nuclear grade, the presence and amount of necrosis, and
immunohistochemical findings such as steroid hormone
receptors, proliferation markers (e.g., Ki-67), and gene prod-
ucts (e.g., HER-2, p53). Because no current system combines
ease of use, clear prognostic value, and reproducibility well
enough to be uniformly acceptable, the optimal combination
of these factors to influence treatment recommendations
remains elusive. At a conference on DCIS held in Philadelphia
in April 1997, the classification of DCIS was a major topic 
of discussion. About 30 distinguished scientists, including 
20 breast pathologists from the United States and Europe,
gathered for a consensus conference to attempt to codify the
microscopic features that distinguish subsets of DCIS from
one another. The intent of this conference included the iden-
tification of specific morphologic features of DCIS subgroups
that convey prognosis. The proceedings of this conference
have been published and are summarized in the next section.26

Microscopic Considerations

How is ductal carcinoma in situ 
currently classified?

Although DCIS was considered a single entity until recently, it
is perhaps the ubiquitous use of screening mammography and
the exponential increase in its frequency that have changed the
way in which DCIS is regarded by most pathologists. The het-
erogeneity of DCIS is now well accepted among pathologists,
and cases of DCIS with comedo features are probably out-
numbered by those without.27 When DCIS is detected as a
palpable mass in the breast, its comedo features are almost
invariably present. Less universally accepted has been the sys-
tem of classification that describes differences in architecture.
The major and customary architectural patterns that have
been popularized are the comedo, solid, cribriform, papillary,
and micropapillary types, although only rarely do any of these
exist alone. Often, the papillary and micropapillary types are
grouped together, so that four, rather than five, major subsets
of DCIS based on architecture may be enumerated by some
investigators. Unfortunately, criteria for differentiating among
these various patterns are not clearly defined, so that com-
parisons of different studies of DCIS are difficult. When 
such studies are reviewed by other pathologists, as many as
one third of the cases are reclassified.28 There is no current 
system of classification of DCIS used by pathologists that
combines the three ingredients required to make clinicians

comfortable—ease of use, reproducibility among patholo-
gists, and, most important, clinical significance.

Prior classifications emphasized morphology, dividing
DCIS into two basic groups, comedo and noncomedo. In gen-
eral, the comedo type of DCIS is described as composed of
pleomorphic cells, usually with a high mitotic rate, accompa-
nied by central ductal necrosis. The absence of these factors
then defines the noncomedo type, whether solid, cribriform,
or otherwise described. Implied in this two-tiered system is a
greater degree of aggressiveness of the comedo form of DCIS
and its putative greater likelihood of recurrence in patients
treated by less than mastectomy.

Only recently have pathologists addressed other factors,
such as cytonuclear differentiation and biologic markers. This
classification separates DCIS into three categories on the basis
of the first two of these factors, cytonuclear and architectural
differentiation. These categories are poorly differentiated,
intermediately differentiated, and well-differentiated DCIS, also
described as nuclear grades III, II, and I, respectively. These
differences are best described by pathologists as they view
slides. Already, the prior system of classification used by many
American pathologists (comedo and noncomedo) has been
replaced by a system that stresses nuclear grade, necrosis, and
cell polarity, with architecture a secondary consideration only.
The report of the consensus conference in 1997 emphasized
the importance of nuclear grade in stratifying DCIS, with less
emphasis given to architectural patterns and to the presence of
necrosis.26 The most promising area of research into the pre-
diction of outcome following treatment is the use of genomic
markers to stratify breast cancers. Gene expression patterns
analyzed by complementary DNA (cDNA) microarrays may
provide a “molecular portrait” of each lesion that correlates
with prognosis. If this were to become available, each patient’s
treatment could be individualized with much grater precision
and certainty about outcome. These patterns are currently
being explored in invasive cancers, with interesting relation-
ships being observed, and it is not fanciful to assume that
DCIS might ultimately be stratified in the same way.

Quantifiable biologic markers, such as steroid hormone
receptors, measurements of proliferation rate (Ki-67), and
identification of gene products (p53, c-erbB-2), are now
always available because they may be retrieved from paraffin
blocks of formalin-fixed tissue. (They no longer need to be
retrieved from fresh specimens within minutes.) Their roles in
differentiating ADH from DCIS, or in defining degrees of
aggressiveness of DCIS to aid in therapeutic recommenda-
tions, are currently unclear. Whether they are independent
variables or only mirror what the pathologist can describe is
also controversial.

Because DCIS itself is not a threat to the patient’s outcome,
it is only those patients who will develop invasive cancer 
who theoretically require (prophylactic) treatment. It is now
accepted that at least some patients, perhaps a majority, with
DCIS will never develop invasive cancer. What is currently
unclear is how to make this distinction and recommend
appropriate therapy for those who are in jeopardy.

Therapeutic Considerations

If pathologists cannot agree about the very definitions of
in situ carcinoma, and if at both ends of the spectrum the 
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subtleties between ADH and DCIS and those between DCIS 
and microinvasive ductal carcinoma are even more con-
tentious, it is not surprising that treatment recommendations
for DCIS are equally controversial. Early in the days of its
recognition, patients with DCIS underwent mastectomy,
usually with axillary dissection. Treatment was based on 
the (incorrect) presumption that an earlier stage of an inex-
orable, obligatory progression from DCIS to invasive cancer
had been detected. Treatment for this earlier stage was the
same as for its invasive successor, but with a better outcome
anticipated.

Only as screening mammograms detected DCIS as smaller
and smaller clusters of calcifications did this almost universal
recommendation for mastectomy begin to change. The spec-
trum of disease or diseases that is represented by the term
DCIS influences differences in therapy as physicians review
each patient’s situation individually. As already noted, the
term subclinical DCIS has evolved to describe these mammo-
graphic findings or the incidental finding of DCIS in a
(benign) biopsy specimen, the procedure having been per-
formed for another reason. Clinically evident DCIS is repre-
sented by Paget’s carcinoma, the presence of nipple discharge
as the presenting symptom, or a palpable mass that is called
DCIS.

How is Paget’s carcinoma treated?

Paget’s carcinoma, presenting as nipple erosion, is a form of
breast carcinoma that may be entirely noninvasive. It grows
initially within the milk sinuses of the nipple and extends
within the ducts beneath the nipple in an apparently intra-
ductal, but not always in situ, manner. The development of
the disease may be multicentric within the breast. Patients
with Paget’s disease rarely have axillary node metastasis,
unless a mass representing invasive carcinoma accompanies
the nipple and areolar findings. Tempting as it may be to 
consider less aggressive surgical procedures, mastectomy 
with axillary dissection or sentinel lymph node (SLN) biopsy
has remained the treatment of choice except in unusual 
situations. The mammograms in Paget’s disease may be help-
ful in defining the retroareolar spread of disease. Although not
well described in the literature, it has been our observation
that calcifications in a branching distribution in the retroare-
olar area may help outline the intraductal spread of Paget’s
disease, proving its widespread character and the need for
mastectomy.29

Although it is not necessarily true that the absence of
retroareolar calcifications proves a more limited distribution
of disease, when the calcifications are seen to be distributed in
this pattern, the failure of any procedure that does not treat
the entire breast can be appreciated. Nevertheless, we have
treated several women with Paget’s carcinoma by irradiation
only, not excising the nipple–areolar complex. This choice is
tenable only when the biopsy of the nipple indicates a rela-
tively confined distribution of disease. These several patients
have also been quite vocal and unequivocal in their desire to
retain their breast. Despite this limited success with what
should be considered a quasi-experimental approach, Paget’s
carcinoma should be considered as clinical DCIS, at the least.
Untreated, Paget’s carcinoma is inevitably progressive, albeit
slowly.

How is ductal carcinoma in situ presenting 
as nipple discharge managed?

Patients presenting with spontaneous nipple discharge due to
intraductal carcinoma are tempting candidates for treatment
by something less than mastectomy. Because the mammo-
grams in these patients rarely show evidence of mass or calci-
fications, and the usual morphology of the malignant cells is
less rather than more aggressive, why not consider these
patients within the group to be followed by surveillance alone?
That had been our initial query as we began to search for
patients with DCIS who might be candidates for local excision
alone. However, after the first two patients so treated experi-
enced recurrence relatively promptly, and we then reviewed
the mastectomy specimens in other patients with the same
presenting symptoms, we became more convinced that nipple
discharge as the first sign of DCIS implies an uncertain intra-
ductal, usually multicentric, distribution peripherally. At least
in the traditional sense, in these patients it is impossible to
perform a local excision (“lumpectomy”) that definitively cir-
cumscribes the macroscopic disease. Irradiation as an alterna-
tive to mastectomy is not usually suitable because, if one
believes that the macroscopic extent of the disease must be
excised before irradiation, the nipple and areola must be part
of the tissue sacrificed. Additionally, if one also believes in
additional radiation to the site of the primary lesion, there is
no specific site to boost.

Within the past few years, ductal lavage and ductoscopy
have emerged as techniques to gain less invasive access to the
ductal system of the breast through cannulation of retroareo-
lar ducts, by obtaining effluent from duct irrigation for 
cytologic examination or by direct visualization, respectively.
Proponents of these techniques claim that the diagnosis and
extent of intraductal lesions, including carcinoma, can be
aided by one or both of them. At this time, both should be
considered experimental techniques, subjects for clinical trials
but not yet part of the standard surgical armamentarium.
Neither is currently indicated to influence a therapeutic 
decision.

How is the axilla to be treated in 
patients with ductal carcinoma in situ 
presenting as nipple discharge?

Treatment of the axilla is more controversial in patients with
clinical DCIS detected as nipple discharge than in patients
with intraductal carcinoma detected as Paget’s disease or as a
palpable mass. If frank invasion is present, treatment includes
the same attention to the axilla as for any other invasive can-
cer when invasion is questioned, even if the invasion is termed
focal or microinvasive. At least a sentinel node biopsy is a rea-
sonable recommendation, with a more extensive dissection if
the sentinel nodes are positive for metastasis.

It is more difficult to justify treatment of the axilla in
patients in whom microscopic sections fail to detect any ques-
tion of invasion whatsoever. However, because most of these
particular patients are currently treated by mastectomy, and a
total mastectomy includes the removal of the axillary prolon-
gation (tail of Spence) of the breast, the lowermost axillary
lymph nodes—those in what would be called by anatomists
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the external mammary group—and some of those in the 
central or scapular group of the level I nodes, which are
impossible to separate from the axillary tail tissue, are often
included within the specimen. Would these also be the sen-
tinel nodes? Likely so, but impossible to prove, so it would 
not be considered “overkill” to perform SLN biopsy as a sepa-
rate step in these patients. SLN biopsy is difficult to perform
after mastectomy, so in patients with DCIS presenting as 
nipple discharge who are to be treated by mastectomy, SLN
biopsy is a reasonable recommendation to accompany the
mastectomy.

One must remember that DCIS presenting as nipple 
discharge is not considered subclinical, which would have
implied the same treatment algorithm as for DCIS detected 
as mammographic calcifications. Our current inability to
measure the extent of the disease within the ductal system
makes any treatment that does not address the entire breast
inappropriate.

How is the diagnosis of subclinical 
ductal carcinoma in situ made?

As greater experience has been garnered in the use of less inva-
sive techniques such as stereotactic core biopsy using a large-
bore, vacuum-assisted needle, stereo-core biopsy is a suitable,
if not the preferable, first step in the diagnosis of mammo-
graphic findings when feasible.30,31 Needle-guided (also
known as wire-directed) surgical excision using preoperative
needle localization and confirmatory specimen radiography
remains the traditional procedure if stereo-core biopsy cannot
be performed. In either case, concordance between biopsy
findings and the mammograms must be ensured. Open surgi-
cal needle-guided biopsy, when used as the first diagnostic
step, may be performed as a wide excision with the intent of
achieving microscopically clear margins, or as a more limited
procedure to make the diagnosis only. With a wide primary
excision if the findings are benign, a larger volume of tissue
may have been removed than necessary. If the first procedure
had been a limited excision and if the diagnosis is malignant,
a second procedure is mandated to achieve wider margins.
This should be discussed with the patient so that she has input
into the technique used, especially if the mammographic find-
ings are indeterminate and the breast is relatively small. There
is no danger to the patient if the area of DCIS needs to be re-
excised to gain wider margins around it (see the section on
margins, later). Stereotactic core biopsy to determine the 
diagnosis before any other surgical procedure solves this
dilemma; if DCIS is documented, the surgical procedure can
be planned accordingly to clear the margins around the area
of DCIS.

When a patient requires surgical excision following core
biopsy or re-excision of an area of DCIS following an initial
needle-guided biopsy, a postbiopsy mammogram is impera-
tive. Because the treatment of DCIS is not an emergency,
enough time should elapse between the initial procedure and
the postbiopsy mammogram to optimize the visualization of
possible residual calcifications. This may take as long as 2 to 3
months in some patients. When core biopsy is performed, a
specimen radiograph and a radiograph of the breast immedi-
ately following the biopsy should be obtained to ensure

removal of the most significant calcifications. A radiopaque
clip should be placed at the site of calcifications so that this
area can be localized again when further surgery is performed.
Not infrequently, core biopsy may remove most, even all, of
the calcifications; if all of the calcifications have been removed
by the initial procedure, without the clip the area cannot be
accurately identified.

What are treatment options for 
subclinical ductal carcinoma in situ?

The therapeutic options for DCIS detected as a mammo-
graphic finding or as an incidental finding in a biopsy per-
formed for another reason include total mastectomy, local
excision and radiation therapy, and local excision alone,
with or without the addition of an endocrine agent such as
tamoxifen or an aromatase inhibitor.32 Because these are 
such widely disparate treatments, it is not surprising that
choosing among them for individual patients has become
controversial. DCIS now represents 25% to 30% of newly
diagnosed, mammographically detected cancers in all age
groups of women who undergo periodic screening mammo-
grams (usually at 40 years and older in the United States).
Although it is generally accepted that many patients with
DCIS, if untreated, do not subsequently develop invasive 
carcinoma of the same breast, the ability to distinguish 
which women will be spared has eluded us. The reports 
that discuss the implied natural history of this disease, in
patients untreated because the diagnosis was initially over-
looked, fail to demonstrate that even a simple majority of
these patients developed invasive carcinoma. Nevertheless,
until recently, mastectomy had been the overwhelming 
choice of treatment for this disease, and currently the gen-
erally accepted choice is either mastectomy or irradiation,
depending on the availability of radiation therapists and their
influence on local tradition. In our own practice, needle-
guided biopsy for mammographically detected lesions was
initiated in 1974, and until 1978, mastectomy was the cus-
tomary “reward” for those patients who were diligent enough
to have their “cancers” (DCIS) detected in such an early stage.
As more and more patients with subclinical DCIS were
encountered in response to technical improvements in mam-
mograms and the greater acceptance of screening mammo-
graphy by the medical profession and by the public alike,
questions relating to the extent of disease within the breast,
the possibility of occult invasion, and the likelihood of axillary
metastasis began to be addressed.

These questions were addressed at the second consensus
conference on DCIS, held in 1999, at which time the manage-
ment of DCIS was the principal subject of discussion.32 The
consensus meeting was attended by a similar number of sci-
entists as the conference in 1997, including DCIS specialists
from various disciplines, including surgery, radiation and
medical oncology, pathology, radiology, epidemiology, biosta-
tistics, and medical genetics. The conference focused on the
following end points of treatment: breast conservation, risk
for a second event in the ipsilateral breast (invasive or in situ),
risk for metastasis from a subsequent invasive carcinoma,
risk for contralateral DCIS or invasive cancer, and breast 
cancer–specific mortality.
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How does one choose the appropriate 
treatment for patients with ductal 
carcinoma in situ?

The goal of treatment for DCIS is breast conservation, with
optimal cosmesis and a minimal risk for an ipsilateral second
event, either further DCIS or invasive carcinoma. The several
factors that influence the recommendation for treatment of
the breast include size of the area of DCIS, its biology, and
margin status. Regardless of the goal of breast conservation,
there are some women for whom mastectomy remains the
optimal treatment; this group probably represents less than
25% of all of the women with DCIS, but mastectomy could be
performed for any patient if it were her preference.

When is mastectomy appropriate?

Although breast conservation may be the goal of treatment 
for DCIS, mastectomy is indicated in the following 
circumstances:

1. Large areas of DCIS so that the entire lesion cannot be 
adequately excised (see the section on margins, later) while
preserving a cosmetically satisfactory breast

2. Multiple areas of DCIS in the same breast that cannot be
encompassed through a single incision (there may be a
small group of patients with two, or even more, tiny areas
of low-grade DCIS who might be treated by local excision
alone, but radiation oncologists are uncomfortable treating
patients with more than one site of DCIS in the same
breast)

3. Inability to undergo radiation therapy because of other
medical problems (e.g., collagen-vascular disease, prior
radiation to the chest for another illness) and for whom
treatment by excision alone is not appropriate32

Skin-sparing mastectomy with immediate reconstruction is
suitable for most DCIS patients who require mastectomy,
especially if the diagnosis had been made by core biopsy. This
technique still must remove nipple and areola, and we usually
include a small (1-cm) rim of skin around the areolar margin.
If an open biopsy has been performed, it is safest if this 
biopsy site is excised with the mastectomy specimen, either in
continuity or separately. If a surgical biopsy incision is so far
from the center of the breast that it cannot be included in the
skin-sparing incision easily, two incisions can be employed,
excising the biopsy site separately. This approach differs from
what would be the recommendation for invasive cancer.
Proximity of DCIS to the back of the breast (i.e., a close pos-
terior margin) is irrelevant in DCIS if the pectoral fascia is
excised with the mastectomy specimen. A close posterior mar-
gin should not imply the need for postoperative radiation
therapy to the chest wall, as it might if the primary lesion had
been invasive cancer.

When and how is breast 
conservation employed?

Most women with DCIS are candidates for breast conserva-
tion, which involves wide local excision of the disease within

the breast, with or without accompanying radiation therapy
(Table 23–1). All patients for whom breast conservation is
anticipated should undergo a postexcision mammogram to
ensure that all of the suspicious calcifications have been
removed. This step may be avoided only if the specimen radi-
ograph performed at the time of initial biopsy shows all of the
suspicious calcifications to be well within the excised tissue,
and the margins are widely clear (≥10 mm) microscopically.
Even then, it is not redundant to obtain a postbiopsy mam-
mogram before giving a final recommendation about treat-
ment. The timing of the postbiopsy mammogram is flexible.
Because any residual calcifications must be imaged, the mam-
mogram should not be performed until the patient is com-
fortable enough to undergo the compression that is necessary
to achieve a technically optimal mammogram. Magnification
films of the biopsy site are also advisable. In some patients,
this postbiopsy mammogram may not be feasible for 2 or 3
months after the initial biopsy. Patients and physicians should
not feel intimidated by any delay necessary to complete this
important step, because the treatment of DCIS is not an
emergency. In fact, contraction of the surgical biopsy site is an
advantage if re-excision is planned. The volume of tissue
removed at the second operation is usually less if the proce-
dure is performed later rather than sooner after the initial
procedure.

What is the significance of clear 
surgical margins in the treatment 
of ductal carcinoma in situ?

Several factors may influence the likelihood of recurrence
after breast conservation, including the size or volume of
DCIS within the breast, the biology (nuclear grade) of the
malignant cells, the age of the patient at diagnosis, and the
width of the surgical margin around the area of DCIS. Only
one of these can be controlled by treatment, namely, the width
of the margin. Virtually all of the published data about DCIS
indicate that wider margins are associated with a lower likeli-
hood of recurrence (second event), so that the only argument
is the appropriate width of this margin. We agree that the
margins should be at least 10 mm circumferentially around
any area of DCIS. This margin width seems to be the best
compromise between achieving a suitable cosmetic result and
minimizing the likelihood of a second event.32–34

Because clear surgical margins seem to predict success
when breast conservation is employed, whether the breast is
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1. The extent of the calcifications in the breast on the
preoperative mammograms

2. Proof that all of the malignant calcifications have been
removed on a postexcision mammogram

3. Review of all of the slides made from the tissue removed at
the time of biopsy to document the absence of invasion

4. New slides made from the paraffin blocks of the tissue
removed, looking for invasion if any questions remain and for
the determination of immunohistochemical markers

5. Margin status, confirming at least 10-mm clear margins
around any evidence of ductal carcinoma in situ, or
completely negative shaved margins from the biopsy site

Table 23–1 Ductal Carcinoma In Situ Protocol: 
Information Essential for a Therapeutic Recommendation for
Breast Conservation



irradiated or the patient is merely observed after excision,
appropriate attention should be paid to achieving clear mar-
gins. The careful excision of a small area of calcifications is
more difficult than a breast biopsy performed for a palpable
lesion, especially if the surgeon wishes to spare a small breast
from a significant cosmetic deformity. Not infrequently, a 
second specimen may be required to ensure that the mammo-
graphic abnormality has been removed. Because most needle-
guided biopsies are performed for benign disease (our current
benign-to-malignant ratio is 3:2, 40.7% of needle-guided
biopsies proving to be for malignant disease), the pathologist’s
enthusiasm for the appropriately defined specimen must be
tempered by the surgeon’s and the patient’s concern about the
total outcome, including cosmetic concerns.

How the margins are measured is also variable, with most
pathologists relying on inking the edges of the specimen in
different ways (e.g., applying different colored inks each 90
degrees around the periphery of the specimen). We have never
accepted this technique as optimal. These specimens are not
smooth marbles that lend themselves to being coated by India
ink in a uniform way. The excised tissue contains “nooks and
crannies” related to varying proportions of fat, stromal ele-
ments, and glandular breast tissue. Excision of the primary
site with separate dissection of the margins and the base of the
wound and the application of metallic clips to these sites is
our preferred alternative. This part of the procedure is best
described as trying to peel an onion from the inside out. After
the “lesion” has been excised according to the surgeon’s judg-
ment (best guess), arcs of tissue are excised from the edges of
the biopsy site—for example, the superior, inferior, medial,
and lateral wound margins—and from the base of the wound
(the deep margin). As many marginal biopsies may be taken as
the surgeon feels is appropriate. Each of these specimens is
submitted to the pathologist in formalin in a separate, labeled
container. If a single margin is positive, the appropriate area in
the breast can be re-excised. If multiple margins are involved,
perhaps the patient would be better served by mastectomy.
Although we do not perform frozen sections on these mar-
ginal biopsies, if one did so, a positive frozen section margin
would allow the removal of additional tissue at that site before
closing of the wound.

The importance of margins was also discussed at the
Philadelphia DCIS Consensus Conference in April 1997. The
surgeons present at this conference generally felt that this
technique of assessing margins by their separate excision was
at least equivalent to the pathologists’ inking putative margins
of an excised specimen.26 What’s been left behind is more
important than what’s been removed! This is especially appro-
priate for the many patients with DCIS who have been
referred for treatment recommendations following initial
biopsy and diagnosis elsewhere. Re-excision of the primary
site and dissection of wound margins and base are more pre-
cise than inking the margins of the specimen because the
specimen is almost never uniform in its consistency or shape.

How should the excision site be managed?

When the specimen is sent to the pathologist, grossly apparent
areas of abnormality may be examined by frozen section, and
if malignancy is confirmed, a portion of the specimen may be

saved for receptor and cytometric studies. It is more impor-
tant, however, to determine invasion, if present, because treat-
ment decisions in these particular cases are more likely related
to the presence of invasion than to the quantification of recep-
tors. Moreover, these studies may be performed subsequently,
with even more accuracy, by immunohistochemical assay on
formalin-fixed tissue from the paraffin blocks.

The earlier detection of mammographic abnormalities has
led to greater technical difficulties for the surgeon and surgi-
cal pathologists. More often than not, there are no grossly
apparent abnormalities in the breast tissue even though the
calcifications are known to be within the specimen. We rely on
the radiologist to confirm the presence of the calcifications
within the excised tissue by specimen radiography, and often
a clip is placed at the exact site within the specimen, as small
as it may be. Both the specimen and the specimen radiograph
are sent to the surgical pathologists so that they can be alerted
to the exact site of the area of greatest concern, even within an
already small specimen.

Additionally, because the orientation of the intraductal dis-
ease is segmental and often follows the distribution of the
ductal anatomy, there is justification for excision of DCIS with
orientation of the specimen toward the nipple. This implies a
pyramid-shaped specimen, the apex of this pyramid being
toward the nipple. When feasible, it is helpful to the patholo-
gist to tag the apex of this pyramid with a suture to orient the
specimen more carefully.

The application of metallic clips to wound margins and
base offers precise localization of this site on subsequent
mammograms. Because recurrence is most commonly 
detected as new calcifications at or near the same site as the
primary lesion, using these clips to demarcate this area on
subsequent mammograms facilitates the radiologist’s detec-
tion of a new problem. We have used this technique of clip-
ping wound margins and base for almost 20 years to prepare
patients for irradiation following local excision (and axillary
dissection) for invasive carcinomas. Both radiation therapists
and radiologists have found it helpful to determine the site of
the previous lesion accurately in this way.

How should the operative 
specimen be handled?

As with most of the treatment algorithms for DCIS, we use
size as a treatment criterion. It is relatively easy to measure the
area of calcifications on the mammogram, but this measure-
ment often underestimates the extent of the DCIS within the
breast. Lagios has suggested that the pathologist cut and
embed each specimen sequentially when DCIS is suspected to
ensure the most accurate measurement of size.35 This lengthy
approach is probably the most accurate one, but it is rarely
employed outside research protocols because it is so costly and
labor intensive. The ideal surrogate for the measurement of
size by step-sections has not been found. What is needed is a
technique that is accurate, reproducible, and cost-effective.
Many small areas of DCIS are not easily defined by a single
dimension, that is, diameter. Some are rectangular or irregu-
lar as DCIS propagates along the course of intramammary
ducts. Perhaps a preferable measurement should be the total
area of DCIS, the greatest length times the greatest width, as
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measured by assessment of the area of calcifications on the
mediolateral or craniocaudal mammographic projection. If,
over time, we could assess more accurately the discrepancy
between the mammographically measured disease (calcifica-
tions) and the actual disease measured microscopically, an
appropriate algorithm could be generated that would be both
reproducible and valid. Currently, measurement of the mam-
mographic findings is the most reproducible estimate of size.
The specimen radiograph should confirm the excision of the
area in question, or a postoperative mammogram is indicated
to substantiate this important criterion.

How should the axilla be treated 
in patients with subclinical DCIS?

Because DCIS is noninvasive, there should be no reason to
address the axillary nodes in these patients. Before the advent
of axillary sentinel node biopsy, this was not a major question
because even the few publications that noted an infrequently
encountered axillary metastasis in patients with DCIS did not
consider this justification for the routine dissection of the
axilla. Because SLN biopsy has so significantly decreased 
the morbidity associated with axillary surgery, whether SLN
biopsy should be part of the treatment for DCIS has emerged
as a new question.

If the data about axillary metastasis in DCIS are analyzed
carefully, they are almost always associated with the presence
of microinvasion or occult invasion in the breast, or with
patients undergoing mastectomy because of the extent of
DCIS within the breast. The consensus conference in 1999, as
did the consensus conference on sentinel node biopsy in 2001,
concluded that SLN biopsy is not indicated in patients with
DCIS treated by breast conservation with or without radia-
tion.32,36 In patients undergoing mastectomy for DCIS because
of the wide extent of malignant-appearing calcifications in the
breast, SLN biopsy is an appropriate consideration for two rea-
sons: (1) should there be unexpected invasion detected in the
specimen, a subsequent axillary procedure after mastectomy is
difficult; and (2) in the presence of widespread DCIS in the
breast, even the most careful microscopic examination of the
specimen might overlook a tiny area of invasion. In these cases,
the pathologist’s diagnosis of noninvasive disease may be
entirely correct, but only for the sections studied, irrespective
of how carefully the specimen is dissected. It is virtually
impossible to serial-section the entire breast in these cases 
to rule out the presence of invasion without equivocation, and
the negligible morbidity of SLN biopsy in these patients is war-
ranted to gain the additional assurance of a negative axilla.

What has been the experience 
treating patients with ductal 
carcinoma in situ by irradiation? 

Comparing treatment of DCIS by lumpectomy only and
lumpectomy and irradiation, the National Surgical Adjuvant
Breast Project (NSABP) has reported the results of
their Protocol B-17, initially in 1993 with an update in
199737,38 (Table 23–2). Radiation decreased the likelihood 
of both invasive and noninvasive recurrence. Invasive 
recurrence after radiation was 3.9%; after lumpectomy alone,
it was 13.4%; recurrence as DCIS only was 8.2% in the irradi-
ated group and 13.4% in nonirradiated patients. On the basis
of this study, the NSABP recommended radiation therapy 
for all women with DCIS when breast preservation was
employed.

The European Organization for Research and Treatment of
Cancer (EORTC) also carried out a prospective randomized
trial comparing radiation and local excision alone for DCIS.
In their preliminary reports, this group also noted a reduction
in the incidence of invasive and noninvasive recurrence in the
radiated patients.39

Solin and colleagues, in a multi-institutional study, fol-
lowed a group of 418 women (442 cases of DCIS) treated by
breast conservation for a median follow-up time of 9.4 years.
All of these women underwent radiation therapy for DCIS. Of
this group, there were 48 local recurrences, with a 15-year
actuarial rate of local recurrence of 16%. These data sup-
ported their conclusion that irradiation was an appropriate
treatment for DCIS.40

Unfortunately, these widely read and accepted publications
failed to contain any subset analysis, based on morphologic or
biologic parameters, that might identify subgroups of the
DCIS population who might fare as well with local excision
alone. The NSABP recommendation was for irradiation for 
all DCIS patients who have breast conservation. In some
respects, the NSABP reports, carrying the weight of a prospec-
tive clinical trial by a widely respected group of investigators,
were a giant leap backward in the treatment of DCIS. We 
and others have strongly emphasized the importance of
multiple factors, such as tumor size, margin status, nuclear
grade, necrosis, steroid hormone receptors, growth rate, and
immunohistochemical markers, that may determine the like-
lihood of recurrence after breast conservation. Various combi-
nations of these factors may predict more precisely which
patients may be treated by breast conservation alone, which
might require radiation, and which might be best served by
mastectomy.
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Table 23–2 Results of Local Excision and Radiation Therapy for Mammographically Detected Ductal Carcinoma In Situ

Study No. of Breasts Follow-up Time (months) Recurrence (%) Invasive (%)

Silverstein et al., 199933 237 106 (mean) 20 46

Fisher et al. (NSABP), 199938 410 128 (mean) 15 48

Solin et al., 200140 422 112 (mean) 16 53

Julien et al. (EORTC), 200039 507 51 (median) 10 45



What is the contemporary experience 
with treating selected patients 
with DCIS by excision alone? 

In 1975, Lagios and coworkers began to offer selected patients
with DCIS the possibility of local excision only, neither mas-
tectomy nor irradiation41 (Table 23–3). Their studies of these
women have been the most elegant and their follow-up has
been the longest. Thus far, 22% of their patients have devel-
oped local recurrence, either further DCIS or invasive duct
carcinoma, after a mean follow-up of 135 months. No breast
cancer deaths have occurred in this group. Independently
influenced by similar observations and in response to patients’
greater participation in their own health care, in 1978 we
began to offer highly selected patients the same option—local
excision alone—with the caveat that perhaps as many as 30%
to 40% (our initial estimates) of patients so treated would
develop a subsequent invasive carcinoma of the same breast.

The surveillance option after local excision for patients with
LCIS having been championed by most investigators, extrap-
olation of the same treatment from LCIS to DCIS was under-
standable, but not accurate The follow-up observations of
Haagensen about LCIS provided evidence for a more firm
commitment to the surveillance option for LCIS. At the time
this study was initiated, however, there was only a smattering
of information available about patients with DCIS treated by
local excision alone. Since that time, other reports have been
published, but they have almost invariably addressed DCIS
generically, without separating cases considered subclinical
from the others. Thus, it has been difficult, almost impossible,
to glean meaningful information about the treatment of sub-
clinical DCIS from the extant literature. In addition to the 79
patients reported by Lagios, however, there were both British
and Swedish reports of patients with subclinical DCIS,
detected by mammographic screening, treated by excision 
and surveillance alone. The group of patients reported by
Carpenter and colleagues from Charing Cross Hospital in
London included 28 women treated by excision alone, with a
mean follow-up of about 3 years.42 Four women (14%) had
subsequent local recurrence. The group of women reported 
by Arnesson and associates from the University Hospital of
Linkoping, Sweden, included 38 treated by local excision
alone.43 After a mean follow-up of 60 months, 5 patients
(13%) had recurrence.

In 1992, we reported our own initial experience with 72
cases of subclinical DCIS in 70 patients treated by local exci-
sion and surveillance alone. The mean and median follow-up
times for this group were 49 months and 47 months, respec-
tively, with the longest follow-up being 168 months. Of
the lesions in this group, all were detected as calcifications 

on a screening mammogram or as an incidental finding in a
biopsy performed for another reason (60 and 12, respec-
tively). Eleven patients (15.3%) had recurrence—either 
further DCIS (8) or invasive duct carcinoma (3)—with the
recurrences being detected from 8 to 85 months after 
initial diagnosis.44

Our rate of recurrence was comparable to that reported by
Lagios; we differed only in the likelihood of invasion. He
noted that half of the recurrences in his series were invasive.
Arnesson observed 40% (2 of 5 patients) invasive recurrence,
and Carpenter found only DCIS in the 4 patients who devel-
oped recurrence after local excision alone. None of these ear-
lier studies, our own or those of Lagios, or the two European
series, included enough patients to speak authoritatively
about the subsequent danger of developing “worse” (i.e.,
invasive) cancer after initial treatment for DCIS.

Schreer reported her results of DCIS treated by local exci-
sion alone in 102 cases, with a mean follow-up of 56 months.45

Recurrence was noted in 23.5% of patients, and 42% of these
were invasive in character. Of the patients who had recur-
rence, 22 of 24 did so at or near the same site as the initial 
disease had been detected.

Our own updated experience with excision alone is noted
in the following section.

Which patients with ductal carcinoma 
in situ may be managed by excision alone?

Because neither the NSABP nor the EORTC tried to define
subsets of patients who might have done equally well without
radiation therapy, and encouraged by our initial success, we
have continued to offer highly selected patients with DCIS the
opportunity to be treated by local excision and surveillance
alone. The selection criteria are as follows:

1. Calcifications not more than 6 cm2 in area as measured on
the mammograms, in either the craniocaudal or the medio-
lateral projection. This is similar to Lagios’s criterion of not
more than 2.5 cm in diameter, but because the distribution
of calcifications on the mammogram is often linear and
rectangular rather than circular, this measurement of area
rather than diameter alone may be more appropriate and
easier to determine. This rule may be broken for patients
with slightly larger areas of DCIS if the breast is large
enough to accept a wider local excision with a good aes-
thetic result. To some degree, it is size of DCIS versus size
of breast that helps in this determination. See criterion
number 3, below.

2. Absence of invasion or microinvasion. The inclusion of
patients with what is called microinvasion with those who
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Table 23–3 Results of Treatment of Ductal Carcinoma In Situ by Local Excision and Surveillance Alone

Study No. of Patients Follow-up Time (months) Recurrence (%) Invasive (%)

Schwartz, 200246 256 75 (mean) 28 37

Schreer, 199645 102 31 (mean) 14 60

Arnesson et al., 198943 169 80 (median) 22 36

Silverstein et al., 200351 346 70 (mean) 28 (10-yr actuarial) 41

Lagios et al., 200241 79 135 (mean) 22 59



have entirely noninvasive lesions leads to a greater inci-
dence of recurrence and will adversely affect outcome.
Failure to treat the entire breast in patients with invasion,
however “micro” it is described, jeopardizes overall 
survival.

3. Adequate local excision of the primary site. As already men-
tioned, this is the only criterion that the surgeon can con-
trol because tumor biology and size are intrinsic properties
of the tumor itself. Attention to the margins of the excision
specimen is the surgeon’s responsibility. The goal of exci-
sion is the best compromise between the cosmetic result
and the widest possible local excision, the optimum being
greater than 10-mm (1.0-cm) clear margin in all directions
around the area of DCIS. A patient with a small breast 
has little tolerance for a large excision, whereas a buxom
patient can obviously lose more tissue volume around 
the edges of her area of DCIS. It is for this reason that 
the actual size of the measured area of calcifications on the
mammogram is only a relative criterion for the use of
surveillance as opposed to radiation or mastectomy.

4. Localized disease. Recurrence is more likely if there are mul-
tiple foci of DCIS within the breast. Radiation therapists
also generally prefer not to treat these patients. Therefore,
when the mammogram shows more than a single site of
malignant-appearing calcifications, mastectomy is usually
considered. This admonition about multiple foci becomes
only a relative contraindication when the areas in question
are small and near each other. If all of the suspicious areas
of calcification can be excised through a single incision,
and clear margins are achieved around the entire site, then
surveillance remains an option to consider. If, however,
DCIS is proven at several areas of the breast that are geo-
graphically unreachable through the same incision, then
mastectomy is the most reasonable and safest treatment
option.

5. Nuclear grade or presence of comedo features. It has been
argued that patients with the comedo subtype of DCIS will
have recurrence if the whole breast is not treated. Our own
observations do not support this conclusion entirely,
although we do agree that the more aggressive-appearing
forms of DCIS are more likely to recur than those with 
different architectural features. The presence of comedo
features alone is not enough to disqualify a patient for con-
sideration of breast conservation if adequate margins can
be achieved.

6. Absence of residual malignant-appearing calcifications on a
postexcision mammogram. Even if the specimen radiograph
shows that the calcifications provoking the biopsy have
been removed and match the preoperative mammograms,
an additional postoperative mammogram is recom-
mended. This should include magnification films of the
site. If this film must be postponed until the breast is com-
fortable enough to undergo the films optimally, so be it. No
jeopardy to breast or outcome is incurred by whatever
interval is required to ensure that all of the calcifications
have been removed.

7. A compliant, motivated patient. The patient who undergoes
breast conservation for DCIS, with or without radiation,
must accept the lifetime need for careful follow-up. The
first mammogram of the affected breast is performed 6
months after treatment. Mammograms are then taken at 6-
month intervals for 3 years, than annually thereafter. The

contralateral breast is imaged annually. Clinical examina-
tions are at 6-month intervals.

Using these criteria for selection, we reported our own
results of breast conservation without radiation therapy in 
249 women (256 breasts) in 2002.46 Although not randomly
selected for treatment, this is one of the largest groups of its
kind, all patients treated by one surgeon in the same manner,
with all of the pathology data reviewed by the same team of
pathologists. The mean and median follow-up times of this
group of 256 breasts are 75.6 and 66.5 months, respectively,
with the longest follow-up being 247 months. The 5-year
actuarial recurrence rate of our patients is 14.1%; the 15-year
actuarial recurrence is projected to be 24.6%. This is slightly
higher than the recurrence rate observed after radiation ther-
apy for similarly selected patients. Of this entire group of
breasts, there have been 71 “second events,” either DCIS or
invasive cancer, or 27.7%. Of this group, 45 of 71, or 63.4%,
were DCIS only; the remaining 26, or 36.6%, were invasive
recurrences. No distinction was made between microinvasive
(T1mic) and frankly invasive (T1 or greater) cancer. These
observations, however, suggest that only a small proportion of
these carefully selected women with subclinical DCIS will
develop a potentially life-threatening (i.e., invasive) cancer.
Our occurrence of subsequent invasive cancers continues to
be less than that described by most investigators. The usually
quoted figure is about half DCIS and half invasive recurrence.
Ours is about two thirds DCIS and one third invasive, either
microinvasion or frankly invasive cancer. At the time of this
writing, the number of women currently being followed who
have been treated by local excision and surveillance alone is
more than 350.

Another interesting observation in this group of women is
the time from initial diagnosis until the second event. Forty 
of the 71, or 56%, experienced the second event within 36
months of the initial diagnosis. In these 40, 60% of the DCIS
second events and 50% of the invasive second events occurred
within this 36-month interval. Speculating about the growth
rates of these and other cancers, it is tempting to suggest that
these patients did not have recurrence, but rather persistence
of incompletely excised DCIS in the same area of the breast.
All but two of our patients had their second event occur in the
index quadrant, at or near the same site as the initial finding.
If these observations stand and can be confirmed, they pro-
vide clues to the natural history of this disease. Moreover, if
the breast is not treated by more than a wide local excision at
the site, that breast remains at the same risk for developing a
new, unrelated cancer as the other breast. We should never
expect recurrence to be zero. These observations also make us
reluctant to use the term recurrence for the second event that
occurs in the same breast. Within this initial 3-year time 
period following the initial diagnosis, and perhaps even
longer, whatever happens in that same breast is almost 
certainly persistence rather than recurrence of the disease 
initially detected. Because the calcifications that prompted the
biopsy occur only after some degree of intraductal necrosis,
we know that despite a successful local excision, there may be
additional microscopic disease elsewhere in the same breast.
For those women in whom this additional disease is or
becomes clinically significant, progression through the natu-
ral history of DCIS will produce more calcifications and lead
to subsequent detection similar to the first episode.
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If our observations about second events are considered fur-
ther, only about 10% of these women with DCIS developed
invasive cancer following local excision alone. Even if this
number is higher, should we be treating 100% of this group 
of women with radiation (or mastectomy) if only this small
proportion will develop a theoretically life-threatening 
cancer subsequently? Should we not try to be more selective?
Additionally, because an ipsilateral second event after radia-
tion therapy usually calls for mastectomy, does the use of radi-
ation at the time of initial diagnosis preclude an additional
attempt at treatment by further local excision alone? Of our
patients who have experienced their second event as DCIS
alone, several have chosen to continue surveillance alone,
without radiation or mastectomy. This includes one woman
with bilateral DCIS with bilateral recurrence. Most of our
patients in this situation are elderly (>70 years old), so that
their concerns are not the same as if they were 30 years
younger.

Documenting these observations about the nature of recur-
rence is crucial. If careful surveillance detects recurrence while
it is yet noninvasive, patients may be more enthusiastic about
this alternative to mastectomy or irradiation, because of the
implication that recurrence (as DCIS only) does not endanger
the patient. If a sizable segment of the group treated by 
excision and surveillance, however, does develop invasive 
carcinoma as the first sign of recurrence, there will be a small
fraction of this group who will undoubtedly die from this 
disease, and for those women, however few, the price of
surveillance alone was too high.

What is necessary to permit a more 
confident recommendation for local 
excision and surveillance alone for 
patients with ductal carcinoma in situ?

The challenge to those of us who would advocate local exci-
sion and surveillance as an option for those women whose
subclinical DCIS is detected by screening mammography is to
define precisely the ultimate risk for developing invasive can-
cer, not further DCIS—not only the likelihood that invasive
cancer might occur, but also within what period of time it
may occur. We must try to develop biologic markers that pre-
dict who is at greatest risk. Currently, tumor size, margins, and
nuclear grade are the criteria often cited to suggest that certain
patients with DCIS are more likely than others to develop
recurrence. For example, the incidental finding of DCIS in a
specimen of tissue removed for another reason has not been
associated with either microinvasion or multicentricity, and
no patient with incidental DCIS treated by excision and 

surveillance has yet developed recurrence, either invasive car-
cinoma or DCIS.

What criteria may predict local recurrence?

The features associated with comedocarcinoma that are gen-
erally thought to predict local recurrence are the nuclear grade
of the malignant cells and the degree of intraductal necrosis.
Because intraductal cellular necrosis leading to calcification is
the hallmark of detection of these lesions, and most DCIS is
detected within clustered calcifications, it is not surprising
that comedocarcinoma is the most common single histologic
type of DCIS encountered. It is the presence of intraductal
necrosis that provokes the term comedo as a modifier. The
implication of intraductal necrosis needs to be reconsidered;
all the lesions that were formerly defined as the comedo type
of DCIS may need to be reclassified, based on other attributes,
such as nuclear grade and presence, amount, and distribution
of necrosis.

The first such attempt at categorizing subsets of DCIS to
devise treatment algorithms is that proposed by Silverstein
and colleagues—the Van Nuys Prognostic Index.47 Despite
valid criticism, this was the first time that investigators tried 
to fit an algorithm to individual patient circumstances to 
justify differences in treatment recommendations. Recently,
Silverstein modified his prognostic index, renamed the
University of Southern California Van Nuys Prognostic Index,
to include age as an independent variable48 (Table 23–4). His
experience suggests that age is an independent variable that
also factors into the likelihood of recurrence, younger women
being more likely to have recurrence than older women. His
index divided patients’ ages into three groups: 39 and under,
40 to 60, and 61 and older. The index divided each of these
factors (i.e., patient age, size of carcinoma, nuclear grade, and
margin width) into a three-point system, with the total num-
ber of points, minimum 4, maximum 12, predicting the 
likelihood of recurrence. The higher the point total, the
greater the chance of recurrence. Silverstein suggested that
women with 4 to 6 points be considered for local excision
alone and that those with 10 to 12 points were candidates for
mastectomy. The intermediate group presents the greatest 
difficulty for treatment recommendations, although if the score
is adversely affected by the margin width, an attempt should
be made to re-excise the margins if breast conservation is
desired. These are the patients for whom radiation therapy may
be indicated. Whether this index can be consistently and repro-
ducibly used elsewhere by surgeons, pathologists, and radia-
tion oncologists in less dedicated practices remains a question.
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Table 23–4 University of Southern California Van Nuys Prognostic Index Scoring System48

Score

Parameter 1 2 3

Size (mm) £15 16–40 >40

Margin width (mm) ≥10 1–9 <1

Pathologic classification Not high grade without necrosis Not high grade with necrosis High grade with or without necrosis
(nuclear grades 1 and 2) (nuclear grade 1 or 2) (nuclear grade 3)

Age (yr) >60 40–60 <40



We do not believe that this or any other “prognostic index”
should be dogmatically used to influence treatment; we do
believe that it represents a way to evaluate the variables that
predict the behavior of DCIS and the likelihood of recurrence.
In our own experience, for example, we have not found age to
be a factor that independently influences recurrence, at least
not when we have divided our patients into two groups,
younger than 50 years and older than 50 years. It is probable
that younger women have a greater chance of having nuclear
grade 3 disease than older women; this alone would affect the
chance of recurrence.

Molecular markers such as estrogen and progesterone
receptors, Ki-67, p53, HER-2 expression, p21, and others, have
been explored as offering independent information about the
likelihood of recurrence. None of these determinations has yet
shown the ability to divide patients into subsets on which
treatment recommendations can be reliably based. In most
cases, unfavorable marker measurements correlated only with
higher nuclear grade. In our own experience, the only statisti-
cal difference was noted when we used a combination of p53
and HER-2. Patients had a greater chance of recurrence if
both markers were elevated than if they were not. As noted
very early in this chapter, perhaps gene expression patterns
analyzed by cDNA microarrays will provide a “molecular 
portrait” of each lesion that correlates with recurrence.

Why is excision alone also appropriate 
considering current knowledge 
about ductal carcinoma in situ?

Another major reason to regard excision and surveillance as
an option for many of these patients is the occasional diffi-
culty in diagnosis. Although DCIS and ADH are not difficult
to distinguish from each other in most cases, the line separat-
ing borderline lesions is fuzzy rather than precise, and skilled
pathologists often interpret the same slides differently.22

Patients whose pathologists’ reports do not address these 
subtleties and merely state “benign” (ADH) or “malignant”
(DCIS), without a modifier, might receive vastly different
treatment recommendations from other patients with the
same nonspecific designations. It is therefore important 
to resist making an immediate decision when encountering
subclinical DCIS and to review and re-review the entire 
specimen. For example, we have encountered several biopsy
specimens initially called DCIS but later reclassified by two
senior surgical pathologists as ADH hyperplasia. Such lesions
are appropriately treated by surveillance alone, especially if
equivalently experienced pathologists disagree about the exact
diagnosis.

What is the role of tamoxifen in the 
treatment of ductal carcinoma in situ?

As tamoxifen has become an important adjunct to the treat-
ment of invasive cancer, its role in DCIS has also been ques-
tioned. Few studies, however, have analyzed the long-term
effects of tamoxifen after treatment for DCIS. The NSABP 
B-24 trial did address this issue, randomizing DCIS patients 
to tamoxifen or placebo for 5 years after local excision and
radiation; local excision only was not an option.49 This study

documented in those receiving tamoxifen a decrease in the
occurrence of invasive cancers in the involved breast, but not
a significant decrease in the occurrence of DCIS. Estrogen
receptor activity was not a criterion for prescribing tamoxifen
in these DCIS patients. Whether tamoxifen is effective in
estrogen receptor–negative DCIS patients is uncertain, but
review of the B-24 data suggests that the benefits of tamoxifen
in DCIS are confined to women whose DCIS cells are estrogen
receptor positive. In many institutions, determinations of
steroid hormone receptors, estrogen and progesterone recep-
tors, are not routinely performed for DCIS. We think this is a
significant omission, as it would also be in invasive cancers,
whether or not tamoxifen is used.

No data are available to confirm or challenge the premise
that the use of tamoxifen in women with DCIS prolongs sur-
vival, and thus far, no publications have championed the use
of tamoxifen to improve survival. Because local treatment
alone is so successful, the addition of tamoxifen to the treat-
ment protocol, even if modestly effective in reducing the like-
lihood of a second event, may not be worth the equally
modest risks of treatment. When offered to patients with the
information about risks and benefits explained to them in
detail, most women in our practice have chosen not to take
tamoxifen.

With respect to the use of other hormonal agents (e.g., aro-
matase inhibitors) in lieu of tamoxifen in postmenopausal
patients, no data are available to permit any decisions in this
regard. One can only speculate that if these drugs prove to be
more effective than tamoxifen in the treatment of invasive
cancer, they may also prove to be more effective in the treat-
ment of patients with DCIS.

How is recurrence of ductal carcinoma 
in situ treated?

Most of the extant literature about DCIS suggests that when a
second event occurs following the treatment of DCIS by
breast conservation with or without radiation, there is an
equal chance of the second event’s being invasive cancer (usu-
ally microinvasive) as of its being DCIS. Our own data chal-
lenge this equivalence, with only about one third of the second
events being any form of invasive cancer, either microinvasion
(T1mic) or frankly invasive cancer (e.g., T1). When invasive
cancer does occur, however, its treatment should be the same
as for any invasive cancer of the same stage. However, the
prior treatment of the DCIS may affect these recommenda-
tions. If radiation therapy had been employed at the time of
the initial diagnosis of DCIS, the only tenable option for the
patient is mastectomy, with the same attention to the axilla as
if this were a primary cancer. Whether the newer techniques of
partial breast irradiation may be employed in this situation is
a subject for a clinical trial and must be considered investiga-
tive. If the initial treatment had been local excision alone, the
option of breast conservation—namely, wide local excision,
SLN biopsy, and radiation therapy—remains applicable, as if
this were a primary breast cancer.

If the second event is DCIS only, without evidence of inva-
sion, the usual recommendation for patients who have under-
gone previous radiation therapy remains mastectomy (with
consideration of SLN biopsy). If, however, the initial treat-
ment had been local excision alone without radiation, several
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options remain open. The patient may be treated again by
local excision alone, by local excision and radiation, or by
mastectomy, using the same criteria cited at the time of her
initial diagnosis. Although there may be a greater risk for
additional recurrence in these patients, there are no data to
suggest that any of these choices is now associated with a
greater threat to life. We have treated several patients with sec-
ond, and even third, DCIS events in the ipsilateral breast by
additional attempts at local excision alone. It has been our
experience, however, that as additional events occur, patients
become more willing to undergo mastectomy and reconstruc-
tion instead of waiting for the “next shoe to drop.” Neverthe-
less, none of our patients has yet developed systemic metastasis,
even when an invasive cancer has been the second event.

What is the threat to life from ductal 
carcinoma in situ?

Irrespective of the recommendations for treatment—mastec-
tomy, breast conservation with radiation, or breast conserva-
tion alone—and with or without the addition of tamoxifen,
the available data indicate that DCIS is rarely life-threatening,
even when it recurs. Ten-year disease-specific survival is
reported between 96% and 100%.50 In our own practice, the
only patient with DCIS who has died from breast cancer is an
elderly woman who developed an invasive cancer of the con-
tralateral breast about 5 years after her treatment for DCIS by
local excision alone. The contralateral breast cancer was unre-
lated to the initial diagnosis of DCIS. She subsequently devel-
oped metastatic disease, presumably from the invasive cancer,
without ever demonstrating evidence of local recurrence of
the DCIS.

Because of the very small long-term threat associated with
the diagnosis of DCIS, and because the publications that 
recommend radiation as the treatment for all patients with
DCIS still recognize that as many as 80% of the patients will
not develop a recurrence or a second event when treated by
local excision alone, we must continue to search for the spe-
cific characteristics of DCIS that will permit us to separate
precisely those destined to recur from those that will never 
be a threat to either breast or to life. Current information
about nuclear grade and margins, for example, is but a crude
basis on which to separate patients into treatment recom-
mendation categories.

Our experience thus far has reinforced our own impression
that for most patients with DCIS, wide local excision, with
margins of at least 10 mm, is treatment enough, presuming
that the local excision can be achieved with a cosmetically
acceptable breast. Patients with large or multiple areas of
DCIS are better treated by mastectomy, so that our own great-
est dilemma is really which patients with DCIS are best served
by radiation therapy after local excision. If one accepts the
NSABP results (which is a significant leap, because not all
investigators accept their data as totally valid), why should we
irradiate 100 patients to benefit 10? Because 10% of DCIS
events will recur even with radiation, and 80% will not recur
even without radiation, should we not be searching for the
characteristics of patients or disease that identify the 10% who
truly benefit from radiation therapy? The same analysis
applies to the addition of tamoxifen; our information about
tamoxifen is even more speculative than that about radiation.

That the patient must recognize the limits of our current
knowledge about this disease is implicit in the mutual agree-
ment between patient and physician to choose breast conser-
vation as an option. A clear understanding of the biology and
natural history of the disease that we call subclinical DCIS still
eludes us. As clinicians, we have been involved in the care of
too many women with lethal breast cancers, so that reluctance
to abandon traditional treatment in favor of lesser options is
understandable. Our respect for breast cancer is too great!
“Overkill” has always been assumed to be a more sound phi-
losophy than “underkill” when dealing with malignancy. If we
could be convinced that certain diseases that we currently call
malignant, such as DCIS, are not inevitably followed by inva-
sive, life-threatening cancers, and that even if recurrence does
occur, there is a second opportunity for successful inter-
ference, perhaps there would be greater enthusiasm for less,
rather than for more, treatment. Unless we can enroll our
patients in protocols that observe rather than always treat this
disease, we will never know which, if any, women with DCIS
can be merely observed without facing the specter of sub-
sequent invasive breast cancer.
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line, most commonly in the region of the axilla. Rarely, an
ectopically located remnant may develop into a formed mam-
mary gland, known as polymastia. Conversely, the breast may
fail to develop completely, referred to as hypomastia or micro-
mastia; may not develop at all, known as amastia; or may fail
to develop with an intact nipple, known as amazia. Complete
or incomplete development of the breast may also be associated
with an absence of the pectoral muscles and syndactyly,
referred to as Poland’s syndrome, after its original recognition
by Alfred Poland in 1841.2,3 His original description followed
an anatomic dissection of a cadaver with this anomaly that 
he observed while a medical student. Subsequent reports
added the additional component of hypoplasia, or complete
absence of the breast, as well as costal cartilage and rib 
defects.

In the third month of gestation, squamous epithelial 
cells infiltrate from the persistent ectodermal mass into the
underlying mesenchyme in the pectoral region. The ductal
epithelium develops from these invading epithelial buds,
which further develop 16 to 24 secondary buds that will go on
to develop into the lobes of the mature breast that radiate
from the central nipple. Also in the third month, the original
mesenchymal cells differentiate into the smooth muscle of the
nipple and areola.

At the end of prenatal life, the epithelialized sprouts are
canalized into the major lactiferous ducts, while secondary
buds go on to form the small ducts leading to alveoli or ter-
minal secretory ductules. Each of the lobes has excretory ducts
and a single lactiferous duct, which opens into a lactiferous
sinus situated beneath the nipple. Occasionally, the lactiferous
duct terminates at the site of original epithelial invagination
without development of an everted, formed nipple, which
persists into adult life as an inverted nipple. At puberty, gen-
erally between the ages of 10 and 13 years, the lobes further
develop their subdivisions, or lobules, which terminate in the
alveoli or secretory units of the mature breast.

The mammary glands develop in much the same way as
other apocrine glands, of which they are considered modifica-
tions. The glands of Montgomery around the areola, the
secretion of which serves as a source of lubrication of the 
nipple during lactation, are considered as transitional between
sweat and lactiferous glands. Sweat glands, as well as seba-
ceous glands and hair follicles, may also be found on the 
areola and periareolar skin. The connective tissue support for
the mature breast, the suspensory ligaments first described by
Sir Astley Cooper,4 forms at puberty from the mesoderm,
from which the dermis of the skin as well as the subcutaneous
superficial fascia also develop (Fig. 24–1).

CHAPTER 24

Surgery for Breast Cancer
Daniel F. Roses and Armando E. Giuliano

The surgical options for the treatment of breast cancer have
greatly broadened in recent decades as the acceptance of
breast conservation and local radiotherapy, selective surgical
approaches to axillary lymph nodes, reconstruction, and adju-
vant systemic therapy, as well as the adoption of more precise
approaches to radiographic and pathologic assessment, have
made treatment far more selective. The retreat from a uniform
reliance on mastectomy, however, has often blurred a defini-
tion of the appropriate extent of surgery. This lack of preci-
sion reflects in turn an uncertainty about the impact that
different forms of local treatment may have on survival.
Nevertheless, despite paradigms of breast cancer biology that
emphasize the importance of systemic rather than local ther-
apy, and therapeutic strategies that incorporate nonsurgical
modalities for both local and systemic disease, modern breast
cancer treatment continues to require, and has even amplified,
the application of sound surgical principles and techniques
for both the local control and the appropriate staging of
disease.

DEVELOPMENT AND TOPOGRAPHIC 
ANATOMY OF THE BREAST

An appreciation of the topographic anatomy of the breast 
is essential not only for clinical and radiographic diagnosis 
but also for planning surgical strategies and delineating 
the optimal sites for incisions as well as the extent of the 
breast parenchyma and regional lymphatic drainage. An ever-
increasing emphasis on the opportunities to achieve a satis-
factory or even excellent aesthetic result through breast
conservation or reconstruction, as well as an emphasis on more
limited surgery for the axilla, has made topographic consi-
derations in breast cancer surgery of particular importance.

How does breast topography develop 
embryologically?

Embryologically, the breast develops from an ectodermal
ridge found in a 7-week embryo extending on each side from
the base of the forelimb to the region of the hind limb.1 This
milk line persists by the ninth week only in the region of the
future pectoral muscles, the remainder having involuted,
although fragments may persist in a line from the axilla to the
pubis. In a small percentage of women, this accessory tissue
persists as accessory nipples, known as polythelia, or as 
accessory parenchyma in locations along this epithelial milk
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What is the anatomic extent 
of the normal adult breast?

The rudimentary structures found in both the male and pre-
pubertal female increase in size in the female at puberty and
extend radially into the underlying breast fat. While each
breast has a defined appearance on the unilateral, anterior
chest wall, extending from the edge of the sternum medially to
the anterior border of the latissimus dorsi muscle laterally and
from the second rib superiorly to the seventh rib inferiorly
(Fig. 24–2), ductal tissue may be found extending to the 

clavicle and below the inframammary crease, as well as over-
lying the sternum, where it may fuse with the contralateral
breast. About two thirds of the breast overlies the pectoralis
major muscle, whereas the inferior and lateral extension over-
lies the serratus anterior muscle. The greatest density of breast
tissue is seen in the upper outer quadrant, where it extends
toward the axilla and, in fact, enters that anatomic plane
through a defect in the encasing fascia of the axilla, described
by Langer.5 The extension of breast tissue into the axilla
through this foramen of Langer, an extension that disrupts the
conical topography of the breast, was described by Spence.6

A prominence or lesion in this axillary tail of Spence may be
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difficult to differentiate clinically from axillary lym-
phadenopathy. Discrepancy in breast size is common, as is the
density of breast tissue in what appear to be topographically 
symmetrical breasts.

How is the axilla defined topographically?

The axilla is regarded topographically as the hair-bearing hol-
low below the shoulder, the anterior wall of which is made up
of the fibers of the pectoralis major and minor muscles and
whose posterior wall consists of the subscapularis, teres major,
and tendon of the latissimus dorsi muscle. It is defined by an
anterior axillary fold, which is formed by the lateral border of
the pectoralis major muscle; a posterior axillary fold, which is
formed by the lateral border of the latissimus dorsi muscle;
and a medial border, which is formed by the serratus anterior
muscle on the chest wall. The axilla is, of course, the location
of the major depot of lymphatic drainage from the breast
parenchyma. It is within the hollow of the axilla that lymph
nodes are clinically palpated and surgically extirpated.

How are the breast and axilla separated 
from surrounding structures?

The fascial envelope of the breast consists of a fragile superfi-
cial layer that is continuous with the superficial abdominal
fascia of Camper below and the superficial cervical fascia
above. It is separated from the skin by a layer of subcutaneous
fat of variable thickness. This fascial plane is relatively avascu-
lar, separating as it does the subdermal veins and arteries from
larger vessels coursing over the superficial breast. Where the
breast overlies the pectoralis major, the fascia is essentially

indistinct from the superficial fascia of the muscle, although a
loose areolar plane, the retromammary space, separates the
two. The deep fascia of the pectoralis major, like the superfi-
cial fascia of the breast, is continuous with the abdominal 
fascia below and the axillary fascia superiorly and laterally.
It fuses with the sternum medially and the clavicle superiorly.

Another deep fascial layer, the clavipectoral fascia—a fusion
of layers that are attached to the clavicle, the subclavius mus-
cle, the pectoralis minor, and suspensory ligaments of the 
axilla, which are attached to the axillary fascia—is of particu-
lar surgical importance. Also known as the costocoracoid fas-
cia, the deep pectoral fascia, or the clavicoaxillary aponeurosis,
it encompasses the pectoralis minor muscle and attaches to
and surrounds the subclavius muscle beneath the clavicle. Its
most medial extent is a thickening referred to as Halsted’s lig-
ament, which traverses the tiny space separating the medial
clavicle and the first rib where the subclavian vessels sub-
merge. Laterally, the clavipectoral fascia unites with the ante-
rior layer of the pectoralis major fascia and inferiorly with the
axillary fascia, which forms the hollow of the axilla (Fig.
24–3). The fusion of the clavipectoral fascia and the pectoralis
major fascia covers the serratus anterior muscle, whereas the
axillary fascia continues laterally as the fascia of the latissimus
dorsi. The surgical significance of the clavipectoral fascia
derives from the access to the vascular and lymphatic anatomy
of the axilla that its division allows for the surgeon.

The breast is essentially a subcutaneous structure with a
significant component of fat. Its support comes largely from
the fibrous bands linking the skin with the deep fascia over the
underlying muscles, particularly the pectoralis major. These
suspensory ligaments of Cooper are intact in young and nul-
liparous women but may become stretched and weakened
with age, in obesity, or after multiple pregnancies. Although
this may lead to an apparent distortion of the topographic
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landmarks in many patients, breast tissue continues to be con-
fined to its normal anatomical landmarks.

How does topographic anatomy 
relate to the planning of incisions?

Topographic anatomy is relevant not only to the accurate 
clinical assessment of patients but also to planning surgical
approaches to breast disease. The major topographic consid-
erations in surgery for breast cancer relate to the appropriate
placement of incisions in both the breast and axilla to provide
optimal access and exposure of surrounding structures in
order to allow appropriate extirpation of disease while at the
same time achieving a satisfactory aesthetic result. In the past,
incisions in the breast for cancer were largely limited to diag-
nostic biopsies, not definitive excisions. Their placement was
considered almost exclusively in relation to the location of
subsequent mastectomy scars, with little regard for cosmetic
results or for appropriate surgery for cancer when breast con-
servation was planned, and certainly no regard for the use of
adjuvant radiation therapy in conjunction with such breast-
conserving surgery. The aesthetic consequences of where an
incision in the breast was placed were invariably considered in
the context of excisions for benign lesions. In this regard, peri-
areolar incisions were used as often as possible. When this was
not feasible, surgeons were directed to follow the direction of
Langer’s lines, originally described in the 19th century as the
directions of least skin tension.5 These were represented in
diagrams emanating circumferentially from the central areo-
lar edge. Incisions placed along Langer’s lines were considered
particularly appropriate in younger premenopausal patients
without breast ptosis for whom the surgical excision of benign
lesions, such as fibroadenomas, is common. They came to be
regarded as the appropriate lines along which incisions should
be placed in the breast to minimize the tension that might be
exerted on the skin, thereby optimizing the resulting scar.
Conversely, radially placed incisions were regarded as inap-
propriate for the excision of benign lesions.

In planning incisions for carcinomas already diagnosed by
needle biopsy, however, other considerations become relevant.
Although periareolar incisions and incisions along Langer’s
lines may be optimal, lines of least skin tension with the
patient in an upright position may not always correspond 
to Langer’s lines, particularly in the peripheral extensions of
the medial and lateral breast. Certainly in older patients, the
lines of least tension are likely to correspond to the more
transversely oriented direction of collagen fibers described by
Kraissl.7 In certain instances, even radially placed incisions
may be optimal, particularly if an elliptic skin resection with
underlying breast parenchyma is required. For example, inci-
sions placed medially along lines of skin tensions are often in
a radial alignment. For centrally placed lesions, periareolar or
para-areolar incisions conforming to Langer’s lines may well
be appropriate. However, in the inferior breast, a radial inci-
sion may exert less downward traction on the nipple–areolar
complex, particularly when skin is elliptically removed along
with underlying breast tissue, whereas incisions near or at the
inframammary crease or high in the upper breast are best
placed in a curvilinear transverse direction. Likewise, in the
upper outer quadrant or tail of the breast near the axilla, a 
circumferential incision, along which both Langer’s lines 

and lines of resting skin tension coincide, may be optimal
(Fig. 24–4).

As breast conservation has become increasingly used for
ductal carcinoma in situ (DCIS), broader areas of extirpation
may be required. In many instances, they are more optimally
placed in radial directions, to both encompass the often 
radial, lobar distribution of disease and minimize distortion
of nipple-areola symmetry with the contralateral breast that
may result from a wide excision of breast parenchyma and
overlying skin with resultant significant traction on the cen-
tral breast. In planning incisions, it is often best to consider
the direction of placement with the patient in an upright 
position, whereby the pectoralis major exerts traction on 
the breast and overlying skin to create lines of tension. This
does not occur when the patient is supine and the breast is 
distorted by lateral and posterior gravitational pull. For carci-
nomas medial and lateral to the nipple–areolar complex in
particular, major ductal segments may be better encompassed
by transversely placed incisions, particularly when ellipses of
skin, along with underlying parenchyma, are required, there-
by preventing inversion of skin at the incision site. In all
instances of segmental excisions for cancer, therefore, plan-
ning must consider the issues of encompassing the disease and
maintaining breast symmetry as well as the issue of placement
of the cutaneous scar.

In the axilla, incisions are optimally placed in lines of min-
imal skin tension. Natural skin lines can be demonstrated
throughout the axilla, particularly below the hair-bearing
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Figure 24–4 Skin incisions for breast cancer excisions, particu-
larly in the older or ptotic breast, are best placed along lines of
minimal skin tension. This is especially so in the medial breast.
Inferiorly located lesions may even be best excised through radial
incisions to avoid traction and distortion of the nipple–areolar
complex, particularly when skin or significant segments of under-
lying breast parenchyma are included in the excision. In the cen-
tral breast, periareolar or para-areolar incisions, conforming to
Langer’s lines, are appropriate.



area, where they provide excellent anatomic access and are
largely unnoticeable within the confines of the axillary hollow
(Fig. 24–5).

SURGICAL ANATOMY OF THE BREAST 
AND AXILLA

What is the arterial supply to the breast?

The breast receives its blood supply from the internal mam-
mary artery; the highest (supreme) and lateral thoracic 
arteries; the pectoral branch of the thoracoacromial artery;
the intercostal arteries in the third, fourth, and fifth intercostal
spaces; and branches of the subscapularis and thoracodorsal

arteries. The perforating branches of the internal mammary
artery supply the greatest source of blood to the breast
through the fourth and fifth anterior intercostal branches, as
well as through branches in the upper sixth intercostal spaces,
all of which perforate the pectoralis major muscle (Fig. 24–6).
The lateral thoracic artery of the axillary artery emerges 
lateral to the pectoralis minor muscle and then supplies the
serratus anterior, pectoralis major and minor, and subscapu-
laris muscles, giving off lateral mammary branches as well to
the breast.

Although the major blood supply to the breast comes from
the internal mammary and lateral thoracic arteries, branches
to the breast may arise from the highest (supreme) thoracic
artery, which arises at the highest point in the traversal of the
axillary artery before it submerges beneath the subclavius
muscle; from the thoracoacromial artery, which branches into
the pectoral artery, supplying branches to both the pectoralis
major and minor muscles; and from the subscapularis artery,
which becomes the thoracodorsal artery and which may give
branches to the breast. The intercostal perforating arteries of
the fourth, fifth, and sixth intercostal spaces provide addi-
tional arterial blood to the central and lateral breast. The exten-
sive anastomotic connections between these sources of arterial
blood, particularly the internal mammary and lateral thoracic
arteries, provide the breast with a rich arterial network. This
allows great latitude in planning operative approaches and
incisions in the treatment of breast cancer, provided there is
careful adherence to basic surgical principles.

What is the venous drainage of the breast?

Venous drainage parallels the arterial supply to the breast.
Medially, the perforating branches enter the internal mam-
mary vein, which then joins the brachiocephalic vein.
Laterally, the axillary vein, which lies medial to the axillary
artery, receives one or two pectoral branches from the breast.
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It is not uncommon to encounter a bifurcate axillary vein. To
avoid division of the lower branch, or even both branches, it is
obviously important to recognize this anomaly as being
equivalent to a single axillary vein and not to mistake it for a
branch or branches off the trunk of the major axillary vein.
When its path continues proximal to the first rib, the axillary
vein becomes the subclavian vein.

The intercostal veins communicate anteriorly with the
internal mammary veins and thereby with the brachiocephalic
vein and posteriorly with the vertebral veins, which enter the
azygos veins and ultimately the superior vena cava. Venous
drainage through the internal mammary vein and branches 
of the axillary vein has been cited as the route that leads to 
dissemination of breast cancer to the lungs and more distal
systemic sites, whereas drainage through the intercostal 
veins, which communicate with the vertebral venous system,
has likewise been cited as leading to dissemination to the 
vertebrae.8

How is the lymphatic drainage 
of the breast defined?

As discussed in Chapter 21, lymphatic anatomy and its rela-
tion to the spread of breast cancer has long been a focus of
intense study. In recent decades, the principles that determine
lymphatic flow have been reassessed as previous concepts on
the centrifugal lymphatic dissemination of cancer by direct
permeation have been largely disproved, and most recently,
mapping of the lymphatics has become a widespread practice
in the highly selective management of regional lymph nodes.

The lymphatics of the skin begin in a subepithelial plexus
located in the papillary dermis, from which they communi-
cate with a subdermal plexus. In the central breast, these 
cutaneous and subcutaneous lymphatics merge with the 
subareolar plexus of Sappey, which also receives lymphatic

vessels from the nipple and areola. This subareolar plexus
communicates with the lymphatics of the lactiferous ducts,
which in turn flow to the perilobular and deep subcutaneous
lymphatic plexus. Recent studies provide supportive evidence
that the skin of the breast and the parenchyma of the breast
share the same lymphatic drainage network.9

Lymph flows toward the regional lymph nodes and parallels
the direction of blood flow in the major veins. The concept
that lymphatic flow from the parenchyma of the breast moves
centripetally toward the subareolar plexus has been largely
refuted.10 Lymphatic flow is unidirectional to regional lymph
nodes, and the rich anastomotic connections between 
lymphatics enable areas of obstruction to be bypassed and 
thereby allow lymph to flow unimpeded through the other
valveless lymphatics toward the regional lymph nodes. Early
radioisotope studies using colloidal gold (198Au) estimated
that 97% of lymphatic flow is toward the axilla and the
remainder to the internal mammary nodes.11 Recent studies
by Kern on both dye and radioisotope migration following
subareolar injection have demonstrated that one or at most
two major lymphatic channels carry the dye or isotope to the
axilla.12,13 Clearly, the lymphatic drainage pattern of the breast
to the axilla is a unified system terminating in a very focal
lymphatic channel or channels and anatomically focal lymph
nodes.

How is the lymph node drainage 
of the breast defined?

The lymph node drainage of the breast has been subdivided
by various methods for surgical, pathologic, and prognostic
purposes. The classic reviews of Haagensen14 and others,
drawing on the studies of Poirier and Cunéo15 as modified by
Rouvière,16 divided the lymph nodes anatomically into six
groups (Fig. 24–7). The largest of these is the central group of
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nodes located in the lateral hollow of the axilla and easily pal-
pated against the chest wall. The second largest group is the
axillary vein nodes lying on the caudal and ventral surfaces of
the lateral axillary vein. The other groups are the scapular
nodes along the thoracodorsal branches of the subscapular
vessels, also in the lateral axilla; the external mammary nodes
lying beneath the lateral edge of the pectoralis major muscle
along the medial border of the axilla and following the lateral
thoracic artery on the chest wall from the second to sixth ribs;
the subclavicular nodes lying on the caudal and ventral sur-
faces of the medial axillary vein beneath the subclavius 
muscle; and the interpectoral nodes, also known as Rotter’s
nodes, located between the pectoralis major and minor mus-
cles. In addition, a prepectoral lymph node or nodes may
occasionally be found high in the upper outer quadrant of the
breast, simulating a well-defined lesion on mammography.
Intercostal lymph nodes may also be located along the poste-
rior thoracic cavity within the intercostal spaces and may
receive lymphatic drainage from the breast.

The internal mammary lymph nodes have historically been
of particular surgical interest because their location sets them
apart from traditional en bloc resections to encompass breast
cancer. These nodes receive lymphatic flow from vessels that
accompany the perforating blood vessels piercing the pec-
toralis major and intercostal muscles. These nodes also receive
lymphatic vessels from the liver, diaphragm, rectus sheath,
and upper rectus abdominis muscle.

The internal mammary nodes lie close to the internal mam-
mary vessels in extrapleural fat in the first six intercostal
spaces. Studies have demonstrated that the greatest concentra-
tion of nodes is in the first three intercostal spaces.10 Although
internal mammary lymph nodes have traditionally been
regarded as receiving lymphatic drainage from the medial and
central portions of the breast, studies have demonstrated that
lymphatic drainage from any quadrant may go to the internal

mammary lymph nodes17 and, as noted, does so in less than
3% of instances in which patterns of lymphatic drainage have
been studied.11

Rarer sites of lymphatic drainage, usually as a second-
echelon site when direct nodal drainage sites are occluded, are
the intercostal lymph nodes of the posterior chest wall near
the termination of the ribs, the anteriorly located diaphrag-
matic nodes beneath the lower sternum at the xiphoid, and
contralateral internal mammary nodes.

How are axillary lymph nodes defined 
for pathologic orientation?

For the purpose of pathologic analysis, axillary lymph nodes
have been divided by anatomic levels reflecting the traditional
concept that nodal metastases extend sequentially from 
lateral to medial18 (Fig. 24–8). The greatest number of lymph
nodes are contained in what has been referred to as level I, the
grouping of nodes located below the axillary vein and between
the lateral border of the pectoralis minor muscle and the ante-
rior border of the latissimus dorsi muscle. Included in this
group are the lower external or lateral mammary nodes, which
follow the course of the lateral thoracic artery on the chest
wall from the second to sixth rib. The level II lymph nodes are
those that lie behind the pectoralis minor muscle, and the
level III nodes are those nodes that lie below the axillary vein
from the medial border of the pectoralis minor muscle to the
submergence of the axillary vein below the subclavius muscle
at the costoclavicular (Halsted’s) ligament. When identifiable,
Rotter’s interpectoral nodes are apart from these divisions but
may be dissected with the pectoralis minor fascial attachments
and incorporated into the axillary nodal contents when an
axillary dissection is performed. If excised, however, it is often
as a separate specimen.
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What is the sentinel lymph node?

The most recent efforts to define the lymphatic drainage 
pattern of breast cancer have resulted in the concept of the
sentinel lymph node. The sentinel node is that lymph node to
which lymphatic drainage from the location of the cancer in
the breast is directed. It is the node most likely to contain a
metastasis if nodal dissemination has occurred. The concept
originally evolved from an appreciation that areas of skin have
patterns of drainage to specific lymph nodes within the
regional nodal basin to which lymphatic vessels are directed,
as first described by Cabanas for the treatment of penile 
cancer,19 and most convincingly defined by the pioneer 
studies of Morton and colleagues, in the treatment of
cutaneous melanoma, using vital blue or isosulfan blue dyes.20

Subsequent applications to the breast using both dye and
radioisotopes in conjunction with a gamma probe as lym-
phatic mapping agents confirmed the validity of the concept
for mapping the potential specific location of lymph node
metastases from breast cancer.21,22

What is the neural innervation of the breast?

The innervation to the skin and parenchyma of the breast
occurs by way of the medial and lateral intercostal nerves,
although a portion of the superior breast, as well as the upper
chest wall, comes from branches of the supraclavicular nerve,
which originates as a branch of the cervical plexus.
Innervation to the nipple is from the lateral and medial
branches of the fourth intercostal nerve. The lateral portions
of the breast and chest wall receive sensory innervation from
the lateral branches of the third through sixth intercostal
nerves, whereas the medial aspect of the breast and sternal
area receives its innervation from the medial branches.

What anatomically related neural structures
are encountered in the axilla?

Several major nerves require identification during surgical
procedures that include dissection of axillary lymph nodes
(Fig. 24–9). Neuromuscular branches that are related anatom-
ically to the axilla and underlying chest wall muscles include,
most significantly, the brachial plexus, the divisions of which
lie above and posterior to the axillary vein. In the lateral 
axilla, the brachial plexus has three divisions, or cords, which
surround the axillary artery. Appreciation of the location of
the brachial plexus is obviously basic to the surgical anatomy
of the axilla, but in addition, it cautions the surgeon against
undue stretching during efforts at positioning the arm to 
create exposure of the axillary contents. Rapid, forceful, or
prolonged movement of the arm, superiorly and posteriorly
in particular, may create excessive tension on the brachial
plexus, creating brachial plexitis, a potential source of signifi-
cant morbidity and even paralysis.

Traversing the axillary contents is a branch of the second
intercostal nerve identified as the intercostobrachial nerve,
which supplies sensory fibers to the medial aspect of the upper
arm, axillary skin, and upper lateral breast. It arises as the lat-
eral cutaneous branch of the ventral primary ramus of T2. It

pierces the external intercostal muscle of the second inter-
costal space lateral to the lateral border of the pectoralis minor
muscle and then the serratus anterior, before crossing through
the lymphoadipose tissue of the axilla over the border of the
latissimus dorsi muscle toward the medial upper arm. In its
course through the posterior axilla, it joins with a filament of
the medial brachial cutaneous nerve, the smallest branch of
the medial cord of the brachial plexus. An additional contact
has been described with the posterior brachial cutaneous
branch of the radial nerve.23 The size of the intercostobrachial
nerve and the extent of its distribution appear to vary inver-
sely with the size and distribution of the medial brachial cuta-
neous nerve. Anastomoses between the intercostobrachial and
the lateral cutaneous branches of T1 and T3 have often been
described. The anastomosis between intercostobrachial and
medial brachial cutaneous nerves is rather constant and may
be represented by two or more filaments connecting them.
Anastomosis with branches of T1 and T3 and the posterior
brachial cutaneous branch of the radial nerve appear to be
occasional or inconstant findings. The intercostobrachial
nerve may give off two or more branches as it traverses the
axillary fat.

The medial brachial cutaneous nerve is the smallest branch
of the medial cord of the brachial plexus. It is formed from
fibers arising from cord segments C8 and T1 or from T1
alone. Descending through the axilla, it pierces the brachial
fascia at about the middle of the arm. It innervates the skin
and subcutaneous tissues of the posterior aspect of the lower
third of the arm as far as the olecranon. The nerve may occa-
sionally arise as a branch of the medial antebrachial cutaneous
nerve, which also arises from C8 and T1. It may receive fibers
from T2 or T3, or both, or it may be absent. Because the 
medial brachial cutaneous nerve frequently has direct contacts
and varies inversely in size with the intercostobrachial nerve,
it should be considered as often sensory to the axilla as well.

A second intercostobrachial nerve often arises from the lat-
eral cutaneous branch of T3. It supplies the axilla and medial
side of the arm.24 The first intercostal nerve provides a lateral
cutaneous branch, which supplies the skin of the axilla and
may communicate with the intercostobrachial nerve and the
medial brachial cutaneous nerve as well. Denervation or divi-
sion of the intercostobrachial nerve will lead to numbness of
the skin in the upper medial arm and axilla. The anesthesia
that is produced is often interpreted by the patient as a sense
of swelling in the upper medial arm. Paresthesias will be of
varying degrees, distribution, and duration owing to the rich-
ness of the sensory nerve supply to the axilla and upper arm.25

The pectoral nerves are particularly relevant to the surgical
treatment of breast cancer that requires axillary dissection.
These nerves innervate the pectoral muscles, and denervation
can lead to atrophy and a loss of muscle mass that can 
compromise the aesthetic benefits of breast conservation.
Likewise, reconstructive procedures after mastectomy clearly
benefit from an intact pectoralis major and the resulting 
normal chest wall and axillary contour as a foundation.

The lateral pectoral nerve arises medial to the pectoralis
minor muscle, its designation as a lateral nerve deriving from
its origin in the lateral cord of the brachial plexus. It can be
clearly delineated when the pectoralis minor is divided,
emerging medial to the muscle before it branches out to
innervate the lower portion of the pectoralis major muscle.
The medial pectoral nerve emerges lateral to the pectoralis
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minor muscle, the medial designation likewise deriving from
its origin in the medial cord of the brachial plexus. It inner-
vates the pectoralis minor muscle, but a branch also inner-
vates fibers in the lateral border of the pectoralis major
muscle. This branch is often accompanied by a small artery
and vein. Its preservation ensures conservation of the lateral
pectoralis major muscle.

The two additional nerves of importance in breast cancer
surgery are the thoracodorsal nerve, or nerve to the latissimus
dorsi muscle, and the long thoracic nerve. The thoracodorsal
nerve lies on the subscapularis muscle accompanied by the
thoracodorsal artery and vein. Preservation of the entire tho-
racodorsal neurovascular bundle maintains the viability of the
latissimus dorsi muscle, which may be required for recon-
structive purposes, as detailed in Chapter 25. Division of the
nerve paralyzes the latissimus dorsi muscle and functionally
weakens internal rotation and abduction of the arm, whereas
no noticeable clinical deformity may result. Patients may
complain of a limitation of backward rotation when attempt-
ing to touch the scapular region of the back. Of greater func-
tional significance is the long thoracic nerve, which is formed
over the most superior component of the serratus anterior
from nerves arising in the fifth, sixth, and seventh roots of the
brachial plexus. The long thoracic nerve lies superficial and
lateral to the surface of the serratus anterior muscle, gradually
moving medially to submerge below the fascia of the muscle
at the fourth or fifth intracostal space. Division of this nerve
creates a deformity that is commonly referred to as a “winged
scapula” owing to paralysis of the serratus anterior muscle.
This may be a source of significant cosmetic and functional
morbidity. During efforts to raise or use the arm for pulling,
the scapula, without tension exerted on it by a functioning
serratus anterior, will no longer be drawn forward but will
instead awkwardly rise outward.

PREOPERATIVE CONSIDERATIONS

What is the best timing for definitive 
breast cancer surgery?

The window of time between diagnosis and definitive surgery
for breast cancer has widened as surgeons and patients in the
last decades have expanded the opportunities for careful dis-
cussion and consideration of options in therapy. Initially there
had been no evidence that two-staged procedures—with exci-
sion of the primary lesion preceding, by days or weeks,
wider excisions, mastectomy, or axillary nodal procedures—
adversely affected outcome, but with the availability of diag-
nostic strategies by needle biopsy instead of surgical biopsy,
even this issue has been largely obviated. However, for lesions
that are clinically occult and only detected mammographi-
cally, and for which needle biopsy is inconclusive either for a
malignant diagnosis or to establish an entirely noninvasive or
low-grade invasive diagnosis, or for lesions that are poorly
defined by palpation, mammographically, or by additional
radiographic criteria, excision as an initial procedure to allow
full histopathologic assessment is often desirable. This infor-
mation is essential before considering therapeutic options,
in particular the appropriateness of breast conservation and

axillary staging. Furthermore, when a decision has been made
by the patient and physicians that mastectomy is appropriate,
reconstruction is often discussed and consultation with a
reconstructive plastic surgeon encouraged.26

If the patient elects to have breast reconstruction, it is best
performed at the same time as mastectomy. There is no evi-
dence that this adversely affects the ability to detect recurrent
disease.27 Immediate reconstruction also may broaden the
choice of reconstructive techniques, allow greater flexibility in
reconstruction technique, optimize the aesthetic results, and
eliminate an additional procedure also requiring general anes-
thesia. There is ample evidence as well that immediate recon-
struction provides a positive psychological balance to the
negative impact of mastectomy.28,29 All of these decisions on
surgical therapy are best made in a reasoned rather than a
rushed and emotionally charged setting, which may be the
case when an inappropriate emphasis is placed on the impor-
tance of making an immediate decision on treatment.

The identification of patients at risk for developing negative
psychological sequelae after breast cancer surgery allows the
employment of appropriate psychosocial support during the
decision-making process before definitive therapy. Patients
with an antecedent psychiatric history, those with little or no
family or social support, those with a history of substance
abuse, those who express excessive anxiety, fear, or depression,
and certainly those expressing suicidal thinking should be
helped and encouraged to seek appropriate consultation.30,31

As discussed in Chapter 38, this information must often be
sought by the initial consulting surgeons and physicians.

The influence of the menstrual cycle has entered the dis-
cussion of treatment because some studies purport to demon-
strate that performance of surgery at certain times in the
menstrual cycle may be an independent prognostic variable.
Concern theoretically hinges on enhanced metastatic poten-
tial during phases of unopposed estrogen stimulation.
Immune function may be reduced during this follicular phase
of the cycle, whereas the increase in progesterone during the
luteal phase (days 15 to 36) may down-regulate estrogen
receptors and alter normal cell—and presumably cancer
cell—proliferation. The first such report by Hrushesky and
associates32 suggested that surgery during the week before or
just after menstruation was associated with increased survival,
compared with surgery at other times in the menstrual cycle.
Senie and associates33,34 reported an improvement in survival
for patients with nodal metastases if surgery was performed in
the luteal phase, compared with the follicular phase, of the
menstrual cycle. Other studies supported this observation for
patients with metastases.35–38 However, Spratt and associates39

obtained a statistically significant improvement in survival
when surgery was performed between days 7 and 20 of the
menstrual cycle, although only 40 cases were reviewed. These
were retrospective analyses, and since then, there have also
been reports that were either inconclusive or failed to demon-
strate any effect of the timing of surgery in the menstrual cycle
on patient outcome.40–48

A prospective analysis of patients operated on at different
times in the menstrual cycle and adjusted for multiple prog-
nostic factors would be required to arrive at a reliable resolu-
tion of the issue of the timing of surgery in relation to
menstruation. It would clearly require large numbers of
patients. Ongoing studies may help resolve some of the con-
flicting conclusions and concerns expressed to date.49,50 As the
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surgical treatment of breast cancer at the present time may be
fragmented by multiple procedures that include needle 
biopsy, segmental excision, sentinel lymphadenectomy, axil-
lary dissection, segmental re-excision, or mastectomy and
reconstruction, the timing of surgical procedures based on the
menstrual cycle may be logistically formidable. One study
purporting to show a survival benefit from surgery performed
in the progestogenic phase (days 0 to 2 and 13 to 35) found no
such benefit if definitive surgery was performed in a single
procedure.51 Adjusting surgery to fit into a specific menstrual
time frame requires a very clear definition of potential bene-
fits from appropriately controlled studies that objectively
assess the precise timing within the menstrual cycle and 
the uniformity of surgical treatment, staging, and adjuvant
therapies.

SURGICAL BIOPSY

Heightened public awareness of breast cancer and mammo-
graphic screening, and a proliferation of radiographic tech-
niques with increasing applicability to diagnosis, particularly
sonography, have led to a tremendous increase in breast biop-
sies. More than 20 million women have mammography or
sonography annually in the United States,52 leading to more
than 1 million breast biopsies for nonpalpable breast abnor-
malities.52 For palpable lesions, as well as radiographically
detected nonpalpable lesions, percutaneous needle biopsy, as
discussed in Chapter 17, has become the preferred diagnostic
approach for most breast lesions. Needle biopsy techniques
fulfill the need for an expeditious diagnosis of the formidable
numbers of detected findings with minimal invasiveness.

The two principal indications for breast biopsy are a domi-
nant, palpable mass that is not a simple cyst on aspiration, or
a suspicious lesion detected radiographically. Treatment of
breast cancer requires an unequivocal cytologic or histologic
diagnosis, and this can be accomplished by needle biopsy for
palpable lesions as well as for most nonpalpable lesions with
the appropriate use of radioguidance. The availability of
needle biopsy has greatly expanded the indications for biopsy
for many vaguely perceived dominant findings even in the
absence of radiographic correlation. There are instances, how-
ever, in which surgical biopsy is indicated because of an inabil-
ity to use needle biopsy techniques or because of inadequacies
in the histologic material provided by needle biopsy tech-
niques. Even when clinical impression, radiographic criteria,
and fine-needle aspiration are used to assess a solid breast
mass, physicians must be sensitive to the vagaries of clinical
and radiographic criteria and the pitfall of hypocellular fine-
needle aspiration biopsy results’ leading to a failure to diag-
nose cancer.53

What are the indications for surgical 
breast biopsy?

Surgical biopsies are required if the location of the radi-
ographic findings precludes or complicates needle biopsy,
when the histologic material obtained by needle biopsy is
inadequate for definitive diagnosis, and when physical find-
ings warrant biopsy but there is no defined radiographic

abnormality and needle biopsy has failed to establish a diag-
nosis concordant with the physical findings.

Excision with preoperative wire localization and specimen
radiographic confirmation may be required for lesions in the
immediate retroareolar region of the breast or posteriorly
near the underlying chest wall. Inadequate compression of the
breast in these locations and the associated technical limita-
tions of core biopsy or vacuum-assisted core biopsy as a result
often preclude the use of such needle biopsy techniques 
in these instances. Likewise, very faint clusters of microcal-
cifications may make stereotactic imaging and specimen 
radiographic correlation uncertain and therefore necessitate
surgical excision for diagnosis.

Patients may also require surgical biopsy as a result of inad-
equate histologic sampling following core needle biopsy.
Certain diagnoses require complete excision of the target
lesion. Most important in this regard is the diagnosis of atyp-
ical ductal hyperplasia on large core needle biopsies that are
most often performed for clustered microcalcifications, but
occasionally for mass lesions. Numerous studies have shown
in 13% to 50% of cases an upgrade from atypical ductal
hyperplasia to DCIS and, rarely, to invasive cancer, when 
needle biopsy diagnosis is followed by surgical excisional
biopsy.54–58 The rates of upgrade from atypical ductal hyper-
plasia may well decrease as large core vacuum-assisted devices
become standard for needle biopsy of clustered microcalcifi-
cations. Indications for surgical excision in these instances
may be further altered in the future.59,60 Certainly, patients
demonstrating mild or focal atypia and those of advanced age
may be appropriately managed with radiographic and clinical
follow-up, whereas those with marked atypical ductal hyper-
plasia, particularly with a broader lesion less optimally sam-
pled or with a past history or significant family history of
breast cancer, are more safely assessed with surgical excision.

Other groups of lesions diagnosed by core needle biopsy for
which surgical excision has been recommended are atypical
lobular hyperplasias and lobular carcinomas in situ (LCIS).
They are invariably diagnosed as incidental histologic findings
on core biopsy for high-risk radiographic findings, and these
diagnoses will likely become more frequent as vacuum-
assisted techniques increase the tissue volume retrieved on
core needle biopsy. The yield of subsequent carcinoma fol-
lowing core biopsy–diagnosed uncomplicated LCIS has been
in the 5% to 10% range.61 Decision making is often compli-
cated by the coexistent mammographic lesion for which the
core biopsy was performed as well as by other coexistent his-
tologic findings.62–67 Certainly, women at high risk, particu-
larly with a personal history of breast cancer, and those with
coexistent histologic findings that may put them at risk or
with associated mammographic findings, might be prudently
managed by surgical excision. Whether other patients diag-
nosed on core needle biopsy can be approached in the same
way as patients with coincidentally diagnosed atypical lobular
hyperplasia or LCIS on surgical excision remains unresolved.

Papillary lesions diagnosed by core biopsy represent 
another group for which excision has been recommended.
Experience to date has been limited to almost anecdotal
instances of carcinoma diagnosed by surgical excision after
the diagnosis of a benign papillary lesion.64,68,69 If there is a 
significant residual lesion or a discordance with a suspici-
ous radiologic appearance, or if atypia is present, excision
would seem prudent. With increasing sampling from 
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vacuum-assisted core biopsies, this may become a less prob-
lematic issue.

Radial scars represent another group that, if diagnosed by
core needle biopsy, is prudently followed by complete exci-
sion. The mammographic appearance may be indistinguish-
able from an infiltrating carcinoma.70 The histologic features
may be variable, with features of ductal hyperplasia with or
without atypia, papillomatosis, and adenosis, leading to its
other designation as a complex sclerosing lesion. Because of
its histologic heterogeneity and the potential that DCIS may
be a component of the entire lesion, as well as its significance
as a potential marker lesion for increased risk for breast can-
cer, excision at the present time is prudent.71,72

Finally, surgical biopsy may be indicated for suspected
Paget’s disease of the nipple, skin changes suggestive of
inflammatory carcinoma, and bloody or serous nipple 
discharge, all in the absence of any associated radiographic
findings.

What is the appropriate biopsy 
for Paget’s disease?

The changes noted in the nipple or nipple–areolar complex
with Paget’s disease may include erythema, scaling, crusting,
or weeping, which may progress to ulceration with an under-
lying palpable mass. When the nipple–areolar changes are
noted, Paget’s disease must be suspected and a biopsy per-
formed in conjunction with mammographic assessment for
an underlying neoplasm. The biopsy should optimally include
a full-thickness wedge of the nipple–areolar complex from an
area demonstrating the clinical changes, including underlying
ductal tissue. Histology of the crust on the nipple surface,
touch preparations, or scrape cytology may fail to demon-
strate the diagnostic Paget cells present in the basal epidermal
layers.

What is the appropriate biopsy 
for inflammatory carcinoma?

In the presence of skin changes that suggest an inflammatory
cancer, a sample of involved skin should be included for his-
tologic study. Underlying breast tissue should be included as
well. The diagnosis of inflammatory carcinoma is most often
clinically suspected in the absence of any dominant palpable
or radiographic breast density and is histologically established
by the finding of dermal and subdermal lymphatic perme-
ation by tumor emboli. Skin thickening may be evident mam-
mographically, corresponding to areas of erythema and peau
d’orange, and parenchymal thickening may be seen mam-
mographically as well. As the skin changes reflect dermal 
lymphatic dilation and hypervascularity, not necessarily cor-
responding to the presence of carcinoma, areas of dermal
tumor permeation may not always be evident on small punch
biopsy or surgical skin biopsy specimens. Therefore, a more
generous excision of skin may be required in the absence of
any breast parenchymal changes, but from an area where the
cutaneous evidence of disease is apparent. A high index of sus-
picion by clinical criteria and an assiduous effort to establish
the diagnosis of primary inflammatory carcinoma his-
tologically are required in the absence of any palpable or 

radiographic breast changes other than diffuse firmness or a
vague diffuse mammographic density.

BREAST-CONSERVING SURGERY

What is the proper term for 
breast-conserving procedures?

Many terms have been applied to breast-conserving proce-
dures for cancer. These include lumpectomy, wide excision,
tylectomy, segmentectomy, segmental excision of the breast,
segmental mastectomy, partial mastectomy, tumorectomy, and
quadrantectomy. These terms may have different implications
for the surgeon and patient. The absence of a uniform nomen-
clature reflects in turn the absence of a uniform anatomic 
definition of breast-conserving approaches to cancer. Even 
the term quadrantectomy, which implied removing an entire
quarter of the breast, but originating from a desire to excise
major lobular components, clearly lacked anatomic precision.

The major goal of breast-conserving surgery at the present
time is to appropriately excise the entire lesion along with sur-
rounding breast tissue, the margins of which are free of
cancer histologically. The extent of resection surrounding the
lesion to optimally achieve margins free of malignant change
has not been defined and has great variability depending on
the architectural and histologic characteristics of the specific
tumor. For this reason, the generic phrases segmental excision
and partial mastectomy would seem more appropriate. The
former is likely preferable, as any phrase that includes mastec-
tomy may be confusing to a patient desirous of breast 
conservation.

What is the goal of breast-conserving surgery?

Implicit in all breast-conserving procedures is the recognition
that an effort will be made to balance the highest priority of
complete excision of the cancer and tumor-free margins with
the achievement of an excellent aesthetic result—the major
reason for the patient to elect breast conservation. To achieve
the proper balance, numerous variables must be considered,
among which are tumor size, location, breast size, and the
histopathology of the lesion. The failure to arrive at a precise
descriptive title for such procedures is therefore understand-
able, given the potential spectrum in the extent of surgery that
might be regarded as appropriate for any given tumor, based
on these considerations. Furthermore, with few exceptions,
radiation therapy is used as an adjunct to primary local treat-
ment. Although radiation therapy may provide some addi-
tional latitude in planning the extent of surgery, it does not
abrogate the major goals of surgical treatment. Efforts to
avoid additional surgery for patients with close or positive
margins using aggressive local radiotherapy as well as systemic
adjuvant strategies have been associated with significant
breast recurrences.

Recurrence-free survival following breast-conserving treat-
ment therefore may depend on many factors, but available
data support tumor-free margins as the benchmark for suc-
cessful breast-conserving therapy.73–77 The optimal extent of
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excision to achieve histologically clear margins may be further
complicated by the limitations and lack of uniformity in 
histologic margin assessment from one pathologist to the
next.78,79 A specimen with tumor cells detected focally at a sin-
gle site may be described as “positive,” whereas one in which
there is extensive gross tumor less than 1 mm away from his-
tologically free margins in multiple areas may be described as
“negative.” These situations may have different implications
for the adequacy of resection and are very different from an
incomplete excision, which leaves gross tumor in the breast.
The generic use of the terms positive margins and negative
margins undoubtedly gives rise to conflicting views in the lit-
erature on the true importance of margin involvement. It is
clear, however, that patients with margins histologically clear
of invasive or in situ cancer have a lower incidence of recur-
rence after breast-conserving surgery and radiotherapy.80–86 In
a study by Frazier and associates87 of patients having mastec-
tomy or re-excision after a previous segmental excision, 52.5%
of those who initially had involved margins had residual
tumor, but, significantly, 26.3% of those who had been evalu-
ated as having clear margins had residual tumor as well. A ret-
rospective study by Smitt and associates81 of 289 patients with
303 stage I and II invasive carcinomas of the breast treated by
breast conservation and radiation found the achievement of
negative margins either initially or with re-excision to be the
most important predictor of local control. The probability 
of local control in patients with negative margins was 98% 
at 10 years, whereas it decreased to 82% in patients with non-
negative margin status.81 Similarly, a study by Mansfield and
associates88 of 1070 patients treated by breast conservation
and radiation, when assessed by multivariate analysis, found
positive margin status to be a significant risk factor for local
recurrence. In a study from the Joint Center for Radiation
Therapy in Boston, of 343 patients with stage I or II breast
cancer having radiation therapy as part of breast-conserving
treatment with a median follow-up of 10.8 years, 7% with
negative or close margins treated with 60 Gy or greater to the
tumor bed had a breast recurrence, compared with 14% with
focally positive margins and 27% with more extensive margin
involvement.89 No difference was noted in patients with close
margins of 1 mm compared with wider margins (greater than
1 mm). Although the extent of tumor-free breast tissue
around a lesion is presently undefined, wider margins in sev-
eral series have clearly been inversely related to recurrence.90,91

The relationship of positive surgical margins to systemic
recurrence is less clear. Nevertheless, positive surgical margins
are associated with, if not necessarily causative of, sys-
temic relapse in several studies.81–86,92–95 Certainly, efforts 
to minimize breast disease recurrence would appear self-
recommending, and the most significant variable in achieving
this goal is tumor-free margins of resection. Even advocates of
boost radiation to the tumor bed to optimize tumor control in
the preserved breast endorse the advisability of achieving
tumor-free excision margins.96 Although lesser margins are
more likely to provide security for a well-defined, low-grade
lesion than for a high-grade invasive lobular or ductal 
carcinoma surrounded by foci of intraductal carcinoma, for
neither lesion has the appropriate margin been clearly
defined. Furthermore, the contraction of surrounding tissue
that may follow excision can create discordance in the 
objective assessment of the true extent of margins from the
operating room to the pathology laboratory.

Until the issue of the appropriate extent of tumor-free 
margins is better resolved, an effort by the surgeon to achieve
margins of 1 cm around the reference lesion would appear to
provide confidence that histologically free margins, despite
the inherent limitations of such histologic assessment, are an
accurate reflection of the architectural configuration of the
reference carcinoma to surrounding tissue. Adjustments in the
extent of segmental excision of the breast can be made based
on the palpable and radiographic characteristics of the tumor,
the location of the lesion, the size and consistency of the
breast, the histologic characteristics of the tumor, and the 
age of the patient. Objective data to provide reproducible
guidelines on the appropriate extent of tumor-free margins
are likely in the future. As will be discussed, there are several
appropriate technical considerations for the surgeon and
pathologist, as well as the radiologist, particularly with 
nonpalpable lesions, that have an impact on achieving com-
plete tumor excision with histologically free margins. In 
most instances, this should be achievable without adversely
affecting the aesthetic goals inherent in breast-conserving 
treatment.

BREAST CONSERVATION FOR 
IN SITU CANCER

As detailed in Chapters 21, 22, and 23, surgical approaches to
breast cancer have undergone very significant changes in the
last decades. This is true for invasive as well as for in situ car-
cinoma. LCIS, which had long been a source of controversy,
in particular underwent reassessment. Such changes were, of
course, stimulated both by the increasing support for breast
conservation in the treatment of operable breast cancer and
by the significant increased incidence of the diagnosis of
DCIS, a result of widespread mammographic screening efforts
at early detection.

For the treatment of LCIS, as detailed in Chapter 23, the
most broadly acceptable approach is that originally proposed
by Haagensen,14 which is nonoperative observation, recogniz-
ing that LCIS represents a risk factor for the development of
cancer in either breast but is not an obligate precursor lesion
for invasive cancer in the reference breast. The reassessment 
of surgery for DCIS has certainly been more complex. For
most of the time that DCIS was recognized as a separate
pathologic entity, mastectomy was the standard form of
therapy. It remained the gold standard, with disease-free 
survival approaching 100%. Even mastectomy, however, may
be associated with local recurrence and mortality resulting
from invasive disease undetected at the time of initial surgery
or from residual breast tissue that has the potential for 
developing invasive cancer.97,98 The incidence, however, is no
more than 1% to 3%.99

Before the last 2 decades, there was no advocacy for treating
DCIS by observation following excision, as there was for LCIS.
Limited series of patients inadvertently given a benign misdi-
agnosis following biopsy were untreated for what was sub-
sequently shown to be noncomedo DCIS, with breast
recurrences in the 25% to 36% range.100–102 Such experiences
tend to inhibit enthusiasm for observation as a therapeutic
option. Furthermore, as reconstruction became a widely
accepted adjunct to mastectomy, it became particularly 
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applicable to patients with DCIS, who represent a group with
a very low risk for regional recurrence and, more recently, an
optimal presentation for skin-sparing mastectomy incisions
that further facilitate the aesthetic benefits of reconstruction 
using prosthetic implants or autologous tissue flaps. In earlier
reports that considered treatment options, however, there was
a lack of reference to the various histologic subtypes of
DCIS,103 let alone an appreciation of the focal presentation of
disease in most patients. Because all DCIS was broadly cate-
gorized as one homogeneous group, there was uncertainty as
to the appropriateness of breast conservation. Furthermore,
patients in earlier series tended to have larger, sometimes pal-
pable forms of the disease.104,105 Such lesions would more often
be associated with areas of microscopic or frank invasion,
even if histologically undetected.96

Predictably, the equivalent results for breast conservation
compared with mastectomy for stage I invasive cancer of the
breast led to an interest in treating noninvasive cancer with
breast conservation. The issue, of course, was whether the
almost 100% survival with mastectomy could be matched by
breast conservation, and, as with patients with stages I and II
invasive cancers, to what extent patients should be selected.
The answers hinged on several issues, among them the archi-
tectural pattern and pathologic characteristics of the noninva-
sive cancer, the effectiveness and appropriateness of adjuvant
radiotherapy, and the impact of these variables on breast 
cancer recurrence and the natural history of the disease.
Other related issues were, and continue to be, the extent of
the excision and the ability to diagnose and successfully 
treat breast cancer recurrence.

What is the impact of multicentricity 
and multifocality on breast-conserving 
surgery for ductal carcinoma in situ?

DCIS had been associated with a higher incidence of multi-
centricity (i.e., DCIS in other quadrants of the breast) than are
invasive lesions. As smaller foci of DCIS have been diagnosed,
the incidence of multicentricity has been reassessed. The inci-
dence of multicentricity in series that adhere to its definition
as carcinoma in other quadrants is about one third.98,106 Lagios
(see Chapter 8) suggested that multicentricity be defined as a
second, separate focus of DCIS at a distance of at least 5 cm
from the primary focus. A major reason for reassessment of
both the true incidence and the clinical significance of multi-
centricity is the observation that most recurrences after
breast-conserving therapy for DCIS are in the immediate
vicinity of the original cancer.107–111 In the experience of
Silverstein, 97 of 109 local recurrences (89%) were at or near
the site of original surgery.111 The clinical significance of
possible occult multicentricity is therefore subject to debate,
particularly because studies have failed to demonstrate any
impact of these occult foci on survival. The pattern of breast
recurrences after breast-conserving treatment of DCIS within
the same quadrant as the primary lesion implicates what
might more appropriately be regarded as “residual” disease,
rather than multicentricity, in treatment failure.112

The issue of multifocality of DCIS in the same quadrant of
the breast has similarly come under re-evaluation. In the stud-
ies by Holland and colleagues,113 mastectomy specimens were

serially sectioned at distances of 5 mm and radiographically
imaged. Each suspicious finding was examined histologically
along with an extensive sampling of the quadrant of the 
reference lesion as well as the other quadrants and the central
nipple and subareolar region. The correlative radiologic-
pathologic study of more than 150 such carefully evaluated
specimens found that even with extensive lesions there 
was a unifocal pattern and suggested, as emphasized by
Silverstein,111 that presumed multifocality may represent an
artifactual pattern resulting from inadequate histologic sam-
pling of an arborizing pattern of distribution. This would lead
to artificial skip areas as portrayed on two-dimensional histo-
logic slides. The clear implication of a unifocal concept of
the distribution of DCIS is that even what is inappropriately 
presumed to be multifocal disease may be encompassed by
appropriately planned surgery. The possibilities for breast
conservation with careful adherence to surgical principles to
achieve appropriate tumor-free margins are certainly broad-
ened by such a conceptual reassessment. The final determi-
nant will be the long-term results of expanded efforts at breast
conservation for DCIS.

What is the frequency of recurrence 
after breast conservation for ductal 
carcinoma in situ?

In series of patients in which breast-conserving treatment 
has been applied to the treatment of DCIS by wide local 
excision alone, recurrence rates averaging 26% with follow-up
intervals exceeding 5 years have been documented.114–120

Significantly, about half of these recurrences are invasive.
Local recurrence rates have been greatest when the original
lesion was palpable120,121 and when pathologic confirmation 
of clear margins had not been assured.96,122 Such lesions would
be expected to be of higher nuclear and architectural grade,
to demonstrate comedonecrosis, and even to have areas of
microinvasion or frank invasion that might elude histologic
detection. Furthermore, recurrences have occurred as late as
10 years after treatment. This suggests that at greatest risk for
recurrence might be not only patients with larger lesions, but
also young women, with their longer life expectancy, the
application of potentially less stringent criteria for volume 
of excised breast or breadth of margins in an attempt to
achieve optimal cosmesis, their inherently more aggressive
histologic and biologic characteristics, and a different hor-
monal milieu.123,124 Recent efforts at predicting the biologic
behavior of DCIS using molecular markers may introduce
additional significant variables into therapeutic decision mak-
ing.125 Still unresolved is the issue of the need for radiother-
apy with excision and breast conservation. Certainly, patients
with smaller lesions (<10 mm diameter), particularly those
lesions incidentally noted on excision specimens for predom-
inantly benign entities (and these are most often low-grade
lesions), might appear to be those treated safely by excision
alone with no radiotherapy. Several investigators have focused
attention on criteria to select patients who might be safely
treated without breast irradiation.126,127 These efforts are
detailed in Chapter 23. What is clear from a surgical perspec-
tive is the importance of achieving tumor-free margins inde-
pendent of the issue of whether radiotherapy is used as an
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adjunct to breast conservation treatment for DCIS.128 The dif-
ficulty in always defining the limits of ductal carcinoma, the
extent of which may not always correspond to and which is
often broader than the mammographic region of such micro-
calcifications, as well as the technical limits of histologic crite-
ria for assessing margins, represents the major surgical
challenge in treating DCIS.126,129

Is radiotherapy needed for the treatment 
of ductal carcinoma in situ when 
breast conservation is desired?

With the increasing appreciation of the histologic heterogene-
ity of DCIS and with the increasing ability to detect very small
foci of DCIS mammographically, as well as situations in which
foci of DCIS are detected incidentally in biopsy specimens
obtained for a clinically benign lesion, the incidence of
microinvasion and multicentricity is certainly low. As detailed
in Chapters 8 and 23, recurrences seem to predominate in
cases of larger lesions with high-grade histologic features, cer-
tainly when there is a question regarding involvement of the
margins.

The addition of radiation therapy to segmental excision 
for DCIS results in high rates of local control. In series of
patients with follow-up exceeding 5 years, breast recurrence
rates average 11%.112,130–137 The most comprehensive prospec-
tive randomized study of excision and radiation therapy for
DCIS to date was Protocol B-17 of the National Surgical
Adjuvant Breast Project (NSABP), which randomized 818
women with DCIS to undergo either excision alone or exci-
sion with radiation. The addition of radiation therapy after 8
years of follow-up reduced the incidence of local noninvasive
breast recurrence by 15% (recurrence was 27% for excision
alone vs. 12% for excision and radiotherapy).74,138 The recur-
rences were more significant for invasive recurrences (10.5%
vs. 3%) than for noninvasive recurrences (10% vs. 7.5%)
when excision alone was compared with excision plus radio-
therapy. A study by the European Organization for Cancer
Research (EORTC) also randomized 1010 patients to either
excision alone or excision and radiotherapy for DCIS up to 
5 cm in size. After 4 years of follow-up, recurrence was higher
in the excision-alone group than in the excision plus radio-
therapy group (16% vs. 9%).139 Thus, in the NSABP B-17 
trial, radiotherapy reduced local recurrence by 59%; in the
EORTC trial, by 38%.

The results of these randomized trials have led to a general
recommendation for the use of radiotherapy after complete
excision of DCIS. However, this tends to blur the distinctions
in various subtypes of DCIS, in the varying breadth of
architectural distribution, breast configuration, extent of exci-
sion, age, and other potentially relevant clinical variables.
Furthermore, the impact of radiotherapy on the subsequent
treatment of recurrence relevant to breast conservation or
reconstruction and the potential long-term sequelae of radio-
therapy have led clinical investigators to question a blanket
recommendation and consider more selective approaches to
the application of radiotherapy, as discussed in Chapter 23.
Perhaps most compellingly, there remain no data in prospec-
tive randomized trials demonstrating an impact of breast
recurrence on survival.

How should mammographically 
detected ductal carcinoma in situ 
be approached surgically?

The most common indicator of DCIS is the mammographi-
cally detected cluster of microcalcifications, which is almost
always nonpalpable unless it is extensive and may, in fact,
contain areas of microinvasion or frank invasion. Because the
pattern of clustered microcalcifications may be varied and not
reliably predictive of a benign or malignant diagnosis, as dis-
cussed in Chapter 15, an expeditious histologic diagnosis is
appropriate. Diagnostic options are stereotactic fine-needle
aspiration or core biopsy, vacuum-assisted core biopsy, or 
surgical biopsy with preoperative needle localization and
specimen radiographic control. The optimal diagnostic 
strategy has yet to be assessed in a prospective controlled 
study. Certainly, if the mammographic finding is broad (occu-
pying a segment exceeding 3 cm) and highly suggestive of car-
cinoma of the breast by the Breast Imaging Reporting and
Data System (BIRADS V), a stereotactic core biopsy may be
used to establish the diagnosis of intraductal carcinoma. If the
patient were to then elect treatment by breast conservation,
appropriate excision could be planned; if the breadth of the
mammographic findings warranted mastectomy, this could be
performed with optimal reconstruction if so elected by the
patient, allowing for skin conservation and the best selection
of reconstructive technique.

For faint clusters of microcalcifications not well seen on
stereotactic imaging units and for microcalcifications in sub-
areolar locations or locations close to the chest wall that may
restrict the application of needle biopsy techniques, a seg-
mental excision to incorporate the cluster with appropriate
free margins is the initial diagnostic procedure that would
most often translate to an appropriate therapeutic procedure
as well, should carcinoma be diagnosed histologically. This
requires preoperative needle localization and intraoperative
specimen radiographic confirmation.

It has been argued that surgical excision of a cluster of inde-
terminate microcalcifications is unnecessarily burdensome,
invasive, and costly for the approximately 75% of patients
whose lesions will prove to be benign. In addition to stereo-
tactic fine-needle and core biopsy, as well as vacuum-assisted
core biopsies using the Mammotome (Biopsys Medical
Instruments, Irvine, CA), these concerns were addressed by
more complete sampling, and even excision has been achieved
using needle technologies that extract larger volumes of the
target tissue such as the ABBI (U.S. Surgical, Norwalk,
CT).140–142 Definitive excision of the cluster, if a malignant
diagnosis has been established and a clip placed, enables opti-
mal planning of the margins of excision. Because DCIS often
extends beyond the confines of the area with the microcal-
cifications, definitive excision with appropriate attention 
to margins strengthens the chance for local control with 
breast conservation. Any ambiguity about the histology, or
discordance between a benign needle biopsy diagnosis and
suspicious radiographic appearance, should be followed 
by definitive surgical excision. Definitive excision abrogates
repeated-interval radiographic evaluation. With current per-
cutaneous biopsy techniques, patients with benign diagnoses
can usually be spared a surgical biopsy, whereas patients with
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a malignant diagnosis may be further studied radiographically
with magnetic resonance imaging (MRI) if appropriate, and a
sound decision on appropriate treatment made in a carefully
considered manner and followed by careful surgical planning.

An excision for clustered microcalcifications associated
with malignant disease should enable a clear definition of
margins. When the cluster of microcalcifications is mammo-
graphically subtle and tiny, diagnosis by multiple core biopsies
runs the risk of significantly reducing or even completely
removing the microcalcifications. Radiographic metallic clip
placement is therefore essential because a definitive excision
would be compromised or made unfeasible in the absence of
any marker calcifications needed for localization.

When is mastectomy appropriate 
for ductal carcinoma in situ?

Consideration must be given to mastectomy if there is a dif-
fuse pattern of comedonecrosis with significant extension to
margins despite a broad excision or re-excision, if the micro-
calcifications are extensive in other areas of the breast as well,
if the histologic pattern of the excised cancer is more diffusely
malignant than mammographic patterns would have sug-
gested, and if prior radiotherapy or conditions such as signif-
icant collagen-vascular disease contraindicate the use of
radiation therapy. The risk for recurrence with breast conser-
vation in these circumstances may be prohibitively high,
particularly because available data suggest that half of the
recurrences in the involved breast, even with radiation 
therapy, are invasive. Where involvement of margins is limited
or focal, re-excision to achieve tumor-free margins without
resorting to mastectomy is appropriate. MRI should be con-
sidered when the mammographic and sonographic assess-
ment of extent of disease is uncertain. Although MRI may
reveal unappreciated areas of invasive carcinoma, the 
reliability of assessing DCIS that may extend beyond areas 
of microcalcifications—the only marker of disease 
mammographically—remains unresolved. Finally, patient
preference may dictate the choice of mastectomy.

When mastectomy is performed for high-grade DCIS that
is extensive or multicentric, the possibility of microinvasion,
and even lymph node micrometastases, has suggested that
when excising the tail of the breast from the lateral axilla, the
performance of a limited level I dissection is appropriate. This
enables those lymph node micrometastases, most commonly
located within the level I group of nodes, to be diagnosed and
effectively ablated. Sentinel lymphadenectomy may well alter
this approach to axillary lymph nodes for such high-risk
DCIS, as will be discussed. Although the incidence of axillary
metastases for pure DCIS is 0%, sentinel lymph node biopsy
in selected series of patients with DCIS has revealed an inci-
dence of nodal micrometastases of 6% to 13%,143–145 high-
lighting the potential underappreciation of invasion in all
instances of pathologically diagnosed DCIS. This would be
particularly relevant for patients for whom mastectomy has
been chosen because of the architectural extent and high-
grade histologic characteristics.146

Mastectomy for DCIS presents an optimal setting for
immediate reconstruction with skin-sparing techniques,
as discussed in Chapters 23 and 25. This may particularly

enhance the cosmetic results of autogenous transverse rectus
abdominis myocutaneous (TRAM) flap reconstruction.147

SEGMENTAL EXCISION FOR 
NONPALPABLE CARCINOMA

The increasing use of stereotactic and sonographically 
directed biopsy techniques, using either fine-needle aspiration
or core biopsy, has increased the number of patients with clin-
ically occult cancers coming to definitive breast-conserving
surgery. These patients tend to fall into three radiographically
definable groups: (1) patients with a cluster of microcalcifica-
tions, (2) those with an area of architectural distortion, and
(3) those with a mammographically or sonographically defin-
able mass lesion. When breast conservation has been decided
on after clinical and radiographic as well as medical and
patient-related considerations, every effort should be made to
achieve definitive excision with tumor-free margins in one
procedure. In those instances when the decision for an axillary
procedure, either sentinel lymphadenectomy or axillary dis-
section, requires more complete analysis of tumor size and
histopathologic characteristics, the segmental excision is per-
formed alone. When a definitive diagnosis of intermediate 
or high-grade invasive carcinoma has been established by
stereotactic or sonographically directed core biopsy, and size 
is clearly evaluable mammographically or sonographically,
sentinel lymphadenectomy or axillary dissection can be 
performed together with the definitive criteria. However, for
noninvasive lesions or small (T1a) and selected T1b low-grade
invasive lesions, deferring a possible axillary procedure until
its appropriateness can be assessed on the basis of a full con-
sideration of the relevant histopathologic information is
advantageous, particularly because the segmental excision
may be easily performed for the patient as an ambulatory sur-
gical procedure and almost always using local anesthesia.

What preoperative measures 
ensure optimal excision of the lesion?

A nonpalpable lesion, or a clip indicating the site of a core
biopsied lesion, should always be preoperatively localized
using an appropriate hooked wire device. Preoperative local-
ization based exclusively on mammographic views in the
craniocaudal and mediolateral positions without such a local-
izer is unreliable. Distances measured from the nipple to the
lesion in the superior to inferior and medial to lateral axes of
patients in the sitting position may differ from the distances
with the patient in the supine position required for surgical
biopsy. In addition, the measured depth from the skin to the
lesion may be different in these positions. Misguided excisions
performed without preoperative wire localization may fail to
include the lesion in the biopsy specimen. Furthermore, when
the lesion is excised, the margins around the lesion may be
inappropriately asymmetrical, with a margin in one plane
excessively beyond the lesion, while a margin in another plane
abuts the excised lesion or is grossly involved with a lesion that
is incompletely excised.

After the radiologist places the hooked wire localizer by the
shortest direct path from the skin to the lesion, as detailed in
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Chapter 15, the site of the hooked wire placement in relation
to the lesion and to the nipple should be clearly communi-
cated. For example, the location of a nonpalpable lesion in the
upper outer quadrant might be described as 5.5 cm lateral and
1.0 cm above the mid-nipple line, with the wire through and
the hook 3.0 mm medial to the lesion (Fig. 24–10). For
patients with sonographically but not mammographically
detected lesions, the same mammographic description should
be provided to the surgeon after the sonographically guided
placement of the hooked wire. For patients with microcalcifi-
cations, particularly those that extend over a distance of sev-
eral centimeters, framing the area with two or more wire
localizers enables greater confidence that the entire breadth of
the lesion will be excised.148 The hooked wire localizers should
be taped securely to the patient to minimize dislodgment 
during transport from the radiology suite to the operating
facility.

Concerns about the frequency of positive margins after seg-
mental excisions with preoperative wire localization, as well as
patient discomfort and logistical issues and occasional wire
displacement, have prompted efforts to seek alternative tech-
niques. These include a variety of approaches, such as radioac-
tive localization using a titanium seed containing 125I deployed
at the lesion site and identified intraoperatively using a
gamma probe, carbon marking, methylene blue marking, and
intraoperative ultrasound-guided excision of the hematoma
within the core biopsy track or of a gel marker.149,150 These
techniques are being studied but have not displaced wire
localization techniques at the present time.

What anesthesia is appropriate?

Although excisions performed without any axillary proce-
dures are done in an ambulatory surgery setting, it is essential
that optimal local anesthesia be employed. One percent lido-
caine (0.5% when the need for large volumes is projected)
without epinephrine is injected intradermally and into the
perioperative field. Care should be taken to maintain a volume
of anesthetic below the safety limit (<500 mg or 4.5 mg/kg of
lidocaine). A small wheal should be raised first, and the
remaining length of the incision injected subcutaneously with
anesthetic using a long needle before completing the intrader-
mal infiltration. The addition of 1 mL of 8.5% sodium bicar-
bonate to each 10 mL of 1% lidocaine without epinephrine
neutralizes the pH and creates less of a burning discomfort at
the onset of infiltrating the anesthetic. Excessive patient dis-
comfort and anxiety may create an intraoperative environ-
ment that hinders the successful excision of the appropriate
area with the care necessary to ensure both an optimal cancer
operation and aesthetic result and may erode the patient’s
confidence in the surgeon. A nurse at the head of the table 
to reassure and engage the patient in conversation is an essen-
tial adjunct to the surgeon’s own comforting narrative and
efforts to maintain a calm ambience of professionalism.
Supplemental sedation is advisable for the anxious patient, in
whom pain may clearly be accentuated by stress, and for those
patients having an excision of a deep lesion in a large breast.
It should be recognized that anxiety is common even if
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Figure 24–10 Needle localization of nonpalpable carcinoma in the upper outer
quadrant of the right breast. Craniocaudal (A) and mediolateral (B) views. Note 
that the wire is distal to the lesion. The lesion is described as 5.5 cm lateral and 
1.0 cm above the mid-nipple line, and the hooked wire is described as 3 mm 
medial and directly through the lesion to allow optimal placement of the skin inci-
sion and excision.



disclaimed by the patient. A discussion in advance about 
the availability of sedation and anesthesiologist assistance is
essential for allowing the patient to express her concerns and
optimally prepare for the procedure. Few surgeons have not
experienced the personal discomfort of operating on a patient
who did not convey her anxiety until it was expressed as pain
during the procedure despite receiving what volumetrically
was more than appropriate local anesthesia. An intravenous
benzodiazepine such as diazepam (Valium) or midazolam
(Versed) may be most helpful in patients expressing anxiety in
advance to potentiate the analgesic properties of the local
anesthetic. Anesthesiology-assisted use of 2,6-diisopropyl
phenol (propofol) may very effectively supplement local anes-
thesia, thereby providing an optimal level of anesthesia, seda-
tion, and a very rapid recovery. All such measures enable a
concentrated effort to achieve accurate and complete excision
with attention to the issues of intraoperative radiographic 
and pathologic verification and optimal efforts at achieving
tumor-free margins and meticulous hemostasis.

Where is the incision made?

The incision for the definitive excision of a nonpalpable
malignant lesion should be placed over the site of the lesion as
determined radiographically from the craniocaudal and
mediolateral views (Fig. 24–11A and B). Placing the incision
at the site of entry of a wire localizer, rather than at the site of
the lesion, may require a larger incision and create undue
tracking over a lengthy field of normal breast tissue if the wire
does not enter directly over the lesion. It may also result in the
removal of an excessive amount of breast tissue as well as dis-
tortion of the breast contour on subsequent healing. Although
circumareolar incisions may be aesthetically optimal, an over-
reliance on these incisions, particularly for peripherally 
located lesions, may produce excessive tracking, make location
of the hooked wire localizer at the site of the lesion unneces-
sarily difficult, and lead to excessive removal of tissue and dis-
tortion of the nipple–areolar complex, thereby undermining
the desired cosmetic benefit. Improper incision placement
may interfere with optimal planning of the field of radiation
and may create undue distortion on subsequent radiographic
evaluation, impeding subsequent mammographic follow-up.
For small focal lesions, incisions should be placed in lines of
resting skin tension, as noted previously.

For nonpalpable lesions well within the breast, inclusion of
a margin of skin is rarely needed. If the lesion is located more
subjacent to the skin, dimpling may be minimized and appro-
priate anterior tumor-free margins achieved by incorporating
a small ellipse of skin in contiguity with the underlying 
segmental excision. For deeper lesions, the development of
skin flaps is unnecessary and may also be aesthetically 
counterproductive.

For DCIS or for invasive lesions with surrounding micro-
calcifications, especially occupying a broad area as indicated
by the distribution of microcalcifications, a particular effort is
indicated in planning the excision to incorporate the breadth
of the lesion with appropriate margins of tissue. In such situ-
ations, a radial incision more often allows the distribution of
DCIS to be encompassed without disrupting the symmetry 
of the nipple–areolar complex in relation to the opposite
breast. Silverstein has emphasized the appropriateness of

such incisions based as well on the studies of Holland and
Faverly demonstrating the frequently radial distribution of
DCIS.113,151–153 This is particularly compatible with achieving
good cosmetic results and is often preferable in this regard for
lesions in the lower half or emanating from the periareolar
region in all areas of the breast.

How is hemostasis achieved?

In the performance of procedures that require wire localiza-
tion, the overuse of electrocautery to achieve hemostasis in the
initial stages of the excision should be avoided. Excessive use
of electrocautery can divide the wire localizer during the pro-
cedure, destroy epithelial cells nearest the cutting edge, and
create coagulation artifacts at the margin of the excised speci-
men, making the histopathologic assessment of margins or
even of the lesion near the margins less reliable. Protein
destruction from excessive use of electrocautery may also lead
to a dequantification of hormone receptor assays, particularly
with small, nonpalpable lesions. The use of electrocautery to
achieve meticulous hemostasis should be reserved for the
excision bed after the specimen has been removed.

How is the wire localizer handled 
intraoperatively?

Before the incision is made, the wire protruding outside the
skin is cut to a length of about 3 to 4 cm (Fig. 24–11C). In
some instances, the wire is inserted over the site of the lesion
and therefore traverses the same site as the incision. When the
wire entry site is not directly over the biopsy incision site,
however, the proximal end of the wire is carefully delivered
into the operative field after the incision is made (Fig.
24–11D). This should be done without placing undue traction
on the wire and disrupting engagement of the hooked end.

The surgeon should provide appropriate traction on the 
tissue around the hook end of the localization wire, but not on
the wire itself. Inadequate traction may create unnecessary
dissection and fragmentation of the biopsy specimen. A 
traction suture, Lahey clamp, or towel clip is best used for
traction, as a crushing clamp may distort or fragment a mam-
mographically subtle, small lesion. The traction suture is
placed to incorporate the tissue surrounding the hook end,
and proper placement is verified by pulling gently upward,
which causes the proximal free end of the wire to move down-
ward (see Fig. 24–11D). When multiple hooked wire localizers
are used to frame a lesion, multiple traction sutures are
placed. The hooked wires themselves should never be used for
traction because they can easily be dislodged, particularly in a
breast that is predominantly composed of fat, with little
fibroglandular tissue into which the hook end might be
securely engaged. It is particularly helpful that the radiologist
placing the localization wires traverse the lesion and have 
the hooked end slightly distal to the lesion to ensure that the
lesion will be more easily and thoroughly excised with the
wire. Use of multiple wires to frame a lesion that was not
clearly defined as a focal density or identified by a localizing
clip, such as an area of architectural distortion or a diffuse
cluster of microcalcifications, clearly provides further 
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guidance for the surgeon attempting to optimally excise the
lesion with proper margins.

How is the specimen handled before 
being sent to the pathologist?

As the lesion is being excised, at least three marking sutures 
or clips are placed at the margins of the excision specimen
(anteriorly or posteriorly, medially or laterally, superiorly or

inferiorly) (Fig. 24–12). If an ellipse of skin is excised with the
specimen, this obviously provides orientation as to the ante-
rior margin. Likewise, if the posterior margin abuts on or is
the pectoralis major fascia, this should be noted and commu-
nicated to the pathologist. It is essential to obtain specimen
radiography of an appropriately oriented specimen to ensure
that it matches the mammographic lesion for which the exci-
sion is being performed. As the lesion has been optimally eval-
uated radiographically by compressed spot-magnification
views, the specimen should be radiographed with compres-
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Figure 24–11 A and B, The incision is planned over the site of a lesion in the left breast based on its location in relation to the nipple
on mediolateral (left) and craniocaudal (right) radiographic views. The free end of the wire has been cut to a manageable length (C) and
delivered into the operative field (D), and a traction suture has been placed into the breast around the distal hook end to facilitate the
complete inclusion of the lesion in the planned excision.



sion and magnification (Fig. 24–13). This may be particularly
valuable in assessing the adequacy of an excision for clustered
microcalcifications. If any margins are deemed too close to the
lesion on gross inspection or specimen radiography, an addi-
tional segment from the excision bed at the site indicated by
the orientation markers is best excised. To ensure that the
lesion has been completely excised and to maximize the likeli-
hood of free margins on final histopathologic assessment,
particularly in the patient with a dense fibroglandular breast
where margin involvement may not always be suspected by
gross inspection or evaluation of the radiographs, it may be of
value to excise an additional segment of the excision bed from
any margin that on gross inspection or on specimen mammo-
graphic evaluation appears near a specimen margin or mar-
gins, and the new margin should be appropriately tagged for
identification by the pathologist. Finally, the specimen is
immediately conveyed to the pathologist for further assess-
ment before the procedure is completed. It has been suggested
that additional specimens be excised from each of the excision

bed margins (i.e., superior, inferior, medial, lateral, and poste-
rior), which can then be further assessed to ensure that the
margins are free of tumor.154 Whatever the technique, efforts
to achieve tumor-free margins while avoiding unnecessarily
excessive excisions of tissue are appropriate and best per-
formed at the time of initial definitive surgery.

How does the pathologist evaluate 
the specimen?

After specimen radiography has confirmed that the lesion, or
clip, is well contained within the excised segment, the speci-
men is carefully oriented by the pathologist as indicated by the
surgically placed marking sutures or clips. Every effort should
be made to ensure that the communication in this regard
between surgeon and pathologist is clear. The surface is 
then cleaned of blood with alcohol and blotted dry, and the
margins are inked to allow appropriate evaluation on final
histopathologic sections. Multicolored gelatin dye systems are
most commonly used for color coding and identifying differ-
ent margins. The dyes are applied with a small paintbrush and
blotted dry again.

After the appropriate inking of the margins, the specimen is
serially sectioned into 3- to 4-mm parallel slices. A definable
lesion may be identified on examination and any specific
proximity to a specific margin or margins communicated to
the surgeon. Additional specimen radiographs of the sec-
tioned tissue for detection of more subtle lesions, particularly
clustered microcalcifications, are also obtained using a table-
top unit (Faxitron X-ray Corp., Wheeling, IL) (Fig. 24–14).
The slices on the specimen radiographs are labeled and placed
in cassettes.

The potential pitfalls in pathologic margin assessment are
evident to anyone viewing the technique, as dye works its way
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Figure 24–12 As it is excised, the specimen is appropriately
tagged for orientation by at least two marking sutures or tags.

A B
Figure 24–13 A, Magnification specimen radiography confirms the lesion centrally located in the specimen. B, Magnification specimen
radiography confirms a Mammotome clip, the site of diagnosis of ductal carcinoma in situ, and additional microcalcification framed by
two hooked wire localizers.
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Figure 24–14 A specimen excised for clustered microcalcifications is serially sectioned (A), radiographs are
obtained (B), and the major site of the microcalcifications is identified (C).



into crevices and tracks down the cut surfaces created by
“bread loafing” of the specimen. Touch preparation cytology
of the various margins before inking has been favorably used
by several groups155,156 but may be limited by the requirement
of expertise in cytologic interpretation as well as by the
nuances of accurate interpretation even among experienced
cytologists, particularly in discriminating atypia from carci-
noma. Frozen section analysis has been successfully employed
in the assessment of tissues sampled from the tumor bed but
has interpretative, as well as even more significant sampling,
limitations.157 Clearly, no definitive and uniformly reliable
technique for intraoperative analysis of margins has yet 
been developed, beyond a diligent assessment of gross and
radiographic criteria and efforts to direct the surgery toward
optimal excision and additional directed margin re-excision
whenever there is suspicion of the close proximity of a lesion.
Certainly, having a needle biopsy–proven diagnosis in
advance of surgery provides the surgeon with the assurance
that efforts at wider excision are justified and allows the best
planning for balancing the oncologic and cosmetic require-
ments of the procedure for a given malignant lesion.

Should frozen section diagnoses 
be obtained for nonpalpable lesions?

Obtaining frozen section diagnoses of a lesion removed by
segmental excision when a preoperative needle biopsy diagno-
sis has not been obtained or is equivocal and when immediate
confirmation of a nonpalpable cancer is desired may not be
appropriate. Such frozen section diagnosis or confirmation
may compromise the full assessment of histologically subtle
or very small (<10 mm) lesions, which are more accurately
evaluated on paraffin sections. Freezing of tissue may produce
artifacts that compromise assessment after the tissue is
embedded in paraffin and may preclude margin evaluation.
Higher false-negative rates have been noted when lesions less
than 1 cm in diameter were evaluated by frozen section diag-
nosis than when these lesions were eliminated from frozen
section analysis of excision specimens.158 Although frozen sec-
tion analysis of nonpalpable lesions may be performed with a
low false-negative rate, as reported by Ferreiro and associ-
ates,159 the stereotactic and sonographically controlled core
needle biopsy for nonpalpable cancers has largely eliminated
the need for frozen section evaluation. Certainly, the accuracy
of diagnosing DCIS by frozen section has been questioned in
several series.160,161 Even for small and low-grade cancers, the
source of many equivocal needle biopsy results, frozen section
diagnosis may not be completely reliable. Even when the diag-
nosis of cancer by needle biopsy is secure, definitive excision
and full assessment of the size and histopathology of nonpal-
pable T1a and selected T1b cancers by paraffin section, as pre-
viously discussed, best enables an appropriate decision on
whether additional surgery, such as sentinel lymphadenec-
tomy, should be performed.

What if the specimen radiograph fails 
to confirm the presence of the lesion?

If the specimen radiograph does not confirm the presence of
the lesion within the excised tissue, there may have been a

technical error or dislodgment of the wire. As noted, dislodg-
ment may occur in a breast composed predominantly of fat,
particularly when excessive traction or manipulation has
moved the wire during the procedure. When the lesion is not
present in the specimen radiograph, the proximity of the hook
of the wire within the excised specimen should be assessed in
relation to the markers that denote the different margins.
If the hook of the wire, presumably the site that would be clos-
est to the retained lesion, is located at a definable margin,
further excision at the site corresponding to this margin may
successfully remove the lesion with appropriate margins. If
specimen radiography of the additional specimen fails to
reveal the lesion detected mammographically, the procedure
should be terminated. A repeat mammogram to confirm the
continued presence of the lesion and repeat needle localiza-
tion excision should be done at the earliest possible time after
the failed excision. With appropriate planning and attention
to detail, failure to include the lesion in the specimen should
occur very rarely.

As core needle biopsy and, in particular, large-gauge 
vacuum-assisted core biopsy with clip placement are increas-
ingly employed for diagnosis, all radiographic evidence of the
lesion may be removed. This may occur in as many as 50% to
72% of cases, as reported by Burbank and Forcier.162,163 A
potential problem for excisions targeted at the clip has been
migration. In a study by Kass and associates,164 a calculated
clip migration of more than 20 mm from the targeted site
occurred in 21.5% of patients. The overzealous application of
vacuum-assisted core biopsy certainly may contribute to diffi-
culties in relying exclusively on clip localization. Alternative
approaches to clip localization have been and are being
assessed, but at the present time, surgeons should be sensitive
to this potential problem when intraoperatively assessing the
adequacy of excisions. Having some residual intact reference
lesion, be it a mass or microcalcification, is helpful in this
regard, as long as appropriate sampling of the reference lesion
has occurred.

How is a segmental excision for a 
palpable lesion performed?

Skin incision placement follows the topographic and oncol-
ogic principles previously discussed. Although appropriate
placement of skin incisions should be directly over the site of
the lesion, or radially extending from the periareolar region,
some modification, if possible, is appropriate to allow the
incision to be centrally placed. This permits concealment by
clothing, such as a sweater with a V-neck or a décolleté dress.
Some flap development from a more centrally placed incision
to a more peripherally located lesion in the upper breast may
be cosmetically desirable, so long as it does not create exces-
sive tracking and distortion.

With palpable carcinomas, the aesthetic issues in perform-
ing a segmental excision take on added significance. Clearly,
the size of the required resection relative to the breast size may
influence the basic decision to pursue breast conservation.
However, patients may still elect to have breast-conserving
treatment even when the resulting reduction in size, particu-
larly of a small breast, creates a noticeable distortion. A later
contralateral mastopexy to correct the asymmetry that may
follow a segmental excision in the superior half of the breast,
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for example, may be helpful in this instance. Segmental 
excision of centrally located lesions subjacent to the
nipple–areolar complex may require its partial or complete
removal, but this need not be an absolute contraindication to
breast conservation if the patient is fully apprised of the aes-
thetic and sensory deficit that will result. Certainly, small
lesions in the subareolar location without evidence of nipple
involvement may be treated by breast conservation as well as
preservation of the nipple–areolar complex.165

The other considerations in segmental excision for palpable
cancers are the same as for nonpalpable cancers. With palpa-
ble lesions subjacent to the skin, an ellipse of skin en bloc with
the parenchymal resection is often desirable because skin
depression can result from preservation of skin overlying a
wide resection of breast tissue. In situations in which the
lesion extends mammographically for distances beyond the
apparent confines of the palpable lesion, associated microcal-
cifications extend for distances beyond the definable palpable
or mammographic density, or the palpable findings are vague
or diffuse and potentially discordant with the focal carcinoma
noted radiographically, needle localization framing is advis-
able. The correlation of the palpable lesion with the radi-
ographic assessment is also essential in planning the extent of
surgery and the type of incision that might be used. A radial
incision, including an ellipse of skin, might be appropriate for
a carcinoma with associated microcalcifications extending in
a segmental distribution, whereas a para-areolar incision
might be appropriate for a focal lesion with no associated
additional radiographic features in the same location.

A special note should be made regarding the excision of
lesions in a patient with a submammary breast augmentation
prosthesis. Particular care is obviously indicated to avoid dis-
rupting the prosthesis. This is one circumstance in which elec-
trosurgery can be judiciously used throughout the procedure
for both cutting and coagulation because this will not damage
the prosthesis, a risk when sharp instruments are used for
traction and dissection. The patient, nevertheless, should be
apprised of the risk for leakage. It is best as well to avoid enter-
ing the fibrous capsule surrounding the prosthesis.

The pitfalls of breast-conserving surgery are listed in Table
24–1.

How is the segmental excision closed?

Following segmental excision and confirmation of the suc-
cessful inclusion of a nonpalpable cancer by specimen radiog-
raphy, and assessment of both nonpalpable and palpable
cancers for the adequacy of margins, complete inspection and
palpation of the excision bed is appropriate. This may reveal a
suspicious area of tissue distortion or hardness not detected
by clinical palpation or mammography. An additional exci-
sion should be performed to allow full assessment of such a
finding.

The placement of small hemoclips to delineate the segmen-
tal excision bed may be useful in assisting the radiotherapist in
planning subsequent radiation portals, particularly if a radia-
tion boost has been determined to be appropriate, as dis-
cussed in Chapter 26. Although placement of surgical clips
may be helpful anatomically, its influence on local relapse is
more difficult to assess.166 A study by Fein and associates167

compared 556 patients irradiated after the placement of clips

with 808 comparably staged patients irradiated without clips.
Recurrence rates at 10 years were 5% without clips and 11%
with clips, the latter rate most likely resulting from a higher
incidence of unknown histologic margins in that group. The
use of clips to anatomically delineate the surgical bed for
boost irradiation planning should never be intended to com-
pensate for a failure to delineate tumor-free margins, as this
delineation is the most important component to decrease the
potential for disease relapse in the breast.

When hemostasis has been achieved, the wound is closed.
Reapproximation of breast tissue with limited tissue removal
is usually not advisable. Attempts to reconstruct underlying
breast tissue when the patient is supine on the operating table,
with the breast in a laterally pendulous position, may result in
particular distortion when the patient assumes the upright
position. A few subcutaneous absorbable sutures may be help-
ful in relieving tension on the skin incision, but more aggres-
sive attempts at reconstructing a small breast defect itself may
be inappropriate and even counterproductive to achieving an
optimal aesthetic result. However, when a significant segmen-
tal excision has been performed through a radial incision with
an elliptical excision of skin, undermining the breast on each
side of the defect above the pectoralis major and approximat-
ing the deep tissues is appropriate to minimize distortion and
create a more normal contour.

Drains are rarely indicated, although with large defects they
may be used for the first day or two to minimize fluid collec-
tion. A simple postoperative aspiration of any serous accumu-
lation in the excision cavity may suffice in most instances
when the patient is seen for the first office visit. The wound is
closed with a subcuticular suture, and Steri-Strips are applied
to the skin (Fig. 24–15). The considerations relative to an 
axillary procedure are discussed below. Moderate pressure 
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Nonpalpable Lesions
1. Failure to localize the lesion preoperatively
2. Failure of the radiologist to clearly communicate the precise

site of the lesion after needle localization
3. Failure to place the incision over the site of the lesion
4. Excessive reliance on periareolar incisions
5. Overvigorous use of electrocautery before the lesion is

excised
6. Failure to provide adequate traction around the lesion
7. Dislodgment of the localizer wire
8. Failure to orient and properly identify the margins of the

specimen
9. Excessive or inadequate margins

10. Failure to obtain specimen radiography
11. Failure of communication between the pathologist and

surgeon on the adequacy of margins
12. Inappropriate use of frozen-section analysis
13. Failure to achieve meticulous hemostasis

Palpable Lesions
1. Inappropriate incisions, including excessive reliance on

periareolar incisions
2. Failure to orient and properly identify the margins of

excision
3. Excessive or inadequate margins
4. Failure of communication between the pathologist and

surgeon on the adequacy of margins
5. Failure to achieve meticulous hemostasis

Table 24–1 Pitfalls of Definitive Surgical Excision of a Cancer in
Breast-Conserving Therapy



is applied to the wound with a fluffed gauze dressing, but 
tape applied under tension to secure the dressing should be
avoided because this may cause blistering and even full-
thickness loss of skin if the tape is applied with significant
stretching. Rather, the patient should be instructed to wear a
brassiere postoperatively and certainly for the first evening to
provide additional compression of the dressing and support
of the surgical wound. A sports bra after the first day and even
for weeks afterward is recommended as a further means of
achieving comfort during the postoperative phase. Advance
purchase of a sports bra that closes with hooks is recom-
mended. Showering is permitted with appropriate wound
protection, with a sealing dressing or impermeable cover
placed in a bra worn in the shower.

SURGICAL MANAGEMENT OF THE
AXILLARY LYMPH NODES

Does axillary dissection confer 
any survival advantage?

There is no convincing evidence that axillary dissection
improves survival. In a meta-analysis of six clinical trials that
randomized patients to breast cancer surgery by segmental
excision and radiation with or without axillary dissection 
or to mastectomy with or without axillary dissection, Orr
demonstrated an average survival advantage of 5.4% of those
groups having axillary dissection.168 However, these trials were
from an era when far fewer patients received adjuvant sys-
temic therapy and few were treated for nonpalpable lesions,
an ever-increasing component of the present population of
breast cancer patients. The two largest trials included in the
analysis were those from the NSABP (B-04)169 and the Institut
Curie.170 In the NSABP B-04 trial, 25% of patients with 
positive nodes were free of disease at 10 years, regardless 
of whether they had been treated by elective dissection or

delayed dissection for clinically detected metastases. In the
Institut Curie trial, there was a survival advantage of 4% for
patients having axillary dissection. However, there was greater
use of both adjuvant systemic therapy and radiation therapy
in patients whose elective axillary dissection revealed metasta-
tic disease. If a survival advantage did result from axillary 
dissection, it would clearly be limited to a small subset 
of patients. Accrual of clinical evidence that would either
demonstrate or disprove a survival advantage for axillary dis-
section is even more unlikely as the use of adjuvant systemic
therapy broadens for patients with invasive cancers and as the
percentage of patients diagnosed with nonpalpable T1a and
T1b lesions increases.

Is the evaluation of axillary lymph 
nodes important for staging?

The pathologic assessment of axillary lymph nodes remains
the most important prognostic variable for the invasive breast
cancer patient. In the absence of any evidence of distant
metastases, the status of axillary lymph nodes has maintained
its dominant influence, even with the trend toward earlier
detection of clinically occult cancers and the proliferation of
molecular assays of the primary tumor. No other factors,
including size, either alone or in combination, are superior at
predicting the potential for relapse.171 Data from the NCI
Surveillance and Epidemiology and End Results (SEER) pro-
gram reporting on 5-year survival in 24,740 patients demon-
strated a predictable increased risk for lymph node metastases
as tumor size increased but demonstrated as well that size and
nodal metastases are independent variables. Even for tumors
equal to or greater than 5 cm, survival decreased from 82.2%
if node negative to 45% if four or more nodes had metas-
tases.172 Furthermore, the extent of nodal involvement, the
number of metastatic axillary nodes,172–174 the size of metas-
tases,175,176 and the extension of metastases beyond the 
capsule177 have demonstrated impact on survival, as detailed
in Chapter 19. As further refinements in the pathologic evalu-
ation of micrometastases evolves, including immuno-
histochemical staining178–182 and molecular assays such as
polymerase chain reaction (PCR),183 the importance of axil-
lary nodal assessment may be enhanced. However, the true
prognostic significance of nodal metastases consisting of
small emboli of cells in the nodal sinuses, immunohistoclini-
cally detected isolated cells, or PCR-positive assays, compared
with true micrometastases (<2 mm), has yet to be repro-
ducibly determined. Conversely, the widespread use of adju-
vant systemic strategies may limit the importance of such
assessment. It is for these reasons that more selective
approaches to axillary surgical management have particular
appeal.

Can the axilla be staged noninvasively?

No clinical or radiographic techniques have yet been demon-
strated to have the sensitivity necessary to accurately stage the
axilla. Physical examination can detect gross disease but has
an unacceptable rate of false-positive as well as false-negative
findings.184–187 Mammography, ultrasound, power Doppler
sonography, MRI, lymphoscintigraphy, and radiolabeled
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monoclonal antibody scanning have proved inadequate to
date.185,185–193 More recently, positron emission tomography
(PET) has been evaluated, but this technique can detect only
tumors that are about 1.0 cm or larger.194

Size and the histologic and molecular characteristics of the
primary tumor, as well as patient age, have been analyzed as
determinants of axillary metastases. The most accurate pre-
dictor remains primary tumor size.172,195 The incidence of axil-
lary involvement increases with the size of the primary tumor
and may even exceed 20% for tumors smaller than 1 cm (T1a
and b). In the experience of one of the authors, as noted, the
rate of axillary metastasis associated with T1a tumors was
10% using hematoxylin and eosin (H&E) staining alone 
and 15% using immunohistochemical staining in addition to
H&E staining.196 As data have accrued on the more detailed
pathologic analysis of sentinel nodes, the frequency of nodal
metastases has increased. When investigators have looked 
at the incidence of nodal involvement as a function of tumor 
size as well as lymphatic or vascular invasion, histologic 
grade, laminin receptor and c-erb-2 overexpression, patient
age, progesterone receptor status, and S-phase fraction,197–199

they have concluded that analysis of the primary tumor could
not replace histologic evaluation of the axillary nodes as an
effective staging technique at the present time. Furthermore,
the more detailed assessment of axillary nodes may shed
increasing light on the biologic significance of micrometas-
tases as well as on the group of patients heretofore considered
node negative by traditional histologic analysis of the entire
axilla but who experienced recurrence, despite a presumed
favorable prognosis.

What is the role of axillary dissection 
in the treatment of breast cancer?

Axillary dissection has remained a component of the local
treatment of invasive breast cancer but has been subjected to
increasing scrutiny in recent years. For patients with palpable
lymphadenopathy, it remains an essential component of sur-
gical therapy. Of patients without lymphadenopathy, more
than 70% will have no histologic evidence of nodal involve-
ment, and this incidence will likely increase as the diagnosis of
smaller and biologically more favorable lesions increases.200

The controversy relating to elective axillary dissection in the
absence of palpable lymphadenopathy derives from a failure
to demonstrate clearly an independent therapeutic value and
from the perception that it should be applied only for patients
in whom the histologic investigation of axillary nodes would
alter adjuvant therapeutic strategies. This perception, how-
ever, may oversimplify the prognostic information that may
be gained from axillary dissection and also undermine the
potential for achieving effective local treatment of axillary
metastases with minimal morbidity, thereby preventing axil-
lary recurrence. Until recently, the alternative to elective axil-
lary dissection has been surveillance or radiation. A more
selective approach using intraoperative lymphatic mapping
and sentinel lymphadenectomy has now gained hold as a
means of both staging and directing the potential therapeutic
benefits of axillary dissection. A detailed consideration of
sentinel lymphadenectomy will follow. Suffice it to say at 
this point that sentinel lymphadenectomy circumvents the

limitations of surveillance and radiation, which fail to obtain
the prognostic information provided by histologic assessment
of the axillary lymph nodes, and it directs axillary dissection
for those patients most likely to benefit from the procedure.
This enables full assessment of the prognostic information the
axillary nodes may provide, which is related not only to the
presence or absence of axillary micrometastases but also to 
the extent of such micrometastases. Such information has
been well demonstrated to correlate with survival.201–203 In this
sense, the detailed analysis of sentinel lymph nodes may allow
even more specific prognostic information and effective 
therapeutic strategies.

How effective is axillary dissection 
in the local control of disease?

The rarity of axillary recurrence following a carefully per-
formed axillary dissection is well established.204,205 In the
NSABP B-04 study, axillary recurrence was reported in only
1.4% of node-negative patients and in 1.0% of node-positive
patients following axillary dissection, whereas 17.8% of
patients with clinically negative axillae randomized to not
have an axillary dissection developed clinically palpable nodal
metastases.206 Series of patients whose axillae were not treated
have been reported by Cady and associates,207 who found an
axillary failure rate of 16%, and by Baxter and associates,208

who found a 10-year actuarial axillary failure rate of 23%.
Radiation is an effective alternative, as reported by Recht 
and associates,209 who noted an 0.8% incidence of axillary
recurrence following axillary radiation in 355 clinically 
node-negative patients. Wong and associates210 reported on 92
patients with no lymphadenopathy treated with radiotherapy
that included the level I nodes. A single axillary recurrence in
association with a breast recurrence, but no isolated axillary
recurrence, was noted.

Radiotherapy can decrease axillary recurrence in the
absence of clinically diagnosed axillary metastases, but it does
not yield prognostic information that might impact adjuvant
therapy.209 Furthermore, as reported in the NSABP B-04 study,
the axillary recurrence rate in patients receiving axillary radi-
ation rather than axillary dissection for palpable nodal disease
was 12%. An even higher rate of 19% was reported in a series
by Osborne and associates211 from the Royal Marsden
Hospital. It has not been feasible to date to segregate the
impact that axillary dissection may or may not have on the
natural history of breast cancer because any benefit is inextri-
cably linked to the greater use of adjuvant therapy resulting
from the information obtained from axillary dissection.
Axillary dissection has therefore remained a component of the
local treatment of invasive breast cancer, but it has appropri-
ately come under intense scrutiny as the frequency of smaller,
often nonpalpable and low-grade cancers has risen as a result
of more widespread mammographic screening and as more
refined sentinel lymphadenectomy techniques are developed.
The issue of complications from axillary dissection will be dis-
cussed later in this chapter. While complications depend on a
clear definition of the extent of surgery, the issue for our pres-
ent consideration is whether the detection of axillary metas-
tases might be optimized and axillary dissection limited to
only those patients in whom a prognostic and possible thera-
peutic benefit might be realized.
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Is axillary staging always indicated 
for invasive breast cancer?

Histologic assessment of the axilla in conjunction with breast
conservation has generally not been advocated in instances in
which the histologic characteristics of the cancer are predom-
inantly intraductal, with only microinvasion, or in instances
of invasive cancers that are smaller than 1 cm (T1a and T1b)
with well-differentiated characteristics, such as pure tubular
or colloid carcinomas, and are hormone receptor posi-
tive.212–214 Likewise, in elderly patients, particularly those with
serious intercurrent medical illness, such procedures may not
be appropriate.215

Greater refinements in some of the indications for axillary
staging are being introduced because increased use of mam-
mography has produced an increase in the frequency of
clinically occult lesions, many with low-grade histologic char-
acteristics, and more concentrated efforts to pathologically
assess for axillary micrometastases have been advanced.
Giuliano and associates,216 in a study of 259 patients with T1
invasive carcinoma having axillary dissection, found 27% to
have axillary metastases. The only factor predictive of axillary
metastasis was tumor size, with 10% of T1a (£5 mm), 13% of
T1b (5 to 10 mm), and 30% of T1c (10 to 20 mm) tumors
having axillary metastasis. Other factors, such as age, hor-
mone receptor status, the presence of DCIS, histology, ploidy,
and S-phase assessment, were not significant predictors of
nodal involvement.216 Nodal metastases were noted in 9.8% of
patients with T1a and 19.4% of patients with T1b lesions in a
study by White and associates217 of 931 axillary dissections,
whereas Barth and associates213 analyzed 918 patients with T1
lesions and found that in 117 patients with nonpalpable,
non–high-grade cancers smaller than 1 cm without lymphatic
or vascular invasion, the incidence of axillary metastases was
3%. Although several investigators have sanctioned the aban-
donment of axillary dissections for T1a carcinomas in view of
the low incidence of axillary metastases,218–222 refinements in
surgery and pathology have recast the discussion.

Can the axilla be more selectively staged?

Axillary dissection is associated with well-documented mor-
bidity rates, to be considered later in this chapter. If axillary
dissection conferred a clear survival advantage this morbidity
would be acceptable, but because an increasing percentage of
patients treated for breast cancer have small, often clinically
occult cancers, the need for axillary dissection has become less
compelling. Nevertheless, the significance of prognostic infor-
mation gained; the possibility of ablating occult nodal metas-
tases, which may offer an unproven but possible therapeutic
advantage; and the opportunity to secure local control of dis-
ease continue to focus attention on axillary dissection.

The means by which to accurately evaluate for the presence
or absence of axillary nodal metastases without axillary dis-
section evolved from the long-standing study of lymphatic
anatomy and from the clinical experiences applying modern
technologic advances to this issue. Lymphoscintigraphy using
radioisotopes has long been applied to study the direction 
of lymphatic drainage from ambiguous primary melanoma
sites on the trunk and head and neck.223 As already noted,

Cabanas224 introduced the concept that a specific cutaneous
site, a penile carcinoma in the case he reported, would drain
not just to a specific nodal site but to a specific node. Morton
and associates225 brought this concept into the operating room
with great specificity in the treatment of melanoma, convinc-
ingly demonstrating that identifiable nodes were the first
drainage sites not only of cutaneous lymphatics but also of
nodal metastases. For breast cancer, the sentinel node or nodes
are therefore those that drain the area of the breast where the
primary tumor is located and thus are most likely to contain
metastases. The nodal tumor status can thereby be evaluated
by the selective assessment of this node or nodes. These sen-
tinel nodes have now become the focus of intense study and
clinical application and are leading to a redefinition of axillary
surgery for cancer of the breast.

In staging and treatment of melanoma patients by Morton
and associates,226 initial success was achieved in 95% of
patients undergoing sentinel lymphadenectomy followed by a
completion regional node dissection. The applicability of the
technique was subsequently validated in a multicenter
study.227 There were no false-positive results, and the rate of
false-negative sentinel nodes, whereby metastases were 
detected in nonsentinel nodes in the absence of sentinel node
metastases, was only 1%. This technique was applied to breast
cancer beginning in 1991. After the development of a variety
of techniques for lymphatic mapping, the success at identifi-
cation of the sentinel nodes in breast cancer patients has
exceeded 95%, with false-positive rates of 0% and false-
negative rates of 0% to 13% in series in which the technique
has been followed by a completion axillary dissection.228–235

Furthermore, three major clinical follow-up studies of
patients with sentinel nodes that were negative for metastases
and for whom no further dissection was performed, although
limited in the duration of follow-up, have no reported
instance of an axillary recurrence.236–238 With refinements in
technique as well as the pathologic and even molecular assess-
ment for nodal micrometastases, it is to be expected that false-
negative rates will continue to decline. Indeed, the ability to
obtain detailed information on the multiple sections of sen-
tinel nodes has been a major incentive toward the rapid, broad
study and acceptance of the technique.

How is sentinel lymphadenectomy performed?

Since the introduction of sentinel lymphadenectomy, several
successful techniques have been proposed. As these techniques
evolved, technologies were introduced using radioisotopes
and gamma probe detection, which led to numerous further
modifications. The varying designation of the procedure as a
sentinel lymph node dissection, sentinel lymph node biopsy,
or sentinel lymphadenectomy, often preceded by the phrase
“intraoperative lymphatic mapping,” reflects the ongoing evo-
lution of the procedure. Differing approaches for the most
part hinge on the differing substances used to trace the lym-
phatic drainage and to identify the sentinel node as well as on
the sites of injection of these substances. The most commonly
used agents for lymphatic mapping are the dye lymphazurin
1% (isosulfan blue) and the radiocolloid 99mTc-labeled sulfur
colloid in either a filtered or unfiltered form.

Isosulfan blue dye was selected because of its propensity to
be taken up and retained by lymphatics in an animal study, as
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compared with water-soluble methylene blue dye.239 Clinical
assessment, however, has demonstrated that methylene blue is
efficacious for lymphatic mapping and sentinel node identifi-
cation and may be an appropriate substitute.240 Its smaller
particle size compared with unfiltered filtered 99mTc-labeled
sulfur colloid allows more rapid uptake and transit by lym-
phatics but also greater suffusion into the intravascular com-
partment. Success has been achieved with both, as well as 
with isotopes with smaller particle size, such as 99mTc-human
albumin, 99mTc-dextran, and 99mTc-antimony sulfur colloid.
Radiocolloid lymphatic mapping requires the use of a gamma
probe for intraoperative identification of the sentinel nodes.
Individual surgeons and centers have used dyes, radioisotopes,
or both, with comparable success.

The mapping agent or agents may be injected in peritu-
moral, subcutaneous, intradermal, or subareolar locations,
alone or in varying combinations. Techniques may be dictated
by how the diagnosis was made (i.e., needle biopsy that leaves
an intact lesion, or excision that leaves no reference lesion), by
the proximity of the lesion to the axilla, and by the timing of
surgery in relation to injection. All parameters may affect the
decision on which agent and technique of introduction to use.
A panel of internationally recognized investigators of sentinel
lymph node biopsy, at a consensus conference on the role of
the procedure, endorsed dual-agent mapping with dye and
radiocolloid for surgeons first adopting sentinel lymph node
biopsy, while they recognized that use of either agent alone 
may be appropriate as experience is acquired.241 A combined
approach is therefore presented and is supported as well by
several recent studies demonstrating the improved sentinel
node detection rate using dual-agent techniques.242–245

The procedure is initiated by the injection of 99mTc-sulfur
colloid around the lesion or prior excision site. If the lesion is
nonpalpable, injection is directed by the localization tech-
nique used, either at the site of needle or hooked wire local-
ization, or sonographically if appropriate expertise is available
in the nuclear medicine facility. The injection should be
scheduled at least 1 hour and optimally 2 hours before the
planned procedure. If significantly longer time intervals are
predicted, unfiltered 99mTc-sulfur colloid is preferred as it may
be less likely to migrate to second-echelon lymph nodes.
99mTc-sulfur colloid is available in the United States and
Canada but not in Europe, and the use of 99mTc-labeled col-
loidal human albumin is employed in most patient series
there. In general, 1 to 2 mCi of 99mTc-sulfur colloid is injected
in a total volume of 2 to 6 mL in divided doses of 1 mL around
the lesion or excision cavity, including a subdermal injection
if the lesion is not deep in the breast. Injection into the exci-
sion cavity will not be successful at promoting uptake by 
the lymphatics. Successful sentinel node identification has
been reported with intradermal injection,244 intraparenchy-
mal injection,246–248 and subareolar injection.249 Subareolar
injection may be particularly useful for lesions high in the
upper outer quadrant to eliminate radioactive overlap with
the axilla and for nonpalpable lesions in which the precision
of peritumoral injection may be uncertain.

Sentinel lymphadenectomy is performed before segmental
excision or mastectomy. In the operating room, the patient is
positioned as for an axillary dissection, with the arm free and
at a right angle to the body on an armboard. The breast and
axilla are prepared and draped, with the arm free, and the
table is rotated slightly to the contralateral side and in a

reverse Trendelenburg position. Anesthesia is dependent on
the surgical plan, such as whether the sentinel lymphadenec-
tomy is to be performed with a breast-conserving operation
or a mastectomy, whether completion axillary dissection 
is planned if a sentinel nodal metastasis is detected, and 
the patient’s preferences, level of anxiety, or body habitus.
Although sentinel lymphadenectomy can be performed under
local anesthesia, sedation is often desirable, as is general anes-
thesia in appropriate instances.

Lymphazurin (isosulfan blue dye) is injected around the
lesion if it is palpable, around the site of localization if the
lesion is not palpable, and around but not into the excision
cavity if the lesion has been excised. Subdermal or intradermal
injection may be used if the skin site is to be excised. The vol-
ume of dye varies with the size of the breast and the location
of the carcinoma in relation to the axilla. Lymphatic drainage
from lesions in the upper outer quadrant is best mapped with
as little as 1 to 3 mL in a small breast to avoid suffusing the
axilla and making blue node identification difficult. By con-
trast, mapping of the lymphatic drainage from an excision
cavity in other areas of a large breast may require amounts as
high as 5 mL. Injections are made in divided amounts around
the lesion or cavity, favoring the axillary side (Fig. 24–16). The
breast is then compressed and gently massaged for about 
5 minutes to increase the interstitial pressure and improve
lymphatic flow, as emphasized in the report by Giuliano and
coworkers228 and the study of Bass and associates.250 The lack
of any substantiating data makes it unlikely that massaging an
intact tumor and theoretically causing lymphatic dissemina-
tion of malignant cells has any adverse clinical relevance. The
time from injection to incision is precisely monitored, so that
the incision is not made before at least 5 minutes has elapsed,
to allow transit of the dye into the lymphatics and to the sen-
tinel node. For medial locations, longer intervals approaching
10 minutes are advisable.

At the outset of the procedure, the appropriately calibrated
gamma probe is placed on the field in a sterile sheath. The
incision is made just below the hair-bearing area of the axilla
in a transverse, slightly curvilinear direction. Invariably, this is
the site of highest radioisotope counts as the gamma probe is
moved over the skin to determine the location of radioisotope
concentration (Fig. 24–17). The incision may be adjusted if
highest radioactivity is focused above or below this area. The
length of the incision depends on patient size, fat distribution
in the axillary fold, and muscular development. Rarely is there
a need to extend the incision beyond 4 cm. The incision is car-
ried down through the subcutaneous tissue to the clavipec-
toral fascia, which is gently divided. Meticulous hemostasis
using electrocautery is essential. No attempt should be made
to develop skin flaps. A Weitlaner self-retaining retractor
greatly facilitates exposure. When a mastectomy is planned,
the axillary incision will be the lateral extension of the inci-
sion, a flap in this instance being developed. At this point, the
aim is to identify a blue-stained lymphatic channel or chan-
nels. The gamma probe may help to direct the dissection to
the area in the surgical field with greatest activity, indicating
radioisotope concentration in the sentinel node. A small
retractor placed at the edge of the pectoralis major for medial
retraction also facilitates exposure. Similarly, supporting the
forearm superiorly toward the contralateral side and parallel
to the patient may allow greater access to the lateral axillary
contents. Efforts should be made to avoid inadvertent 
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disruption of a blue lymphatic channel because this may
result in inadequate staining of the sentinel node and unnec-
essary blue staining of the soft tissues. After the blue channel
or channels are detected by careful dissection with a mosqui-
to clamp and electrocautery, they are traced both proximally
and distally to ensure that the first node in the chain is identi-
fied. Following identification of a blue node with appropri-
ately high radioisotope counts, great care is exerted in
handling the node. A traction suture may be placed adjacent
to it, or a noncrushing Babcock clamp may also be used to

deliver the node into the field and allow its complete excision
(Fig. 24–18).

After excision of the node or nodes, care must be taken 
to evaluate the specimen for its color and for its ex vivo
radioactive counts. A potential pitfall of the use of radio-
colloid and gamma detection of sentinel nodes is “shine-
through” of radioactivity, not only from an injection site close
to the axilla but also from a node or nodes behind or adjacent
to the presumed sentinel node. The excised nodes should have
the same ex vivo counts as recorded in vivo (Fig. 24–19). The
nodes should be evaluated for radioactive counts away from
the operative field. With a larger node, a specific focus of high
radioisotopic counts may be identifiable and can be tagged
with a suture to direct the pathologist to this potential site of
metastatic disease. The site of excision should also be evalu-
ated for residual background radioactivity, with the probe
directed not only centrally but also in all directions around the
periphery of the field of dissection except toward the site of
injection. It has been suggested that nonsentinel node counts
should be less than 10% of the sentinel nodes.242 Certainly, if
the ex vivo counts over the node are lower than the in vivo
counts, if the concentration of the blue dye is uncertain,
and if the background counts are not significantly lower than
the reference nodes, further dissection is indicated. The pro-
liferation of gamma detection instruments and collimators
requires that the surgeon be familiar with the specifications
and calibration of the specific instrument being used. Careful
recording of the counts, not over-reliance on audible features,
is essential. Inspection and palpation of the axilla may reveal a
grossly involved node that has failed to concentrate dye or
radioisotope, or a blue node that has been overlooked. These
should be excised, because a node replaced by metastatic 
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Figure 24–16 Blue dye and/or radioisotope injec-
tion at site of cancer.

Figure 24–17 Site of incision for the sentinel lymph node 
biopsy.



these situations, the more extended procedure may not be 
justified.

The pitfalls of sentinel lymphadenectomy are listed in Table
24–2.

How is the sentinel node examined?

The sentinel node is immediately conveyed to the pathology
lab, where it is inspected. If there is any suspicion of metasta-
tic disease by gross inspection or after the node is bivalved
along the longitudinal axis, the sentinel node is examined by
frozen section. If the sentinel node demonstrates metastasis
on frozen section, a standard level I and II axillary lymph node
dissection is performed at the initial surgical procedure. For
nodes that are not suspicious by inspection, the issue of intra-
operative evaluation is more controversial. There is certainly
an advantage to establishing a diagnosis of metastatic car-
cinoma at the time of initial surgery, particularly in the setting
of mastectomy and reconstruction. When breast conservation
is planned the issue is not as compelling, given the limited
extent of surgery and the frequently ambulatory setting for
performing these procedures. This experience had led some to
recommend sentinel node biopsy as an initial separate proce-
dure for those having mastectomy and reconstruction.253

There are potential pitfalls in the routine use of frozen sec-
tion analysis, including tissue loss, which occurs particularly
with a small lymph node, and there are recognized limitations
on the accuracy of frozen section diagnosis. When compared
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Figure 24–18 Blue-stained lymphatic channel coursing toward
blue-stained lymph node is identified.

Sentinel lymph node

Figure 24–19 Sentinel lymph node or nodes, excised, and
radioisotope counts confirmed ex vivo.

1. Failure to inject dye intraparenchymally, favoring the axillary
side of the intact lesion or segmental incision site.

2. Failure to inject isotope at least 1 to 2 hours prior to
commencement of the procedure.

3. Failure to record time of injection of dye and/or isotope and
time of commencement of the procedure.

4. Failure to massage the site of dye injection.
5. Failure to place the incision below the hair-bearing area of

the axilla to allow extension to an axillary dissection
incision, if necessary.

6. Failure to transect tissues directly down to the clavipectoral
fascia.

7. Failure to carefully dissect until blue-stained lymphatic
channel(s) are identified to avoid their disruption.

8. Failure to achieve meticulous hemostasis.
9. Failure to carefully review gamma probe settings and

collimation characteristics.
10. Failure to direct gamma probe away from injection site,

particularly to avoid “shine-through” with lesions in the
upper outer quadrant.

11. Failure to check ex vivo counts of sentinel node(s), away
from the operative field, to ensure that they approximate in
vivo counts.

12. Failure to check background counts at excision site to
ensure that there has been a reduction to less than one
tenth of the hottest node.

13. Failure to inspect the excision site for any suspiciously
enlarged or palpable nodes and failure to excise such nodes
regardless of their failure to concentrate dye or
radioisotope.

Table 24–2 Pitfalls of Sentinel Lymphadenectomy

carcinoma may direct lymphatic flow to other nodes and fail
to take up dye or isotope.251,252 Finally, failure to identify the 
sentinel nodes should be followed by an axillary dissection,
except in those instances in which the probability of nodal
metastases is low, there are relative contraindications to the
procedure, or the potential for altering prognosis is small. In



with permanent paraffin section results, frozen section analy-
sis of sentinel nodes may have a false negative rate of 11% to
43%.254–263 With more exhaustive intraoperative frozen section
analysis this may be reduced, but micrometastases may con-
tinue to elude detection.264,265

Another intraoperative approach is the use of touch prepa-
ration analysis. Nodes are bisected, and after inspection,
imprints are made for cytologic analysis.266–269 As with touch
preparation assessment of segmental excision margins, touch
preparation of lymph nodes depends on available expertise in
cytologic analysis, but in experienced centers it is an accurate
means of assessment, with sensitivity as high as 94.4%.267

Subsequent analysis of sentinel nodes by multiple sectioning
and immunohistochemical staining for cytokeratins is
detailed in Chapter 11.

Certainly, sentinel lymphadenectomy has resulted in
increasing sensitivity in detecting nodal metastases. Frozen
section detects about 70% of positive nodes that are event-
ually judged positive with H&E.89 Immunohistochemical
staining has detected an additional 10% to 20% of nodes that
were thought to be negative by H&E.270–273 Multiple sectioning
with immunohistochemical analysis of the sentinel node is
clearly a powerful means of detecting metastases but would be
logistically formidable for the much larger axillary lymph
node dissection specimen. In the study of Giuliano and asso-
ciates, among patients with positive sentinel nodes, 32% were
positive on routine histology, whereas immunohistochemical
staining increased the yield of positivity to 42%.228 The true
significance of micrometastases detected by immunohisto-
chemical staining alone or more recently by reverse transcrip-
tion polymerase chain reaction (RT-PCR) remains to be
determined.

To determine how sentinel lymphadenectomy compares
with axillary lymphadenectomy as a staging technique,
Giuliano and associates also examined the axillary nodes
excised from 162 patients undergoing sentinel lymphadenec-
tomy followed by complete axillary lymphadenectomy and
134 patients undergoing axillary lymphadenectomy alone.274

Axillary lymph node dissection specimens were examined by
H&E alone, and sentinel nodes by H&E and immunohisto-
chemical staining. The rate of detection of axillary metastases
was higher in the sentinel node dissection and axillary dissec-
tion group than in the group undergoing axillary dissection
alone (42% vs. 28%, respectively; P = .05) This difference
reflected the larger number of micrometastases (<2 mm)
detected in the sentinel node group (16%) than in the exclu-
sive axillary dissection group (3%). Using H&E only,
micrometastases were found in 9% of the sentinel node group
and in 3% of the axillary dissection group. When the sentinel
nodes were examined with immunohistochemical staining,
the incidence of micrometastases increased by 7%. This study
highlighted the greater sensitivity of sentinel lymphade-
nectomy compared with axillary dissection in detecting nodal
metastases. Veronesi and associates compared 516 patients
with primary breast cancer in whom the tumor was equal to
or less than 2 cm to sentinel node biopsy and axillary dissec-
tion or sentinel node biopsy alone followed by axillary dissec-
tion only if the sentinel node contained metastases.275 The
sentinel node was positive in 32.3% of the sentinel node and
axillary dissection group and in 33.5% of the group having
only sentinel node biopsy. There were no cases of overt 

axillary metastases in the sentinel node group evaluated as 
negative for metastasis and not having axillary dissection.

Should axillary dissection follow the 
detection of a sentinel node metastasis?

While the standard of care has been to perform an axillary 
dissection (the techniques of which will be detailed later in
this chapter) for a confirmed axillary nodal metastasis, the
sentinel node technique has focused attention on certain
assumptions about the value of axillary dissection.
Specifically, what is the significance of a micrometastasis (£2
cm) or a “submicrometastasis” (£0.2 cm) as a cluster or, even
more problematically, as individual cells, often detected by
immunohistochemical staining, not only for prognosis but
surgically as an indication for completion axillary dissection?
Prognostically, the issue has significant implications for 
adjuvant systemic therapy as well. Complicating the study 
of these questions are the limitations of pathologic assess-
ment of completion axillary dissection specimens, which are
rarely evaluated with the same exhaustive techniques as are
sentinel nodes, making data on the likelihood of additional
nodal disease imperfect. These issues were addressed in a
consensus conference on sentinel lymph node biopsy.241 At
the present time, the issue of whether completion axillary
dissection confers any advantage following the detection of a
sentinel node metastasis is unresolved. In the previously cited
study by Veronesi and associates, in 60 of 175 patients in
whom only a micrometastasis (foci <2 mm diameter) was
found in the sentinel nodes, 10 (17%) had another node
involved.275

The use of immunohistochemical staining and the detec-
tion of submillimeter metastases present a dilemma for the
surgeon outside of the clinical trial setting. Controversy per-
sists, with some questioning the value of additional dissection
in view of the low probability of additional nodal disease.276–280

Jakub and associates281 found that 14.5% of patients with
metastases detected by positive immunohistochemical stain-
ing for cytokeratin in the sentinel node had additional nodal
metastases in completion axillary dissection specimens, lead-
ing them to recommend consideration of the procedure.
Studies that have considered variables that might affect the
possible involvement of nonsentinel lymph nodes have
demonstrated a greater likelihood with increasing tumor
size282 and the size of the metastasis (>2 mm).283 Clearly, such
decisions must weigh the impact that a completion axillary
dissection would have on adjuvant therapeutic decisions and
outcome as well as morbidity. A group of 46 women with sen-
tinel node metastases who refused or were recommended to
omit axillary dissection for comorbid conditions was studied
by Guenther and associates.284 After a mean follow-up of 32
months, none had developed an axillary recurrence, and one
developed distant metastases.

An ongoing clinical trial by the American College of
Surgeons Oncology Group (ACOSOG Z0011) randomizes
patients with T1 or T2 tumors with clinically negative axillae
and treated by breast conservation and who have a single sen-
tinel lymph node metastasis on H&E to either have or not
have a completion axillary dissection. Use of adjuvant breast
radiotherapy and systemic therapy is the same for both
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groups.285 This study should provide important data to help
resolve the issue.

Are there any adverse reactions 
to lymphatic mapping?

The potential for allergic and anaphylactic reaction to isosul-
fan blue dye has now been documented. Montgomery and
associates reviewed a series of 2392 patients having sentinel
lymphadenectomy using isosulfan blue dye and reported
allergic reactions in 1.6%, 69% of which were grade 1
(urticaria, blue hives, rash, or pruritus), 8% grade 2 (hypoten-
sion not requiring pressor support), and 23% grade 3
(hypotension requiring pressor support).286 No cross-
reactivity was found among patients having a sulfa drug 
allergy. Awareness of this potential for allergic reactions allows
appropriate diagnosis and treatment with diphenhydramine
as well as hydrocortisone for more severe reactions.

The patient’s urine is frequently blue in the hours following
the procedure, and the stool, through excretion of dye in the
bile, may also be blue. During surgery, falsely decreased pulse
oximeter readings may result from the circulating dye. Blue
dye may suffuse into the surrounding breast not encompassed
by the surgery. The resulting blue hue invariably dissipates
with time, and the patient should be reassured in this regard.

Radioactive colloid use for sentinel lymphadenectomy is
considered safe, with radiation exposure to the patient, sur-
geon, and staff a small fraction of the maximum allowable
yearly dose.241,287,288 The Consensus Conference on Sentinel
Node Biopsy for Breast Cancer noted reassuringly that women
who are potentially or actually pregnant are not exposed to
any significant risk. Although local radiation safety precau-
tions may differ, special precautions were not deemed neces-
sary beyond the appropriate sealing and identification of
waste materials according to institutional practice.241

The potential complications of axillary dissection will be
discussed later in this chapter. Sentinel lymphadenectomy
now has a documented and predictably lower incidence of
pain, paresthesias, range-of-motion limitations, seroma 
formation, axillary web syndrome (a cordlike extension from
the axilla down the arm), and arm edema.289,290 A drain is not
required, and arm mobility may resume immediately after
surgery. Paresthesias and pain should be avoidable with care-
ful dissection near the intercostobrachial nerve, although
transient symptoms may be experienced.

Is lymphoscintigraphy required 
for sentinel lymphadenectomy?

Lymphoscintigraphy images lymphatic channels and lymph
nodes using radioactive isotopes in the nuclear medicine
department, after injection of the isotope around the tumor
or biopsy cavity. The patient then lies on a scintiscanner,
which tracks the radioactive isotope as it travels from the
tumor site through the lymphatic channels to the sentinel
node. A hard copy is made of this drainage pattern, and the
sentinel node site may then be marked on the skin with ink.

The issue is whether this preoperative imaging is required
in managing the breast cancer patient for whom the injection

of isotope and sentinel lymphadenectomy with a gamma
probe and blue dye is to be performed. When used for malig-
nant melanoma, lymphoscintigraphy has been of particular
value in delineating patterns of lymphatic drainage from
ambiguous areas such as the trunk and the head and neck,
where the direction of lymphatic flow may be variable,
multiple, and even unpredictable. This is useful in planning
intraoperative sentinel lymphadenectomy strategies for the
melanoma patient. For breast cancer, the needs are less 
compelling. Many lesions arise in the upper outer quadrant,
where the radioactive scatter may obscure the lymphatic
channels and sentinel nodes, while the drainage pattern 
from all other sites is overwhelmingly to the axilla. Hence, the
procedure has not been considered a requirement.291,292

McMasters and associates found no advantage to the sentinel
node identification rate, false-negative rate, or number of sen-
tinel nodes removed if preoperative lymphoscintigraphy was
performed.292 Furthermore, the value of detecting occasional
internal mammary node or supraclavicular node drainage
patterns in altering management remains unclear at this time.
Certainly, the sensitivity of intraoperative gamma probes
largely obviates the information obtained by preoperative
lymphoscintigraphy.

Is there an appropriate learning mechanism 
for sentinel lymphadenectomy?

Any institution considering the adoption of sentinel lym-
phadenectomy in the treatment of breast cancer patients must
recognize the role not only of the surgical team but also of the
pathology and nuclear medicine departments. For the proce-
dure to have a meaningful impact on patient care, multidisci-
plinary cooperation and continued review and critical analysis
of all components of lymphatic mapping, surgical technique,
and histopathology should be in place. Traditional training in
a surgical procedure relies on the expertise and experience of
those transmitting the information to those being trained.
The technique of sentinel lymphadenectomy, like laparos-
copic surgery before, has been rapidly embraced, with few
experienced surgeons to provide direct supervision. To adopt
the technique appropriately and develop their competence,
surgeons have been encouraged to perform the procedure and
follow with an axillary dissection to protect against false-
negative sentinel node biopsies by validating that nodes 
containing metastatic disease were indeed the sentinel nodes.
Only in this way would the sentinel node reflect the status of
the axilla. An area of discussion therefore became what num-
ber of such validating sentinel lymphadenectomies followed
by axillary dissections should be required to ensure surgeon 
proficiency with the procedure.234,293,294 Recommendations in
general were that a volume in excess of 20 procedures and 
a rate of failure for identifying the sentinel nodes of less 
than 5% appeared appropriate.295 Institutional experience and 
volume, and the level of expertise of those instructing others,
would affect the appropriate number for a surgeon in a spe-
cific center. As the procedure continues to be adopted and
taught in residency training and fellowship programs and 
as experience builds, specific issues in credentialing will 
be addressed.296,297 As experience broadens, however, it may be
inappropriate to ask patients to have completion axillary 
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dissections for the purpose of developing surgeon proficiency
with a technique that is being done largely to avoid axillary
dissections.

Is internal mammary sentinel 
lymphadenectomy indicated?

Sentinel node identification has led to a reconsideration of the
role of internal mammary node excision in the treatment of
breast cancer. Isolated internal mammary nodal metastases 
in the absence of axillary nodal involvement have been seen in
5% to 10% of patients for whom both axillary dissection 
and internal mammary node dissection have been per-
formed.298–300 Isolated internal mammary nodal metastases
carry the same prognostic implications as isolated axillary
nodal metastases.301,302 If the identification of such metastases
would alter therapeutic management, then the determination
by lymphoscintigraphy of those few patients with internal
mammary drainage patterns, and sentinel lymphadenectomy
of those nodes, would be justified. The presence of both inter-
nal mammary and axillary drainage has significant adverse
prognostic significance, but because most patients with inter-
nal mammary drainage also have axillary drainage, an effort
to map internal mammary sentinel nodes has the potential to
benefit only a small number of patients.303 An added concern
is the technical limitation of mapping the nodes from medial
lesions; this limitation is created by the proximity of radioiso-
tope as well as blue dye at the primary site, both techniques
obscuring the potential for isolating the site of sentinel node
drainage. Incisions overlying the medial upper intercostal
spaces may lead to visible scars, which may become hyper-
plastic near a midline location, a further consideration when
weighing the possible benefits and risks of internal mammary
sentinel lymphadenectomy.

Two recent studies on nonaxillary sentinel lymph node
biopsy, including internal mammary sentinel nodes, indicated
success rates for identifying internal mammary sentinel nodes
of 63%304 and 80%.305 Isolated internal mammary metastases
were detected in 7.3% and 3.1%305 of patients. A study from
Milan of sentinel lymphadenectomy for inner quadrant
lesions with lymphoscintigraphic evidence of drainage to the
internal mammary nodes found 12 (10%) with metastases in
the internal mammary sentinel nodes. All patients had axillary
dissections as well, of whom 18% (8 of 45) had axillary metas-
tases and 5% (4 of 77) did not, the internal mammary sentinel
node being the only nodal metastasis.306 Ongoing studies may
provide reproducible guidelines, but the issue of internal
mammary sentinel lymphadenectomy remains unresolved
until its therapeutic impact can be more clearly determined.
Certainly, the capability of assessing internal mammary
nodes, with far less morbidity than was previously the case in
the era of extended radical mastectomy, despite the reserva-
tions noted, invites a reconsideration of potential benefits.

Is sentinel lymphadenectomy ever 
indicated for ductal carcinoma in situ?

Theoretically, DCIS does not metastasize, and therefore there
is no rationale for any axillary surgery, regardless of how lim-
ited. However, sentinel lymph node biopsy for DCIS in four

studies had a reported incidence of metastases of 3% to
13%.307–310 These unexpected incidences highlight the para-
doxical limitations of histologically designating all DCIS as
categorically noninvasive, particularly when such designation
is based on core biopsy or incisional surgical biopsy speci-
mens. In view of the biologic heterogeneity of DCIS, it would
appear reasonable to consider sentinel node biopsy in those
patients with extensive high-grade DCIS, particularly when
there is associated radiographic or clinical suggestion of a
mass lesion in association with the DCIS, as well as in patients
with extensive disease often necessitating mastectomy. In
other instances, breast conservation does not preclude per-
forming sentinel lymphadenectomy as a staged procedure 
if histologic assessment demonstrates unexpected invasion.
Most sentinel nodal metastases in patients with DCIS have
been detected by immunohistochemical staining alone.309,310

With the increasing use of immunohistochemical staining of
sentinel lymph nodes has come uncertainty about the biologic
and prognostic significance of micrometastases detected by
this technique, a group that may be expanded by routine sen-
tinel lymphadenectomy for all DCIS.

What are the contraindications 
to sentinel lymphadenectomy?

Any attempt to establish restraints on the performance of sen-
tinel lymphadenectomy runs the risk of being quickly refuted
by newer data in this rapidly evolving area of investigation.
Certainly, patients with palpable axillary disease or patients
discovered at the time of surgery to have a palpable nonsen-
tinel node are not candidates for initiating or continuing the
procedure, respectively. Patients with T3 lesions (>5 cm) are
not appropriate candidates, although it has been suggested
that those whose cancers have been downstaged by neoadju-
vant systemic therapy may be candidates.311 Patients with
multifocal and multicentric disease, previously considered not
to be candidates for sentinel lymphadenectomy, are being re-
evaluated in this regard. Tousimis and associates reported no
difference in the accuracy, sensitivity, or false-negative rate in
sentinel lymph node biopsy for 70 patients having multifocal
or multicentric breast cancer compared with literature valida-
tion studies of sentinel lymphadenectomy, most patients in
those studies having single-site invasive breast cancer.312,313

This experience supported previous observations that regard-
less of location, tumors drain through afferent lymphatic
channels to a common axillary sentinel lymph node.314,315

Whether the presently held belief that radiation to the breast
or prior breast or axillary surgery is a contraindication to sen-
tinel lymphadenectomy will be altered based on evolving
experience remains to be seen.

When is axillary lymph node 
dissection appropriate?

Clearly, the introduction of sentinel lymphadenectomy has
challenged the popular adherence to performing an axillary
dissection as an essential component of the surgical treatment
for most invasive carcinomas of the breast. Despite the cau-
tion that has been expressed against adopting sentinel lym-
phadenectomy as a standard of care until the technique and its
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impact on patient outcome have been validated in prospective
trials as well as by individual surgeons and institutions 
critically assessing both their surgical and histopathological
techniques, the trend is unquestionably toward abandoning
elective axillary dissection in favor of sentinel lymph node
biopsy.316 In this regard, an ongoing randomized phase III
clinical trial by the NSABP (Protocol B-32) assigns patients to
sentinel lymphadenectomy with axillary dissection, or to 
sentinel lymphadenectomy alone if there is no evidence of
metastases by intraoperative imprint cytology or permanent
H&E-stained sections. If metastases are found in the sentinel
nodes in the latter group, an axillary dissection is per-
formed.317 At the present time, for patients with metastases in
the sentinel nodes, patients with clinically evident axillary
metastases, patients with grossly apparent axillary metastases
intraoperatively that may fail to absorb dye or radioisotope,
selected patients with a very high risk for harboring axillary
micrometastases, and those for whom sentinel lymphadenec-
tomy would not be appropriate, axillary dissection remains a
relevant component of primary surgery.

How is axillary dissection defined?

Axillary dissection for breast cancer was originally described
as an integral part of radical mastectomy and remained an
essential component of the various subsequent modifications
of the radical mastectomy that preserved the pectoralis major
muscle.318,319 In that context, axillary dissection connoted a
complete resection of the lymph nodes in the axilla at all three
levels. Efforts were made as well to include all external mam-
mary lymph nodes extending from the medial border of the
axilla along the chest wall from the second to sixth ribs. When
the pectoralis major was preserved, dissection of the level III
apical nodes could be facilitated by transecting the attachment
of the pectoralis minor muscle to the coracoid process. As
described by one of the authors, dividing the sternal portion
of the pectoralis major could further facilitate axillary expo-
sure and dissection, following which the muscle would be
reconstructed.320

When an axillary dissection is performed in conjunction
with a breast-conserving procedure, the extent of dissection
has often been modified. Data on elective axillary dissection
for breast cancer suggest that in the absence of palpable or
suspicious adenopathy encountered intraoperatively, axillary
dissection most appropriately incorporates level I and II
nodes because the incidence of micrometastases in level III in
the absence of micrometastases in level I or II is less than
1%.321,322 Metastasis to level II nodes is more frequent.
Although the incidence of isolated metastasis to level II was
still less than 2% in the series of Veronesi and associates321,322

and Rosen and associates,323 the incidence of “skip” metastases
did exceed 20% in the reports of Pigott and associates324 and
of Danforth and colleagues.325 Level I and II dissection now
represents the anatomic extent of axillary dissection in most
reports. Certainly, the inclusion of the lymph nodes beneath
the pectoralis minor muscle is easily accomplished and would
appear advisable based on these studies. In Giuliano’s original
sentinel lymph node description, 27% of sentinel nodes were
in level II with or without a sentinel node in level I.22

The introduction of adjuvant systemic therapy heightened
the importance of axillary nodes as a predictor of recurrence,

even while the therapeutic role of axillary dissection was being
questioned. Proposals that axillary “sampling” might provide
the same prognostic information as a more complete axillary
dissection, with less morbidity, failed to gain acceptance and
were completely retired with the accurate identification and
excision of intraoperatively mapped and dyed or radioisotopi-
cally labeled sentinel lymph nodes. The random sampling 
of lateral nodes without such efforts at precise delineation 
of the draining nodes from the specific site of the 
primary cancer has been associated with significant rates of
axillary recurrence exceeding 10%, the recurrence rate being
inversely related to the number of nodes sampled.136 When
axillary dissection is performed, it should be performed as a
formal anatomic procedure to include nodes within defined
boundaries. This further enables the accurate identification
and preservation of related neurologic structures, injury to
which could be a source of morbidity.

Despite refinements in indications for axillary dissection,
the major issue of controversy remains the uncertainty of its
therapeutic impact on survival. Recent attempts to refine the
indications for axillary dissection have focused on whether 
the procedure is indicated (1) when the risk for additional
micrometastases is low following a sentinel node biopsy and
(2) when the results of axillary dissection are not likely to alter
subsequent adjuvant therapy, particularly in postmenopausal
patients.326–328 Refinement of indications has been particularly
important with more widespread adoption of breast-
conserving procedures, whereby an axillary dissection for a
sentinel micrometastasis is most often an additional surgical
procedure, in contradistinction to when it is performed 
en bloc with a mastectomy, or when an axillary dissection 
following mastectomy, sentinel lymphadenectomy, and 
reconstruction can pose additional technical challenges. The
adoption of induction systemic therapy for more locally
advanced breast cancers and its application to trials of stage II
and even stage I disease may significantly alter even the 
prognostic value of axillary staging.

Should an axillary dissection be performed 
at the same time as a segmental excision?

When a patient has a clearly defined lesion diagnosed as inva-
sive cancer by needle biopsy and a demonstrable metastasis 
in the sentinel node or nodes at surgery, it is appropriate to
perform an axillary dissection at the same time as segmental
excision. When a metastasis is not demonstrable, and when a
more diffuse malignant pattern not appreciated clinically or
mammographically is demonstrated histologically in the seg-
mental excision specimen, necessitating either re-excision or,
in some cases, a recommendation for mastectomy, axillary
dissection is obviously dependent on final sentinel node
histopathology. An advantage of sentinel lymphadenectomy is
that it allows better technical planning of mastectomy and
axillary dissection if they are required. Furthermore, the issue
of immediate reconstruction can also be more optimally
approached with the knowledge that an axillary dissection will
or will not be performed.

A common problematic patient in this regard is the woman
with a palpable mass but ill-defined carcinoma in a fibro-
nodular breast in which clear mammographic, sonographic,
or even MRI assessment of the extent of the cancer may be

433Chapter 24. Surgery for Breast Cancer



compromised by the density and nodularity of surrounding
breast parenchyma. Such ill-defined lesions in the patient
desirous of breast conservation are best assessed by a staged 
procedure—performing the segmental excision and sentinel
lymphadenectomy and then awaiting full histopathologic evalu-
ation. If a more extensive infiltrative or intraductal component is
found that could not be appreciated by palpation or radio-
graphic evaluation, and the axilla is accurately staged by histo-
logic study of the sentinel node, the issue of mastectomy can be
more objectively discussed with the patient, as can immediate
reconstruction. If the lesion has been histologically confirmed to 
be encompassed by appropriate tumor-free margins, breast 
conservation can be accepted with greater confidence. Sentinel 
lymphadenectomy provides accurate information on the appro-
priateness of a subsequent axillary dissection.

What is the appropriate incision 
for an axillary dissection?

An axillary dissection is best performed through a curvilinear
incision that follows a natural skin crease placed below the
hair-bearing area of the axilla. When it follows sentinel lym-
phadenectomy, it can encompass that incision with a skin
ellipse. The medial extent of the incision is kept below the
edge of the pectoralis major. Posteriorly, the incision extends
to the posterior axillary line, although it can be extended more
posteriorly to allow additional traction on the skin for better
exposure of the axilla. Extending the incision posteriorly is
preferable to extending the incision medially over the edge of
the pectoralis major. The sentinel lymphadenectomy incision
is best planned with a view to the possibility of extending it
into a full axillary dissection incision.

For most lesions in the upper outer quadrant, it is aestheti-
cally preferable to use a separate axillary dissection incision
(Fig. 24–20). A second incision in the axilla is less likely to 
create a visible scar and defect than when an attempt is made
to perform the segmental excision and sentinel lymphadenec-
tomy and possible axillary dissection en bloc through a single

incision. An exception is a lesion high in the tail of the breast,
where the incision used to perform the segmental excision
through a natural skin crease below the hair-bearing area of
the axilla would be directly contiguous with a sentinel lym-
phadenectomy and possible subsequent axillary dissection
incision.

How is the patient positioned?

The patient is positioned with the posterior axillary line at the
edge of the table. The breast and axilla are prepared and
draped with the arm free and out on an armboard at a right
angle to the patient. It is not necessary to place a pad beneath
the shoulder to assist in exposure of the axilla. With slight
rotation of the table toward the contralateral side and with the
patient in the reverse Trendelenburg position, the axilla can be
well positioned for dissection, with less posterior stretch on
the shoulder girdle than if a pad were used to project the 
axilla anteriorly. Similarly, one should not position the arm
superiorly at an oblique angle because unnecessary traction in
that direction, particularly if done rapidly or for an extended
period of time, may stretch the brachial plexus. As already dis-
cussed, undue traction on the arm, which may stretch the
brachial plexus, may create a brachial plexitis with its atten-
dant neurologic symptoms and even paralysis.329 Prepared
and draped, the arm free it can be gently positioned in a medi-
ally abducted direction, thereby facilitating retraction on the
pectoralis major and minor muscles to enhance exposure of
the medial axillary contents (Fig. 24–21).

What is the technique of axillary 
lymph node dissection?

The incision is outlined, and skin and subcutaneous tissue are
transected with a thin ellipse encompassing the sentinel lym-
phadenectomy incision if this has been performed. Flaps are
raised beneath the subcutaneous layer medially to the edge of
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Figure 24–20 A and B, Separate incisions for segmental excision and axillary dissection for a lesion in the upper outer quadrant of the
breast. In most instances, it is an extension of the sentinel lymphadenectomy incision following detection of sentinel node metastases.



the pectoralis major, superiorly to its tendinous insertion,
inferiorly to the level of the sixth rib (to incorporate the exter-
nal mammary nodes), and posteriorly to the edge of the latis-
simus dorsi, which is directly at the posterior limit of the skin
incision. In an obese patient, the edge of the latissimus dorsi
may be elusive at first, but unnecessary posterior dissection
through the fat in an attempt at its identification should be
avoided because this may be an additional source of seroma
formation postoperatively. Clear definition of the edge of the
latissimus dorsi, particularly at its tendinous insertion superi-
orly, ensures inclusion of the most lateral nodes in the lateral
axillary group in the dissection specimen. Occasionally, a
muscular band is encountered traversing the axillary vein,
arching from the latissimus dorsi to the insertion of the pec-
toralis major. Dividing this muscular arch enables identifica-
tion of the edge of the latissimus dorsi superiorly. In elevating
the flaps, traction is placed superiorly and inferiorly with the
use of sharp rake retractors. When the flaps are elevated, a
self-retaining retractor may then be used to maintain expo-
sure along this axis (Fig. 24–22).

After skin flaps have been elevated and the margins of the
dissection have been defined, the thin fascial layer overlying
the lateral pectoralis major muscle fibers is dissected laterally
while the pectoralis major is easily retracted medially. With
medial traction on the pectoralis major, the lateral edge of
the pectoralis minor is defined. The medial pectoral nerve
branches and vessels are preserved while the clavipectoral fas-
cia contiguous with the pectoralis minor fascia is opened par-
allel to the lateral edge of the muscle. The clavipectoral fascia
is further incised from the upper edge of the pectoralis minor
proceeding laterally, thereby exposing the lymphoadipose

contents of the axilla (Fig. 24–23). With a right-angle retrac-
tor providing traction superiorly and medially on the upper
portion of the pectoral muscles, and with gentle traction infe-
riorly on the lymphoadipose tissue, the axillary vein is identi-
fied. A plane of dissection is frequently easy to identify just
above the axillary fat as it wraps itself just superior to the axil-
lary vein, and this is divided. An exerted effort to dissect all of
the soft tissue off the brachial plexus and the adventitia of the
axillary vein is inappropriate. Although Rotter’s nodes may be
dissected free, care should be taken to protect the medial pec-
toral nerve and vascular bundle, which may be seen lateral to
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Figure 24–21 A and B, The breast and axilla are prepared and draped with the arm free and at a right angle to the patient. This allows
arm mobility during the procedure, which facilitates exposure of the axillary contents.
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Figure 24–22 Flaps are elevated to expose the lateral axilla.



the pectoralis minor muscle but in some instances may enter
the pectoralis minor before some of its fibers emerge to inner-
vate the lateral pectoralis major muscle. Dividing the fascia
lateral to the border of the pectoralis minor enables retraction
medially and facilitates the dissection of level II nodes subja-
cent to the superior extension of the muscle (Fig. 24–24).

When nodes are palpable on preoperative evaluation and
confirmed or noted to be enlarged at surgery, particularly 
if apparent enlargement extends just lateral to or beneath 
the pectoralis minor, it is appropriate to extend the axillary

dissection to include the nodes at the apex (level III). For this
purpose, it may be helpful (although not always necessary) to
divide the insertion of the pectoralis minor from the coracoid
process after incising the fascia over the coracobrachial mus-
cle. Division of the pectoralis minor will require division of
branches of the medial pectoral nerve, but care should be
taken to preserve the lateral pectoral nerve and thoracoacro-
mial vessels, which emerge medial to the pectoralis minor
(Fig. 24–25). Nevertheless, division or injury of branches 
of the medial and lateral pectoral nerves is likely when the
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interpectoral space is entered by division of the insertion of
the pectoralis minor muscle, which in turn may lead to vary-
ing degrees of atrophy of the pectoralis major, particularly of
its lateral border.330 Division of the pectoralis minor to achieve
a complete axillary dissection should therefore be applied
selectively.

To allow clear access to the apex of the axilla, the pectoral
branches of the thoracoacromial vessels are sacrificed. In dis-
secting free the level II or, when indicated, level III nodes, it is
appropriate to have an assistant support the forearm in a posi-
tion directed toward the contralateral side and parallel to the
patient. This facilitates retraction of the pectoralis major and
exposure of the nodes at this higher level. Although the use of
an illuminated right-angle retractor may be of some value,
with appropriate proper positioning of the arm, gentle lateral
traction on the axillary contents, and medial retraction on the
pectoral muscles, this has not been necessary in our experi-
ence. Lymphatic dissection then proceeds off the inferior 
axillary vein, dividing and ligating vascular tributaries as the
procedure progresses laterally. All branches of the axillary vein
and artery are divided and ligated from the level of the thora-
coacromial vessels. Posteriorly directed subscapular vessels are
not ligated.

In most instances in which the pectoralis minor is divided
from the coracoid process to facilitate exposure of the apical
lymph nodes, the thoracoacromial vessels and lateral pectoral
nerves are preserved. The highest points in the dissection,
either the apical nodes or the level II nodes, are tagged to facil-
itate orientation and identification by the pathologist. As the
dissection proceeds laterally, the inferior axillary contents are
dissected off the serratus anterior fascia. The intercosto-
brachial nerve is identified as it exits the second intercostal
space and is preserved whenever possible. Preservation of this
nerve is achieved by dissecting it from the surrounding axil-
lary fat as it courses upward and lateral to innervate the axil-
lary skin and medial upper arm. If the intercostobrachial

nerve is transected, paresthesias of the skin of the axillary and
medial arm will result, although this may abate with time
because of the richness of sensory innervation of the axilla
and upper arm, as previously described.331 Preservation of the
intercostobrachial nerve or its superior fibers when it is
arborized is clearly desirable, as has been well recognized,332

but when it is sacrificed, sensation may be expected to return
or improve in most patients. Clearly, temporary paresthesias
in the early postoperative period may occur even with preser-
vation, but sensation in such instances will more predictably
return.333 Certainly, the thoroughness of the lateral axillary
dissection when grossly involved nodes are encountered
should not be compromised by a compulsive effort to preserve
anatomically the intercostobrachial nerve despite the desir-
ability of keeping sensory innervation intact.

As the dissection moves to the junction of the serratus
anterior and subscapularis muscles, the lateral intercostal per-
forating vessels and nerves are divided and ligated. The lym-
phoadipose tissue is continually retracted and swept laterally
off the serratus anterior fascia. The fascia of the serratus ante-
rior may coalesce in a line that may be mistaken for the long
thoracic nerve. A gentle incision in the filmy adventitia about
1 to 2 cm lateral and parallel to the chest wall will facilitate
clear visualization of the nerve throughout its course over the
lateral chest to the fourth or fifth intercostal space. With lat-
eral traction applied to the axillary contents that have already
been freed, and after a sharp incision lateral to the long tho-
racic nerve throughout its visible length, the nerve is gently
reflected and returned medially to its position along the chest
wall, further securing its safe preservation (Fig. 24–26).

After the incision in the filmy adventitia overlying the axil-
lary contents and the identification, gentle medial retraction,
and preservation of the long thoracic nerve, another incision
is made paralleling the chest wall into the thin subscapularis
fascia. With the arm elevated slightly and with gentle traction
exerted medially on the dissected axillary contents, the 
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thoracodorsal nerve and vessels are easily identified. The arm
is then again placed downward at a right angle to the patient,
and by following the plane established by incision into the
filmy subscapularis fascia and gentle traction laterally, the tho-
racodorsal nerve and vessels can be easily preserved and the
axillary contents further dissected lateral to these structures.
Adherence of grossly involved lateral axillary nodes to the tho-
racodorsal bundle may, in rare instances, necessitate its sacri-
fice with minimal discernible consequence.

Dissection is then completed to the edge of the latissimus
dorsi and the lateral extent of the axillary vein where the spec-
imen is transected (Fig. 24–27). Tagging the lateral margin of
the axillary dissection further orients the specimen for the
pathologist. The wound is irrigated with saline solution, and
meticulous hemostasis is ensured.

Should the axilla be drained?

Controversy exists over the advisability of drainage following
an axillary dissection. The hollow that exists after removal 
of the lymphoadipose contents, as well as the movements of
the chest wall during respiration and of the arm, make the
accumulation of serum, lymph, and inflammatory exudate
inevitable. Although such fluid accumulation requiring aspi-
ration is basically a source of annoyance without lasting
sequelae, it may lead to secondary infection and a delay in ini-
tiating adjuvant therapy. Arm immobilization, flap-tacking
sutures, and even bovine spray thrombin have been proposed

to minimize this complication.334 Closed-suction drainage,
however, has been the mainstay of efforts to minimize this
problem. Drainage is advisable not only to lessen fluid accu-
mulation but also to provide appropriate negative pressure
that allows the overlying skin to adhere to the newly formed
hollow of the axilla. It has been noted that seromas requiring
at least a single aspiration occur in about 30% of patients 
with drains left in place until the drainage has decreased to
minimal levels (20 mL/day).335 However, drainage exceeding 
100 mL/day is common in the first 2 to 3 days after axillary
dissection. Continued drainage of the axilla until the volume
decreases to less than 20 mL/day, common by postoperative
day 5, would seem judicious and certainly is easily managed
on an ambulatory basis. A closed-suction or drainage system
using a single-limb Jackson-Pratt drain or a double-limb
Hemovac system brought out through separate stab wounds
beneath the lower flap and secured to the skin is advisable, the
drains being very gently held away from the neurovascular
structures with loosely tied absorbable sutures placed in a site
in the serratus anterior muscle. A subcutaneous closure of 2-
0 or 3-0 absorbable sutures, followed by a subcuticular closure
and the application of Steri-Strips to the skin, is then com-
pleted (Fig. 24–28). Efforts to minimize drainage and decrease
the length of time closed-suction drainage is required have
focused on the use of fibrin sealants, but concerns regarding
cost, viral safety, and the need for closed-suction drainage
despite their use have limited their widespread adoption
despite favorable reductions in days to drain removal and
fluid drainage in a prospective randomized trial.336
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Is physical therapy required 
after axillary dissection?

Normal shoulder mobility is preserved when an axillary dis-
section is performed with the appropriate care to protect the
neuromuscular structures as previously outlined. Shoulder
immobilization has been advised to decrease postoperative
seroma formation after axillary dissection, although the dura-
tion of such limitation of movement has not been defined.337

Certainly, vigorous physical therapy would seem inappro-
priate following an axillary dissection that anatomically pre-
serves neuromuscular function. If closed-suction drainage is
employed, modest mobility of the arm is advisable to mini-
mize stiffness and the risk for a frozen shoulder if immobility
is prolonged. On the first postoperative day, the patient is
encouraged to elevate the arm so that the head can be
touched. This allows any inhibition in mobilizing the arm to
be overcome and reassures the patient that normal range of
motion is intact. Vigorous arm motion is discouraged while
closed-suction drainage is in place. When it is clear that adher-
ence of the skin to the base of the underlying axillary hollow
is ensured and that seroma formation is not occurring, the
patient is encouraged to increase the use of the arm with full
range-of-motion activity. Some serous accumulation may
result, which is easily managed by simple aspirations until the
space seals and fluid no longer collects. Particularly with older
patients, prolonged arm immobilization, which may lead to a
frozen shoulder that in turn requires physical therapy, should
be discouraged. These guidelines are also appropriate after
mastectomy, as will be discussed.

MANAGEMENT OF LOCAL AND  
REGIONAL RECURRENCE AFTER 
BREAST-CONSERVING SURGERY

Cancer recurrence after excision and radiation therapy is
dependent on many variables, which include most signifi-
cantly the extent of the initial surgery and margin status but
also the adequacy of radiation dosage and the technique and
timing of radiation; histopathologic characteristics and archi-
tectural pattern, including the extent of intraductal disease
when an invasive cancer is being treated or the grade of
histopathology when an exclusively intraductal cancer is being
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treated; lymphatic vessel invasion; and clinical factors such as
age and even family history and BRCA1 or BRCA2 mutations.
The potential role of molecular biologic markers as a predic-
tor of risk for local recurrence remains to be defined. A recur-
rence near the original excision site, a brief time to recurrence,
and an identical histologic pattern would suggest that it
evolved from residual disease. As discussed in Chapter 26,
70% to 80% of the recurrences seen within 10 years of treat-
ment are adjacent to or in the same quadrant as the original
excision, which has prompted the application of boost doses
of radiation to the site of tumor excision in selected
instances.338,339 The longer the time to recurrence, the greater
the chance that the recurrence will be noted in another quad-
rant, although even with more prolonged disease-free inter-
vals, most recurrences are in the vicinity of the initial excision.
Whether the recurrence is viewed as the progression of resid-
ual disease or as a new primary lesion, reported incidences at
5 years double by 10 years.340,341 In a review from the National
Cancer Institute in Milan of 2233 women treated by breast-
conserving therapy (quadrantectomy, axillary dissection, and
radiotherapy), local failures occurred at a rate of about 1% per
year for the first decade after treatment,342 an incidence not
dissimilar to the risk for contralateral breast cancer.343 It might
be expected that with the appropriate selection of patients for
breast conservation based on reported experiences to date, as
well as the application of surgery that optimizes tumor-free
margins and improvements in radiation technique, the inci-
dence of recurrence in the breast would decrease in future
series. Whether breast cancer recurrence leads to decreased
survival remains unanswered. Meric and colleagues, in a ret-
rospective review of more than 1000 patients, identified 
positive surgical margins and breast cancer recurrence as
independent variables of poor disease-specific survival.95 Such
an analysis, however, does not necessarily implicate breast
cancer recurrence as the initiator of distant relapse.

Until the biologic significance of breast cancer recurrence is
elucidated, efforts at optimal local treatment remain essential.
It must be appreciated as well that effective surgery and radio-
therapy do not eliminate the risk for a new cancer developing
in the treated breast, and therefore continued surveillance of
both the treated and the untreated opposite breast remains
essential.

What is the treatment of recurrence 
after breast-conservation therapy?

Patients with a recurrence after breast-conservation therapy
should be evaluated for concurrent distant metastases, which
will be detected in about 10% of patients.330,344,345 For the
remaining 90% of patients, the issue will be whether breast
conservation is still possible or whether mastectomy is
mandatory. Clearly, evidence of inadequate initial surgery or
radiotherapy in a patient who develops mammographically
detected intraductal carcinoma adjacent to the site of initial
surgery suggests that an additional attempt at breast conser-
vation may be warranted. Kurtz and associates346 reported on
a selected group of patients treated by wide excision following
ipsilateral breast recurrence. Patients were divided into those
treated for recurrence before or after the first 5 years of initial
treatment; the authors noted subsequent ipsilateral failure
rates of 36% and 22%, respectively. Further, a breast failure

rate of 50% occurred in 14 patients reported by Dalberg and
associates following wide excision for breast recurrences.347

Until specific criteria are developed for selecting patients for
whom continued breast conservation might be appropriate,
these experiences warrant the continued recommendation of
mastectomy as the procedure of choice for ipsilateral recur-
rence following breast-conserving surgery and radiation.
Locoregional control rates of 85% at 5 years and disease-
free survival rates exceeding 40% at 5 years have been 
reported.348,349 Certainly, the recommendation for mastectomy
is particularly compelling for patients whose initial surgery
and radiation therapy were performed with techniques and
precautions directed toward achieving maximal local disease
control, for those whose recurrence is at a site in the breast
clearly separate from the initial excision, for those whose ini-
tial treatment surgically encompassed a significant segment of
breast, and for those whose recurrence demonstrates lym-
phatic permeation or a prominent intraductal component.

The local and regional recurrence rates reported after mas-
tectomy following recurrence in the irradiated breast are, in
most series, less than 10%.330,335,337,339,350 Reconstruction in this
setting should not be discouraged in most instances. Because
irradiated tissue is less malleable and less likely to withstand
the potential ischemia of tissue expansion and implant 
placement, autologous tissue transfer techniques are more
appropriate, as discussed in Chapter 25.351 The surgical man-
agement of the axilla is obviously dependent on whether a
sentinel lymphadenectomy or axillary dissection was per-
formed initially and also on the pathologic findings of the
recurrent cancer. If the recurrence is an invasive lesion and the
axilla was not previously dissected, a level I and II dissection is
performed with the mastectomy, reserving a complete dissec-
tion to level III for patients with palpable or intraoperatively
detected axillary metastases. Sentinel lymphadenectomy may
be appropriate in the absence of clinical axillary metastases,
but the impact of prior surgery and radiotherapy may pre-
clude this technique. Certainly, the appropriateness of sentinel
lymphadenectomy in this setting remains to be determined.

Survival rates following mastectomy for recurrence have
been reported to be comparable to those following mastec-
tomy for primary lesions. In the largest reported series of
Kurtz and associates,340 the 5-year survival rate was 69%, with
a survival rate of 84% if the recurrence was more than 5 years
after initial treatment, decreasing to 48% if the recurrence was
within the first 2 years of initial treatment. Prognostic and
adjuvant therapeutic considerations are being evaluated but
are likely the same as with mastectomy for a primary car-
cinoma. The phrase “salvage mastectomy” in this setting may
therefore inappropriately connote a situation of desperation
that may not be justified.

What other malignant lesions can occur after 
breast-conservation and radiation therapy?

Angiosarcoma of the breast has been reported following
breast-conserving surgery and radiation therapy. Lymphe-
dema of the conserved breast has been implicated as a con-
tributing cause.352–354 A latency period of 4 to 7 years from 
primary therapy to presentation has been reported.355–361 The
patient may be noted to have a bluish or purple plaquelike
eruption or nodules with surrounding erythema (Fig. 24–29),
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which may be incorrectly attributed to trauma or an unrelated
cutaneous eruption. A high index of suspicion is essential to
enable a diagnostic biopsy to be performed expeditiously.
Treatment has generally been mastectomy, but long-term 
survival data are not available. In a review of all reported cases
in the English literature with at least 1-year follow-up by
Monroe and associates,356 55 of 75 patients (73%) developed
tumor recurrences after surgery, most (84%) within 1 year.
The most common site of “distant” failure has been the con-
tralateral breast. Preliminary encouraging results with adju-
vant hyperfractionated postoperative radiotherapy have been
reported.357

How is recurrence in the axilla managed?

Axillary recurrence following axillary dissection, as previously
discussed, should be rare. Repeat axillary dissection rather
than axillary radiation is indicated, if feasible, because surgery
is associated with high rates of local control. In a study from
the University of Texas M. D. Anderson Cancer Center on 44
patients with axillary recurrence as the initial treatment fail-
ure, 40 (91%) had had an axillary node dissection as part of
their initial treatment; axillary control of disease was achieved
in 31 patients (71%) at a median follow-up of 70.8 months.
Control was most successful in those patients treated with 
surgery as well as radiotherapy and systemic therapy. Distant
metastases occurred in 50% of patients.362 Adjuvant radio-
therapy and systemic therapy would appear appropriate
despite limited reported experience. If there is a synchronous
breast recurrence, mastectomy is appropriate, but in the
absence of any mammographic or palpable breast recurrence,
mastectomy is not indicated. Certainly with a diagnosed
breast cancer recurrence, efforts should be made to ascertain
whether there is an axillary recurrence, because the asso-
ciation with a breast recurrence either simultaneously or 
at a later time may be as high as 71%, as reported in a study
from the University of Pennsylvania.363 In a study from the
Netherlands, axillary recurrence occurred in 59 of 4669
patients, 208 of whom had bilateral axillary dissections, for a
total of 4877 axillary dissections (1%).364 Axillary recurrence

following breast conservation with axillary dissection and
radiotherapy has been associated with survival rates of 25% to
70% in reported experiences.362,363,365

TOTAL MASTECTOMY

How is total mastectomy defined?

Total mastectomy refers to removal of the breast, including the
tail of Spence, which extends into the axillary space. Implicit
in the designation of the procedure as a total mastectomy is
the attempt to remove all breast tissue, and it should not be
referred to as a simple mastectomy. Also implicit in the desig-
nation of this procedure as a total mastectomy is the absence
of a formal axillary lymph node dissection. Not uncommonly,
however, those lateral lymph nodes in direct juxtaposition
with the tail of the breast are incorporated in the specimen
when the breast is totally excised. The appearance of such
nodes in the specimen does not justify the description of the
procedure as a modified radical mastectomy or as a mastec-
tomy with lateral axillary dissection, both terms connoting a
formal dissection of at least the level I lymph nodes.

What are the indications for total 
mastectomy?

Total mastectomy is reserved for instances in which the
anatomic distribution of cancer does not allow breast conser-
vation, or the patient selects mastectomy as her preferred
form of treatment, but formal axillary dissection is not indi-
cated because the definable cancer is exclusively noninvasive.
As previously discussed, there may be a small subgroup of
patients with invasive carcinomas who are unlikely to benefit
from axillary staging. At the present time, these are well-
differentiated lesions smaller than 1 cm (T1a and T1b), such
as pure tubular or colloid carcinoma, in which the risk for
axillary metastases is very much less than 5%. In the absence
of other findings in the breast, most of these patients are 
treated with breast conservation. The issue of sentinel 
lymphadenectomy in such situations is not resolved, and cer-
tainly axillary dissection with mastectomy is therefore rarely
an issue. Sentinel lymphadenectomy in such instances may be
a reasonable adjunct to total mastectomy. Because total mas-
tectomy is frequently performed for noninvasive but architec-
turally diffuse lesions associated with a significant risk for
microinvasion, a level I axillary dissection in such instances
has been considered appropriate,366 although sentinel lym-
phadenectomy in such instances as well may largely supplant
any such formal procedure. Likewise, concomitant immediate
reconstruction is particularly appropriate, as discussed in
Chapter 25.

What incisions should be used 
for total mastectomy?

Histologically favorable lesions treated by total mastectomy
are those that particularly enable the maximal preservation of
skin and that may further optimize the aesthetic results when
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Figure 24–29 Angiosarcoma of the breast presenting 72 months
after breast-conserving surgery and radiation therapy.



immediate reconstruction is also performed. Traditional 
mastectomy incisions were developed for procedures often
designed for large, palpable lesions with secondary skin
changes. Even with modifications and the placement of inci-
sions in a transverse direction, incisions often extended from
the mid-sternum to the posterior axillary line. There is no
support for the large extent of these incisions when the risk
for skin involvement is not at issue, and this is particularly so
for noninvasive cancers. Although the site of pathologic
changes and the placement of prior incision scars, when pres-
ent, largely determine the direction and extent of skin inci-
sions, for the most part incisions that adhere to the central
areolar circumference and extend medially for a short distance
in the area between the edge of the areola and sternum and
laterally between the areola and posterior axillary line are
appropriate and preferable when immediate reconstruction is
planned (Fig. 24–30A–D). A variety of skin-sparing mastec-
tomy incisions (a term first used by Toth and Lappert367) have
been used to further optimize the aesthetic benefits of imme-
diate reconstruction by preserving the patient’s own breast
envelope, creating less conspicuous incisions, and reducing
the volume of tissue transferred when autologous flap tech-
niques are employed (Fig. 24–30E). Not only incisions that
adhere closely to the areolar edge but also double incisions
that closely encompass the nipple–areolar complex and ellip-
tically excise a tumor, biopsy, or excision site at some distance
from the central breast, preserving the skin between these two
sites, may be used as well in skin-sparing mastectomies (Fig.
24–30F). Incisions that adhere closely to the edge of the 
areola may be used, particularly when the areolar distance 
is generous and in women whose breasts are small.368

Conversely, the desire to spare skin must be balanced by a
recognition that excessive flap length may risk skin necrosis
for variable distances along the edge of the closure. In plan-
ning incisions for a normal or large breast, an ellipse that
encompasses the areola may be preferable to incisions that
attempt to preserve all of the skin except for the central 
nipple–areolar complex. “Tennis-racquet” extension or sepa-
rate axillary incisions may be used to allow sentinel lym-
phadenectomy or even lateral axillary dissections to be
performed, delivering the tail of the breast and dissected axil-
lary contents with the specimen through the mastectomy inci-
sion. Caution must also be taken for patients with a smoking
history whose skin microcirculation may be particularly com-
promised by generous flap length. Furthermore, flaps of
excessive length run the risk for variable degrees of marginal
necrosis in all patients and may also limit access and exposure
to the desired anatomic landmarks. Flap necrosis may be
increased in skin-sparing mastectomy with reconstruction, as
compared with traditional mastectomy incisions,369 but the
variability in selection criteria, flap length, and patient charac-
teristics makes comparisons difficult. Careful attention to
detail and to flap viability intraoperatively is essential, as dis-
cussed in Chapter 25.

How thin should flaps be?

The superficial fascial encasement of the breast is the appro-
priate landmark for developing flaps. In obese patients, the
flaps would inevitably be thicker, in view of the more signifi-
cant subcutaneous fat layer, whereas they would be thinner in

lean patients. There have been no data to support efforts to
create excessively thin flaps, and, particularly with skin-
sparing incisions, such attempts may result in venous conges-
tion, ischemia, and subsequent zones of flap necrosis.370 Flaps
at the level of the superficial fascia are raised to the clavicle
superiorly, to the sternum medially, to the rectus sheath infe-
riorly, and to the latissimus dorsi laterally. Excessive or uneven
areas of subcutaneous fat, or the overvigorous use of electro-
cautery for hemostasis, can create fat necrosis that increases
the risk for edema, infection, and areas of marginal flap loss.
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Figure 24–30 A to D, Appropriate incisions for a total mastec-
tomy incorporate the central nipple–areolar complex and biopsy
site when present. E and F, Efforts to preserve the skin envelope
are particularly appropriate when concomitant reconstruction is
planned.



What is the extent of the breast excision?

The breast and axilla are prepared and draped in the usual
fashion with the arm free to allow positioning that facilitates
exposure of the lateral axilla and inclusion of the tail of the
breast. After the incision is outlined and incised and the flaps
are raised, the breast and pectoralis major fascia are dissected
off the muscle to its lateral border (Fig. 24–31). The pec-
toralis major is reflected medially, and the pectoralis minor is

identified. Superiorly, the clavipectoral fascia is incised, and
with traction inferiorly and laterally, the tail of the breast is
delivered from the foramen of Langer and dissected free from
the axilla. The specimen is then dissected laterally, staying
superficial to the fascia of the serratus anterior and subscapu-
laris muscles, because no effort is made to perform a formal
dissection of the axillary contents. However, for patients with
extensive DCIS that is high grade, a sentinel lymphadenec-
tomy may be performed at the inception of the procedure 
as previously discussed, or a level I axillary dissection is 
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performed if the distribution of radiographic or even palpable
findings makes the reliability of lymphatic mapping less cer-
tain, as discussed in the subsequent description of total mas-
tectomy and axillary dissection.

After completion of the mastectomy, the wound is irrigated
with saline solution, and meticulous hemostasis is ensured.
The flaps are inspected to ensure their viability. If there is
obvious ischemia at any skin edge, it is preferable to excise 
this margin, particularly if a concomitant reconstruction is
planned. Flap necrosis with an underlying tissue expander or
with any form of reconstruction can prolong the postopera-
tive healing phase. It is far preferable to delineate intraopera-
tively any skin edges that are likely to become necrotic than to
have to débride such tissue postoperatively, particularly in the
setting of a breast reconstruction.

If a concomitant reconstruction is not performed, the
wound is closed after Hemovac catheters or another closed-
suction system has been placed through separate stab wounds.
To minimize fluid accumulation beneath the flaps, inter-
rupted absorbable sutures that incorporate underlying muscle
to “tack” the flaps and potentiate adherence of skin to the
chest wall are helpful.371 As previously noted, fibrin sealants
remain under continued investigation and have not gained
wide acceptance as promoters of flap adherence; these 
are certainly less needed in procedures that do not include
axillary dissections. A subcuticular skin closure is completed,
although approximating interrupted dermal sutures or even
skin sutures or skin staples may be appropriate when there is 
tension on the closure. In obese patients and in patients 
with large pendulous breasts, it is not uncommon to have a
“dog ear” at the lateral pole of the incision. A vertically placed
excision may minimize this redundant skin, which often
becomes a source of concern and annoyance to the patient,
particularly when it protrudes over the patient’s brassiere or 
is visible in sleeveless clothing.

TOTAL MASTECTOMY AND AXILLARY 
LYMPH NODE DISSECTION

How is total mastectomy and axillary 
lymph node dissection defined?

Procedures that combine en bloc mastectomy and axillary
lymph node dissection are often referred to as modified radical
mastectomies. There may be significant variability in the extent
of such operations, however. For example, Patey’s operation
divided the pectoralis minor to ensure complete axillary
lymph node dissection.372 Roses and associates described a
procedure that divided the sternal portion of the pectoralis
major at its tendinous insertion as well as the pectoralis minor
to further facilitate the completeness of axillary dissection,
reconstructing the pectoralis major at the end of the proce-
dure.373 As discussed, isolated metastases to the apical level 
III lymph nodes are uncommon in the absence of level I or 
II nodal involvement, and a dissection to ensure complete
removal of the apical nodes has been largely abandoned for
clinical stage I patients.

Given the potential variability of modifications of the radi-
cal mastectomy, it is therefore appropriate when performing 
a total mastectomy and axillary lymph node dissection to 

designate the extent of the dissection. Most patients today
who have a modified radical mastectomy are more appropri-
ately referred to as having a total mastectomy and axillary
lymph node dissection (levels I and II), rather than the 
generic designation of “modified radical mastectomy.” The
latter has varied in different contexts from a total mastectomy
with a limited lateral axillary dissection, to a total mastectomy
with level I axillary dissection, to a total mastectomy with lev-
els I and II axillary dissection, to a total mastectomy with axil-
lary dissection of all three levels. If a complete axillary lymph
node dissection of levels I, II, and III is performed, then the
procedure is best designated a total mastectomy with com-
plete axillary lymph node dissection.

What are the surgical considerations 
in performing a total mastectomy 
and axillary dissection?

The procedure combines en bloc total mastectomy, as already
described, with the axillary dissection, as also described. For
most patients without palpable axillary lymphadenopathy and
no discernible involved nodes at surgery, a level I and II dis-
section is appropriate. For patients with significant palpable
axillary nodes or grossly apparent lymph node involvement
near the edge of the pectoralis minor muscle at surgery, a
complete axillary dissection is appropriate. A complete axil-
lary dissection may be facilitated, if necessary, by division of
the attachment of the pectoralis minor muscle to the coracoid
process.

The methods of incision and development of the skin flaps
are dependent on location, breast size, lesion size, and second-
ary clinical characteristics. Skin-sparing incisions may be aes-
thetically advantageous when concomitant reconstruction is
planned. Incisions that adhere to the periareolar circumfer-
ence with a linear extension toward the axilla have been used
for total mastectomy and axillary dissection in appropriate
selected patients with T1 and T2 lesions. Reported experience
suggests that this does not increase the risk for local recur-
rence.374 As in the previous discussion, however, such incisions
should not compromise the extent of surgery or the required
exposure and should balance the aesthetic goals with the risk
for flap necrosis.

The preparing and draping are performed with the arm
free, as previously discussed for axillary dissection, the
abdomen being included if a transverse rectus abdominis flap
reconstruction is planned. A transverse or oblique incision
with the most lateral extension below the hair-bearing area of
the axilla is preferred, with adjustments dependent on the size
and location of the lesion. The flaps are raised above the level
of the superficial fascia, and the breast and fascia of the pec-
toralis major muscle are dissected as described for a total mas-
tectomy. The pectoralis major is then retracted medially to
expose the lateral axillary contents, with traction on the breast
to facilitate this exposure. The dissection is extended to the
lateral border of the pectoralis minor muscle. The lateral 
border of the pectoralis minor is identified, and as described
previously, the clavipectoral fascia is opened and the axillary
dissection performed (Fig. 24–32). If a formal dissection to
most definitively encompass the apical (level III) nodes is
desired, as previously discussed, the pectoralis minor may be
detached from the coracoid process. The extent of dissection
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is as described for axillary dissection, and the highest level, be
it level II or level III, is tagged to orient the specimen for the
pathologist. The axillary contents are then dissected free from
the chest wall, proceeding laterally. The intercostobrachial
nerve is preserved whenever possible, and the long thoracic
nerve as well as the thoracodorsal nerves and vessels are iden-
tified and preserved (Fig. 24–33). The thoracodorsal bundle is
essential if a latissimus dorsi flap reconstruction is planned;
thus, its preservation is particularly important if this option is
selected or if it might be used in the future. The lateral margin
of the axillary dissection is also tagged for orientation of the
specimen by the pathologist.

After removal of the specimen and thorough irrigation of
the wound, reconstruction is commenced, as discussed in
Chapter 25. If immediate reconstruction is not planned,
Hemovac catheters are placed through separate stab wounds
at the lower margin of the inferior flap, and the lateral limb is
guided to the axilla and carefully secured beneath the pec-
toralis major muscle and away from neurovascular structures
with a carefully placed and loosely tied absorbable suture. The
medial limb is similarly guided and secured over the pectoralis
major. Tacking sutures may be placed, as discussed for total
mastectomy, to minimize seroma formation, and the skin is
closed, as also described for a total mastectomy.

The management of drains and the advisability of arm
mobility are the same as discussed for axillary dissection.
Concomitant reconstruction may alter the recommendations,
as also discussed in Chapter 25.

RADICAL MASTECTOMY

Is a radical mastectomy ever indicated 
for operable breast cancer?

The performance of a radical mastectomy for operable cancer
of the breast is rarely indicated. The 25-year follow-up of the
NSABP (Protocol B-04) comparing radical mastectomy, total

mastectomy without axillary dissection but with postopera-
tive radiation, and total mastectomy with axillary dissection
only if nodes became positive demonstrated no advantage
over radical mastectomy.74 Likewise, the 20-year follow-up 
of the World Health Organization study comparing radical
mastectomy with breast-conserving therapy for patients with
tumors 2 cm or smaller showed no advantage to radical mas-
tectomy.375 These reports have sealed the fate of radical mas-
tectomy, a procedure that faded following the initial reports of
these studies more than 2 decades earlier. In instances in
which there is unexpected adherence or infiltration of the 
pectoralis major muscle by an overlying lesion, resection of
this region of the muscle, followed by radiation therapy or
resection of the entire sternal portion, if involved, may be 
performed. Inclusion of both pectoral muscles is reserved for
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Figure 24–32 Total mastectomy and axillary
dissection. The pectoral muscles are reflected
medially, the clavipectoral fascia is incised, and
the axillary contents are exposed.

Figure 24–33 The total mastectomy and axillary dissection are
completed.



more locally advanced disease refractory to neoadjuvant, sys-
temic, and radiation therapy, but certainly not for earlier-stage
breast cancer.

COMPLICATIONS OF MASTECTOMY 
AND AXILLARY DISSECTION

What are the complications of 
segmental or total mastectomy?

Complications of segmental or total mastectomy are infection
and hemorrhage. Both are rarely encountered, although 
overly vigorous use of electrocautery to prevent hemorrhage
may produce significant fat necrosis that may contribute to
infection. Use of antibiotics prophylactically and while drains
are in place is appropriate. Attention to flap viability further 
minimizes the risk for infection. Even with mastectomy, blood
loss requiring transfusion should be very rarely required.
Attention to drain function following mastectomy promotes
flap adherence and prevents the accumulation of blood that
may elevate the flap and potentiate further hematoma forma-
tion. Bleeding should be rapidly attended not only for hemo-
dynamic reasons but also to prevent the wound complications
from nonadherence of flaps, disruption of reconstruction
when autologous tissue is used, or fluid accumulation and
potential infections when prosthetic reconstructions are 
performed. Careful attention to a history of coagulopathies,
anticoagulation, and the use of aspirin, vitamin E, anti-
inflammatory medications, or any herbal use is essential in
planning any surgical management.

How common is seroma formation?

Some serous collection is to be expected after mastectomy and
axillary dissection. As previously discussed as it relates to axil-
lary dissection, closed-suction drainage is advisable in the first
postoperative week to minimize prolonged seroma formation,
which, if undrained, would require repeated aspirations and
could become secondarily infected. As noted, intraoperative
antibiotic coverage, as well as the continued use of antibiotics
when drains remain in place, is advisable. Prolonged seroma
formation after drain removal is managed by aspiration but
may rarely require reinsertion of a closed-suction drain if pro-
longed or excessive.

The influence of shoulder exercises on seroma formation
has been assessed for axillary dissection performed with breast
conservation or with total mastectomy. As also discussed, vig-
orous arm mobilization is not appropriate in the early post-
operative period when drains are in place. Delaying shoulder
exercises for a week postoperatively has not been associated
with arm dysfunction in several studies and may diminish
seroma formation.376–378

How common is lymphedema?

Lymphedema of the arm of any degree is often a cause of great
concern and potential disability to the patient following breast

cancer treatment. Despite its nonmalignant cause, even a 
minimal degree of swelling or a sense of arm heaviness may
become a constant physical reminder of the original cancer.
Although the initial presentation of lymphedema is often
insidious and subtle, it can expand into more obvious and dis-
abling enlargement because increased lymphatic pressure pre-
vents diffusion of lipids and protein while promoting fibrosis
and susceptibility to infection in a continued vicious circle of
progressive stagnation and swelling. Although certain factors
that contribute to lymphedema, including obesity and varia-
tions in lymphatic anatomy, are not readily controllable, some
aspects of therapy and subsequent management should be
appreciated as they relate to this problem.

The retreat from radical mastectomy, as well as the retreat
from postoperative radiation therapy following mastectomy,
significantly reduced the incidence of the severe lymphedema
that was a feared long-term sequela of radical surgery in an
earlier era. The risk for lymphedema is attributable to the
extent of axillary dissection and the use of postoperative
radiotherapy.379 Although the degree of lymphedema varies in
reported series and depends on the specific criteria used, as
well as the time from surgery at which patients are assessed 
for this problem and the extent of the axillary dissection 
performed, the long-term risk following breast-conserving
surgery with complete axillary dissection without axillary
radiation was reported by Veronesi and associates380 to be less
than 5%.

Using objective criteria, Lin and associates381 noted an
increase in arm circumference on the operated side compared
with the unoperated side in 16% of patients. In a study of 200
patients having a level I and II axillary dissection, 112 of
whom had breast conservation and 88 of whom had total
mastectomy, Roses and associates evaluated arm swelling 1
year or more after surgery.333 All patients had arm circumfer-
ence measurements at the same four sites on both the oper-
ated and nonoperated sides. No patient had an axillary
recurrence. A difference in arm circumference of more than 
2 cm in any of the four sites of the operated compared with
the nonoperated side was 13%. Seven patients (3.5%) had
mild swelling of the hand. Heavy and obese body habitus were
the only significant predictors of edema on multivariate
analysis. Other recently reported incidences of lymphedema
after axillary dissection demonstrate a wide range, from 5% to
25.5%.382–388 Meric and associates found an incidence of
edema less than 3 cm below the elbow in 13 of 294 (4.5%)
patients treated with breast conservation, 260 of whom had
axillary dissection.389 One hundred patients had nodal irradi-
ation, including 10 of the 13 with significant edema. Limiting
radiation to the axilla in only selected instances, as discussed
in Chapter 26, has contributed to a decreased incidence of this
complication.

The extent of axillary dissection with both mastectomy and
breast-conserving surgery, not always precisely defined, no
doubt influences the frequency of the complication, but the
significant and debilitating lymphedema seen in previous
eras, when radical mastectomy followed by chest wall irradia-
tion was standard, has diminished. It will certainly diminish
markedly as sentinel lymphadenectomy increases.390 When
axillary dissection is performed, long-term attention to mini-
mizing the risk for cellulitis in the arm, which can lead to fur-
ther inflammation and fibrosis of primary and collateral
lymphatic channels, is also important in minimizing the risk
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for lymphedema. Patient education in this regard is essential,
with particular attention to infection prevention, as discussed
in more detail in Chapter 39. Physician measurement of
arm circumference may also allow prompt identification of
patients in whom changes identify the risk for progressive
edema and therefore make them worthy of particular atten-
tion to minimize further change.391 Older women may have a
particular susceptibility to arm problems following axillary
dissection, including swelling, with all of these changes ampli-
fied significantly by preexisting arthritis.392

How is lymphedema of the arm treated?

Lymphedema is best managed by arm elevation when the
patient is in a recumbent position, elastic pressure-graded
sleeves for daytime use when the arm is in a dependent posi-
tion, and weight reduction and control whenever appropriate.
Manual massaging to promote dilation of nonobstructed 
collateral lymphatics may further assist in reducing chronic
lymphedema. Compression from the wrist to the upper arm 
is desirable, with the addition of a gauntlet extension for
patients with hand swelling. Proper fitting of a sleeve with
appropriate compression is necessary. Compression devices in
the evening may be of some value for cases refractory to these
initial measures. The use of such sequential-gradient com-
pression devises in chronic situations should be extremely
judicious because significant pressures applied for prolonged
periods of time may be injurious, further traumatizing lym-
phatics and promoting the progression of lymphedema. The
use of intermittent pneumatic compression has been recom-
mended as an effective means of enhancing decompressive
therapy.393 All compression devices should be used with cau-
tion in patients with cardiovascular disease, active infection,
or neurologic symptoms in the affected extremity.

Drug therapy, most commonly with diuretics, is of
unproven efficacy. Diuretics do not affect the underlying
osmotic pressure caused by the protein-rich lymphedema
fluid. Casley-Smith and associates394 have reported on the use
of 5,6-benzo-a-pyrone to stimulate macrophage activity to
eliminate stagnant proteinaceous material in lymphedema
fluid, with mild improvement in a controlled trial. A variety of
surgical approaches to managing severe chronic lymphedema,
from excising deep fascia to improve lymphatic drainage, to
omental transfer to create additional lymphatic drainage
channels, to microsurgical lymphovenous anastomoses, to
myocutaneous flaps, to liposuction, have failed to achieve
reproducible satisfactory outcomes. Clearly, infections of the
arm should be treated aggressively with antibiotics and eleva-
tion, and continuous, assiduous skin care for the affected arm
should be encouraged. Early diagnosis and further efforts to
minimize its progression are a major component of treatment
of an often refractory and progressive problem.

How common is lymphangiosarcoma 
with chronic lymphedema?

A rare complication of chronic lymphedema is lymphan-
giosarcoma, first described in the postmastectomy patient by
Stewart and Treves in 1948.395 Vascular-appearing nodules in
the edematous extremity are the hallmark. There is usually a

prolonged interval between mastectomy and the development
of lymphangiosarcoma, with mean intervals in the 10-year
range. Despite vigorous efforts at local therapy, including
amputation, reported survivors are rare, with a median sur-
vival of less than 2 years.396

What is the significance of edema 
of the breast?

Edema may be noted in the breast of the patient after treat-
ment by breast conservation in conjunction with axillary 
dissection and radiation. This may be seen in the early post-
treatment phase, with erythema of the skin often accompany-
ing the edema. It may be particularly noted in a large
pendulous breast with an added component of dependent
edema. It may be confused with early recurrence or infection
or with inflammatory breast cancer. Resolution is common,
but it may take a prolonged period until collateral lymphatic
drainage develops.

What are the complications 
resulting from nerve injury?

The nerves at risk in an axillary dissection, as discussed, are
the intercostobrachial nerve, the long thoracic nerve, the tho-
racodorsal nerve, and the medial and lateral pectoral nerves.
Division of the intercostobrachial nerve may create numbness
or paresthesias of variable distribution in the upper medial
arm and axilla, many of which resolve in the months after sur-
gery on account of the richness of sensory innervation, as
detailed earlier. A common complaint is a sense of swelling of
the upper medial arm not dissimilar to the sense of swelling
noted around the lips or cheek following the local anesthesia
of dental procedures. Some element of numbness may persist.
In a series of 200 patients previously cited,333 numbness or
paresthesias to the skin of the upper medial arm or axilla from
intercostobrachial nerve sacrifice or injury occurred in 76.5%
of patients in the initial postoperative period, but with 
prolonged follow-up, complete resolution was achieved in
22%, and the problems were improved in an additional 59%.
This experience is similar to that reported by Salmon and
associates.331 In the study of Paredes and associates,397 truncal
section of the intercostobrachial nerve affected axillary and
arm sensitivity in almost all patients when assessed after sur-
gery; axillary anesthesia or analgesia persisted in more than
50% of patients. Most patients had a return of arm sensation
after 12 months, 30% having complete return of sensation to
both the axilla and arm. With nerve preservation, more than
50% of patients had early anesthesia or analgesia to the axilla
and arm, almost all resolving after 12 months. Preservation of
the intercostobrachial nerve fibers is therefore to be encour-
aged, but division of these fibers is not uniformly associated
with long-term denervation.

Division of the thoracodorsal nerve is rarely associated 
with any deficiency noted by the patient, with the exception 
of a limitation of backward motion of the extended arm. The
denervation of the latissimus dorsi, however, eliminates that
structure from consideration as a method of reconstruction.
As previously discussed, division of the long thoracic nerve
creates a winged scapula resulting from denervation of the
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serratus anterior muscle. Division of branches of the medial
pectoral nerve may result in atrophy of the lateral portion of
the pectoralis major, whereas division of the lateral pectoral
nerve, rarely encountered except if injured in detaching the
insertion of the pectoralis minor, will create more significant
atrophy of the sternal portion of the pectoralis major 
muscle.

Patients may experience a phantom breast phenomenon
ranging from the perception of the presence of the breast to
painful sensations that are not associated with the chest wall.
Likewise, chest wall discomfort or itching or pain, often
referred to as a tightening or spasmodic episodes of burning,
may occasionally be experienced, particularly in the first year
after surgery. Although pain after axillary dissection may be
difficult to assess in the immediate postoperative period, of
2.5% of patients reporting pain requiring analgesia beyond
the immediate postoperative period, none seen in long-term
follow-up noted pain requiring analgesia attributable to the
axillary dissection.333 Nevertheless, the impact of axillary dis-
section may be additive to preexisting arthritis and can
adversely affect quality of life.392

Are there any postoperative complications 
specific to mastectomy?

Although significant hemorrhage should be rare after mastec-
tomy, failure to secure appropriate hemostasis of the medially
located perforating branches that originate from the internal
mammary artery, or the laterally located branches off the tho-
racodorsal vessels, may be a specific source of postoperative
hemorrhage. A rare complication, even more uncommon now
that radical mastectomy is rarely performed, is a pneumotho-
rax from puncture of the pleura. This could result from a
hemostat’s being applied too vigorously when attempting to
secure hemostasis on the chest wall, particularly hemostasis of
medial perforating vessels from the internal mammary artery,
which may retract out of direct vision. Recognition of the pos-
sibility of this occurrence in the postoperative patient who
develops respiratory distress is obviously essential to a rapid
diagnosis and expeditious management with closed-suction
pleural drainage. Similarly, attributing sudden significant
chest pain to the surgical incision is inappropriate because the
discomfort of uneventful surgical procedures on the breast
and axilla is usually minimal and clearly different from the
pleural pain that may result from a pulmonary embolus.

What is the appropriate length of 
hospitalization following procedures 
that include mastectomy or axillary 
lymph node dissection?

The emphasis on the containment of escalating medical costs
has focused attention on the length of hospitalization follow-
ing surgical procedures for breast cancer, particularly mastec-
tomy or lymph node dissection, with or without breast
reconstruction. The medical issue is not whether a short
length of hospitalization, often only 1 day or less, can be
achieved, but whether this adversely affects patient care.
Indeed, it has even been suggested that shortened hospitaliza-
tion after breast surgery can improve patient care.398

The major indication cited for hospitalization in such
patients is the management of drainage and pain. Less defin-
able is the issue of emotional security and balancing the psy-
chosocial support that may be facilitated by the hospital
setting with the potential enhancement of confidence and
sense of self-control that earlier discharge may give the
patient. In a study of 208 patients discharged after a median
length of stay of 1 day following axillary dissection, 0.6 day
following segmental excision and axillary dissection, and 1
day following total mastectomy and axillary dissection, there
was no apparent adverse effect resulting from early discharge.
A readmission rate of 1.5% and infection rate of 1.5% were
reported, but no dissatisfaction was noted from patients, and
the authors reported a subjective sense of improved psy-
chological and physical recovery.376 Clearly, more data are
required that address the emotional and physical issues.

Despite efforts to implement shortened length of hospital
stay, dissatisfaction with a mandatory policy of early discharge
following breast cancer surgery has prompted the passage of
legislation by the New York State Assembly and Senate to
lengthen the potential length of stay. The 1997 New York State
Women’s Health and Cancer Rights Act guarantees coverage
of inpatient hospital care following mastectomy or segmental
excision and axillary dissection for a period of time to be
determined medically appropriate by the attending physician
in consultation with the patient. The Act also covers recon-
structive surgery for all stages of reconstruction.399 The issue
of length of stay is patient dependent and not rigid. Clearly,
segmental excision and sentinel lymphadenectomy may be
appropriately managed on an outpatient basis, but even in
such instances, completion of an axillary dissection for oper-
atively detected sentinel nodal metastases requires flexibility
as to the need for limited hospitalization. The issue requires
consideration of the age and the medical and psychological
condition of the patient, which are further affected by the
available family and social support, and the patient’s geo-
graphic access to medical care. More data that address these
questions are required before physicians and patients are
coerced into a uniform policy of rapid discharge applied to all
patients. At the present time, physician advocacy for the
patient’s physical and emotional needs is the highest priority.
Nursing and psychosocial support and education should be
instituted preoperatively and in the early postoperative 
period. This will facilitate the most appropriate and efficient
use of the inpatient setting and lead to effective continuity of
care as an outpatient. It will ensure that discharge from the
hospital is accomplished safely and in the best interests of the
patient with full patient and family confidence, rather than
being perceived by them as based exclusively on reimburse-
ment considerations.

LOCAL RECURRENCE FOLLOWING 
MASTECTOMY

How common is local recurrence 
following mastectomy?

Chest wall recurrences in the skin, subcutaneous fat, or mus-
cles, as well as recurrences in the axilla if an axillary dissection
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was a component of the original mastectomy, are most appro-
priately referred to as local recurrences. Chest wall recurrences
have a reported incidence of 6% following mastectomy.400 In a
recent series of 565 cases of skin-sparing mastectomy and
immediate breast reconstruction, a local recurrence rate of
5.5% was reported, with a mean disease-free interval for those
patients who experienced recurrence of 19.8 months (range,
2.9 to 61.6 months). In multivariate analysis, tumor grade and
the presence of lymphovascular invasion were independent
variables predictive of local recurrence.401

Recurrences in the supraclavicular or parasternal regions,
emanating from nodal metastases beyond the field of initial
surgical treatment, are best referred to as regional. The
American Joint Committee on Cancer has reclassified proven
metastases in supraclavicular nodes from distant metastatic
disease (stage IV) to locally advanced breast cancer (stage
IIIC) to reflect improved survival rates compared with
patients with metastatic disease at distant sites.402

The frequency of local and regional recurrence for stages I
and II breast cancer is clearly related to the stage of the origi-
nal cancer.403 The extent of axillary nodal involvement, specif-
ically four or more positive nodes and extranodal extension 
of tumor, is a significant risk factor for locoregional recur-
rence.404 Other biologic characteristics, such as hormone
receptor status,405 high-grade histologic characteristics,406 and
younger age of the patient,407 as well as the use of adjuvant sys-
temic therapy, are less well defined but may affect the inci-
dence of local recurrence. The type of mastectomy (radical,
total mastectomy with axillary dissection) has not been
demonstrated to affect local recurrence.408 Most local and
regional recurrences present within the first 5 years after ini-
tial treatment, but 10% to 20% appear later.409,410 The median
time to recurrence in a series of 130 patients with chest wall
recurrence after mastectomy at the University of Texas M. D.
Anderson Cancer Center was 25.5 months.411 Although recur-
rences after 10 years from initial treatment are uncommon,
there are reports of local recurrences as late as 40 years after
initial treatment.412

How is local recurrence diagnosed?

Any nodule or nodules presenting in the scar or in the skin,
subcutaneous fat, or muscle should be suspected of being a
local recurrence. Erythema presenting either focally or as a
broad rash, sometimes with induration, should be suspected
of representing a local recurrence as well. Supraclavicular or
parasternal nodules should likewise be suspected of represent-
ing regional recurrences (Fig. 24–34). Although local recur-
rences are most common in the region of the scar or in the
skin flaps, chest wall recurrences in skin or subcutaneous tis-
sues beyond the periphery of initial surgery may occur. The
possibility that these represent local recurrences must be
appreciated. Not uncommonly, multiple nodules, as well as
the synchronous presentation of both local and regional
metastases, may be noted.413

Skin and subcutaneous nodules, as well as bulkier, deeper,
or regional recurrences, can be expeditiously diagnosed by
fine-needle aspiration biopsy. Because local and regional
recurrences may be associated with synchronous distant
metastases or the development of distant metastases at a later
date, the assessment of distant metastases is mandatory before

embarking on therapy.414 A bone scan and computed tomog-
raphy (CT) scans of the head, chest, abdomen, and pelvis or
PET scans are appropriate to establish the diagnosis of any
distant disease as well as to provide a baseline for these
patients who are at a particularly high risk for future systemic
relapse. However, in the previously cited M. D. Anderson
Cancer Center experience, of 130 patients with chest wall
recurrence following mastectomy, with a median follow-up of
68.5 months after diagnosis of breast cancer and 37.4 months
after diagnosis of chest wall recurrence, 51.5% had not devel-
oped distant metastases.411

How is local recurrence treated?

Local recurrence is best excised whenever possible. This is cer-
tainly true for small isolated lesions in the skin flaps, which
may be excised with margins of at least 1 cm to achieve
tumor-free margins and closed primarily. Prolonged local
control may result from local surgery alone.415 Except for these
specific instances of solitary, easily resectable recurrences,
particularly when they present after prolonged disease-free
intervals from initial mastectomy, most patients will develop
further local recurrence. Persistent, progressive local recur-
rence can be a source of significant morbidity, with ulceration,
bleeding, pain, and extension around the chest wall through
the soft tissues (carcinoma en cuirasse) that may restrict 
normal chest wall expansion. Extensive progression of local
recurrence may be resistant to treatment. Therefore, addi-
tional local radiotherapy at the time of initial presentation
and treatment should be considered. The use of radiotherapy
has been associated with significantly improved prolonged
survival.411 Available data suggest that the entire anterior ipsi-
lateral chest wall should be treated because more limited fields
are associated with a high rate of progressive local recur-
rences.416 The same principles should apply for recurrences in
tissues surrounding an autologous breast reconstruction.
Radiation following resection can be used, although fibrosis of
the soft tissues in the reconstruction can alter the appearance
of the reconstructed breast.417,418
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Figure 24–34 Parasternal recurrence in the second intercostal
space from internal mammary nodal metastases following 
mastectomy.



The supraclavicular region is associated with about a 20%
rate of regional recurrence that may progress to infiltrate the
brachial plexus with significant motor function sequelae and
pain, so that supraclavicular irradiation would seem appro-
priate. Internal mammary recurrence, however, is uncom-
mon. If an axillary dissection was part of the initial treatment,
axillary recurrence should also be uncommon. Furthermore,
axillary radiation results in increasing rates of arm lym-
phedema. Irradiation of the internal mammary nodes and
axilla, therefore, is best not included in treatment fields unless
there is specific clinical or radiographic suspicion of recur-
rence at these sites. For bulky fixed disease, efforts at
chemotherapy and radiotherapy may be successful, but failure
to achieve a complete response may require chest wall resec-
tions, which are best closed by autologous myocutaneous
flaps419–424 (Fig. 24–35). Toi and associates425 reported on 15
patients with full chest wall resections supported by perioper-
ative and postoperative systemic treatment. Thirteen patients
underwent combined resection of the sternum with defects
ranging in size from 30 to 200 cm2. Reconstruction was by
transverse rectus abdominis myocutaneous flaps in 14 cases
and by a latissimus dorsi myocutaneous flap in 1 case. In 4
cases, the chest wall was reinforced by Marlex mesh. The
reported 5-year survival rate was 47.1%, with two patients
surviving longer than 5 years without distant metastases.
Three patients developed local recurrence, all having had

microscopically positive margins, one responding to radiation
therapy and surviving more than 5 years.

Is there a role for systemic therapy in the 
treatment of local or regional recurrence?

Available data demonstrate that systemic therapy improves 5-
year survival for patients whose disease-free interval from
mastectomy to recurrence exceeds 2 years; for those who had
stage I disease compared with stage II at initial treatment; and
for those with a single resectable site of recurrence compared
with multiple sites or bulky or unresectable recurrent dis-
ease.426 Nevertheless, most patients die from metastatic disease
by 10 years. In a series from the Joint Center for Radiation
Therapy, the 10-year survival rate for patients treated with
radiation for locoregional recurrence after mastectomy was
36% if the recurrence had developed more than 2 years after
mastectomy, and 7% if recurrence happened less than 2 years
after mastectomy.427 In a review of 69 patients from the M. D.
Anderson Cancer Center having a locoregional relapse as their
first evidence of recurrence following mastectomy and adju-
vant chemotherapy, 19 (27.5%) were alive and free of disease
at a median follow-up of 6.6 years. The two factors that 
significantly affected survival were whether recurrence was
during or after adjuvant therapy, and whether the patient was
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Figure 24–35 A, Patient with ulceration following chest wall radi-
ation for bulky recurrence following mastectomy. B, A musculocuta-
neous free flap from the lateral thigh, incorporating portions of the
rectus femoris, vastus lateralis, and tensor fasciae latae based on the
lateral femoral circumflex artery, was used to reconstruct the defect.
C, Postoperatively, following successful microvascular anastomosis
between the lateral femoral circumflex artery and the right internal
mammary artery with the venous anastomosis to the right external
jugular vein, which was turned down over the clavicle.



rendered disease free after recurrence.428 Factors that have also
been implicated for improving survival after chest wall recur-
rence include a prolonged time to recurrence,429–432 negative
nodal status of the original cancer,411,433,434 and a limited extent
of recurrence by size and number of nodules.435,436

Although it would seem appropriate to treat patients with
systemic therapy following local therapy for locoregional
recurrence, there are no prospective controlled data to 
support this approach.437,438 Given the dire prognostic im-
plications of locoregional recurrence in patients with short
disease-free intervals, particularly while receiving adjuvant
systemic therapy, dose-intensive chemotherapy is a considera-
tion for future investigation in such subsets of patients. The
impact of antihormonal therapy is likewise unknown,
although in the treatment of recurrences that are hormone
receptor positive, systemic treatment plans that incorporate
antihormonal strategies would seem appropriate. Appropriate
molecular assays should obviously be obtained on all excised
and resected recurrences. Certainly, prolonged survival for
subgroups of patients with chest wall recurrence after mastec-
tomy is achievable and fully justifies aggressive treatment, the
foundation of which is complete surgical resection.411,428–434
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The introduction of the transverse rectus abdominis
myocutaneous (TRAM) flap in the early 1980s allowed single-
stage total autologous breast mound reconstruction. This 
flap took advantage of the abundant tissue usually present 
in the lower abdomen. The development of microvascular
techniques, at about the same time, allowed for better-
vascularized reconstructions and more options for autologous
reconstruction.

TIMING OF BREAST RECONSTRUCTION

Is immediate reconstruction appropriate?

Current trends toward less radical surgery for breast cancer,
preserving the pectoralis major muscle and overlying skin,
along with better reconstructive techniques, have made breast
reconstruction at the time of mastectomy a standard proce-
dure. All of the reconstructive techniques traditionally avail-
able can be safely performed in the immediate setting. Several
studies have shown that the addition of reconstruction does
not delay adjuvant systemic therapy or interfere with the
monitoring of the mastectomy site for possible local 
recurrence.11–18

What are the advantages of 
immediate reconstruction?

Frequently, the results of immediate reconstruction are cos-
metically superior to delayed reconstruction owing to careful
planning of incisions and skin preservation by the collaborat-
ing oncologic and plastic surgeons.19 The economic advantage
of immediate reconstruction is obvious because the cost of a
second hospitalization is eliminated.20

The psychological benefits of immediate reconstruction 
are significant. Patients undergoing immediate reconstruc-
tion often relate no feelings of physical loss. Frequently, mas-
tectomy is recommended for early-stage cancers with diffuse
intraductal involvement. Reconstruction at the time of mas-
tectomy allows these patients to resume a normal lifestyle as
quickly as possible with fewer daily reminders of their disease.
When mastectomy is performed for advanced or recurrent

CHAPTER 25

Reconstruction Following
Surgery for Breast Cancer
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HISTORY

Since the introduction of the radical mastectomy by William
Halsted more than 100 years ago, women have desired breast
reconstruction. These procedures were discouraged at first
because surgeons thought that the reconstructed tissue would
obscure local recurrence.

The first attempts at breast reconstruction were in the 19th
century and used fat grafts. This technique failed owing to the
lack of blood supply. The next attempt to reconstruct a breast
following a radical mastectomy was performed by Tanzini in
1906.1 He was the first surgeon to perform a musculocuta-
neous flap using the latissimus dorsi for breast reconstruction.
This technique failed to gain favor, and subsequent attempts
over the first 60 years of the 20th surgery involved tubed 
pedicled flaps from the other breast or from distant sites.2–6

These techniques were often complicated by tissue loss, mul-
tiple procedures, scars, and inadequate results.

In 1963, Cronin and Gerow7 introduced the silicone gel
breast prosthesis. This device was not without significant
problems because most surgeons at that time were using it
after performing radical mastectomies.8–10 The implants were
difficult to cover and did not correct the total soft tissue
defect. During that era, the goal of reconstruction was simply
to improve the patient’s appearance in clothing. Any better
cosmetic result was not possible.

The advent of the modified radical mastectomy opera-
tion greatly improved the results that could be achieved 
with implant reconstruction. The skin flaps were thicker,
and the pectoralis major muscle remained intact. The 
heartier skin flaps allowed gradual expansion of the skin flaps
by the implant. Submuscular placement of the implant also
became possible. These techniques, combined with proce-
dures to modify the contralateral breast, resulted in more
acceptable reconstructions. This trend toward more optimal
cosmetic results has continued as incisions have decreased 
in length and breast-conserving surgery has become more
commonplace.

The development of the musculocutaneous flap was a
major step in improving the quality of breast reconstruction.
The latissimus dorsi myocutaneous flap allowed replacement
of the missing skin, reconstruction of the anterior axillary
fold, and coverage of an implant. The latissimus dorsi, how-
ever, did not provide sufficient soft tissue for total autologous
reconstruction.
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disease, the immediate reconstruction gives the patient added
confidence that the cancer may be cured.

When is delayed reconstruction appropriate?

Despite the many positive aspects of immediate breast re-
construction, certain clinical situations are best treated with
delayed reconstruction. When it is uncertain whether radia-
tion therapy will be required, the reconstructive procedure
may be delayed until the surgical pathology is reviewed and
the radiation decision made. When radiation to the chest wall
is required, the chance of achieving a cosmetically successful
implant reconstruction is decreased, and these patients are
often treated with flap reconstructions after radiation is com-
pleted.21 Cordeiro and colleagues have shown that acceptable
results can be achieved with tissue expander–implant recon-
struction followed by postoperative radiation therapy when a
specific protocol is followed.22 Flap reconstructions that 
are subjected to radiation therapy often become suboptimal,
with a loss of flap volume and an increased incidence of fat
necrosis.

If the viability of the mastectomy skin flaps is questionable
at the completion of the mastectomy, it is advisable to delay
the reconstruction until healing is complete. This is especially
important in patients undergoing tissue expander placement,
because skin necrosis and expander exposure can result when
necrosis of skin flaps occurs. In patients who smoke, are dia-
betic, or have collagen-vascular disease, assessment of skin
flap viability at the time of mastectomy may be difficult, and
great care and selection must be exercised before immediate
tissue expander placement.

When there is questionable pathology in the contralateral
breast or the patient is considering contralateral mastectomy,
it is best to delay the reconstruction because bilateral recon-
struction is most successful when both sides are reconstructed
in the same operation.

Some patients simply cannot decide whether to undergo
reconstruction or what type of reconstruction to have. These
patients should be advised to defer reconstruction and be
reassured that a successful reconstructive outcome is likely in
the future.

What information should be reviewed 
with the patient before a decision 
regarding immediate reconstruction?

Often, the patient is referred to the plastic surgeon immedi-
ately after the diagnosis of breast cancer and recommendation
for a mastectomy. This initial consultation, at which the
patient is provided with information that will help her make
an educated, informed decision, is very important. The
patient is often under great psychological stress and must
absorb a tremendous amount of information in a very short
period of time. The plastic surgeon must make the breast
reconstruction information concise and complete so that the
patient can make an informed decision.

If the best choice for reconstruction is to be made, several
key questions must be answered before the mastectomy.

1. What is the risk for cancer’s developing in the contralateral
breast? Does the contralateral breast require biopsy to 

resolve the pathologic issues, which would determine the 
need for contralateral mastectomy? These issues are impor-
tant because the approach to bilateral reconstruction
might be quite different from the approach to unilateral
reconstruction.

2. Is it feasible to alter the contralateral breast to obtain symme-
try, or will the oncologic surgeon or mammographer object,
feeling it will interfere with future monitoring? This decision
may alter the technique of breast reconstruction.

3. Will postoperative chest wall radiation be required?
Radiation can significantly compromise the likelihood of
success with reconstruction.

4. Has the patient definitely decided on mastectomy, or is breast
conservation an alternative? When the reconstructive proc-
ess is perceived as very complicated, the patient may choose
breast conservation.

At the initial consultation, the patient must be given all
information about alternatives and expected outcome.
Patients undergoing immediate breast reconstruction usually
follow the referral guidance of their oncologic surgeon and
rarely seek second opinions. Showing the patient photographs
of average as well as excellent reconstructions helps the patient
understand the spectrum of surgical outcomes. It is also help-
ful to review diagrams of the surgical procedures with the
patient so that she can better comprehend the scope of the
surgery.

Facilitating discussion with other patients who have gone
through the reconstruction process and the associated deci-
sion making is often the most helpful service one can provide.
Only when all issues are addressed will the correct reconstruc-
tive decision be made. When there is significant uncertainty
by either the reconstructive surgeon or the patient, recon-
struction should be deferred.

What issues should be discussed with the 
oncologic surgeon before mastectomy?

During the past 10 years, techniques for breast reconstruction
have been refined so that results are better and more reliable.
By far, the biggest step toward achieving superior results in
breast reconstruction has resulted from the more common
use of the skin-sparing mastectomy. Maintaining the intrinsic
shape of the breast at the time of mastectomy by sacrificing
minimal skin and maintaining the envelope of the breast has
allowed the reconstructive surgeon to achieve superior results
by all techniques.

Skin-sparing mastectomy has made immediate breast
reconstruction a more viable choice for the patient con-
sidering mastectomy as the method of treatment for breast
cancer. Toth and Lappert in 1991 were the first to report the
use of skin-sparing mastectomy with superior aesthetic
results.23

The goal of a skin-sparing mastectomy is to remove the
entire breast parenchyma as well as the nipple–areolar com-
plex while preserving as much breast skin as possible. Because
existing biopsy scars must also be removed, it is advisable for
the oncologic surgeon to keep these biopsy incisions as close
to the areola as possible so as not to require additional skin
excision at the time of the mastectomy. Appropriate sentinel
lymph node biopsy or axillary lymph node dissection can be
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performed through either the skin-sparing mastectomy inci-
sion or a separate axillary incision.

When the existing skin envelope shape is preserved during
the skin-sparing mastectomy, symmetry with the contralat-
eral breast is facilitated. When bilateral mastectomy is per-
formed, removing equal and minimal amounts of skin 
facilitates symmetry. Carlson and associates in 1998 showed
that skin-sparing mastectomy significantly reduced the need
for contralateral symmetry procedures in the other breast.24

Various types of skin incisions are used to perform a skin-
sparing mastectomy. Considerations in choosing the type of
incisions include the size of the areola, the size of the breast,
the presence of previous biopsy scars, the need to modify the
other breast, the type of reconstruction chosen, and the pres-
ence of diabetes or a history of cigarette smoking.

The periareolar incision removes the entire nipple–areolar
complex as well as a few millimeters of surrounding skin
because ductal tissue can extend into the surrounding skin.
This incision is ideal when an autologous reconstruction has
been chosen and the areola is of adequate size. Care should be
taken when using this incision in diabetics or smokers because
the viability of the long skin flaps can be compromised.
Periareolar incisions with lateral extension can facilitate axil-
lary dissection when additional exposure is required. The
modified ellipse incision converts the periareolar incision into
an ellipse and is useful when the areola is relatively small, a 
tissue expander reconstruction has been chosen, or the con-
tralateral breast will be reduced (Fig. 25–1). It is our opinion
that the reduction mammoplasty or anchor incisions should
be avoided because of the increased incidence of skin flap
necrosis. Slavin and coworkers reported using periareolar
incisions in 55% of their patients, the periareolar with lateral
extension in 27%, the periareolar with medial and lateral
extensions in 10%, and the ellipse in 8%.25 Many of the series
reporting on incision selection show a tendency to use the

periareolar incision later in their series, as surgeons become
more skilled in this technique.26

All techniques of breast reconstruction can be used after
skin-sparing mastectomy. When tissue expander or implant
reconstruction is chosen, the mastectomy incision must 
be closed primarily, making the modified ellipse the incision
of choice. Both TRAM flap and latissimus dorsi flap recon-
structions allow closure of the incision using the skin paddle
of the flap. Mastectomy skin flap problems are easier to 
manage with autologous reconstruction than with implant
reconstruction.

Studies in the literature show no difference in local recur-
rence in patients undergoing skin-sparing mastectomy 
when compared with patients who have undergone non–
skin-sparing mastectomy.27

The coordinated effort of the oncologic and reconstructive
surgeon to preserve native breast skin by performing skin-
sparing mastectomy produces superior cosmetic reconstruc-
tions without increased oncologic risk or morbidity.

What issues should be considered in 
determining the type of reconstruction?

Several factors must be considered when selecting the type of
breast reconstruction to be performed. When recommending
a specific reconstructive technique to the patient, the basic
body anatomy, general medical condition, age, risks for con-
tralateral disease, and patient preference as well as expecta-
tions all must be evaluated.

Anatomic considerations must include the necessity of
altering the contralateral breast with reduction, mastopexy,
or augmentation as well as the availability of tissues at the 
various donor sites. Patients undergoing a long surgical 
procedure and recovery must be in good general health to
minimize operative and postoperative morbidity. Smoking
limits the success rates of certain flap techniques for breast
reconstruction. A history of diseases, such as diabetes and 
collagen-vascular disease, that result in microcirculatory impair-
ments may also compromise the success rates of certain flap
techniques.

Previous radiation to the chest wall is another important
variable because any technique that involves implants has a
high failure rate in irradiated tissues.28 Flap reconstruction 
is more prone to complications in irradiated tissues, but a 
satisfactory result is usually possible.29 Any patient with 
significant back problems should not undergo a TRAM 
flap because weakening of the abdominal wall musculature
may exacerbate existing dormant back problems. In young
patients, an increased risk for contralateral breast cancer 
over the life span influences the choice of procedure because
bilateral reconstructions are best when the same technique has
been used on both sides. Certain flap techniques (including
TRAM flap) cannot be done a second time if contralateral
reconstruction becomes necessary. Older patients do not 
tolerate complex flap reconstructions as well as younger
patients. The patient’s expectations for achieving symmetry
with a contralateral breast often make certain techniques
preferable in specific situations. Ultimately, if the patient is
given enough information by the reconstructive surgeon,
her preference will be a large factor in technique selection.
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Figure 25–1 Three types of skin-sparing mastectomy incisions.
A, Periareolar. B, Periareolar with lateral extension. C, Elliptic.



Recovery time and her feelings about the use of implants may
be significant issues.

What are the two basic forms 
of breast reconstruction?

Techniques for breast reconstruction can loosely be divided
into two basic categories: autologous techniques and implant
techniques. Autologous, or flap, procedures include TRAM
flaps, latissimus dorsi flaps, gluteus maximus flaps, or lateral
thigh flaps. All have specific advantages and disadvantages.
Implant procedures may be simple implant, tissue expander
techniques, or latissimus dorsi flap with implant or tissue
expander placement. In general, flap techniques have longer
operative times, greater perioperative morbidity, longer 
recovery time, and more postoperative pain. Flap techniques
are basically one-stage procedures, whereas tissue expander
procedures involve two stages. Flap techniques are true imme-
diate reconstructions. The patient undergoing simultaneous
mastectomy and reconstruction with a flap never experiences
the anatomic defect resulting from mastectomy, whereas the
patient receiving a tissue expander after a mastectomy is just
starting the reconstructive process. The final result of an
implant reconstruction is never as soft and pliable as an autol-
ogous tissue reconstruction.

Ultimately, all reconstructions are judged on the degree of
symmetry with the contralateral breast. A patient with large,
ptotic breasts almost always requires reduction or mastopexy
of the contralateral breast because the available donor site 
tissue or the ability to expand the mastectomy site is limited
when size and ptosis are the predominant goals. Autologous
tissue reconstructions more readily allow for precise sym-
metry at the expense of additional scars and donor site 
morbidity. Despite initial concerns, patients reconstructed
with flap tissue do not appear to have delayed diagnosis of
local or regional recurrence of their breast cancer.30

Implant reconstructions tend to have minimal ptosis and
often produce a reconstruction that assumes the shape of the
implant. These limitations of implant reconstructions may
require augmentation of the contralateral breast. Implants
may result in interference with future mammograms, a long-
term risk in the contralateral breast. In addition, the implants
may develop capsular contractures, deflate, or rupture. When
mastectomy flaps are thin, the implant may be palpable, or
rippling may be visible. The use of the latissimus dorsi myocu-
taneous flap may add additional camouflage to the implant as
well as increased ptosis and shaping not possible with implant
reconstructions alone.

The immediate latissimus dorsi flap and implant re-
construction essentially skips the expansion phase with its
inherent delay and morbidity. The latissimus dorsi is often 
an excellent choice when previous radiation has been admin-
istered or the patient has underlying microcirculatory 
problems.

Understanding the patient’s goals and priorities is essential.
Often, patients will compromise their expectations in favor of
a simple, less complicated technique. Defining the patient’s
needs is an important part of the reconstructive surgeon’s
evaluation. Understanding the limitations and expected
results of the techniques available is important so that the
patient can make an informed decision.

IMPLANT BREAST RECONSTRUCTION

What are the limitations of one-stage 
implant reconstruction?

The simple placement of an implant for breast reconstruction,
either as an immediate procedure or as a delayed procedure,
is a one-stage technique with minimal morbidity. The in-
dications for this procedure were reduced significantly 
with the development of textured, anatomically shaped tissue
expanders. Freeman in 1962 and 196931,32 and Snyderman and
Guthrie in 197133 described the subcutaneous placement of an
implant after mastectomy. In 1981, Gruber34 reported that
submuscular breast reconstruction significantly lowered the
risk for capsular contracture. The development of the Becker
expander-implant facilitated a one-stage implant reconstruc-
tion technique.35 The Becker device can serve as both an
expander and a final implant, making it possible to offer a
one-stage procedure to a larger percentage of patients.

In the immediate breast reconstruction setting, several fac-
tors may make simple implant placement difficult. The imme-
diate placement of an implant of adequate size to achieve
symmetry with the contralateral breast may be impossible
because of soft tissue deficiency or questionably viable skin
flaps. It may be necessary to place a smaller implant initially
and later exchange it for a larger one. This approach offers
minimal, if any, benefit over two-stage tissue expander 
techniques.

In the delayed reconstruction setting, it may be easier to
place an implant of adequate size. The ultimate result, how-
ever, is often inferior to a two-stage expander-implant recon-
struction. Creation of a well-demarcated inframammary fold
and maintaining adequate breast projection at the correct
level may be difficult. When any degree of ptosis is present, the
ability to simulate this ptosis is enhanced by placing a tissue
expander low and then, at the second stage, creating a pro-
perly positioned inframammary fold while maintaining 
adequate breast projection. In selected cases in which the con-
tralateral breast is small, there is no ptosis, and the inframam-
mary fold is indistinct, simple implant placement may be
adequate. Often, even in these cases, too much upper-pole
breast fullness is created on the reconstructed side after the
implant is placed.

Most one-stage implant breast reconstructions, whether
done using the Becker implant-expander or simple implant,
would benefit from a second procedure to reposition the
implant and create a more distinct inframammary fold.

When previous chest wall radiation has been given or is
planned postoperatively, achieving a long-term successful
reconstruction by implant placement techniques is less 
likely.21

Early experience in breast reconstruction with smooth-
surfaced tissue expanders demonstrated a high incidence 
of capsular contracture during the expansion phase that 
ultimately limited full expansion. During the period of time
that these devices were used, simple implant reconstruction
offered several theoretical advantages because capsular 
contracture rates were initially much lower when simple
implants were placed submuscularly. The development of
textured, anatomically shaped tissue expanders and implants
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decreased the risk for capsular contracture.36 The improved
contour has made simple implant reconstruction an infre-
quent procedure.

TISSUE EXPANDER–IMPLANT TECHNIQUE

What are the advantages of tissue 
expander–implant reconstruction?

In 1957, Charles G. Neumann, while working in the Depart-
ment of Surgery at New York University, fashioned a balloon
to a polyethylene tube and expanded the scalp to reconstruct
the upper two thirds of a traumatically avulsed ear.37 This 
single case report documents the first clinical use of tissue
expansion, but the era of tissue expansion in breast recon-
struction did not begin until more than 20 years later, when
Chadomer Radovan presented his experience with this tech-
nique.38 At about the same time, William Grabb39 performed
clinical studies using the breast tissue expander device. Since
that time, numerous laboratory and clinical studies have
helped to define the role of tissue expansion in both general
reconstructive surgery and breast reconstruction.37,40–42

Trends toward more conservative mastectomies create new
challenges for the reconstructive surgeon. Basic principles of
reconstruction always favor the use of autologous tissues with
similar color, texture, and subcutaneous fat. The postmastec-
tomy defect lacks both skin and underlying breast mound.
The skin envelope must have adequate laxity to allow the
breast mound to project sufficiently and remain soft in con-
sistency. When possible, careful planning with the oncologic
surgeon, at the time of the mastectomy, makes the achieve-
ment of these goals easier. The smaller mastectomy defect 
and the ability to begin reconstruction at the time of mastec-
tomy make tissue expansion a prime method to reconstruct
the absent breast. The tissue expander is an ideal tool to pre-
pare the remaining mastectomy skin to receive a permanent
prosthesis.

Advances in tissue expander design have simplified the
expansion procedure and made it more predictable and 
successful. Complete expansion has become easier; with the
development of textured surfaces on the expander, the capsu-
lar response has been decreased during the expansion phase.36

The texture also helps to prevent expander movement or
migration during expansion. This allows for maximum
expansion in precise areas. The introduction of an anatomic
shape to the expander allows preferential expansion of the
lower pole of the breast skin.

Who are appropriate candidates 
for tissue expansion reconstruction?

In general, patients with small, minimally ptotic breasts who
have undergone a total mastectomy are good candidates for
tissue expander reconstruction. Patients with large, ptotic
breasts will require significant modification of the contralat-
eral breast to achieve symmetry. Furthermore, recurrence of
ptosis in the larger breast may make an initial good result
deteriorate over time.

Which patients are not candidates 
for tissue expansion reconstruction?

Patients who have inadequate soft tissue after mastectomy 
to cover the tissue expander are not candidates for tissue
expander–implant reconstructions. The radical mastectomy
patient, with thin flaps and absent pectoralis major muscle,
requires the addition of soft tissue and is not a candidate for
tissue expander–implant reconstruction. Other patients who
have undergone extensive skin excisions with tight closure and
thin flaps are also better treated with flap reconstructions.
Patients who have undergone previous breast-conserving 
surgery with radiation therapy as part of their treatment and
patients who require postoperative chest wall radiation fol-
lowing a mastectomy also are less ideal candidates for tissue
expander–implant reconstructions. Radiation injury to the
chest wall tissues makes adequate expansion difficult and
increases the risks for expander or implant complications,
such as infection, implant exposure, rib fracture, and capsular
contracture.21,28 Alternative, usually autologous, reconstruc-
tive techniques are chosen for these patients. If one chooses to
use tissue expansion in irradiated patients, both patient and
surgeon must be prepared to abandon the technique if
complications occur. A secondary plan should be available for
completion of the reconstruction. Many of these cases can be
successfully salvaged with a latissimus dorsi flap or other
autologous reconstruction.

To achieve maximum symmetry with an implant 
reconstruction may require significant alteration of the 
contralateral breast by mastopexy, augmentation, or re-
duction. These issues must be considered and discussed 
with the patient, oncologic surgeon, and mammographer
before reconstruction.

What issues in operative planning for 
immediate implant reconstruction should 
be considered by the oncologic surgeon?

Every effort should be made to develop healthy skin flaps, of
uniform thickness, during the mastectomy. Ischemic flaps will
delay healing of the incision and limit the uniform skin
expansion required to achieve a good result. As discussed in
Chapter 24, very long flaps, created to preserve large amounts
of native breast skin, should be avoided. Rather, the goal
should be to provide enough skin to comfortably close the
incision without redundancy. Traditional guidelines for skin
excision should be followed, adhering to standard oncologic
principles. When bilateral mastectomy is being performed,
every effort should be made to perform symmetrical skin
excisions. Careful preoperative discussion with the oncologic
surgeon is essential to achieve good results using this tech-
nique of reconstruction (Fig. 25–2).

What are the considerations in choosing 
the type of expander?

An anatomically shaped tissue expander with a textured sur-
face and integrated port is desirable. Previous experience with
smooth-surface expanders resulted in capsular contracture in
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a significant number of patients,40–43 which limited full expan-
sion and the creation of a soft, pliable skin envelope of ade-
quate size to accept the final implant. The anatomic shape
allows for preferential expansion of the lower pole skin, thus
achieving adequate anterior projection in the reconstructed
breast. The use of an expander with an integrated port, rather
than a remote port, makes the expansion process less painful
because the skin over the integrated port is usually anesthetic,
whereas the skin over a remote port has sensibility.
Complications of port malfunction are also less likely with the
integrated port.

The primary consideration when choosing the size of the
tissue expander to be used is the width of the contralateral
breast. One should always choose a tissue expander at least as
wide as the contralateral breast. Smaller expanders are used in
patients with narrow breasts, and larger sizes are used in
patients with wider breasts. When bilateral mastectomy has
been or is being performed, the size of the tissue expander is
based on the preexisting base width, unless the patient prefers
to have smaller or larger breasts. This discussion is part of the
preoperative consultation with the patient.

What preoperative measures are taken 
with tissue expansion reconstruction?

With the patient standing, the inframammary fold position of
the contralateral breast is marked, and a line is drawn to the
middle of the chest. With the patient standing and examined
from the side, the point of maximum breast projection is
noted, as well as the breast’s position relative to the infra-
mammary fold. In the immediate reconstruction patient,
alteration of the contralateral breast by mastopexy, reduction,
or augmentation is performed during the implant exchange
procedure. When a delayed reconstruction is being per-
formed, the symmetry procedure may be performed at the
time of the initial tissue expander placement. The future
expected position of maximum breast projection is planned at
the time of the expander placement. The location of the point
of maximum breast projection is important because the tissue
expander will be positioned so that the maximum anteropos-
terior expansion will be achieved to correspond to the point of

maximum breast projection on the unoperated breast. This
may require positioning the expander several centimeters
below the inframammary fold during the initial procedure.
The single most important determinant for ultimate success
of breast reconstruction using these techniques is achieving
maximum anteroposterior expansion at the point of maxi-
mum breast projection. The end point of the expansion
process is when adequate projection, rather than a specific
volume, is achieved.

What intraoperative measures are taken 
with tissue expansion reconstruction?

Positioning of the expander must allow for maximum expan-
sion at the desired level as well as the ultimate achievement of
a normal inframammary fold. To achieve these two goals, the
lower flap must frequently be undermined in the subcuta-
neous plane to a level inferior to the inframammary fold of
the contralateral breast. This position is determined as dis-
cussed previously. To achieve a normal inframammary fold,
the lower one third of the tissue expander is usually not 
covered with muscle. Close approximation of the dermis of
the lower flap to the chest wall may be required at the second-
stage operation to achieve a normal inframammary fold;
therefore, any extra thickness of tissue in the inframammary
fold should be avoided. The upper two thirds of the tissue
expander are placed subpectorally. Other authors prefer total
muscle coverage of the expander.44 We have found that total
muscle coverage is unnecessary and often does not allow com-
plete expansion, resulting in a poor aesthetic result.

In the immediate-reconstruction setting, if the skin flaps
are questionably viable, the placement of the expander is
aborted and performed as a delayed procedure. This avoids
the postoperative complication of tissue expander exposure
and infection.

When an immediate reconstruction is being performed, the
pectoralis major muscle is divided transversely where it joins
the anterior rectus sheath. This division is continued 
medially and superiorly along the origin of the pectoralis
major muscle to allow for adequate medial expansion (Fig.
25–3A and B). Most often, the tissue expander is filled with
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Figure 25–2 Chest wound after mastectomy.
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Figure 25–3 A and B, Transection of the medial pectoralis major muscle to place the tissue expander. C, Pectoralis major muscle sutured
to the serratus anterior muscle over the tissue expander.
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Figure 25–4 Appearance of the chest
after completion of the tissue expan-
sion process.

about 100 mL of saline, and the pectoralis major muscle is
redraped and sutured lateral to the serratus anterior muscle
using absorbable sutures (Fig. 25–3C). These sutures stabilize
the expander in its position, prevent lateral migration of the
expander, and reestablish the anterior axillary fold. If an axil-
lary dissection has been performed, two closed-suction drains
are used. Otherwise, only one drain is used. Skin closure is
performed in two layers using interrupted buried dermal
sutures and interrupted or intracuticular skin sutures.
Aggressive postoperative trimming of questionable skin edges
will minimize the risk for expander exposure as well as allow
for expansion to begin as early as possible.

When a tissue expander is being placed as a delayed proce-
dure, the same technique of muscle covering the upper two
thirds of the expander is employed. The lower flap, in the
region of the inframammary crease, is frequently thinned by
either direct vision or liposuction. More fluid is placed into
the tissue expander than in the immediate-reconstruction set-
ting, and expansion is begun earlier. Wound closure is more
often done with a subcuticular suture after reapproximation
of the deeper tissues. A drain is usually placed for 24 to 48
hours to minimize fluid collection and maximize the chances
for tissue adherence to the tissue expander.

What postoperative measures are taken 
with tissue expansion reconstruction?

When a tissue expander is placed immediately, the patient is
usually sent home with the drains in place, and the drains are
removed in the office in 5 to 7 days. Repeated aspiration of
postoperative seromas is to be avoided whenever possible
because this will increase the risk for infection and possible
expander perforation. The only seromas aspirated are axillary
seromas, and this is done following immediate reconstruc-
tion. All patients receive 1 week of antibiotics. Limited use of
the ipsilateral arm is allowed during the first 2 weeks, and all
range-of-motion exercises are delayed for this period of time.
Skin sutures are removed in 2 weeks, and expansion is usually
begun at that time.

When a tissue expander is being placed as a delayed proce-
dure, a drain is usually placed for 24 to 48 hours to minimize

fluid collection and maximize the chances for tissue adherence
to the tissue expander. Range-of-motion exercises are begun 5
to 7 days after surgery.

What guidelines are followed 
for the expansion phase?

The goals of expansion are to achieve an adequate skin enve-
lope for the permanent implant. This will result in a soft, pli-
able, natural-appearing breast. The amount of overexpansion
must be adjusted based on the thickness of the skin flaps and
the type of implant that will ultimately be used. All implants
may ripple, and this may be visible through the skin. The ten-
dency for rippling is greater with saline implants, especially
when placed under thin flaps. When saline implants are used
and the flaps are thick, overexpansion by 25% to 30% is rec-
ommended. This allows for trimming of excess skin at the
exchange procedure, potentially creating a better-shaped
breast in the final reconstruction. When the flaps are thin,
overexpansion is kept to a minimum. Expansion will tend to
thin the flaps further and accentuate visible rippling. In gen-
eral, silicone implants have less rippling than saline implants,
but the same general principles for overexpansion apply to
patients receiving silicone implants.

In the immediate setting, when chemotherapy is being
given, the exchange procedure is not done until the
chemotherapy has been completed and the patient’s labora-
tory values have returned to normal. In these cases, the final
stages of expansion are delayed until chemotherapy is nearly
completed. If an expander has been placed and the patient
must receive chest wall radiation, the expander is usually fully
expanded before radiation treatments begin. The patient’s
local response to radiation is followed closely. Removal of
saline should be considered if the local reaction is severe and
the health of the expanded skin is jeopardized.

In most circumstances, expansion is done weekly in the
office using sterile technique and a 23-gauge butterfly needle.
The end point for expansion is achievement of adequate
anteroposterior projection (or slight overprojection) (Fig.
25–4). The patient’s breast is allowed to remain fully 
expanded for 1 month before the exchange procedure.



How is the appropriate implant selected 
for the exchange procedure?

The first consideration in planning the exchange procedure 
is choosing the appropriate implant. Available implants are
either round or anatomically shaped. Anatomic implants are
available in numerous shapes that vary in width, height, and
projection. Evaluation of the contralateral breast is key to
choosing an implant for exchange. When previous modifica-
tion of the contralateral breast has been performed by reduc-
tion or mastopexy, the exchange procedure should be done
only after enough time has elapsed to allow the modified
breast to settle into a stable position. If modification of the
normal breast is planned at the time of implant placement, its
final shape and volume must be predicted at this stage to facil-
itate implant selection. The goals at placement of the perma-
nent implant are to match the width, height, projection, and
volume of the contralateral breast (Fig. 25–5). A general idea
of the volume can be estimated by knowing the volume in the
expander that matched the volume of the existing breast.
Width, height, and projection are measured and the appropri-
ate implant selected from available charts. One should always
have many different-sized implants available at the exchange
procedure. Saline implants look best when they are slightly

overfilled, thus minimizing rippling. Often, the asymmetrical
orientation of an anatomic implant will help match the con-
tralateral breast shape.

What are the guidelines for 
inserting the implant?

Creation of an appropriately positioned and contoured infra-
mammary fold is important. Preoperatively, the inframam-
mary fold position of the contralateral side is marked with the
patient standing. These marks are transferred to the expanded
side. The expander is removed through the mastectomy inci-
sion, and the new inframammary fold position is liposuc-
tioned through two or three small access incisions in the
future inframammary crease. This removes any excess subcu-
taneous tissue, facilitating close approximation of dermis to
chest wall. Several 11/2-inch, 25-gauge needles are passed
through the skin into the expanded pocket at the inframam-
mary fold position (Fig. 25–6A). Using the needles as a guide,
the operator sutures the capsule on the anterior surface of the
pocket to the capsule on the chest wall with monofilament
sutures. An effort is made to attach the dermis of the anterior
flap to the chest wall. Although this maneuver often produces
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Figure 25–5 Measurement of the contralateral
breast before selection of the permanent breast
implant.



dimpling of the skin, this dimpling ultimately resolves in 3 to
6 months. Multiple sutures are placed internally, and often
external bolsters are added to reinforce the attachment of the
anterior capsule to the chest wall (Fig. 25-6B). Capsulotomy
and capsulectomy are performed whenever and wherever nec-
essary, and the implant is filled to the appropriate volume with
the patient in the sitting position on the operating table.
Excess skin is then trimmed along the mastectomy incision to
enhance shape and maximize projection. Final shape is more
a function of the shape of the implant than the shape of the
skin envelope. Overexpansion facilitates the ability to trim
skin at the second procedure. When extensive capsulotomy or
capsulectomy has been necessary, a closed-suction drain is
placed.

Postoperatively, activity is restricted for 2 weeks, and the
patient receives prophylactic antibiotics for 7 days. External
bolsters are removed after about 5 to 7 days. The skin under
the external bolsters must be monitored frequently to avoid
pressure necrosis during the immediate postoperative period.

When extensive contralateral breast reduction surgery is per-
formed, an adjustable implant should be considered on the
reconstructed side to facilitate future size changes postopera-
tively. The ports on these adjustable implants are easily
removed in the office (Fig. 25–7).

What are the potential complications 
of tissue expansion reconstructions?

In the immediate breast reconstruction setting, assessment of
skin flap viability at the completion of the mastectomy is very
important, especially in smokers, in whom microcirculatory
compromise is likely. Any marginally perfused tissues should
be trimmed to healthy tissue. In rare situations, fluorescein
can be helpful to assess questionable areas of viability. If the
plastic surgeon is still unsure about the viability of the skin
flaps, immediate placement of a tissue expander should be
abandoned and delayed reconstruction planned after primary
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Figure 25–6 A, Marking the
inframammary fold with needles as
a guide to suturing the anterior
and posterior capsules together. 
B, Appearance of the chest after
placement of the permanent breast
prosthesis.



healing has occurred. Aggressive skin edge trimming, early in
the postoperative period, will prevent expander exposure as
well as minimize the time for wound healing. This allows
inflation of the expander to begin as early as possible. If
the expander is exposed in the early postoperative period,
removal is recommended to avoid infection and potential sys-
temic complications.

The early diagnosis and treatment of a hematoma is essen-
tial. If left untreated, a hematoma will increase the risk for
capsular contracture and infection and make adequate expan-
sion difficult.

When infection becomes apparent, antibiotic therapy
should be instituted as soon as possible. Initial infection most
often presents as cellulitis of the breast skin and only second-
arily involves the expander pocket. Once the expander pocket
is involved, the infection behaves like an abscess and requires
removal of the expander, drainage of the space, and antibi-
otics. Replacement of the expander is delayed for 3 to 6
months until the tissues are soft and freely moveable over the
chest wall. When the expander is replaced, organism-specific
antibiotics are used. The risk for infection is increased in
patients who have had prior radiation therapy or lymph node
dissection.45

Capsular contracture during the expander phase can pre-
vent full expansion. In the past, expansion with smooth
expanders often resulted in significant capsular response.
Expansion often needed to be abandoned because of discom-
fort and the inability to create a soft skin envelope of adequate
size and projection to receive the final implant. At the time of
implant placement, near-total capsulectomy was required to
obtain a good result. The development of textured expanders
has significantly decreased the incidence of capsular con-
tracture during expansion. The tissue adherence between the
expander surface and the envelope results in a thin, pliable
capsule, making capsulectomy unnecessary at the time of
implant placement. Infection, hematoma, and seroma are still
significant causes of increased capsular response and contrac-
ture, despite the textured surface on the expanders.

Seroma formation may occur after mastectomy with or
without axillary dissection. Proper drain placement at mastec-
tomy and proper management of these drains can minimize
seroma formation. Drains should remain in place long
enough to minimize seroma formation. Nevertheless, seroma
formation will occur in a significant number of cases follow-
ing immediate placement of tissue expanders. Careful aspira-
tion of the seroma by the plastic surgeon will be required.
When a tissue expander is present, the risk for perforation
with aspiration requires careful technique away from the
expander surface. Repeated aspirations also increase the risk
for infection within the expander envelope, which can result
in an increased capsular response or even abscess formation.

Using small-gauge needles during inflation and carefully
aspirating any seroma can minimize loss of volume in the
expander during the expansion phase. Significant deflations
require replacement of the tissue expander. Permanent saline
implants may deflate at any time after their placement. These
deflations are most often due to valve malfunction. Tissue
ingrowth into the implant valve can make the implant valve
incompetent, allowing for slow loss of saline from the
implant. Newer valves are being developed to make deflations
less likely. Care must be taken to ensure that the valve is sealed
after the implant is filled.

Rib fracture is a rare complication of tissue expansion and
most often occurs if the chest wall has been irradiated.
Avoidance of tissue expanders in irradiated patients, as well as
slow expansion and careful monitoring in nonirradiated
patients, should eliminate this complication. If significant
localized pain develops during expansion, the status of the
underlying rib should be evaluated by radiographs. If a rib
fracture is present, the tissue expander should be removed and
other reconstructive techniques offered to the patient.

LATISSIMUS DORSI MYOCUTANEOUS 
FLAP RECONSTRUCTION

Initial attempts to reconstruct the radical mastectomy defect
using silicone implants were often unsuccessful because of the
absent pectoralis major muscle and thin skin. In 1976, the
pedicled latissimus dorsi musculocutaneous flap was used for
the treatment of radiation necrosis of the chest wall.46 In 1977,
the latissimus dorsi was used as an island pedicle flap for
breast reconstruction.47,48 The large, fan-shaped muscle could
be completely transposed anteriorly to replace the absent pec-
toralis major muscle and re-create the anterior axillary fold, as
well as provide a well-vascularized muscle and skin envelope
to receive an implant. The skin island, when properly
designed, could replace the skin removed at mastectomy.
Initially, a smooth silicone implant was placed under the latis-
simus dorsi muscle, and significant incidence of capsular con-
tracture resulted.36,49,50 With the development of the TRAM
flap, which did not require an implant, the latissimus dorsi
flap became a secondary reconstructive choice. The develop-
ment of textured implants, as well as expanders, has decreased
the incidence of capsular contracture significantly.36,50 In
selected cases, when adequate subcutaneous fat is available
over the latissimus dorsi muscle, no implant is required, and a
total autologous breast reconstruction is possible.51–54 Despite
the trend toward less radical cancer surgery, the latissimus
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Figure 25–7 A patient after reconstruction with a tissue
expander and breast prosthesis.



dorsi myocutaneous flap still plays a significant role in breast
reconstruction.

Who is a candidate for latissimus 
dorsi flap reconstruction?

Patients who require the addition of autologous tissue to
achieve breast symmetry with implants or who are not good
candidates for TRAM flap reconstruction may benefit from
the latissimus dorsi flap. The patient who has a large skin
requirement at the mastectomy site and ptosis in the con-
tralateral breast is usually best treated by autologous tissue
techniques rather than by tissue expander and implant tech-
niques. When the TRAM flap or another autologous tissue
donor site is not an option because of lack of tissue, previous
surgery, smoking, obesity, diabetes mellitus, or collagen-
vascular disease, then the latissimus dorsi flap can be reliably
used. The blood supply to the latissimus dorsi flap is excellent,
even in patients with a compromised microcirculation. It is
rare to have total or partial loss of a latissimus dorsi flap.

What are the advantages of latissimus 
dorsi flap reconstruction?

The latissimus dorsi flap and implant offers several advantages
over tissue expander–implant techniques. The latissimus dorsi
skin component replaces the skin removed at mastectomy and
avoids the morbidity of tissue expansion. The latissimus dorsi
flap provides a true, immediate breast reconstruction com-
pleted in one stage at the time of mastectomy. The latissimus
dorsi muscle provides an envelope of tissue under the mastec-
tomy skin. Ripples are less visible when a latissimus dorsi 
flap is used. This technique can often salvage a cosmetically
poor tissue expander–implant reconstruction. When a tissue
expander has been placed and chest wall radiation is required
postoperatively, adequate expansion is often difficult to
achieve.21,28 In these cases, the addition of a latissimus dorsi
flap can salvage a reasonable cosmetic result. Patients who
have undergone breast conservation and develop tumor
recurrence require total mastectomy. If the TRAM flap donor
site is not available, the latissimus dorsi flap with an implant
is a good second choice.

What are the anatomic considerations 
in latissimus dorsi flap reconstruction?

The latissimus dorsi muscle receives its primary blood supply
from the thoracodorsal artery, a branch of the subscapular
artery (Fig. 25–8). This single vessel runs deep to the insertion
of the muscle, freely separated from the muscle at this level.
The artery enters the muscle at the mid-scapular level and
quickly branches within the muscle.55 Musculocutaneous per-
forators provide blood supply to the skin over the muscle. A
branch from the proximal thoracodorsal artery supplies the
serratus muscle. When the proximal thoracodorsal vessel has
been divided, the serratus branch will usually provide ade-
quate blood supply to the latissimus dorsi muscle through ret-
rograde flow from the intercostal vessels.56,57 The abundant
blood supply to both the muscle and the overlying skin allows

for numerous flap design options to solve many clinical prob-
lems in breast reconstruction.

What are the preoperative 
considerations in planning a latissimus 
dorsi flap reconstruction?

A complete evaluation of the reconstructive requirements of
the chest wall is an essential part of the planning of all types
of breast reconstruction. It is especially important when a
latissimus dorsi myocutaneous flap is being used. The volume
of autologous tissue available with this flap is limited, and its
positioning on the chest wall is critical to achieve a good cos-
metic result.

The upper chest wall contour depends primarily on the
adequacy of the pectoralis major muscle. The pectoralis major
muscle is absent in the radical mastectomy patient, and even
in the modified radical mastectomy patient, pectoralis major
atrophy can occur secondary to denervation during axillary
dissection. Reestablishment of a symmetrical upper chest wall
contour takes high priority and may require de-epithelializa-
tion and subcutaneous placement of the skin flap paddle.
Anterior axillary fold contour may need reconstruction.
Transposition of the entire latissimus dorsi muscle with ante-
rior positioning of its insertion enables reconstruction of the
anterior axillary fold. The location and orientation of the
mastectomy scar should be noted. The preferred final position
of the skin island is in the lower lateral aspect of the recon-
structed breast. High incisions and vertical incisions are best
left alone when planning the flap inset. In these cases, a new
incision should be planned so that an inferolateral inset is
possible. When the chest wall has been irradiated, the skin
requirements may be significantly greater than expected pre-
operatively. In situations in which the skin requirements are
greater than can be provided by the latissimus dorsi skin
island, a tissue expander, rather than an implant, should be
placed at the time of flap transfer.

Evaluation of the latissimus dorsi muscle, subcutaneous tis-
sue, and skin laxity is important. When the examination
reveals that the latissimus dorsi muscle has been denervated at
the time of axillary dissection, the thoracodorsal vessels have
most likely been divided. Transfer of the musculocutaneous
unit must then be based on the serratus branch of the thora-
codorsal vessels, which will perfuse the flap through the inter-
costal vessels.57 The need to base the flap on serratus vessels
may limit the arc of rotation of the muscle and the ability to
transfer the entire muscle anteriorly. This will limit the
amount of tissue available for reconstruction, and an alterna-
tive reconstruction might be considered. The vascularity of
the flap may also be significantly less when the flap is trans-
ferred on these secondary vessels. If a patient is a smoker, is
diabetic, or has any other systemic microcirculatory disorders,
partial or complete flap loss is more likely.

The laxity of the skin on the back is quite variable, as is the
orientation of the greatest skin-laxity axis. When designing
the skin island, these factors must be considered. Some
patients have large amounts of subcutaneous fat, either just
below the posterior axillary fold or lower on the back.
Incorporating the subcutaneous fat excess under the skin
island can add a large amount of autologous tissue to the flap
and simplify the reconstruction.
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What guidelines are followed 
when designing the skin island?

Various skin island designs are possible (Fig. 25–9). The ori-
entation of the skin island is based on several variables. The
best cosmetic scar is obtained when the long axis of the flap
follows the natural lines of the skin of the back (see Fig.
25–9A). Frequently, a wide skin paddle with generous subcu-
taneous tissue can be obtained by this design. When there is
excess skin and subcutaneous tissue at the posterior axillary
fold, a fleur-de-lis pattern over this site will maximize the
transfer of autologous tissue58 (see Fig. 25–9B). Another use-
ful skin island position is a vertically oriented skin paddle
placed laterally on the back. This design allows for easy inset
of the skin island lateral to and low on the anterior chest wall
(see Fig. 25–9C). Complete muscle coverage both above and
below the implant is possible, and a visible scar directly on the
back is avoided. One must be prepared to modify any of these
designs based on the reconstructive objectives. When elevat-
ing the latissimus dorsi myocutaneous flap, additional subcu-
taneous tissue can be harvested by beveling the incision
through the subcutaneous tissue to incorporate large amounts
of fat over the entire muscle surface. When this is performed
over extensive areas of the back, consideration must be given
to the effect on the subcutaneous tissue blood supply and ulti-
mate healing of the donor site scar. With extensive harvest 
of tissue, donor site healing may be compromised.54 A true

autologous breast reconstruction, not requiring an implant,
can sometimes be achieved by including extensive subcuta-
neous fat with the muscle flap.51–54 Usually, a small implant is
still required to assist with breast projection.

In general, the donor site from a latissimus dorsi skin island
10 cm in width or less can easily be closed primarily without
undue skin tension. If a larger skin island is required, a tissue
expander may be required under the latissimus dorsi muscle
before flap elevation to facilitate primary closure of the donor
site. When a tissue expander is placed under the transposed
musculocutaneous flap, a textured expander is preferable
because it will allow for less capsular response and ultimately
a softer, more pliable skin envelope. When a permanent pros-
thesis is placed, an adjustable implant is sometimes preferable
to allow for small postoperative adjustments of implant 
volume and to maximize symmetry. This is especially impor-
tant if a symmetry procedure is done on the contralateral
breast at the same time as flap placement.

What are the intraoperative 
considerations before commencing the 
latissimus dorsi flap reconstruction?

When a latissimus dorsi myocutaneous flap is being used for
immediate reconstruction, the width of the skin removed at
mastectomy is noted, and an attempt to replace this exact
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dimension is made when designing the skin paddle on the
back (see Fig. 25–9). Coordinated preoperative planning with
the oncologic surgeon will greatly facilitate this. At the com-
pletion of the mastectomy, the plastic surgeon should examine
the adequacy and patency of the thoracodorsal vessels.
Following this, the anterior chest wound is closed temporarily
with staples, and the patient is repositioned in the lateral posi-
tion. Prior placement of a beanbag will facilitate the reposi-
tioning. When the general surgeon is comfortable performing
a mastectomy with the patient in a three-fourths lateral posi-
tion, repositioning the patient may be unnecessary. As dis-
cussed in Chapter 24, particular care must be exerted to avoid
prolonged posterior extension of the arm and stretching of
the brachial plexus.

When the latissimus dorsi flap is being used for delayed
breast reconstruction, the procedure is begun with the patient
supine on the beanbag. The site for the flap on the anterior
chest is opened, and the mastectomy defect is re-created. For
patients who have had a previous radical mastectomy, wide
subcutaneous undermining is required so that the upper chest
wall deformity and anterior axillary fold can be reconstructed
with the flap. When the defect on the chest wall is more lim-
ited, as is often the case following a simple mastectomy, the
dissection is best done subpectorally in the upper chest so that
the implant will be placed under the muscle. While the patient
is in the supine position, the anterior border of the latissimus
dorsi muscle is identified; this will facilitate the flap transfer.
Once the anterior dissection has been completed, an assess-
ment of the skin requirement should be made so that proper
flap design on the back can be planned. The patient is then
placed in the lateral position after the anterior incision is tem-
porarily closed with staples.

How is the flap harvested?

The skin incisions are made for flap harvest, and a subcuta-
neous bevel is created to include as much subcutaneous tissue
as possible with the flap. Variable degrees of beveling are 
possible, depending on the requirements for autologous 
tissue. When extensive fat is included with the flap, care 
must be taken to preserve the subdermal vessels to the skin of
the back, to minimize wound healing problems following 
flap closure. The extent of inferior flap dissection will 
depend on how much muscle is needed to cover the implant.
When the flap is transferred anteriorly, the lower portion of
the latissimus dorsi muscle frequently ends up superior. The
amount of inferior latissimus dorsi muscle required varies
depending on the orientation and placement of the skin pad-
dle and the amount of upper chest wall deformity. With the
traditional oblique transverse skin paddle orientation, several
centimeters of the inferior portion of the muscle are usually
needed.

The flap dissection is performed medially to the midline.
Superiorly, the dissection is continued to the upper border of
the latissimus muscle and along the junction of the teres
major and latissimus muscles to the insertion of the latissimus
muscle. The lateral border of latissimus muscle is identified
from the planned inferior muscle division to the axilla. The
muscle is then divided inferiorly with cautery, taking care to
remain above the serratus muscle along the lateral border. The
latissimus muscle is raised from inferior to superior, while 
the serratus muscle is maintained against the chest wall.
The upper border of the latissimus dorsi is dissected free and
continued superiorly between the teres major and latissimus
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dorsi to its insertion onto the humerus. Before this mobiliza-
tion is completed, the serratus branch of the thoracodorsal
vessels is identified on the anterior surface of the serratus
muscle. Identifying this vessel will allow definitive identifica-
tion of the thoracodorsal vessels.

When the anterior axillary fold requires reconstruction, the
insertion of the latissimus dorsi muscle onto the humerus is
divided while the vascular pedicle is protected. This maneuver
allows anterior transposition of the entire muscle, including
its tendinous insertion. Depending on the extent of transposi-
tion required, the serratus branch is either preserved or 
divided. If the thoracodorsal vessels have been ligated proxi-
mally, then the serratus branch, filled retrograde through the
intercostal vessels, can be used to provide adequate blood 
supply to the entire latissimus dorsi myocutaneous unit. After
the thoracodorsal pedicle is identified, the separation of the
teres major from the latissimus is continued superiorly.
Division of this attachment must be complete because the
anterior rotation will be limited by the teres major attach-
ment. The thoracodorsal nerve is usually transected at this
time to prevent unnatural-appearing contractions postopera-
tively. When the entire muscle is transposed and an anterior
axillary fold reconstruction has been performed, the nerve is
left intact because its contractions are in the normal orienta-
tion. Leaving the nerve intact does not appear to increase
muscle bulk. The muscle bulk is affected in a much more sig-
nificant way when the resting length of a muscle is signifi-
cantly altered than when the motor branch is divided. The
musculocutaneous unit is then transferred anteriorly through
a wide tunnel into the anterior mastectomy defect. Keeping
the tunnel high in the axilla will minimize the fullness that is
seen more inferiorly when the tunnel is lower down. Two
closed-suction drains are placed, and the back is closed in 
layers. The patient is repositioned in the supine position. The
arms are placed on arm boards so that the patient may be
placed in a sitting position on the operating table during final
closure of the breast incision to best assess symmetry and
breast shape.

How is the flap positioned?

With the patient in the sitting position, the flap is oriented in
the planned position, and the adequacy of skin provided 
by the latissimus dorsi muscle unit on the back is assessed.
When there is concern about skin adequacy, a textured tissue
expander rather than a final implant is chosen. This allows for
postoperative expansion of the chest wall skin and flap skin so
that better symmetry can be obtained. When adequate skin is
available but the size of implant is uncertain, an adjustable
implant should be selected to allow for small adjustments
postoperatively. Most often, a textured implant, either round
or anatomically shaped, is selected. When the anterior axillary
fold requires reconstruction, the tendinous insertion of the
latissimus dorsi muscle is attached between the deltoid muscle
and the coracobrachialis muscle to simulate the contralateral
pectoralis major muscle. When reconstructing a radical 
mastectomy defect or when there is a significant soft tissue
requirement superiorly extending up to the clavicle, de-
epithelialization of the skin paddle may be required to provide
upper chest wall contour. When a tissue expander or implant
is used, every attempt should be made to achieve total muscle
coverage over the implant, using the transferred latissimus
muscle and the existing pectoralis major muscle (Fig. 25–10).
One closed-suction drain is placed anteriorly, and a tension-
free skin closure is performed in a layered fashion.

Symmetry procedures can be done either at the time of the
latissimus dorsi flap or at a later date. Delaying contralateral
breast surgery improves the chance of obtaining optimal sym-
metry. This is especially true if a tissue expander has been
placed under the latissimus dorsi flap.

What are the guidelines for 
postoperative management?

A broad-spectrum antibiotic is begun in the operating room
and continued for 1 week postoperatively. Suction drains are
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removed when 24-hour drainage is less than 50 mL. Despite
this regimen, about 20% to 50% of patients will develop a
seroma at the flap donor site.54,59 If the seroma is small, it will
usually be self-limited and resolve over several weeks. When it
is larger, aspiration may be required. When the muscle inser-
tion has not been transferred anteriorly, range-of-motion
exercises are begun 2 weeks after surgery, and full activity is
allowed after 6 weeks. When a seroma occurs, range of motion
should be limited until resolution of the seroma. When the
insertion of the latissimus dorsi has been reattached anter-
iorly, abduction of the arm is limited for 6 weeks, allowing the
suture line to heal. When a tissue expander has been placed
under the latissimus dorsi muscle, expansion is usually begun
1 week postoperatively, and full expansion is achieved as rap-
idly as possible. Following 1 month of full expansion, an
exchange of the tissue expander for a permanent or adjustable
textured implant and any symmetry procedure on the con-
tralateral breast is performed. Nipple reconstruction is
deferred for 6 weeks to 3 months to allow the final contour of
both the reconstruction and the contralateral breast to stabi-
lize (Fig. 25–11).

What are the potential complications 
of latissimus dorsi flap reconstruction?

Hematoma may occur at the donor site or anterior chest and
can be avoided by meticulous hemostasis during the proce-
dure. The patients are instructed to avoid aspirin and non-
steroidal anti-inflammatory drugs for 2 weeks preoperatively.
If there is a history of previous hematoma or easy bruising, a
complete coagulation evaluation should be done preopera-
tively. Untreated hematomas around the implant or expander
will result in an increased incidence of capsular contracture.

Infection is rare following latissimus dorsi flap breast
reconstruction. When an implant has been used and an infec-
tion occurs, aggressive treatment with intravenous antibiotics
is necessary. Despite this treatment, removal of the implant 
or tissue expander may be required to cure the infection.
Repeated aspirations of a chronic seroma may increase the

incidence of infection. These aspirations must be done under
sterile conditions. The aspirate should always be cultured, and
if there is growth, appropriate treatment should be instituted.

Seroma occurs in 20% to 50% of patients, despite adequate
closed-suction drainage.54,59 Biweekly aspirations may be
required to resolve the seroma.

Vascular inflow complications resulting in either partial or
complete flap necrosis are rare. Preoperative evaluation of
thoracodorsal nerve function as a guide to thoracodorsal 
vessel patency is a reliable tool. When the thoracodorsal pedi-
cle is intact, postoperative flap ischemia is most often due to
pedicle injury during flap elevation or pedicle kinking on
transfer of the flap. When the thoracodorsal vessels have been
divided, the patent serratus branch is capable of sustaining the
entire flap territory in most cases. Knowledge of this situation
preoperatively will allow for proper flap design and elevation
to minimize the risk for flap ischemia.

Capsular contracture around an implant with the resulting
breast deformity and pain was a common complication when
smooth implants were used.49 With the development of tex-
tured tissue expanders, as well as textured implants, the inci-
dence of capsular contracture is lower, but still significant.36

Treatment of established capsular contracture may require
capsulectomy and implant replacement or autologous tissue
reconstruction.

The reported incidence of saline implant deflation is less
than 2% during the first 2 years after placement; when it
occurs, however, replacement with a new implant is 
necessary.60

Brachial plexus stretch injury following latissimus dorsi
flap reconstruction can occur.59 This stretch injury occurs
either from hyperabduction of the shoulder during flap 
dissection or from positioning problems in patients with
long-standing shoulder immobility. It is important to assess
shoulder mobility preoperatively. When limitations exist, care
must be taken during the surgical procedure.

Donor site scar hypertrophy and donor site deformity are
most often related to the orientation of the flap design and the
volume of subcutaneous tissue included in the harvest.
Vertical orientation along the anterior latissimus dorsi border
or oblique transverse orientation of skin excision along lines
of skin tension usually results in satisfactory scars.

In conclusion, the latissimus dorsi flap is a very useful
reconstructive technique for breast reconstruction. Its 
abundant vascular supply and well-perfused overlying skin
and subcutaneous tissue make this flap both reliable and 
versatile.

UNILATERAL BREAST RECONSTRUCTION 
WITH THE PEDICLED TRAM FLAP

The TRAM flap allows reconstruction of the breast without
prosthetic implants. Use of this flap requires a longer, more
complex surgical procedure, with the occasional need for
blood transfusions. This flap can provide the natural ptosis
that cannot often be duplicated with a breast implant.
Autologous tissue has tactile sensation more like breast tissue.
The flap develops sensory return through nerve ingrowth into
the flap from the mastectomy bed.61 Excellent symmetry can
more typically be achieved with TRAM flap reconstruction.
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The TRAM operation can be performed as a microvascular
free flap, a single-pedicled flap using one rectus muscle, or a
double-pedicled flap using both rectus muscles. The choice of
flap is based on the preference of the individual surgeon as
well as on the specific patient’s situation. Patients who are
smokers and patients who require a large volume of tissue
may benefit from a microvascular free flap. A double-pedicled
TRAM flap may also be used in these patients. Unfortunately,
double-pedicled flaps require sacrifice of all or part of both 
rectus abdominis muscles. This may result in significant
abdominal wall weakness, which may be unacceptable to some
patients.62 Prior right upper quadrant subcostal-type incisions
prevent use of a right rectus abdominis pedicled TRAM flap.
This would be an indication for use of either a left rectus 
muscle pedicled TRAM flap or a microvascular free flap.

What are the anatomic considerations 
in TRAM flap reconstruction?

The female anatomy is notable for a prominent infraumbilical
fat pad. This fat may be carried as a pedicled flap by the deep
superior epigastric artery or as a free flap using the deep infe-
rior epigastric artery as the primary blood supply. The skin
and fat in a TRAM flap closely approximate the texture and
size of normal breast. The rectus abdominis muscle is bilateral
and originates from the fifth, sixth, and seventh ribs as well as
from the xiphoid process.63 The muscle is wider proximally
and narrows as it approaches the pubis. Typically, there are
three tendinous inscriptions. The most inferior is in the area
of the umbilicus. The middle inscription is halfway between
the umbilicus and the costal margin. The superior inscription
is close to the costal margin. The shape, density, and location
of the inscriptions are variable (Fig. 25–12).

The support system of the abdominal wall consists of five
bilateral muscles: the transversalis, internal oblique, external
oblique, rectus abdominis, and pyramidalis muscles. The ver-
tical support of the abdominal wall is formed by the linea alba
and the two linea semilunaris ligaments. The anterior rectus
sheath and the tendinous inscriptions form the transverse
support of the abdomen.64 The posterior rectus sheath is
absent below the semilunar line, about halfway from the
umbilicus to the pubis, but does provide some support above
the arcuate line (see Fig. 25–12). The posterior sheath should
not be relied on to provide lasting abdominal wall strength.
The anterior rectus sheath should always be repaired after har-
vest of the rectus muscle.

The anterior abdominal wall blood supply is from the deep
superior epigastric artery, the deep inferior epigastric artery,
the superficial inferior epigastric artery, and the 8th through
12th intercostal arteries. The superficial external pudendal
vessels and the superficial and deep circumflex iliac vessels
also contribute blood supply to the abdominal wall (Fig.
25–13).

The deep superior epigastric artery descends from the inter-
nal mammary artery, leaves the mediastinum between the
costal and sternal attachments of the diaphragm, and enters
the rectus sheath about 1.5 cm from the midline. The deep
superior epigastric artery runs underneath the rectus abdom-
inis muscle and eventually enters the muscle proximal to 
the first tendinous inscription. Below the second tendinous
inscription, the branches of the deep superior epigastric artery
are reduced in caliber and communicate with similar vessels
from the deep inferior epigastric artery. The deep superior 
epigastric artery is located in the middle third of the rectus
abdominis muscle. The deep inferior epigastric vessel arises
from the external iliac artery just superior to the inguinal liga-
ment. The deep inferior epigastric artery is larger in diameter
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than the deep superior epigastric artery. Typically, the deep
inferior epigastric artery enters the rectus sheath in the area of
the linea semilunaris about 3 to 4 cm below the umbilicus.

Most cutaneous and subcutaneous perforating vessels from
the deep inferior epigastric artery are in the area of the
umbilicus. For the pedicled TRAM flap to survive, the deep
superior epigastric artery flap depends on the deep inferior
epigastric artery perforators flowing in a retrograde fashion
through choke vessels. Blood then courses into the subcuta-
neous tissue through the perforators. There is a network from
two major sources of arterial blood to the skin: direct cuta-
neous perforators and indirect perforators. The direct cuta-
neous perforators parallel the connective tissue framework
and then reach the subdermal region, whereas the indirect
perforators supply blood mainly to the fat and other deep
structures and then onto the skin, therefore, indirectly.65

The major blood supply to the anterior abdominal wall skin
is through the vascular perforators in the periumbilical
region. The blood is transported by the subdermal plexus or
the prefascial plexus of the abdominal wall.

What are the determinants of arterial 
blood supply to the TRAM flap?

The angiosomes of the body, a network of vascular territories,
have been described by Taylor and Palmer.66 The cutaneous
blood supply to each of these vascular territories is through a
single source vessel. The TRAM flap may be placed in several
different positions on the abdominal wall. Each type of
position is supplied by a primary angiosome. The upper

abdominal pedicled TRAM flap lies over the angiosome of the
deep superior epigastric artery (Fig. 25–14A). The lateral por-
tion of the flap is a secondary angiosome supplied by the lat-
eral intercostal arteries. The contralateral side of the flap is
supplied by second and third angiosomes: the contralateral
deep superior epigastric artery and the contralateral inter-
costal arteries.66

The mid-abdominal pedicled TRAM flap (Fig. 25–14B) has
a skin paddle that overlies the vascular pedicle of the deep infe-
rior epigastric artery. For the deep superior epigastric artery 
to supply this flap, blood must flow through the intramuscular
choke vessels into the deep inferior epigastric artery and then
through the periumbilical perforators into the skin. The skin
paddle is therefore in the second angiosome of the flap. The tip
of the ipsilateral side of the flap is in the third angiosome 
supplied by the lateral cutaneous intercostal arteries. The 
contralateral side contains the third and fourth angiosomes.

The lower abdominal pedicled TRAM flap (Fig. 25–14C)
depends on the deep superior epigastric artery filling from the
deep inferior epigastric artery and then through the perfora-
tors to the overlying paraumbilical skin. A single vascular
pedicle can perfuse an adjacent vascular territory, but
attempts to perfuse a third or higher vascular territory put 
the flap at risk for significant necrosis.64 The pedicled TRAM
flap procedure is a series of tradeoffs. The higher the flap is
placed on the abdominal wall, the more reliable the flap is
when based on the deep superior epigastric artery perforators,
but the more visible is the abdominal scar. The lower the flap
is placed on the abdominal wall, the better the aesthetic
appearance of the abdominal scar, but the less reliable the
blood supply to the flap.
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Microvascular deep inferior epigastric TRAM flaps sacrifice
minimal muscle, and deep inferior epigastric artery perforator
flaps sacrifice no muscle and have lower abdominal scars, but
the surgeon must have the technical ability to perform micro-
surgery. In addition, the surgeon must be willing to withstand
the intermittent, although infrequent, total loss of a flap.

What are the risk factors for successful 
TRAM flap reconstruction?

Several risk factors increase the failure rate of the pedicled
TRAM flap. Obesity, particularly when the patient is greater
than 25% over the ideal body weight, is associated with
increased TRAM flap complications.67 Patients who smoke are
at increased risk for small vessel disease and, therefore,
increased risk for tissue necrosis.67 The risk increases with the
amount and length of smoking. Diabetes mellitus may also be
associated with an increased risk for flap necrosis.

Abdominal scars that disrupt the periumbilical perforators
are an absolute contraindication to any TRAM flap67 because
there is no way that the flap can survive without perforators.

Liposuction is the most common cosmetic surgical proce-
dure performed for women. The number of women who have
had liposuction and will have breast cancer is increasing. Shaw
and colleagues have shown that the microvascular free TRAM
flap can be performed safely in women who have had abdom-
inal liposuction.68

Obviously, major systemic illnesses, such as severe cardiac
disease, chronic pulmonary disease, and hypertension, are rel-
ative contraindications to TRAM flap reconstruction based on
the severity of these processes. All patients must be assessed
and carefully evaluated before consideration for surgery.

Although blood transfusion with the pedicled TRAM flap is
usually not necessary, patients should be cross-matched and
prepared for transfusion.Whenever possible, autologous blood
should be available. This may not be possible in immediate
reconstructions because the patient frequently desires to have
surgery very quickly. Donor-related blood should be consid-
ered in situations in which autologous blood is not available.

The TRAM flap is an operation that can be performed only
once. Therefore, patients who are at high risk for bilateral
breast cancer should be advised that unilateral reconstruction
with a TRAM flap will preclude performance of the operation
on the other side, at a later date, if needed.

What are the preoperative considerations 
in planning a TRAM flap reconstruction?

The extent of the mastectomy wound varies from patient to
patient depending on the extent of soft tissue resection that is
performed by the oncologic surgeon. To achieve a symmetri-
cal soft tissue volume, the skin that is missing must be
replaced in its entirety along with the missing soft tissue 
volume. When possible, skin-sparing mastectomy improves
the aesthetic result of the reconstruction. Singletary69 has
shown that the regional recurrence after skin-sparing mastec-
tomy is a function of the biology of the tumor and the stage of
the disease and is not affected by the use of immediate recon-
struction or skin-sparing mastectomy.

In cases of immediate reconstruction, the skin that is being
excised from the breast can be measured, and the skin paddle
can be copied exactly on the TRAM flap. The weight of the
soft tissue that is required for reconstruction can be estimated
by weighing the mastectomy specimen. The dimensions of the
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Figure 25–14 A, Position of the upper abdominal TRAM flap. B, Position of the mid-abdominal TRAM flap. C, Position of the lower
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mastectomy specimen can also be measured. All data that are
available should be used to try to match the defect that is cre-
ated. The skin replacement must be as close to exact as pos-
sible. If an inappropriate amount of skin is present in the
mediolateral dimension, the breast will appear too wide or too
narrow. If the amount of skin in the superoinferior dimension
is wrong, the breast will have either too much or too little pto-
sis. It is always helpful if the oncologic surgeon saves as much
skin as possible in the medial portion of the breast. This will
allow preservation of the cleavage fold.

After the defect and the chest wall are assessed, the
abdomen must be evaluated. The location of scars, the
amount of fat, and the abdominal wall strength need to be
noted. Pedicled TRAM flap is not possible if the patient has
had bilateral subcostal incisions. A unilateral subcostal scar
will prevent the use of a pedicle from that side. The presence
of a unilateral subcostal scar does not preclude the use of the
muscle on the other side. Patients who have undergone
abdominoplasty surgery are not candidates for TRAM flaps.

The amount of fat available in the abdomen must be evalu-
ated. The patient should be asked to tighten the abdominal
wall to assess how much of the abdominal fat is extrafascial.
The amount of fat present on one side of the abdomen must
be estimated. Is this fat enough to reconstruct the breast with
a single pedicle? If there is not enough fat available on one side
of the abdomen, consideration must be made for a double-
bipedicled TRAM flap reconstruction or a microvascular free
flap. The strength of the abdominal wall must be assessed. If
the abdominal wall is weak and lax, particularly below the
arcuate line, then the TRAM flap should be placed higher on
the abdomen. In addition, the weaker the abdomen, the more
likely that the patient will require closure of the wound with
prosthetic material. All patients should be told about the pos-
sibility that prosthetic material may be used for abdominal
wall closure. Many patients who are undergoing TRAM flap
reconstruction expect a totally autologous reconstruction.
These patients should be aware that prosthetic material is fre-
quently used to close the abdomen.

Are all abdominal scars a contraindication 
to TRAM flap reconstruction?

If bilateral subcostal scars are present, a microvascular free
TRAM flap should be considered. Midline scars are not a con-
traindication to the TRAM flap. The presence of a midline
scar will make the tissue contralateral to the pedicle unusable
for the reconstruction. If more tissue than is available on 
one side of the abdomen is needed for breast reconstruction,
then either a double-pedicled or free TRAM flap should be 
considered.

Appendectomy scars are usually not a contraindication to
TRAM flap breast reconstruction. The position and length of
appendectomy scars vary among patients. For right breast
reconstruction, using a TRAM flap with a left rectus abdo-
minis pedicle, there is usually sufficient tissue for the recon-
struction, with all tissue lateral to the appendectomy scar
discarded. For left breast reconstruction, there occasionally
are problems with the right rectus abdominis pedicle after
appendectomy. One might consider using a left rectus abdo-
minis pedicle. If a right rectus abdominis pedicle is used, the
appendectomy scar must be very lateral. All tissue lateral to

the appendectomy scar must be considered to be unreliable. A
double-bipedicled or microvascular TRAM flap may be indi-
cated in this situation.

What are the considerations in selecting the 
location of the TRAM flap on the abdomen?

The lower abdominal fat is the ideal tissue to be used in
TRAM flap reconstruction. This is the area where most
women have a fatty deposit. Also, the lower TRAM flap pro-
vides the ideal scar and the ideal abdominal aesthetic result. In
cases in which unilateral tissue is adequate to reconstruct the
breast, the lower abdominal TRAM flap is usually satisfactory.

Unfortunately, the lower abdominal TRAM flap is the most
poorly vascularized in a single superior pedicled TRAM for-
mation. When the patient is obese, smokes, or has compli-
cated medical problems, one should consider placing the
pedicled TRAM flap in either the mid-abdominal position or
the upper abdominal position. Raising the TRAM flap on the
abdomen increases the vascularity of the pedicled flap.
However, as one raises the TRAM flap on the abdomen, the
most useful infraumbilical fat is more likely to be excluded
from the flap.

Another consideration is that as the TRAM flap is raised on
the abdomen, the rotation of the pedicle and therefore the flap
onto the chest becomes more difficult. In the mid-abdominal
or upper abdominal position, ipsilateral flaps rotate onto the
chest more easily than contralateral flaps because there is a
shorter distance to travel. Therefore, when the TRAM flap is
placed higher on the abdomen, an ipsilateral pedicle should be
considered.

What determines the number and 
choice of TRAM flap pedicles?

The single-pedicled TRAM flap offers less destruction and
subsequent weakness to the abdominal wall than the double-
pedicled TRAM flap.62 The single-pedicled TRAM flap is lim-
ited by the amount of tissue that can be carried for breast
reconstruction. This tissue becomes more limited when the
patient has additional risk factors, such as smoking, obesity, or
other medical problems, that may decrease the vascularity of
the flap, resulting in partial flap loss.67 In these patients, or
when the volume of tissue required to fill the mastectomy
defect is greater than can be carried with a single-pedicled
TRAM flap, a double-pedicled or microvascular free TRAM
flap is indicated. Patients who have had chest wall radiation
should have the best-vascularized tissue used for breast recon-
struction: double-pedicled TRAM flap or microvascular free
flap. The double-pedicled TRAM flap causes much more
weakness to the abdominal wall,62,70 and prosthetic closure is
needed in most cases.

What determines the choice of an 
ipsilateral versus contralateral pedicle 
for TRAM flap reconstruction?

The contralateral TRAM flap pedicle offers the advantage 
of an easier flap rotation than the ipsilateral pedicle. In the
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ipsilateral TRAM, the pedicle tends to sit on top of itself and
rotate on itself. The muscle will often defold under the flap,
which can cause kinking and decreased blood supply. The
contralateral single-pedicled TRAM flap is rotated 90 degrees
(Fig. 25–15A). This is clockwise for right breast reconstruc-
tion and counterclockwise for left breast reconstruction. In
most cases, this is the superior method for reconstructing the
breast. Rotating the contralateral pedicle 180 degrees (Fig.

25–15B) is safe and should be considered when the defect is
wide and extends onto the chest or axilla. The ipsilateral pedi-
cle (Fig. 25–15C) is indicated when the pedicled TRAM flap is
carried high on the abdomen and the contralateral pedicle
may not reach the mastectomy wound. The most favorable
rotation for a double-pedicled TRAM flap is 90 degrees 
(Fig. 25–15D). This is counterclockwise for a left defect and
clockwise for a right defect.
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What are the preoperative considerations 
in planning a TRAM flap reconstruction?

The patient should be marked in a standing position. The
markings are carried out in a manner that has been developed
by Hartrampf 64 (Fig. 25–16A and B). The highest point of the
mastectomy defect is located and marked. The parasternal
point is marked, and the highest point in the anterior axillary
fold is marked. The inframammary fold is marked. The 
medial and lateral extents of the reconstruction are marked by
comparing with the unaffected side. In the cases of immediate
reconstruction, the mastectomy skin ellipse that is taken
should be measured and essentially copied on the abdominal
TRAM flap site. In a delayed reconstruction, where the skin
dimensions are not available, the amount of skin needed in
the flap is estimated. This can be done with a soft ruler, as
demonstrated in Figure 25–16. The measurements over the
normal breast are compared with the mastectomy defect, and
the difference is the width of the skin paddle that is going to
be required on the chest. The abdomen is marked using the
superior portion of the umbilicus as the superior mark. The
inferior margin is drawn from the suprapubic crease laterally
along a natural fold. The superior and inferior marks converge
in the area of the anterior superior iliac spine. The junction of
the two incisions can be raised or lowered based on the
patient’s preference and desire to keep the scar as high as pos-
sible so that it is not visible in high-riding beach or exercise
clothes. Additional fat is marked above the upper skin incision
to be incorporated into the flap. The more skin that is
required for reconstruction, the more likely that the flap will
extend onto the side of the abdomen contralateral to the pedi-
cle. If more skin ptosis is desired, the flap is extended laterally

to provide additional skin. In an immediate reconstruction,
the flap dimensions can be marked quite accurately. In a
delayed reconstruction, a certain amount of estimation is 
necessary.

How is the patient positioned?

The patient is placed on the operating table in the supine posi-
tion. The operating table is checked to be sure that the patient
can be moved into a sitting position. This is essential during
the operation. The same positioning technique is used for an
immediate or delayed reconstruction. Both arms are placed on
arm boards. It is critical that all bony prominences be carefully
padded. The entire chest and abdomen from clavicles to pubis
are prepared and draped.

What are the intraoperative considerations?

In an immediate reconstruction, the mastectomy is performed
first. In certain situations, it is possible to perform the mas-
tectomy and the TRAM flap harvest at the same time. The
TRAM flap harvest is begun by first making the superior inci-
sion through the skin and dermis. The incision is beveled
upward to include as much fat and perforators as possible.
The fascia is located, and the upper abdominal flap is devel-
oped to above the costal margin. A tunnel is made between the
abdomen and the chest wounds. The tunnel, in the case of a
contralateral pedicle, should go over the contralateral costal
margin, across the sternum, and into the chest wound. Little,
if any, of the inframammary fold should be interrupted. A
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natural inframammary fold is always superior to one that
must be created using sutures. The tunnel must be wide
enough to admit a normal-sized hand. The tunnel dissection
and hemostasis should be completed (Fig. 25–17A). The infe-
rior flap incision is then made. The umbilical incision is made
and kept small, with a diameter that rarely exceeds 1.5 cm.
The umbilical incision is deepened down to the fascia. The
flap contralateral to the pedicle is elevated across the midline
to the medial row of perforators. Notation should be made of
the number and location of perforators. On the pedicle side,
the pedicle dissection begins by incision of the fascia superior
to the flap on the rectus abdominis muscle. Usually, a small
strip of fascia is left on the muscle, and the remaining fascia is
carefully stripped from the muscle superior to the skin paddle.
The entire muscle is encircled above the skin paddle. The lat-
eral portion of the skin paddle on the side of the pedicle is dis-
sected to the lateral line of perforators.

Lateral or medial portions of muscle may be left in place in
the abdominal wall or may be taken with the flap. The amount
of muscle that is spared depends on the location of the perfo-
rators. If there is significant muscle present lateral or medial to
the respective rows of perforators, the muscle may be sepa-
rated from the flap pedicle and preserved. Ideally, the location
of the superior pedicle should be identified and followed
within the muscle with Doppler before muscle splitting. The
muscle is split with scissors. This is done laterally in most
cases and is done medially only when there is significant 
muscle medial to the medial row of perforators. The medial
muscle often is not preserved because it is thought to be de-
nervated and poorly vascularized after TRAM flap harvest.
The lateral muscle, however, probably retains some intercostal
innervation and vascularity71 (Fig. 25–17B and C).

If there is a question of poor flap vascularity or if additional
blood supply through “supercharging” the flap is planned, the
inferior epigastric pedicle is dissected down to the iliac vessels
(Fig. 25–18). The rectus muscle flap is transected distally, and
the flap is connected only by the superior pedicle and muscle.
Hemostasis is carefully obtained. Any clearly nonviable areas of
the skin paddle are removed from the flap before transfer to the
chest. The flap is then transferred to the chest (see Fig. 25–17C).

How is the abdominal defect closed?

The abdominal closure in a single-pedicled TRAM flap usu-
ally does not require prosthetic material. The abdomen is
closed with either interrupted or running nonabsorbable
sutures. If the closure is tight, an external oblique myofascial
release can be performed laterally, on the side of the pedicle,
to decrease the tension. The closure can be reinforced with a
second layer of running sutures. In cases of abdominal laxity,
the side of the abdomen opposite the pedicle should be pli-
cated to move the position of the umbilicus toward the mid-
line. This plication is also performed with nonabsorbable
monofilament-type sutures. The abdominal closure is com-
pleted, and the umbilical position is set.

How is the TRAM flap inset performed?

The TRAM flap inset is usually fairly easy if the preoperative
planning was done properly. If there is any question about the

adequacy or location of tissue, the flap may be temporarily
inset and the skin paddle re-marked with the patient in a sit-
ting position. The inset is usually done with the patient in a
sitting or semisitting position. Usually, the superior edge of
the skin paddle is incised in the marked areas. Superior
sutures are placed between the flap and chest wall after taper-
ing the superior portion of the TRAM flap. The tapering
extends to the subdermal level along the superior portion of
the flap. The tapering is essential so that the breast does not
appear bulky in the upper area. The patient is evaluated for
symmetry. If further ptosis is needed, more of the skin paddle
is exposed from the inferior portion of the flap. Only one 
incision on the breast flap skin ellipse is made at a time. The
flap is re-inset and again checked for symmetry. After the
upper portion of the breast flap has been sutured into posi-
tion, the skin of the upper portion is closed. The lower 
portion of the breast is again temporarily stapled into place
and checked for symmetry. This is the final time to decide 
how much skin is going to be used in the skin paddle and
therefore how much ptosis is to be created. The final line 
of the incision is marked, and the inferior skin flap is de-
epithelialized. The inferior portion of the flap does not need
to be sutured to the chest. The flap essentially hangs from 
the superior sutures. The inferior portion of the flap some-
times is rolled onto itself to give added breast projection. If
there is too much tissue, the flap is thinned. The thinning is
usually performed on the undersurface of the flap. After the
best shape has been produced, the skin incisions are closed.
A Hemovac drain is placed in the axilla and under the flap
(Fig. 25–19).

BILATERAL BREAST RECONSTRUCTION 
WITH THE PEDICLED TRAM FLAP

The TRAM flap is an excellent choice for bilateral breast
reconstruction. Frequently, in unilateral reconstruction, a 
significant amount of flap tissue is discarded because it is
either not well vascularized or not needed in the reconstruc-
tion. The bilateral TRAM flap reconstruction offers tissue 
that is often sufficient in size to make two breasts. If the
patient lacks a large abdominal panniculus, the breast size 
may be smaller than before mastectomy. The bilateral TRAM
flap uses both rectus abdominis muscles and produces signif-
icantly more abdominal weakness than a unilateral TRAM
flap.62

What are the preoperative considerations in 
immediate bilateral TRAM reconstruction?

As in unilateral breast reconstruction, the reconstructive 
surgeon must plan the surgical incisions with the oncologic
surgeon at the beginning of the case. Symmetry of the 
incisions, when possible, will result in a better reconstruction.
This is not always possible based on the locations of the 
primary lesions. It is better to include more skin in the 
mastectomy specimens and have symmetrical defects than to
minimize the extent of the skin incisions and have asymmet-
rical defects. If possible, symmetrical skin-sparing incisions
are desirable.
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What are the preoperative considerations 
in delayed bilateral TRAM reconstruction?

When evaluating a patient for bilateral reconstruction after
mastectomies, one must take note of the locations of the inci-
sions. In addition, some patients have had a modified radical
mastectomy on one side and a radical mastectomy on the
other side. Even if the same mastectomy operation was per-
formed on both sides, the volume requirements are some-
times different. All factors must be noted in the initial
consultation before the onset of reconstruction. It is the goal
of the reconstructive surgeon to make the breasts as symmet-
rical as possible. If more tissue is needed on one side for
reconstruction, the TRAM flap can be asymmetrically split in
such a way that this is accomplished.

What determines the choice of ipsilateral 
versus contralateral pedicled TRAM flaps 
for bilateral reconstruction?

When performing bilateral pedicled TRAM flaps, the flaps can
be rotated either ipsilaterally or contralaterally. As in unila-
teral breast reconstruction, the contralateral pedicle technique
(Fig. 25–20A) is the safest way to position the breast flaps
because it results in a very direct route for vascular inflow and
outflow to the flap. With 90-degree flap rotation and a con-
tralateral pedicle, the thickest portion of the breast flap tends
to be in the superior pole of the pocket. This may be a difficult
problem to deal with at the time of inset. Using a contralateral
pedicle with a 180-degree rotation can solve this problem (Fig.
25–20B). In addition, the use of contralateral pedicles results
in minimal disruption of the inframammary folds. Ipsilateral
pedicles at 90-degree rotation are possible in bilateral breast
reconstruction. The same problems that exist with unilateral
reconstruction are present with bilateral reconstruction, that
is, the pedicle tends to fold under the flap.

How is the abdominal defect closed 
after bilateral TRAM elevation?

The abdominal wall closure is much more difficult in bilateral
breast reconstruction than in unilateral single-pedicled recon-
struction.72 The closure of both sides of the abdomen should
be performed simultaneously. If one side is closed before the
other side, it may be difficult to close the second side. Either
running or interrupted sutures may be used. In almost all
cases, mesh will be needed either to reinforce the closure or to
complete it. Lateral external oblique myofascial release may be
performed to decrease the tension on the fascial closure.

How is the breast shaped after 
bilateral TRAM reconstruction?

The breast is shaped similarly to unilateral reconstruction.
The superior portion of the flap is inset first. The tissue is
again sutured superiorly and allowed essentially to hang. If
contralateral pedicles are used, there is usually minimal dis-
ruption in the inframammary fold. If the inframammary fold
needs to be created, this can be done using monofilament
sutures. Obviously, symmetry should be as close as possible
(Fig. 25–21).

MICROVASCULAR FREE FLAP BREAST 
RECONSTRUCTION

Microvascular Free TRAM Flap

The microvascular free TRAM flap offers improved flap blood
supply and less abdominal wall trauma than the single-
pedicled TRAM flap.62,73,74 Abdominal wall function improves
faster after a free TRAM flap than after a single-pedicled
TRAM flap, but 6 months after surgery, the difference
becomes insignificant.75 The free TRAM flap is ideally suited
for immediate breast reconstruction when the subscapular
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trunk is exposed during the mastectomy and is easily available
for microvascular anastomosis.

The disadvantages of the free TRAM flap are the require-
ment that the surgeon be proficient in microsurgery and the
rare risk for total flap loss.76–78 Pedicled TRAM is almost never

complicated by total flap loss but is more frequently compli-
cated by fat necrosis and partial flap loss.67,78 The cost of per-
forming free TRAM flaps is not significantly higher then that
of pedicled flaps in experienced hands.79

What are the contraindications to 
free TRAM flap reconstruction?

Although any kind of TRAM flap is relatively contraindicated
in patients who smoke, are obese, or have severe medical
problems, the relative contraindication is less for the free
TRAM flap, which is better vascularized and less prone to tis-
sue loss. Smokers are asked to stop smoking for at least 2
weeks before surgery and for 4 to 6 weeks afterward. In
patients who require a large amount of tissue for breast recon-
struction or who have had chest wall irradiation, the free
TRAM flap and the bipedicled TRAM flap are the best options
for reconstruction.

What are the preoperative considerations 
with free TRAM flap reconstruction?

Most free TRAM flaps are performed for immediate recon-
struction. The incisions for the mastectomy are planned with
the oncologic surgeon. Although oncologic considerations
always take precedence over aesthetic ideals, an effort should
be made to spare as much skin as possible. The flap can be 
elevated either simultaneously with the mastectomy or after-
ward, depending on the level of comfort the oncologic sur-
geon and the reconstructive surgeon have with simultaneous
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operating room logistics. The operating room logistics and
patient positioning are similar to that for a pedicled TRAM
flap.

What are the considerations when 
sentinel lymph node evaluation is 
performed at the same time as the 
mastectomy and reconstruction?

As more breast oncologic surgeons become comfortable with
sentinel lymph node biopsy, the use of this technique will
increase. If the sentinel lymph node evaluation is positive for
metastatic disease, the recommendation is to perform a com-
pletion axillary lymph node dissection. If the diagnosis is
established intraoperatively by frozen section or touch prep,
and then the axillary dissection is completed, reconstruction
may proceed using the thoracodorsal vessels as possible
microvascular recipient vessels. If the diagnosis of axillary
metastatic disease is established postoperatively, the subse-
quent axillary lymph node dissection could endanger the
blood supply to the free flap if the thoracodorsal vessels were
used as recipient vessels.

Kronowitz and coworkers80 showed that 35% of patients
with clinically negative axillae at initial presentation have axil-
lary lymph node involvement at the time of mastectomy and
free flap breast reconstruction. In their study, patient age
younger than 50 years, tumor size greater than 2 cm, and lym-
phovascular invasion on the initial biopsy were independent
predictors of axillary metastasis in the clinically node-negative
patients.74

If sentinel lymph node evaluation is to be performed, par-
ticularly in higher risk patients, a nonaxillary site should be
considered for recipient vessels for microvascular breast
reconstruction. If a sentinel lymph node is found to have
metastatic disease and a free flap reconstruction was per-
formed using axillary based vessels, a reoperation will have to
be performed with both the oncologic and reconstructive sur-
geon present. The risks and timing of this operation have to be
discussed carefully with the patient.

What is the initial assessment 
intraoperatively?

In the case of delayed breast reconstruction, the chest incision
should initially be reentered and the recipient vessels assessed
for the possibility of microvascular anastomosis. Either the
internal mammary or thoracodorsal vessels are usually used. If
the thoracodorsal vessels are very scarred or were previously
injured, then either the internal mammary vessels should be
evaluated as recipient vessels or a pedicled TRAM flap should
be performed.81 At the level of the third interspace, the inter-
nal mammary vessels have been shown to be reliable.82,83

In immediate reconstruction, the thoracodorsal vessels are
used more commonly. The more proximal vessels are larger
and offer easier microvascular anastomosis. Usually, an area
proximal to the serratus branch is comparable in size to the
deep inferior epigastric vessels. The communication between
the serratus branch and the thoracodorsal vessels should be
left intact to allow potential latissimus dorsi elevation, based
on retrograde blood flow, if such a need should arise.

How is the free TRAM flap prepared?

The upper incision of the free TRAM flap is usually at or just
above the umbilicus, and the inferior incision is about 2 cm
above the pubis. The upper incision is made first, and the
abdominal flap is elevated proximally as far as is necessary 
to allow abdominal wall closure. The incision is beveled to
include as much fat and periumbilical perforators as possible.
The skin flap is redraped and the site of the inferior incision
confirmed. The inferior incision is then opened and beveled
inferiorly to include as much fat as possible. The contralateral
deep inferior epigastric pedicle is usually used because this
appears to provide the best flap lie. Others84 use the ipsilateral
pedicle. The skin flap on the side opposite the inferior epigas-
tric flap pedicle is elevated past the midline to the medial row
of perforators on the pedicled side. The pedicled side flap is
elevated to the lateral row of perforators. Inferiorly, the flap is
elevated to the most inferior perforator. The anterior rectus
sheath is incised lateral to the lateral row of perforators. The
inferior epigastric pedicle is identified and dissected proxi-
mally and distally. The pedicle is dissected to near its origin.
The intercostal neurovascular bundles are left intact to pre-
serve innervation to the portion of rectus abdominis muscle
that is not taken with the flap. The point of entry of the infe-
rior epigastric pedicle into the rectus abdominis muscle is
identified, and the muscle lateral to this point is separated lon-
gitudinally using scissors. A similar procedure is performed
medially to preserve a medial strip of muscle. The amount of
medial muscle left intact is less important because the muscle
is not innervated.71 The inferior and superior portions of the
muscle are then transected, and the flap is connected only by
the pedicle (Fig. 25–22). The deep inferior epigastric pedicle 
is transected, and the flap is brought to the chest wall.
Although minimal rectus abdominis muscle is taken with the
flap, the function of the entire rectus muscle is affected by the
surgery.85

How are the microvascular 
anastomoses performed?

The rectus abdominis muscle is sutured to the chest wall,
and the vessels are aligned. The patient is tilted away from the
side of the breast reconstruction. Self-retaining retractors 
are placed in the wound, and the operating microscope is
brought into the field. The vein or veins are usually anasto-
mosed with a microvascular coupler, and the artery is sutured
with 9-0 microvascular sutures. The TRAM flap is reperfused,
and attention is placed to the abdominal wall closure (Fig.
25–23).

How is the abdominal defect closed?

The anterior rectus sheath is closed with running or inter-
rupted permanent sutures, and the opposite rectus fascia 
is plicated to centralize the umbilicus. Any supraumbilical 
laxity may be plicated at this time if indicated. The supe-
rior abdominal flap is closed over suction drains, and the
patient is flexed as needed. Prosthetic material is almost never
used.
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How is the TRAM flap inset performed?

The flap is inset with the patient in the sitting position. The
rectus muscle is sutured to the chest wall in the appropriate
position. The pedicle is evaluated for kinking, and the muscle
position is adjusted as needed. The rectus muscle should be
stable on the chest to minimize motion in the pedicle and lat-
eral migration of the flap. A suction drain is placed in the 
axilla and under the flap. The flap is temporarily sutured or
stapled in place and inset in a manner similar to a pedicled
TRAM flap (see Fig. 25–23).

How is the patient managed postoperatively?

Postoperatively, the flap is minimally dressed and is moni-
tored with visual inspection, temperature monitoring, or
Doppler evaluation. The patient is allowed out of bed on the
first postoperative day. Arm motion is limited, and abduction
is discouraged. One aspirin is given daily for 30 days. No other
anticoagulation is used. The patient is allowed to begin arm
exercises 2 to 3 weeks postoperatively. Abdominal exercise is
limited for 2 months (Fig. 25–24).

What are the complications of microvascular 
versus pedicled TRAM flaps?

The most devastating complication of microvascular free
TRAM flap surgery is total flap loss from microvascular
thrombosis in the early postoperative period. The incidence

Figure 25–24 Muscle-sparing free TRAM reconstruction.



varies from about 1% to 4% in experienced hands, whereas
total flap loss occurs in less than 1% of pedicled TRAM cases.
However, the incidence of fat necrosis and partial flap loss is
substantially less in microvascular free TRAM cases than in
pedicled TRAM cases. The incidence of abdominal wall com-
plications (hernia and bulging) also is less in microvascular
free TRAM cases than in pedicled TRAM cases. The cost of
surgery and the length of hospitalization are not substantially
different for microvascular free TRAM and pedicled TRAM
cases.

Deep Inferior Epigastric Artery 
Perforator Flap

What are advantages of the deep inferior 
epigastric artery flap compared with 
a microvascular TRAM flap?

The deep inferior epigastric perforator (DIEP) flap is similar
to a TRAM flap, but no muscle is harvested with the flap.86–88

The flap is based on the perforating vessels originating from
the deep inferior epigastric vessels and traversing through the
rectus abdominis muscle to supply the skin and fat of the
abdomen. Because no muscle is taken with the flap, there is 
a decreased incidence of abdominal weakness, bulging, and
hernias.80,82

What are the anatomic considerations 
in perforator flap reconstruction?

The microvascular free TRAM generally incorporates three to
six perforators in the flap design. The DIEP flap usually incor-
porates one to three perforators. The anatomy of the perfora-
tors has been extensively studied in humans with Doppler
ultrasound, and all patients have been found to have at least
two perforators.89 The perforator course through the rectus
abdominis muscle varies. In 65% of cases, the perforator has a
short intramuscular course. In other cases, the perforator may
go through a tendinous intersection, have a long intramuscu-
lar course, or have a subfascial course.90

How is the flap harvest different 
in DIEP flaps compared with 
muscle-sparing free TRAM flaps?

The harvest of the DIEP flap is similar to that of the muscle-
sparing free TRAM flap until the point that the medial and
lateral rows of perforators are exposed. At that point, the
largest perforator is chosen, and the anterior rectus sheet is
opened around this neurovascular bundle. The muscle is split
in the direction of the fibers to expose the DIEP. A second or
third perforator is kept with the flap if it is aligned with the
first perforator. Branches from the pedicle are divided, and the
flap is now a skin and fat flap based on the deep inferior epi-
gastric vessels. The microsurgery and flap inset are performed
in a manner similar to a microvascular free TRAM flap 
(Fig. 25–25).

What are the results of the DIEP flap?

The DIEP flap has a lower incidence of abdominal complica-
tions, such as hernia and bulging. Patients are able to achieve
abdominal function near or at preoperative levels within 6
months.91,92 The incidence of total flap loss and technical
problems with the microsurgical anastomosis is similar to that
of free TRAM flap cases.

There is a greater incidence of fat necrosis in DIEP flaps
than in microvascular TRAM flaps. This is thought to be due
to the less robust blood supply of the DIEP flap when com-
pared with the microvascular TRAM flap.93

As with pedicled and microvascular free TRAM flaps, DIEP
flaps have an increased incidence of fat necrosis, fibrosis, and
flap contracture with postoperative radiation therapy.94

Gluteal Free Flaps

The superior gluteal flap was first reported by Fujino95 and
then popularized by Shaw.96,97 This flap is typically considered
a secondary or tertiary choice for free tissue reconstruction of
the breast because of the increased operative time, complexity,
and morbidity associated with the procedure. The patient
considered for free gluteus microvascular transfer is usually
not a candidate for TRAM flap (insufficient tissue or abdom-
inal scars) but desires an autologous breast reconstruction.

What are the advantages and disadvantages 
of a superior gluteal flap?

The advantages of the superior gluteal free flap include abun-
dant tissue for reconstruction, inconspicuous donor site,
and minimal functional loss. Shaw and colleagues have
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demonstrated the spontaneous restoration of sensation in the
flap without nerve reconstruction.98

The disadvantages of the superior gluteal free flap include
the risk for total flap loss and greater operative time common
to all free flap procedures. In addition, the superior gluteal
flap is technically much more difficult to harvest than the
TRAM flap, and the recipient vessel dissection (usually inter-
nal mammary) is more difficult than dissection of the thora-
codorsal vessels.

What are the anatomic considerations in a 
free superior gluteal flap reconstruction?

The gluteus maximus muscle originates from the posterior
third of the iliac crest, sacrum, sacrotuberous ligament, and
coccyx. The muscle inserts on the gluteal tuberosity of the
femur. The superior gluteal artery, vein, and nerve course
between the gluteus medius and piriformis muscles. The ori-
gin of these vessels is 5 cm inferior to the posterior superior
iliac spine and 2 to 3 cm lateral to the sacrum. The vessel sup-
plies a cutaneous territory that exceeds the size of the gluteus
maximus muscle. The skin island (Fig. 25–26) can be made
anywhere over the gluteal area as long as it includes a cuff of
muscle that includes the pedicle. The upper half of the muscle
is vascularized by the superior gluteal vessels. The lower half
of the muscle is vascularized by the inferior gluteal vessels.
These vessels pass through the space between the piriformis
and superior gemellus muscles along with the internal puden-
dal vessels and the sciatic nerve, inferior gluteal nerve, and
posterior femoral cutaneous nerve. The dual vascularity of the
gluteus muscle allows splitting of the muscle and preservation
of blood supply.

Typically, a flap with a skin width of 8 to 10 cm can be har-
vested from the buttocks with primary closure of the donor
site wound. This is usually sufficient to provide the necessary
volume and ptosis to an average-sized breast. The length of
the flap is usually 20 to 30 cm. The flap is much thicker in
depth than the TRAM flap, usually 10 to 15 cm.

The pedicle of the myocutaneous gluteus flap is usually very
short, and the internal mammary vessels are chosen as recipi-
ent vessels in most cases (Fig. 25–27). Usually, the third costal
cartilage is removed to provide access to the vessels. Harvest of
the flap using the superior gluteal artery perforators, not 
taking any muscle with the flap, provides a longer flap pedicle
and easier microsurgical anastomosis.99

In these cases, the thoracodorsal vessels may be used for
microanastomosis. The thickness of the flap and the central
pedicle position may make vascular anastomosis difficult. The
internal mammary artery is more reliable than the vein. In
cases in which the vein is too small for microanastomosis, the
cephalic vein or external jugular vein may be rotated down to
become the recipient vein.100 Vein grafts may also be used. The
internal mammary vein becomes more reliable proximally.81–83

What are the advantages of 
an inferior gluteal free flap?

The inferior gluteal free flap offers the following advantages
over the superior gluteal free flap: a longer pedicle, greater vol-
ume of tissue, and a lower incision that may be less conspicu-
ous. The main disadvantages of the inferior gluteal flap are
exposure of the inferior gluteal nerve, of the motor nerve to
the gluteus maximus muscle, and of the sciatic nerve in the
dissection.101,102 Postoperatively, there is some discomfort with
sitting related to the scar in the inferior gluteal fold. The
longer pedicle allows the use of the thoracodorsal vessels for
microvascular anastomosis. In addition, the pedicle in the
inferior gluteal flap is located more toward the edge of the flap
when compared with the superior gluteal flap. This allows
more straightforward microvascular anastomosis. With either
gluteal flap, positioning of the patient on the operating table
is difficult. A corkscrew-type position usually makes simulta-
neous dissections possible.

SECTION V. TREATMENT490

Gluteus maximus
myocutaneous flap harvest

Iliac
crest

Gluteus
medius m.

Greater
trochanter

Femur

Superior
gluteal a.

Gluteus
maximus m.

Figure 25–26 Anatomy of the superior gluteal flap.

1

2

Clavicle

Subclavian
vessel

Internal jugular a.

Internal thoracic
(mammary) vessel

Microanastomosis
of internal thoracic

vessels to skin island
vessels

Superior
epigastric vessels

Figure 25–27 Inset and microvascular anastomosis of the supe-
rior gluteal flap.



After the microsurgery is completed, the flap is inset and
the muscle used to fill out the infraclavicular hollow, and the
lateral portion of the flap is used to re-create the anterior axil-
lary fold or is folded on itself to enhance projection.

How is the patient managed postoperatively?

The postoperative care of the patient with a gluteal free flap
involves maintaining the hip in extension over the first few
postoperative days. The patient is gradually allowed to sit in a
chair and then to ambulate. The patient is usually discharged
5 to 7 days after surgery. There is minimal functional deficit
because only a small portion of the muscle is sacrificed.
Seromas are the most common donor site complication and
either resolve spontaneously or require aspiration.

Transverse Lateral Thigh Flaps

The lateral thigh flap was developed as an alternative site for
harvest of autogenous tissue for breast reconstruction. The
same patient who is a candidate for the gluteal flap is often 
a candidate for the lateral thigh flap. There often is signifi-
cant redundant tissue in the thigh area compared with 
the abdomen or buttock. Like the gluteal area, the fat in the 
lateral thigh tends to be more rigid than the fat in the
abdomen. This tends to result in a more projecting, youthful
breast.

What are the anatomic considerations 
in a lateral thigh flap?

The vascular pedicle of the lateral thigh flap is the lateral
femoral circumflex vessels that perfuse the skin through the

musculocutaneous perforators of the tensor fascia lata. The
axis of the flap (Fig. 25–28) is a line that goes from a point 
10 cm inferior to the anterior superior iliac spine to the gluteal
fold. This is the location of the pedicle. The axis of the flap
may not coincide with the location of the greatest amount of
fat in the thigh. The decision on the exact site of the skin
island should be made with the patient. As long as a portion
of the flap is over the pedicle axis, the tissue will be vascular-
ized. The width of the skin island is about 7 to 8 cm. The size
depends on the ability to close the wound. The length is usu-
ally 20 to 25 cm. The skin incisions are made, and the subcu-
taneous tissues are beveled for 4 to 5 cm. This creates extra fat
for upper and lower pole fullness. Simultaneous chest vessel
dissection and flap harvest is usually possible. The thora-
codorsal vessels are usually used as recipient vessels for micro-
surgical anastomosis.

What are the intraoperative and postoperative
considerations for a lateral thigh flap?

The flap is positioned in the chest pocket to attain the appro-
priate shape. The lateral position of the pedicle makes flap
inset easier than in the gluteal flaps. The pedicle length is
always longer than the superior gluteal pedicle and usually at
least as long if not longer than the inferior gluteal pedicle.
There usually is good vessel size match, although occasionally
the flap vein is 6 to 7 mm in size. The risk for donor site
hematoma may be reduced by prolonged closed-suction
drainage and suture closure of the defect to obliterate as 
much of the dead space as possible. The main drawback to 
this flap is the visible location of the scar and the contour
deformity that usually results. The contour deformity may 
be improved with liposuction of the contralateral unoperated
side.64
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NIPPLE-AREOLA RECONSTRUCTION

Breast mound reconstruction improves the patient’s body
image after mastectomy. Nipple-areola reconstruction allows
closer symmetry and increases patient acceptance of the
reconstructed breast. The nipple-areola is the initial focus of
attention when visualizing the breast. In cases in which the
mound reconstruction is slightly less than optimal, an excel-
lent nipple-areola reconstruction may make the reconstructed
breast look much more like the normal breast. Wellisch and
colleagues103 found that patients who had nipple-areola
reconstruction had greater satisfaction than those who did
not. The nipple-areola reconstruction should be considered a
normal step in the process of total breast reconstruction. The
patient should be aware of all stages in the reconstructive
process before the initial procedure. If this is done, nipple-
areola reconstruction will be accepted as a logical step in the
reconstructive process.

What are the anatomic considerations 
in nipple-areola reconstruction?

The nipple-areola should be located on the most prominent
portion of the breast. This will be the first area seen when the
reconstructed breast is visualized. The nipple should point
slightly upward and outward. There is significant variation in
the shape and size of the nipple–areolar complex. The average
nipple projects 3 to 7 mm. The average areola diameter is 35
to 45 mm.64 The surface of the areola varies from smooth to
rough. The number and prominence of the Montgomery
glands is variable. The goal in nipple-areola reconstruction is
to match the unoperated, normal breast. The nipple position
should be marked with the patient in the upright position.
Ideally, the patient should be sitting or standing in front of a
mirror and participate actively in the planning process.

What are the choices for nipple 
reconstruction?

The most realistic nipple reconstruction is from the contralat-
eral nipple. This is the only site that can perfectly match the
color of the normal nipple.104 The areola may be tattooed at a
later date. The shape of the contralateral nipple is very impor-
tant in the decision-making process. There must be enough
nipple available to remove about 50% of the donor nipple and
result in normal-appearing donor and recipient nipples.
Unfortunately, the nipple is a sensitive donor site. This is par-
ticularly true in the mastectomy patient for whom nipple 
sensibility is of sexual importance. Aside from oncologic 
concerns, most patients reject the normal nipple as a donor
site for nipple reconstruction.

Local flaps are reliable donor tissues that are accepted by
most patients. These flaps can be created with or without skin
graft reconstruction of the areola.105–108 Skin graft reconstruc-
tion of the areola may be performed using axillary or abdom-
inal “dog ears” if available. Labia donor sites are avoided
because of increased patient morbidity. In general, skin grafts
are avoided if a new scar would be created to harvest the graft.
If a skin graft is to be used for areola reconstruction, and no

previous incision site is available for graft harvest, the groin is
used.

Tattooing may be used to match the color of the contralat-
eral areola.109–111 This is a particularly good method in patients
who have smooth areolas. Patients with coarse areolas will do
better with grafts. Tattooing may still be required to match the
color. Prominent Montgomery glands may be matched with
cartilage grafts.

What is the nipple-sharing technique?

The nipple-sharing technique is essentially a composite graft.
The success of such a graft depends on meticulous prepara-
tion of the recipient site with absolute hemostasis. The larger
the area of contact with the graft, the greater the chance of
graft takes. If the patient has a long nipple, the tip of the 
nipple can be amputated as a cap and placed as a graft on the
recipient site. The donor site will close primarily. The nipple
may also be harvested as a wedge or as a transverse slice64 (Fig.
25–29). Postoperative care is the same for all three procedures.
A protective dressing is left in place for 7 to 10 days before its
removal and the assessment of graft take.

What is the Skate-type flap?

The Skate-type flap raises a local flap from the breast mound
that is wrapped upon itself to produce a nipple. The donor 
site will require skin graft reconstruction. The procedure 
is demonstrated in Figure 25–30. The nipple position is
marked as previously described. The size of the areola is
determined by comparing with the normal breast. A trans-
verse line is marked across the areola at the superior base of
the flap. The section above this line is de-epithelialized. A 
circle is drawn in the center of the areola to represent the pro-
posed nipple diameter. Lines are drawn from the medial and
lateral edges of this nipple site to the most inferior point of the
areola (the 6-o’clock position). The medial and lateral wings
of the flap are dissected in a deep dermal plane. The dissection
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goes into the subcutaneous plane in the area directly inferior
to the nipple. The flap is mobilized and elevated, and the skin
flaps are wrapped around the central subcutaneous pedicle.
The flaps are sutured together with absorbable sutures, and
the tip of the flap is shortened to the appropriate length. The
inferior-central exposed subcutaneous fat is closed with
absorbable sutures, and a full-thickness skin graft is harvested
from a previously determined area. The dressing consists of
Telfa and a plastic syringe hub fashioned into a nipple splint
that is held in place with Steri-Strips. The dressing is left in
place for 7 to 10 days. If the graft is too pale after complete
healing, it may be tattooed at a later date.

When is a local flap without areola 
skin graft indicated?

In patients who either are not good candidates for skin graft
areola reconstruction or do not want additional scars associ-
ated with skin graft harvest, a local flap and areola tattooing is

a good option for nipple-areola reconstruction.110,112 The local
flap is raised for nipple reconstruction, and the donor sites are
closed primarily without the need for skin grafts. The proce-
dure is demonstrated in Figure 25–31. The nipple position is
carefully marked as previously discussed. The diameter and
height of the normal nipple are carefully measured. The 
nipple reconstruction should be made larger than the other
side to allow for some contraction of the flap. Two triangular
flaps are marked medially and laterally from the nipple 
base. The width of the triangles should be equal to the pro-
posed height of the nipple. The flaps are raised initially in the
deep dermal plane going into the subcutaneous tissue as the
nipple area is approached. A semicircular flap is raised at 
the inferior edge of the flaps to make a nipple cap. The entire
flap is elevated to an erect position, and the triangular flaps 
are wrapped around the base and sutured in place with
absorbable sutures. The semicircular flap is sutured to the top
of the nipple. The donor sites are closed directly. The areola 
is usually tattooed postoperatively after the wounds are 
completely healed.
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What is the advantage of 
nipple-areola tattooing?

Areola tattooing offers several advantages over skin grafts.
There is no donor site. The color can be controlled and mod-
ified with time. The nipple can be made darker than the 
areola. The procedure can be performed in the office with
minimal anesthesia and no sedation. When a skin graft is pres-
ent, tattooing can improve the nipple color even if the graft is
the appropriate color. Tattooing may also camouflage poor
take of a graft or a shape of a graft that is not optimal. The 
tattoo color should probably be made slightly darker than 
the normal nipple-areola to allow for normal fading.
Nipple-areola tattooing is usually performed after healing is
complete.

SYMMETRY PROCEDURES

When symmetry procedures are necessary, all issues must be
discussed with the patient and other treating physicians. The
need for contralateral breast surgery may alter the choice of
technique chosen for breast reconstruction.

When choosing a method of breast reconstruction, it is
often possible to select a technique that will closely match the
contralateral breast in size and shape. Other times, the method
chosen will require alteration of the contralateral breast to
achieve symmetry. Some patients may even request surgery on
the normal breast for either cosmetic or functional reasons. In
patients with very large breasts, mammograms following
breast reduction surgery will be easier to interpret. The timing
of the symmetry procedure and the technique chosen should
not interfere with either the patient’s cancer treatment or
future monitoring of the contralateral breast.

Available techniques include augmentation, reduction,
mastopexy, or a combination of these techniques. Not only is
the selection of technique important, but its timing is also
critical to achieving the best cosmetic results.

What are the potential problems 
of augmentation?

Usually, augmentation is useful in small-breasted women 
who have undergone implant reconstruction and need addi-
tional upper breast fullness in the normal breast to achieve
symmetry.

Studies have documented the interference an implant can
cause to proper mammographic interpretation.113–117 When
the implant is small, placed subpectorally, and remains soft,
the degree of mammographic distortion is minimal. The use
of saline implants placed underneath the pectoralis muscle
has significantly reduced the incidence of capsular contrac-
ture and subsequent firmness of the breast. Most often, the
implants have been large silicone implants placed in a sub-
glandular position with the expected 30% to 40% incidence of
capsular contracture and subsequent hardening of the breast.
This makes mammography both difficult and painful to per-
form. Often, several additional views are required to maxi-
mize parenchymal visualization. Long-standing implants can

develop calcifications in the surrounding capsule that can also
interfere with mammographic interpretation.

When augmentation is being considered, carefully docu-
mented consultations with the oncologic surgeon and 
mammographer are important. Augmentation is best per-
formed at the time of final implant placement to achieve best 
symmetry.

When is contralateral breast 
reduction indicated?

Contralateral breast reduction is most often required when
patients have breasts larger than a C cup. It is extremely diffi-
cult to achieve symmetry in these large, usually ptotic breasts
by any reconstructive technique. If tissue expansion were cho-
sen, the degree of expansion required would often result in
extreme thinning of the overlying skin, and sufficient ptosis is
usually impossible to attain. In the ptotic patient, autologous
tissue reconstructive techniques are preferable, assuming
there is adequate donor site tissue available.

Breast reduction is best performed at the time of flap recon-
struction or tissue expander placement, especially in the
delayed setting. Over several months, the reduced breast will
develop ptosis, allowing for an accurate implant placement
when a tissue expander has been placed in the contralateral
breast. Breast reduction techniques all result in some internal
breast scarring postoperatively. These mammographic
changes are well understood and do not interfere with inter-
pretation.118 When breast reduction is performed, it is impor-
tant to choose a technique that has a low risk for fat necrosis.
When fat necrosis occurs within the breast, it can pose diag-
nostic problems, usually requiring biopsy. In selected cases,
free nipple graft techniques are preferable to pedicle tech-
niques. This technique results in the lowest risk for fat necro-
sis postoperatively. The long-term stable contour achieved
with free nipple graft techniques is also preferable in very
large-breasted older women. Free nipple graft techniques also
allow for removal of all subareolar ductal tissue, theoretically
potentially reducing the possible development of breast 
cancer. Liposuction is avoided in breast reduction owing to
potential distortion of the internal architecture of the breast,
which may make future mammographic interpretation more
difficult.

When is mastopexy indicated?

Mastopexy is often required when significant ptosis exists in
the contralateral breast and symmetry is the goal of recon-
struction. Mastopexy, similar to breast reduction, is best per-
formed at the time of the initial reconstructive procedure
because some recurrence of ptosis is common over 6 months
to 1 year postoperatively. Available mastopexy procedures
either reshape the skin or internally reshape the breast
mound. Internal architectural distortion should be minimized
in these patients. It is best to avoid mastopexy techniques that
extensively reshape the breast gland. In general, long-term
results have been very similar for both internal reshaping pro-
cedures and dermal procedures.
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BREAST RECONSTRUCTION AFTER 
BREAST-CONSERVING SURGERY 
AND RADIATION THERAPY

Increasingly, segmental excision and radiation therapy have
become the established treatment for many patients with
breast cancer. The aesthetic result after breast-conserving sur-
gery is affected by the extent of surgical resection of the
tumor, the location of the tumor, and the orientation of the
skin incisions.119,120 An unsatisfactory aesthetic result is related
most commonly to poorly designed skin and parenchymal
resections and the failure to reapproximate breast tissue when
closing. Significant resection (quadrantectomy) is more likely
to result in aesthetic problems than are more limited segmen-
tal excisions.120 The size of the breast compared with the size
of the excision is critical in determining the likelihood of dis-
tortion. The larger the excision relative to the breast size, the
more likely that there will be cosmetic problems.

Radiation therapy often results in tissue erythema and
edema that is followed with time by fibrosis, contracture,
and telangiectasia formation. The decreased vascularity of
the irradiated tissue may result in fat necrosis and diffuse 
calcification. The breast may develop retraction and contrac-
ture that superiorly dislocates the breast relative to the chest
wall.

Berrino and associates120 noted an incidence of unsatis-
factory outcomes after lumpectomy and radiation therapy 
of 16% to 22%. They developed a classification system to
describe the various types of deformity that occur after breast
conservation and radiotherapy, among which the most diffi-
cult to correct was cutaneous parenchymal deficiency with or
without subcutaneous tissue loss.

How can deformities in the 
conserved breast be treated?

Minimal deformities may be treated with local flaps, scar
release, or tissue rearrangement. More extensive defects
require release of all scar contracture and replacement with
new tissue.

The risk for locally recurrent cancer in patients treated with
breast-conserving surgery and radiation therapy has been
reported as high as 10% to 20% in 10 years.121–123 Any recon-
structive technique that might interfere with surveillance of
the breast is unacceptable. The use of breast prostheses could
potentially obscure the visualization of small lesions mammo-
graphically. Even with specialized mammographic techniques,
portions of the breast are likely to be missed.

Myocutaneous flaps will provide sufficient tissue to correct
almost any tissue defect. Slavin and coworkers124 reported that
these tissues do not compromise mammographic interpre-
tation. The muscle flap tissue becomes fibrofatty as soon 
as about 6 months after surgery and eventually becomes 
radiolucent.124 Adjacent breast tissues are not concealed or
obscured mammographically. In addition, the myocutaneous
flap tissues are well vascularized and improve blood supply to
the surrounding tissues. This produces a less dense breast than
in irradiated breast tissue without muscle flap augmentation.
The flap reconstruction of the breast should be delayed for 2

to 3 years after the surgical procedure until the erythema,
edema, fibrosis, and contracture have stabilized.

Most defects after lumpectomy or quadrantectomy and
radiation therapy are easily treated with latissimus dorsi
myocutaneous flaps. This flap is well tolerated and has mini-
mal donor site morbidity. The rectus abdominis myocuta-
neous flap is reserved for larger defects. The rectus abdominis
flap donor site is associated with more donor site morbidity
than the latissimus dorsi. In addition, if there is a breast can-
cer recurrence, the rectus abdominis will not be available for
salvage reconstruction.

At the time of the reconstruction, the breast tissue must be
assessed. This consists of evaluating the missing cutaneous
component, the parenchymal volume loss, and the nipple
malposition. The skin loss usually is greater than expected as
a result of shrinkage from the radiation therapy. The flap skin
island should be made slightly larger than the anticipated
defect. In addition, there is likely to be some muscle atrophy,
and the overall flap volume should be slightly larger than
appears to be needed.

PSYCHOLOGICAL IMPACT OF BREAST 
RECONSTRUCTION

Today, almost all women with breast cancer are likely to be
offered either breast-conserving surgery or mastectomy and
reconstruction. The options for reconstruction have increased
as the surgery for breast cancer has decreased. Most patients
have multiple options available to reconstruct the breast. The
gross distortion associated with the radical mastectomy is very
rare. Most patients who choose breast reconstruction are 
satisfied with the surgery.125

Various studies126–128 have shown that up to one third of
patients who undergo mastectomy have significant emotional
distress and sexual dysfunction. Clifford and colleagues,129 in
a study of women undergoing delayed breast reconstruction,
showed that women who sought reconstruction were exhibit-
ing positive coping and assertive, effective problem-solving
behavior. Teimourian and Adham130 showed that reconstruc-
tion was like a “reverse mastectomy” and neutralized the
destructive effect of the loss of the breast.

What is the psychological benefit 
of breast reconstruction?

There is no dispute that breast reconstruction is beneficial to
the patient. In the early days of breast reconstruction, the 
timing of the reconstruction (immediate vs. delayed) was of
some dispute. The earlier advocates of breast reconstruc-
tion131,132 felt that the patient should cope with the defect cre-
ated by the mastectomy and the use of a prosthesis before
reconstruction, assuming that the patient would value the
reconstruction more after having to deal with the ablation.
In addition, there was a fear that the reconstruction would
delay detection of recurrence of the breast cancer. Dowden
and associates133 helped allay fears that the reconstruction 
adversely affected the outcome after recurrence. Johnson and
coworkers134 showed that the outcome in breast cancer
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patients depended on the biology of the tumor and not on the
presence of a breast prosthesis. The satisfaction rates with 
the reconstructions were similar in delayed-reconstruction
patients and in immediate-reconstruction patients. Schain
and colleagues135 noted that women who had immediate
reconstruction were less anxious, less depressed, and less hos-
tile than those who had delayed reconstruction.

Breast reconstruction after mastectomy has been shown to
increase sexual responsiveness.130,135 Gerard136 showed that
women who have breast reconstruction are more easily sexu-
ally aroused than women who have had mastectomy alone.

Wellisch and colleagues103 studied the psychosexual impact
of nipple-areola reconstruction after breast reconstruction.
They found that the group that had nipple-areola reconstruc-
tion had increased satisfaction with the overall reconstruc-
tion, nude appearance, size, softness, and sexual sensitivity
compared with patients who had reconstruction without cre-
ation of the nipple-areola.

Women who feel that they will be psychologically, socially,
or sexually improved with breast reconstruction should 
be offered the procedure at the earliest possible time after
mastectomy.
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happens to pass through a DNA molecule, two hits that pro-
duce double-stranded damage may occur.1 Consequently,
high LET radiation produces DNA damage independent of
oxygen concentration.1

Regardless of the mechanism of DNA damage, the end
result, reproductive cell death, explains the variation in rapid-
ity of cell death (whether normal or malignant tissue). More
rapidly dividing tissues display the effects of radiation, includ-
ing cell death, faster than slowly dividing tissues.4 The mucosa
of the oral cavity, for example, shows damage sooner than
does neural tissue.

Radiation sensitivity (see later) also varies with cell cycle.5

Cells in the G2 and M phases are more sensitive to ionizing
radiation than cells in the G0, G1, or S phases.5 Rapidly divid-
ing neoplastic or normal tissues (e.g., skin, gastrointestinal
mucosa, bone marrow) pass through mitosis more often, and
radiation effects are seen sooner, than in more slowly dividing
systems (e.g., subcutaneous tissues, kidney, brain). For the
most part, neoplastic tissue behaves more like rapidly dividing
(acute-responding) tissue than more slowly dividing (late-
responding) tissue.6,7

What factors alter normal or tumor 
tissue response to radiation?

Time–Dose–Volume Relationships
Long-term or late effects are those detected more than 6
months after completion of radiation therapy. As the volume
of normal tissue irradiated to a given dose increases, the 
risk for long-term damage increases.8 A small volume can be
treated to a higher total dose (compared with a larger volume
and lower total dose) while maintaining the same risk for
long-term effects. With the availability of modern computer-
generated dose–volume histograms (percentage of organ
treated vs. dose), the wealth of human data being collected is
yielding an improved understanding of dose–volume rela-
tionships. This improved understanding should translate into
reduced normal tissue toxicity in the future.

Dose fractionation (dose per time) is intimately related 
to radiation effects on normal and neoplastic tissue.9 For
example, 7000 cGy given continually over 7 weeks in 200-cGy
fractions often cures squamous cell carcinoma of the 
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Radiotherapy for In Situ,
Stage I, and Stage II 
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Radiation therapy has an integral role in the curative treat-
ment of breast cancer. After conservative surgery for ductal
carcinoma in situ (DCIS) or invasive carcinoma, radiation
therapy of the breast improves the likelihood of locoregional
freedom from disease and thereby enhances the long-term
possibility of breast preservation. After mastectomy, in care-
fully selected patients, locoregional radiation therapy reduces
the risk for recurrence and possibly prolongs survival.
Therefore, clinicians caring for patients who have breast can-
cer require a clear understanding of the pertinent principles of
radiation therapy: selection criteria, techniques of treatment,
beneficial results, and side effects.

BASICS OF RADIATION BIOLOGY

How does radiation cause changes 
in the patient’s tissues?

X-rays, gamma rays, electrons, and heavy particles (neutrons,
protons) are believed to produce cell damage by indirectly or
directly forming irreparable double-stranded DNA breaks.1

When the cell next enters mitosis, it cannot divide, and cell
death occurs (reproductive death).1,2 One exception to this
process is the interphase death of lymphocytes.

The precise mechanism of DNA damage is different for x-
rays, gamma rays, and electrons (low linear energy transfer
[LET] radiation) than for heavy particles (high LET radia-
tion).1 Low LET radiation results in sparse electron–tissue
interaction. It is unlikely to deposit two electrons in the same
DNA molecule. Rather, a single-stranded DNA break may
occur. A second “hit” is required to yield a double-stranded
DNA break. Both hits are likely to occur by an indirect mech-
anism: the result of an electron ionizing a water molecule and
yielding a hydroxyl radical. Hydroxyl radicals can migrate a
short distance (100 Å, or 10 nm) and, if near a DNA molecule,
result in an interaction that produces a single-stranded break.
The hydroxyl radical has a half-life, in microseconds, that can
be prolonged by oxygen or electron-affinic compounds and
shortened by free radical scavengers.3 In contrast, high LET
radiation deposits energy densely over a short distance. If it
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supraglottic larynx. The same 7000 cGy in 200-cGy fractions
but delivered with a 2-week interruption will yield a lower
local control rate.10 Total dose, dose per fraction, and overall
time are interrelated and critical to the likelihood of tumor
control and normal tissue effects.

Radiation sensitivity refers to the fraction of cells surviving
after exposure to a given dose of ionizing radiation. Dose
(energy per unit mass) is reported in gray (1 Gy = 1 J-kg-1) or
centigray (100 cGy = 1 Gy). Before use of standard interna-
tional units, dose was recorded in rad (radiation absorbed
dose; 1 rad = 1 cGy). In addition to cell cycle, variables 
affecting radiation sensitivity include the type of stem cell,1

oxygen,11 heat,12 and certain chemotherapeutic agents.13–15

Oxygen is important to permit low LET radiation to pro-
duce double-stranded DNA breaks.11 However, it remains
controversial as to whether supplemental oxygen, hyperbaric
oxygen, electron-affinic agents, or transfusions to increase
oxygen-carrying capacity can improve cell kill. In hypoxic
tumors, reoxygenation is postulated to occur spontaneously.
After the oxygenated periphery of the tumor has been irradi-
ated and cell death occurs, the previously hypoxic segments
have less competition from other tumor cells for available
oxygen. The newly reoxygenated tumor can effectively be
damaged by subsequent ionizing radiation.

Chemotherapeutic agents may be used before, during, or
after radiation therapy. They may be used to decrease the
number of clonogens that the ionizing radiation must elimi-
nate (e.g., doxorubicin or cyclophosphamide, methotrexate,
5-fluorouracil [CMF]) or synchronize cells in more sensitive
phases of the cell cycle (e.g., paclitaxel [Taxol], which arrests
cells in mitosis), yielding improved cell kill for a given dose of
ionizing radiation.

Radioresponsiveness is the observable response of the malig-
nancy to ionizing radiation, a combination of radiation sensi-
tivity and cell loss due to the kinetics of the cell system. The
overall likelihood of death is also dependent on fractionation,
the percentage of organ irradiated or the size of the tumor (for
tumor response), total dose prescribed, radiation sensitizers,
ability to repair sublethal DNA damage, role of potentially
lethal damage, and, in tumors, ability to repopulate during
radiation.

Normal rates of cellular proliferation of non-neoplastic and
neoplastic tissues may continue during irradiation. However,
irradiation of tissues may induce some cells to accelerate their
growth rate to replace cells destroyed by radiation. In normal
tissue, this recruitment repopulates early-responding tissues
to a greater extent than late-responding tissues. Therefore,
long-term damage in skin and bone marrow, which are early-
responding tissues, is minimized. In neoplastic tissue, acceler-
ated repopulation may begin while the tumor appears grossly
to be shrinking.7–9 The surviving neoplastic clonogens prolif-
erate faster than at the beginning of radiation. This acceler-
ated regeneration may be important in inflammatory
carcinoma of the breast, as well as other malignancies, and
appears to act as an impediment to cure of disease.

How do a patient’s normal tissues heal 
after radiation therapy?

Nonlethal cellular damage (DNA breaks) after radiation ther-
apy may be repaired. Further ionizations may result in cell

death. Two types of cell injury, called potentially lethal and
sublethal, do not immediately lead to cell death. Potentially
lethal damage requires the cellular environment to be modi-
fied for repair. If the required condition (e.g., a change in tem-
perature, oxygen) can be met, the cell can survive. Repair of
sublethal damage occurs, and is clearly demonstrated, when
radiation is fractionated (divided into many small doses) and
several hours intervene between doses (fractions). For many
stem cells, sublethal damage repair has occurred after 6 to 8
hours. Fractionated radiation therapy exploits the difference
in the ability of normal and malignant tissues to repair dam-
age caused by ionizing radiation. After a multiweek course 
of radiation therapy, the damage is greater in the neoplastic
tissue (optimally resulting in neoplastic cell kill) than in the
normal tissue, or the damage is in the process of being
repaired, thus allowing ionizing radiation to be an effective
and well-tolerated therapeutic modality in the eradication of
neoplasms.

BASICS OF THE PHYSICAL 
CONSIDERATIONS OF RADIATION THERAPY

What is ionizing radiation?

Ionizing radiation may be either electromagnetic or particu-
late packages of energy. The electromagnetic spectrum ranges
from low-frequency (long-wavelength) radio waves, to 
intermediate-frequency visible and ultraviolet light, to high-
frequency (short-wavelength) x-rays and gamma rays. X-rays
and gamma rays, by virtue of their greater frequency, have rel-
atively higher energy and are more penetrating in tissue, a
property that is useful therapeutically. X-rays and gamma rays
differ in the way they are formed. Gamma rays are emitted
from the nucleus during decay of a radioactive isotope. X-rays
are produced extranuclearly, usually by a machine that accel-
erates electrons, which bombard a heavy-metal target, releas-
ing energy as heat and x-rays.

Particulate radiation includes electrons, protons, neutrons,
negative pi mesons, alpha particles, and atomic nuclei. All 
of these examples of particulate radiation have been used 
in radiation therapy. Electrons are the most frequently
employed, especially in the treatment of malignancies of the
breast. Because these types of radiation have physical mass
and charge, they do not penetrate tissues as easily as x-rays or
gamma rays, a property that can be exploited clinically.
Whether electromagnetic or particulate, ionizing radiation
travels as a packet of energy (photon), which, when absorbed
in tissue, results in ionization and, ultimately, in biologic 
damage.

Three mechanisms of ionization are possible, depending on
the energy involved: (1) the photoelectric process, (2) the
Compton effect, and (3) pair production.16 The photoelectric
process is the most common mechanism of x-ray interaction
in diagnostic radiology because the equipment generally
operates in the kilovoltage energy range. The likelihood of
absorption of the ray is proportional to the cube of the atomic
number (Z3) of the tissue it encounters. This explains the
whiter appearance of bone and the gray or blackish appear-
ance of air on a diagnostic radiograph (Fig. 26–1). By contrast
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with the photoelectric process, modern radiation therapy
employs beams in the megavoltage range (at least 1 million
volts). The Compton effect, the prevailing mechanism of x-ray
interaction with tissue at megavoltage energies, is not depend-
ent on atomic number but on the density of the absorbing
medium (electrons per gram). Therefore, the differential
absorption of bone compared with that of soft tissue is much
less. This property helps create far more homogeneous radio-
therapy than could be produced by older equipment. When
comparing a port film (a localizing film taken using a treat-
ment beam) to a diagnostic energy x-ray from a treatment
simulator, the relative difference in the importance of atomic
number and density of the two processes is apparent (Fig.
26–2). A practiced eye and extreme care are therefore required
to ensure that treatment fields are precisely aimed throughout
a course of treatment.

What is the hallmark of modern 
radiation therapy? What is a linear 
accelerator? How does it work?

“Modern radiotherapy” refers to the era of megavoltage treat-
ment and was not widely available in the United States until
the 1960s. Radiation therapy delivered before the megavoltage
era used energy in the orthovoltage (150 to 500 kV) or super-
voltage (500 to 1000 kV) range. Many undesirable effects
resulted from treatment with the lower-energy machinery.
Because of the importance of the photoelectric effect and the
increased absorption of radiation in bone compared with soft
tissue, orthovoltage radiation therapy could not effectively
reach tumors behind bones and inflicted unnecessary injury
in the bone. In addition, orthovoltage machinery lacked skin
sparing; therefore, redness and reaction of the skin frequently
limited the dose that could be delivered to the underlying
tumors.

Currently, the most common machines providing mega-
voltage radiation therapy are linear accelerators (Fig. 26–3). A
linear accelerator has several advantages over orthovoltage
and cobalt 60 therapy:

1. It produces a higher-energy x-ray beam that enables
greater skin sparing and more effective treatment of deep-
seated lesions.

2. In addition to the x-ray beam, linear accelerators can pro-
vide a therapeutically useful high-energy electron beam.
Electrons have a discrete range and, relative to photons,
have most of their tissue interactions within a small dis-
tance. Therefore, there is a more abrupt falloff of dose
beyond the electron’s range of penetration. The range is
proportional to the energy of the electron, and most mod-
ern linear accelerators produce a number of selectable elec-
tron energies that can be customized to the individual
patient’s anatomy and needs. Electrons, in general, are less
skin sparing than photons and are useful for treating
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Figure 26–1 Radiograph of the breast and chest wall. The x-ray
beam is tangential to the chest wall. This film was taken using a
simulator that generates x-rays in the kilovoltage range, similar to
diagnostic x-ray units. The bones (ribs) appear white; the lung
appears black.

Figure 26–2 Port film of a breast treatment portal. Because this
film was taken using a linear accelerator (megavoltage-range 
x-rays), the contrast between the bone and lung is muted,
demonstrating the relative independence of the Compton effect
on atomic number.

Figure 26–3 Linear accelerator. This Varian 2300 C linear accel-
erator can produce 6- and 18-MV photons as well as several ener-
gies of electron beam.



superficial lesions. In comparison to photons, less shielding
is required to attenuate an electron beam (the shielding
requirement increases as the energy of the electron 
increases). Taking these factors together, electrons are par-
ticularly well suited for therapy of a superficial lesion.

3. The sharper beam edge of linear accelerators permits
increased shaping of a treatment portal to match the
desired target.

4. The dose rate from a linear accelerator is greater (or varied
if necessary), allowing treatment to be accomplished faster
(with less patient movement) and a patient to be placed
farther from the machine, which generally results in more
homogeneous irradiation.

5. There is absolutely no personnel exposure (pertinent to
cobalt 60 therapy) or need to change the radioactive mate-
rial because of decay of the isotope.

6. Accelerators often produce more than one energy x-ray
beam, several energy electron beams, customized blocking
from inside the head of the machine, a quality assurance
computer-controlled system ensuring precise delivery of
the proposed treatment, and three-dimensional “confor-
mal” radiation therapy, which combines advances in imag-
ing with precision delivery using multiple beams.

PATIENT SELECTION FOR BREAST-
CONSERVING THERAPY, FOLLOWED 
BY RADIOTHERAPY, INCLUDING 
DUCTAL CARCINOMA IN SITU OR 
EARLY-STAGE INVASIVE CARCINOMA

Are all patients candidates for 
breast-conserving therapy?

Most patients who have DCIS stage 0 or American Joint
Committee on Cancer (AJCC) stage I or II and some with
stage III invasive breast cancer are potential candidates for
breast preservation; however, patient- and disease-related 
factors may contraindicate conservative surgery or the use of
radiation therapy for a specific patient. Host-related con-
traindications may be either major or minor and may have a
medical or cosmetic basis. Pregnancy is a nearly absolute con-
traindication to radiation therapy. Prior therapeutic irradia-
tion of the breast had been an absolute contraindication, but
re-irradiation may be possible in selected patients (see later).
Other contraindications, such as the ratio of tumor to breast
size, the presence of collagen-vascular disease, the location 
of the lesion within the breast, and comorbid medical con-
ditions, are relative contraindications, as discussed below.
Disease-related factors are covered later in the discussion of
invasive or intraductal disease. For the reader who wants an
advance look, a summary is provided in Table 26–1.

Why are pregnancy and prior breast 
irradiation nearly absolute contraindications 
to curative irradiation of the breast?

In the first two trimesters of pregnancy, when the developing
fetus is most sensitive, radiation therapy is contraindicated

because of internal scatter of ionizing radiation from the
region of the breast to the fetus.17 Radiation therapy has been
delivered in the third trimester when medically essential with-
out evident damage to the fetus (e.g., in Hodgkin’s disease,
before the development of curative regimens of chemo-
therapy). However, because there is a medically equivalent 
treatment for early-stage breast cancer (i.e., mastectomy),
radiation therapy should not routinely be used during 
pregnancy.

Previous radiation therapy in substantial doses is the other
nearly absolute contraindication to irradiation of the breast if
the treatment fields overlap.17,18 Patients who received mantle-
field radiation therapy and subsequently developed breast
cancer are not offered conservative surgery and standard radi-
ation therapy to the breast as a first choice. Normal tissues
“remember” prior radiation-induced changes and cannot
withstand substantial additional treatment. Re-irradiation
may result in soft tissue necrosis, rib fractures, pneumonitis,
and cardiotoxicity (for left breast lesions).19,20 With time,
however, there is at least partial repair of previous radiation-
induced damage to the normal tissue. If many years have
elapsed, some patients are now being offered re-irradiation to
the breast or partial breast.21,22 Re-irradiation may be most
useful if the second cancer is not in the original or index
quadrant of the first cancer and appears to be a new cancer,
not a recurrence. Again, however, given the equally curative
medical option of mastectomy, re-irradiation should not be
the first recommendation, and time since the original radia-
tion therapy, as well as total dose prescribed and the technique
used, should be meticulously considered.

Is multicentric disease an 
absolute contraindication to 
breast-conserving therapy?

Multicentric disease (carcinoma in more than one quadrant of
the breast) is generally managed by mastectomy. Definitive
breast surgery requires removal of all gross and radiographi-
cally evident disease with final free surgical margins. When the
carcinoma is in more than one quadrant, definitive surgery
results in removal of breast tissue from two quadrants and,
after the whole-breast portion of the radiation therapy, addi-
tional treatment to the tumor beds (boost portal). In many
patients, cosmesis may not be acceptable with two lumpec-
tomies in two different quadrants, and mastectomy is recom-
mended. Multicentricity may also portend a higher burden of
microscopic disease in the remaining breast tissue and an
increase in the local recurrence rate despite free surgical mar-
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Major
Pregnancy
Prior therapeutic breast irradiation
Gross or mammographically evident multicentric carcinoma

(involving more than one quadrant of the breast)
Diffuse (malignant-appearing) microcalcifications
Systemic lupus erythematosus, scleroderma

Minor
Large tumor-to-breast size ratio
Comorbid medical or psychiatric conditions (see text)

Table 26–1 Contraindications to Breast Radiotherapy



gins, lack of residual disease on postoperative breast imaging
(i.e., dedicated breast magnetic resonance imaging [MRI]),
and meticulous radiotherapeutic technique. Small series 
suggest that breast conservation surgery followed by radia-
tion therapy may yield acceptable local control and survival 
in selected patients with multiple ipsilateral synchronous 
cancers.23

What are the relative contraindications to 
conservative surgery and radiation therapy?

There are three common relative contraindications to con-
servative surgery and radiation therapy: (1) a disparate
tumor-to-breast size ratio, (2) collagen-vascular disease, and
(3) comorbid medical conditions.

Ratio of Tumor to Breast Size
The goal of breast preservation is a cosmetically appealing
outcome. Therefore, the amount of breast tissue requiring
resection, the initial size of the breast, and anticipated 
symmetry of the breasts after surgery need to be considered.
For example, wide resection of a 3-cm tumor in a patient 
with an A-cup breast size and resection of the same lesion 
in a patient with a D-cup breast size may both be technically
feasible. However, the amount of remaining breast tissue and
its appearance will likely be vastly different. There is no 
universally agreed-upon tumor-to-breast size ratio beyond
which conservative surgery is contraindicated, but the likely
appearance following treatment must meet the patient’s
expectations.

The pendulous or large breast has been the subject of much
discussion and has been reported to be a relative contraindi-
cation to conservative surgery and radiation therapy.24–28

With poor technique (lack of a high-energy linear accelerator,
inhomogeneity of dose across the breast, and omission of
tissue compensation techniques), marked skin reaction and
poor long-term cosmesis have been reported.24,29 Certainly,
fibrosis, skin retraction, persistent edema, or all three are 
possible, but with the use of special treatment devices, high-
energy linear accelerators, and appropriate treatment plan-
ning, the acute and long-term reactions often can be kept to
an acceptable level.24,29 After treatment, about 85% to 90% of
appropriately treated patients rate their cosmesis as good to
excellent.24,27

There is also debate about the influence of a subareolar
tumor. Those subareolar tumors that require resection of the
nipple–areolar complex result in cosmetic alterations that are
acceptable to many patients, but others, despite symmetry
when clothed, will find the absence of a nipple unacceptable
and opt for mastectomy and reconstruction. Radiation 
therapy for this site is otherwise equally efficacious.

Patients who have synchronous or metachronous bilateral
breast cancers are usually candidates for conservative surgery
and radiation therapy. Technically, it is more difficult to 
treat both breasts, and therapy must be carefully planned to
avoid overlap of the right and left breast treatment portals.
The planning session and time required for daily therapy 
are longer than those of patients having one breast treated
because of the increased number of treatment fields.
Otherwise, treatment is essentially identical to that required
when only one breast is involved.

Collagen-Vascular Disease
Although the absolute number of patients affected by 
collagen-vascular disease who have undergone breast radio-
therapy is small, reports indicate a higher-than-average rate of
severe soft tissue reactions, including necrosis and nonhealing
ulceration requiring surgery.30–36 Because the raison d’être of
breast preservation is excellent cosmesis and this goal is less
likely to be reached, mastectomy with or without reconstruc-
tion is generally recommended to patients who have early-
stage breast cancer and scleroderma or systemic lupus
erythematosus.

Comorbid Medical Conditions
Occasionally, comorbid medical conditions preclude a
patient’s ability to tolerate treatment. Examples of such situa-
tions include congestive heart failure and inability to breathe
comfortably in a supine position, inability to abduct the ipsi-
lateral arm (e.g., stroke, severe arthritis, bursitis, rotator cuff
injury), inability to comprehend or follow instructions, and
inability to maintain the treatment position for the required
time or manage the radiation-induced changes. Medical con-
ditions preventing delivery of radiotherapy are uncommon,
but consultation with a radiation oncologist before definitive
surgery is particularly important to avoid an unnecessary
additional surgical procedure if the patient is not a candidate
for radiation therapy.

Patients who have pacemakers require special considera-
tion.37,38 In situations in which a pacemaker was within the
radiation field (direct beam), isolated instances of transient or
permanent pacemaker malfunction have been reported.39–44

Guidelines developed by the American Association of
Physicists in Medicine suggest that the patient’s cardiac status
and pacemaker should be evaluated by a cardiologist before
beginning radiation therapy.45 The pacemaker should be at
least 2 cm from the path of the direct radiation beam. The
total dose to the pacemaker (from scattered radiation) should
be calculated and kept to a maximum of 500 cGy. The pace-
maker and the patient’s cardiac status should be actively mon-
itored during the first treatment session.

TECHNICAL ASPECTS OF BREAST 
RADIATION THERAPY

When can radiation therapy generally begin?

Wound healing is usually adequate by 2 weeks after surgery,
and treatment planning can be done any time thereafter, as
appropriate. Occasionally, accumulation of a seroma and
required repeated drainage (causing fluctuations in the breast
contour and skin marks) may delay simulation. Usually, the
timing of simulation is determined by the ability of the
patient to abduct and maintain the arm (after axillary dissec-
tion) in the treatment position. On average, treatment com-
mences between 4 and 6 weeks after surgery.

Patients who receive chemotherapy after breast-conserving
surgery receive the chemotherapy before radiation therapy.
Radiation therapy begins about 3 to 4 weeks after chemother-
apy is completed and blood counts are adequate.
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What steps are required to plan treatment?

Radiation therapy must be delivered precisely to the entire
tumor bed and to as little normal tissue as possible. To do this,
a planning simulator, a machine with diagnostic x-ray and flu-
oroscopy capabilities that reproduces the exact geometry of
the treatment machine, is used to project simulated treatment
beams onto the patient. State-of-the-art simulators have com-
puted tomography (CT) scan capability as well and demon-
strate the path of the simulated beam in the patient (Fig.
26–4). The radiographic capabilities allow localization of the
treatment volumes and critical normal structures and gener-
ate a verification radiograph. Shielding is customized to block
areas of normal tissue that do not require treatment and yet
allow irradiation of the entire tumor. The projected light field,
mimicking the actual treatment, outlines the field on the
patient’s skin, and reference points are marked to facilitate
reproducible daily positioning.

Because of the time required for treatment, the ideal 
treatment position is both reproducible and comfortable. The
generally preferred position has the patient lying supine,
immobilized in a breast board, cradle, or mold individually
constructed for patient comfort and reproducibility (Figs.
26–5 and 26–6). A slant board often is placed under the mold
to reduce the curvature of the chest wall and allow the breast
to be effectively treated while including a smaller volume of
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Figure 26–4 Patient on a slanted breast board in treatment posi-
tion undergoing computed tomography scan simulation.

Immobilization
   device

Slant board

A

B

C

Figure 26–5 A, Patient lying in the treatment position. The ipsi-
lateral arm is abducted. B, Custom-made immobilization device
and a slant board are under the patient. C, Patient receiving treat-
ment to the left breast on slanted breast board.



lung (Fig. 26–7). The ipsilateral arm is abducted above the
head to keep it out of the path of the treatment beams.

Precisely how are the beams aimed?

Radiation therapy of the breast is usually delivered using two
beams that are tangential to the chest wall: right anterior
oblique and left posterior oblique for the left breast, and left
anterior oblique and right posterior oblique for the right

breast (Fig. 26–8). With the patient in the treatment position,
skin marks are placed just beyond the lateral, superior, and
inferior borders of the breast tissue. Medially, the border of
the field is the patient’s midline. Using a CT scan or fluo-
roscopy in the treatment position, the angles for the antero-
medial and posterolateral oblique fields are chosen such that
the entire breast is included and the volume of lung and pos-
sibly heart (in some left breast treatment fields) is minimized.
The amount of lung that must be included in the tangential
fields varies from patient to patient but generally is less than 
3 cm from field edge to the chest wall at the midplane between
the portals (the site of maximum exposure of lung) (Fig.
26–9). In fact, in more than 80% of patients, inclusion of the
entire breast (even with a margin for respiratory motion) can
be accomplished with 2 cm or less lung.

What refinements optimize 
treatment planning?

Occasionally, a special treatment device may be required to
minimize dose to normal tissue or ensure reproducibility of
daily positioning. A very pendulous breast may fall over the
lateral aspect of the chest wall, and encompassing the entire
breast would result in an increased amount of lung tissue in
the treatment portal if nothing else were done. A treatment
device, such as an Aquaplast mold, a bra, or Spandage, may be
used to place the breast in a position that reduces the amount
of lung in the treatment portal. If the tumor was not deep (i.e.,
near the chest wall), the patient may also be treated in the
prone position, allowing the pendulous breast to hang for-
ward away from the chest wall and reduce the volume of lung
irradiated.

When the desired target volume encompasses only the
breast, care should be taken to minimize irradiation of the dis-
sected axilla. This will keep the risk for lymphedema as low as
possible. A slant board helps to lower the superior border of
the breast tissue; abducting the arm raises most of the axilla
up and away from the treatment field. Occasionally, a lesion
high in the tail of the breast tissue may necessitate treatment
of a larger portion of the axilla. The surgeon’s use of separate
breast and axillary incisions can help the radiation oncologist
minimize unnecessary treatment of the axilla.

As fields are designed at simulation, permanent small India
ink tattoo dots or temporary purple carbolfuchsin skin marks
are placed. These marks are used each day to position both the
patient and the radiotherapy fields. Digitally reconstructed
radiographs of the treatment fields are created from the CT
scan plan, or diagnostic-quality films are taken by the simula-
tor (see Fig. 26–9). The films subsequently are compared to
port (beam) films or digital images taken on the treatment
unit before the first treatment and weekly for quality assur-
ance (Fig. 26–10).

At simulation, a CT scan is taken of the breast and underly-
ing structures (e.g., ribs, lung, heart, contralateral breast, and
lymph nodes). The physician delineates the precise area to be
treated. Using a computerized treatment planning system, the
physicist and physician design treatment fields to provide a
homogeneous dose to the breast while minimizing the volume
of and dose to adjacent normal tissues such as lung and heart
(Fig. 26–11). If a CT simulator is not available, a contour of
the breast is taken manually using solder wire, plaster of Paris,
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Figure 26–6 The Vac-Loc immobilization device. The Vac-Loc is
inflated to the desired amount and molded to immobilize the ipsi-
lateral arm, the head, and the chest wall. It provides support for
the arm as well as reproducibility of treatment position.

Figure 26–7 Slant board. Many types of slant boards are avail-
able. As pictured here, the board is placed under an immobiliza-
tion device. Plexiglass or Lucite inserts of several sizes are available,
so that the elevation of the slant boards can be customized to
straighten the curvature of each patient’s chest wall.



or Aquaplast (a plastic that is malleable when warm and hard-
ens as it cools). The CT simulator and sophisticated treatment
planning software facilitate a three-dimensional plan to 
deliver a homogeneous dose to the breast (frequently less than
10% maximum variation in dose) by imposing various mate-
rials in the treatment beams to compensate for differences 
in tissue thickness or by adding additional fields (above the
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RAO

LPO
Cut-section view from below

Right
breast

Radiation beam

A

B Figure 26–8 Schematic dia-
gram of the fields used in the
treatment of a patient’s left
breast: left posterior oblique
(LPO) and right anterior oblique
(RAO) fields. A, Patient in LPO
position. B, Cut-section view
from below.

Figure 26–9 Simulation film of a left posterior oblique field of a
left breast treatment portal. At the mid-level (in the superoinferior
direction), 1.5 cm of lung is encompassed. Each hatch mark rep-
resents 1 cm.

Figure 26–10 Portal film of the same treatment field as shown
in the simulator localization film in Figure 26–9. The portal film
demonstrates the reproducibility of field in the treatment room
compared with that taken at simulation.



standard two tangential portals) and changing the angles of
the fields. In most cases, wedge-shaped tissue compensators
are placed in the lateral or medial fields, or in both, to com-
pensate for the smaller volume of breast tissue near the nipple.
(If wedges are not used, the thinner aspect of the breast will
receive a higher dose of radiation compared with the wider
posterior portion of the breast; Fig. 26–12.) The wedge may be
a physical device placed on a tray near the patient or an intrin-
sic device in the head of the linear accelerator. A physical
wedge placed near the patient is the less preferable solution
because x-rays that interact with the wedge produce scatter
electrons, some of which reach the patient. Reports document
an increased dose to the contralateral breast with placement of
a physical wedge in the medial (anterior oblique) portal.46,47

Because of concern about development of a subsequent con-
tralateral breast carcinoma with increasing dose to the con-
tralateral breast (see the discussion of long-term effects), some
authors have recommended placement of a physical wedge in
the lateral tangent only. The preferred solution uses an intrin-
sic wedge contained in the head of some linear accelerators,
far away from the patient. In this situation, wedges can be
placed in the medial and lateral tangents, optimizing the dose
distribution in the ipsilateral breast and yet minimizing 
scatter to the contralateral breast.

More recently, advances in computerized software have
facilitated optimization of the homogeneity of dose across the
volume to be treated by using intensity-modulated radiation
therapy (IMRT).48 IMRT uses inverse treatment planning to
shape the radiation field to each patient’s tumor or treatment
area and away from or around the patient’s normal tissues. A
sophisticated multileaf collimator provides 120 0.5- to 1.0-cm
lead-lined leaves to customize the shape of each radiation
beam (Fig. 26–13). The position of the leaves can be set for the
entire treatment of the field or can vary during the treatment
of an individual field. This “dynamic multileaf collimation”
provides the variation in intensity across each radiation beam
or field. For treatment of breast cancer using IMRT or an
IMRT-like technique, patients who previously would have had
more marked acute and late toxicity because of difficult
anatomy, such as a large breast or marked change in slope 
of the breast tissue across the treatment volume, modulating
the intensity of the treatment beam and minimizing the 

inhomogeneity across the patient’s breast translates into
decreased skin reaction and, potentially, decreased late effects
(discussed later).

Why should a linear accelerator be used?

For the initial, whole-breast portion of treatment, 6-MV pho-
ton therapy generated by a linear accelerator generally is
employed. The 6-MV photons provide an optimal balance
between skin sparing and nearly full-dose deposition to 1.0 to
1.5 cm below the skin surface. (Higher energies underdose the
superficial breast tissue; cobalt 60 therapy gives a higher skin
dose and may compromise cosmesis.) The 6-MV photons
have a slight advantage over 4-MV photons in that the 
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Figure 26–11 Computed tomography scan of the breast with
superimposed isodoses using wedges and shielding to minimize
the range of doses across the breast tissue (inhomogeneity).

Figure 26–12 A, Computer-generated treatment plan of a
breast using 6-MV photon therapy with the beams arranged 
tangential to the chest wall. A wedge (triangular beam-shaping
device) is used in each field to compensate for the smaller separa-
tion of the anterior aspect of the breast. B, The same patient’s
treatment plan without wedges. The lines (and superimposed
numbers), isodose lines, connect points of equal dose. If, for
example, 100% of the dose is planned to encompass the whole
breast, A (with wedges) shows that small areas of the breast ante-
riorly and laterally will receive 105% of the prescribed dose. B
shows that, anteriorly, the same breast would receive 121% of the
prescribed dose without the use of wedges. Therefore, wedges
allow a more uniform dose distribution.



homogeneity of dose distribution usually is improved for the
patient of average or larger breast size.

Should the entire breast be treated 
uniformly, or is a boost dose important?

After completion of whole-breast radiotherapy to a dose of
4500 to 5000 cGy, a boost to the area of the original tumor
generally is employed (Figs. 26–14 and 26–15). The boost is
used for two reasons. First, the area of the original lesion has
been shown to have the highest bulk of microscopic residual
disease.49 Clinically, this correlates with the observed patterns
of recurrence—mostly at or near the index lesion.50–56 Second,
hypoxia from surgically disturbed vasculature in the tumor
bed may also require an increased dose to eradicate micro-
scopic residual disease11 (see prior discussion regarding oxy-
gen effect). Therefore, a higher total dose to the initial tumor
bed decreases recurrence rates.57 The higher dose is limited to
a small volume (the volume at highest risk for recurrence)

because doses above 5000 to 6000 cGy to the whole breast
result in an increased incidence of breast edema and poor
cosmesis.58–60 The boost may be delivered using external-beam
techniques (most commonly electron-beam therapy from a
linear accelerator, as shown in Fig. 26–14), three-dimensional
conformal therapy using photons or IMRT, or brachytherapy
or intraoperative radiotherapy.55,56,61–64 Electrons, as opposed
to photons, have a discrete range that is dependent on their
energy. Beyond their useful range, the dose falls off abruptly.
Thus, they can be selected to treat the desired tumor volume
homogeneously yet spare underlying normal tissues.

Brachytherapy is the placement of radioactive material into
or next to the tumor or tumor bed. In breast radiotherapy,
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Figure 26–13 Intensity-modulated breast field showing the mul-
tileaf collimation (jagged lines) to modulate areas of the breast
(decrease the dose) in the thinner areas that would otherwise
receive a higher dose.

Figure 26–14 Simulation film of a boost portal for use in radia-
tion therapy of the breast. Radiopaque clips were placed in the
tumor bed at the time of surgery. A 1-cm margin is usually placed
around the clips. The incision is also included in the field. Only 
the area within the circle will be treated. The hatched area outside
the circle is not treated.

Surgical
incision Boost

field

Immobilization
device

Slant board

Figure 26–15 Diagram of an
electron boost portal as viewed
on the skin. If clips have not
been placed in the tumor bed, a
3-cm margin is placed around
the incision, as shown here. If CT
scan planning is used; the tumor
bed (boost portal) is localized
from the postoperative changes
in the tumor bed on CT scan.



temporary single- or double-plane implants of iridium 192
can be placed into the tumor bed to deliver the intended 
dose, 1500 to 2000 cGy over 11/2 to 2 days (low-dose-rate
brachytherapy) or about 680 cGy divided between two brief
treatments 6 hours apart using a high-dose-rate remote after-
loader. Low-dose-rate brachytherapy requires local anesthesia,
patient hospitalization, limited visitors, and precise identifica-
tion of the tumor bed (because the dose falls off very rapidly
in proportion to the inverse square of distance). The 
high-dose-rate brachytherapy avoids hospitalization and 
personnel exposure and provides similar control rates. When
performed by an experienced radiation oncologist, interstitial
brachytherapy and electron-beam therapy boost result in 
similar local control.64–68 The electron-beam technique is
more commonly used for the boost portion of the treatment
because the patient remains an outpatient, the procedure is
not invasive, and cosmesis is as good or superior.26, 64–68

Treatment planning for the electron-beam boost can be
accomplished clinically with ultrasound guidance or CT scan
planning.69–71 First, the surgical tumor bed must be localized.
This is most accurately accomplished if clips have been placed
in the biopsy cavity at the time of surgery72 (see Fig. 26–14).
If surgical clips, ultrasound guidance, or CT scanning is not
available, the clinician must use the incision in combination
with the preoperative mammogram or ultrasound (see Fig.
26–15). Therefore, the radiation oncologist must know the
position of the surgical incision relative to the location of the
preoperative tumor. The treatment angle is then chosen (clin-
ically or with ultrasound or CT) to provide the shortest path
to the tumor bed and the incision. For electron-beam therapy,
the depth from the skin surface to the base of the tumor bed
is measured to determine the appropriate electron energy
because the range of penetration varies with the energy of the
electrons. (See prior discussion of electrons.) Although theo-
retically the most accurate,73 CT scan–based planning has not
been shown to reduce the local recurrence rates compared
with the other planning methods.

Cerrobend blocking can be used to individualize the shape
of the treatment portal and prevent treatment of more breast
tissue than is medically necessary (Fig. 26–16). Cerrobend, a
combination of cadmium, bismuth, and tin, has the ability to
attenuate a treatment beam almost as effectively as lead and
melts when heated to moderate temperatures. It can be
poured into molds (and hardened) into any shape desired,
further customizing treatment.

Is the volume to be treated always the same?

For patients who have DCIS or stage I invasive carcinoma, the
risk for a regional nodal recurrence is 0% to 5%,51,63,74–76 and
only the breast is treated (most commonly, two portals whose
central axes are aimed tangential to the chest wall). For stage
II invasive carcinoma, whether after conservative surgery or
mastectomy, each patient’s risk for regional nodal recurrence
is evaluated individually. If the risk for nodal recurrence is
greater than 10% to 15% or regional nodal irradiation may
result in clinical benefit, simulation of the breast or chest wall
and relevant nodal region is advised. The specific indications
for regional nodal irradiation are considered in the discus-
sions of invasive carcinoma and the postmastectomy patient.

If regional nodal irradiation is to be delivered in addition to
whole-breast radiotherapy, treatment planning becomes a
more complex process. Lack of attention to precise matching
of the nodal and breast portals can result in underdosing or
overdosing of a region. Overlap at the skin surface has 
resulted in classic “matchline fibrosis,” a ridge of fibrosis 
that may be associated with telangiectases and impaired 
cosmesis.58–60,77

If the supraclavicular region is to be treated, usually the
superior border of the breast tangents is lowered to the angle
of Louis. The medial, inferior, and lateral tangent borders gen-
erally are unchanged. The inferior border of the supraclavicu-
lar field is the superior border of the breast portal. The medial
border usually is placed at the ipsilateral pedicles. The lateral
border is generally at the medial edge of the humeral head.
Superiorly, the field is usually placed at the inferior aspect of
the cricoid cartilage (Fig. 26–17).

If the axillary apex is to be treated, the lateral border of the
supraclavicular field is generally extended to cover the poster-
ior axillary skin fold. The lateral and inferior borders of the
axillary field are those of the supraclavicular field. The medial
border includes the chest wall and 1 cm of lung (to allow for
respiratory movement), and the superior border is placed
along the clavicle.

The internal mammary field is usually 6 cm in width. The
medial border extends 1 cm past midline (toward the con-
tralateral breast). Laterally, it abuts the medial edge of the 
tangential breast field. Usually, it extends superiorly and infe-
riorly to cover the first through third intercostal spaces. The
medial border of the breast tangents and inferior border of
the supraclavicular fields are determined by the borders of
the internal mammary field.

Several technical discussions of the simulation for regional
nodal irradiation have been published.78–80 Inclusion of the
nodal region at simulation and treatment increases the length
of time required for simulation, daily setup, and treatment.
(See the discussion of the indications for regional nodal irra-
diation in the invasive carcinoma and postmastectomy por-
tions of this chapter.)

Does the entire breast require treatment?

Whole-breast radiation therapy is the standard of care for
treatment of DCIS and early invasive carcinoma after lumpec-
tomy or wide excision. For selected patients with early invasive
ductal carcinoma, partial-breast irradiation may yield similar
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Figure 26–16 Left, Headrest used for patient positioning, repro-
ducibility, and comfort. Right, Cerrobend has been poured and cut
to the customized shape for the patient’s boost portal. Only the
oval area inside (not covered by) the Cerrobend will receive the
prescribed dose.



local control and survival with greater convenience, similar 
or improved cosmetic result, and similar or reduced side
effects. Partial-breast irradiation can be delivered with three-
dimensional conformal radiation therapy,81 IMRT, or low-
dose-rate or high-dose-rate interstitial brachytherapy using
multiple catheters or using a newer single catheter with a bal-
loon placed into the tumor bed. Partial-breast irradiation can
also be delivered by intraoperative radiation therapy (IORT)
using electron-beam therapy or x-rays. Each technique has its
own advantages and disadvantages.

IMRT is the most recent and most sophisticated version 
of three-dimensional conformal radiation therapy.48 Using
advanced computerized treatment planning software, a target
or treatment volume is delineated, and dose limitations are
prescribed to the adjacent normal tissues. A treatment plan is
constructed to deliver the prescribed dose to the tumor or
tumor bed precisely while meeting the usual tissue con-
straints. To accomplish true IMRT to a breast tumor bed,
additional fields and longer treatment times are used than
with the standard two tangential fields. The potential advan-
tages include more even dose distribution across the intended
target, lower dose to the presumed normal surrounding breast
tissue, and therefore, possibly better cosmesis and decreased
acute toxicity (i.e., erythema and edema). The potential 

disadvantages include a larger volume of adjacent normal tis-
sue exposed to a lower dose of radiation and more leakage
radiation, which could yield a higher risk for later nonbreast
cancer malignancies.

Interstitial breast brachytherapy can be performed at the
completion of the lumpectomy or up to several weeks later.
A series of catheters are implanted into the breast tumor 
bed, and radioactive material is subsequently placed into the
catheters based on the treatment plan so that the tumor bed
with a 1- to 2-cm margin is irradiated.82 Low-dose-rate
brachytherapy delivers a slow continuous dose of radiation,
usually with iridium 192 implanted in the catheters over
about 96 hours.83 The patient is in the hospital in an “isolation
room” during this time. The entire course of treatment is
delivered in 4 days and, including surgery and planning, can
be completed within 10 days to 2 weeks of surgery. Because of
the isolation during treatment, the cost of hospitalization,
and the development of high-dose-rate brachytherapy, low-
dose-rate therapy is less frequently performed.

High-dose-rate brachytherapy uses a radioactive source
(most often iridium 192) with a higher activity and delivers
therapy in multiple short treatments on an outpatient basis.
The source remains in a lead-lined container, usually in the
radiation therapy department. The breast catheters are 
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Figure 26–17 Schematic diagram of radiotherapy portals when irradiation of the supraclavicular lymph nodes is planned. The supra-
clavicular portal (shaded region) is treated from an anterior or anterior oblique approach. Note that the superior edge of the breast tan-
gent portals is straight (horizontal) so that there is no overlap between the supraclavicular and breast portals. LAO, left anterior oblique;
RPO, right posterior oblique.



connected to the high-dose-rate machine, and treatment is
delivered in about 10 minutes. For partial-breast therapy, an
average of 10 treatments are prescribed and delivered as 2
treatments per day, separated by 6 hours. The total treatment
course is completed in 5 days.83,84 Advantages of high-dose-
rate brachytherapy include the shorter course of therapy com-
pared with conventional external-beam radiation therapy,
the lack of hospitalization required, and lack of personnel
exposure.

Balloon catheter–based brachytherapy using the Mammo-
Site device (Proxima Therapeutics, Marietta, GA) is a subset 
of high-dose-rate brachytherapy.85 The dose and treatments
are similar to those described earlier.86 The applicator is 
a single catheter with an expandable balloon at one end.
The applicator may be placed into the tumor bed at lum-
pectomy or about 2 weeks later once the final margins and
pathology are available (Fig. 26–18). The balloon is inflated 
to fill the cavity and create a uniform spherical dose distri-
bution providing a full dose at 1 cm beyond the edge of the
balloon.

IORT uses a mobile linear accelerator to deliver electron-
beam therapy87,88 or uses a mobile x-ray device. The applicator
can be placed directly into the tumor bed after lumpectomy,
and the surrounding normal tissue (i.e., skin and chest wall)
can be displaced or shielded to improve the therapeutic ratio.
A single relatively high-dose treatment is performed. The
advantages include accurate localization of the tumor bed, the
ability to shield adjacent tissue, and the short treatment
course. The disadvantages include the lack of final pathology
and margin status, the possible fibrosis after a single high
dose, and the potential impact on wound healing. In one
series, the entire quadrant was treated after quadrantectomy,
which was shown to reduce optimal cosmetic result in a 

randomized trial; hence, the primary end point in this series is
not cosmesis.

The limiting step for partial-breast treatment is appropriate
patient selection. A discussion of the selection criteria and
available results is provided in the section on invasive breast
cancer.89

What does the patient experience 
during each fraction of radiation?

Patients typically spend about 15 to 20 minutes in the treat-
ment room. Most of that time is spent in placing the patient
in the identical position she was in at simulation. Each treat-
ment room should have overhead, left, and right lateral lasers.
With the patient in the supine treatment position (on a slant
board or resting in a polystyrene or other mold, if used at sim-
ulation) and with the ipsilateral arm abducted, the lasers (cal-
ibrated each morning) are aligned with the tattoos placed on
the patient’s skin at simulation. The linear accelerator is then
rotated to the treatment angles determined at simulation. The
light field is aligned with the field borders placed on the
patient’s skin at the conclusion of simulation (tattoos or car-
bolfuchsin). Before the first treatment, and then weekly, a ver-
ification film or digital image is taken on the treatment unit to
confirm that the treated field internally matches (and contin-
ues to match) the simulated field. The treating radiation
oncologist verifies, in the treatment room, the field set by the
technologist and subsequently views and approves the verifi-
cation films. Before treatment is delivered, the parameters set
by the technologists operating the treatment unit (e.g., angles
of the fields, appropriate field dimensions, and treatment
time) are verified by a computer-based quality assurance 
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A
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C

Figure 26–18 A, MammoSite catheter in the lumpectomy 
cavity. B, MammoSite catheter in lumpectomy cavity attached 
by a nylon connector to the VariSource high-dose-rate remote 
afterloader. The iridium 192 source is housed in the afterloader
and travels into the connector and then into the MammoSite
catheter in the lumpectomy cavity by computerized remote-
controlled software. C, Close-up of the inserted MammoSite
catheter.



system. For breast therapy, treatment takes about 1 minute per
field. With IMRT or more than two fields, the treatment and
setup time increase. After the first field is treated, the technol-
ogists reenter the treatment room and set the angles for the
second field. The quality assurance steps in the treatment
room and at the computer console are repeated.

While treatment is in progress, the technologists are outside
of the treatment room at the computer console. Audio and
video monitors allow constant observation of and communi-
cation with the patient. During treatment, the patient will not
experience any treatment-specific sensations. She will hear
mechanical noises from the machine. When she leaves the
treatment room, she will feel no different than when she
entered.

How precise is radiation therapy and 
how is its quality ensured?

Radiation therapy is extremely precise, generally to within 2
mm in both length and width. To ensure this precision, in
addition to physicians and technologists, a complement of
physics staff should always be on site: medical physicists,
dosimetrists, and block cutters. All equipment, including the
linear accelerators, simulators, and lasers, should undergo rig-
orous daily calibration and quality assurance testing before
treatment of the first patient.

Weekly verification films confirm the precision of the
machine and the proper positioning of the patient. Facilities
that adhere to meticulous technique review their quality
assurance processes in regularly held meetings attended by 
clinicians, physicists, dosimetrists, technologists, and nurses.

DUCTAL CARCINOMA IN SITU

What treatment options are available 
for ductal carcinoma in situ?

Until relatively recently, the recommended treatment option
for DCIS—mastectomy—created a paradox of logic. Certainly,
mastectomy yielded local control rates of 96% to 100%.90–94

The cosmetic and psychological cost of the procedure, how-
ever, seemed unnecessarily high, especially when more aggres-
sive invasive carcinomas were being cured by conservative
surgery and radiation therapy.Yet, progress was stymied by two 
misperceptions: (1) DCIS was thought to be inherently
radioresistant, and (2) the occasional pathologically observed
microscopic multicentricity of DCIS was thought to preclude
local control using radiation therapy.92,93,95–98 However, as the
routine use of mastectomy was re-evaluated, the presentation
of DCIS also was changing. Carcinoma in situ is now the most
frequently detected breast cancer presenting as a nonpalpable
radiographic abnormality. The smaller volume of disease at
diagnosis and increasing demand for breast preservation has
allowed the option of breast-conserving surgery with or with-
out radiation therapy to expand to DCIS.

The intent of radiation therapy in addition to excision is 
to improve local control by eradicating any occult residual
microscopic in situ or invasive carcinoma left behind after

cosmetically optimal local excisions. The wide range in recur-
rence rates93,96,99–111 after conservative surgery or radiation
therapy, or both, shows that the term ductal carcinoma in situ
encompasses a spectrum of diseases. As discussed in Chapters
8 and 23, several investigators have worked to restratify and
classify in situ lesions into prognostically useful groups
intended to help guide therapy. Currently, three treatment
options may be offered, depending on the perceived biologic
aggressiveness of the lesion: (1) wide excision alone, (2) wide
excision followed by breast radiotherapy, or (3) mastectomy
with or without reconstruction.

Which patients benefit from radiation 
after breast-conserving surgery?

Although there probably is a subgroup of small, biologically
less aggressive, well-defined, unifocal lesions of DCIS that can
be adequately treated with wide excision alone (without
radiotherapy), the specific criteria to define them have yet to
be unambiguously established.95,99,112–116 In the literature,
depending on the patient population studied, recurrence rates
may approach 16% to 59% at 3 to 7 years after excision
alone.95,99,111,117–120 Lagios and colleagues,107,121 based on a 
nonrandomized prospective series, and Silverstein and co-
workers,122,123 based originally on a retrospective series, have
proposed prognostic criteria for treatment recommendations.

In 1989, Lagios and colleagues107 described the care of 79
selected women who underwent wide excision alone for treat-
ment of nonpalpable mammographically detected microcalci-
fications no larger than 25 mm that proved histologically to be
DCIS. The margins of resection had to be free of disease. A
postexcision mammogram documenting complete excision of
microcalcifications was mandatory. The patient had to be
compliant with follow-up evaluation and the breasts consid-
ered “favorable for clinical and mammographic evaluation.”
Meticulous step-section processing, not sampling, of the
resected breast tissue was performed. The average lesion
measured only 6.8 mm. At 4 years, 10% of patients had devel-
oped a local (in the same quadrant as the index lesion) recur-
rence; in half of this 10% the recurrence was invasive, and in
the other half it was noninvasive. The authors retrospectively
stratified the lesions based on grade and presence or ab-
sence of comedonecrosis. At 2 years, high-grade lesions 
with comedonecrosis had a 19% risk for recurrence. None 
of 33 low-grade lesions of the non-necrotic cribriform or
micropapillary types had recurred.

Silverstein and coworkers used size, grade, and presence or
absence of necrosis and retrospectively developed the Van
Nuys Prognostic Index (VNPI) to guide treatment decisions
for DCIS.122,123 One to three points each for size, grade, and
necrosis and width of the surgical margin are combined to
achieve a score ranging from 3 to 9. The higher score portends
a higher risk for recurrence, and the score is used to assess risk
and propose therapy. In 2001, the VNPI was expanded to
include age. The University of Southern California (USC)
VNPI score now ranges from 4 to 12 points (Table 26–2). The
risk for recurrence increases with the number of points. Based
on this retrospectively devised scoring system, Silverstein and
coworkers recommend radiation therapy after wide local
resection, or the preferred oncoplastic  resection, for patients
with USC VNPI scores of 7, 8, or 9.123 Excision alone is 
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recommended for scores of 4, 5, or 6. Mastectomy is recom-
mended for scores of 10, 11, or 12.

The prospective randomized clinical trials described below
do not agree with the Van Nuys recommendations. A benefit
in risk for recurrence is demonstrated in all of the groups with
DCIS compared with excision alone. There are several valid
criticisms of the USC VNPI recommendations. First, the study
began as a retrospective analysis and spans 30 years, 1972 to
2003, a time when many changes in the details of breast 
surgery, mammography, and radiation therapy occurred. The
treatment options (i.e., wide excision or wide excision and
radiation therapy) were not used equally throughout the
study. Radiation therapy was delivered more often earlier in
the study years when diagnostic (including mammography)
and therapeutic technologies were less advanced.113 Post-
biopsy mammography or specimen radiography, routine mar-
gin assessment, and re-excision when necessary have lessened
the burden of carcinoma remaining after excision.97,124,125 With
these technologic and clinical advancements, current VNPI 8
and 9 lesions, for example, might have the volume of micro-
scopic residual disease following surgery lowered to a level
that can be controlled with wide excision and radiotherapy.

Second, the meticulously detailed sectioning method used
by Silverstein and Lagios and their coworkers yields a more
highly selected group of specimens compared with the more
common standard sampling methods. Applying the VNPI 
criteria to lesions processed by standard methods could
understage a lesion and lead to undertreatment, a higher
recurrence rate, and an increased risk for invasive carcinoma
at recurrence.

Third, size, grade, and margin width are difficult to repro-
ducibly assess.111,113,115,116 At present, interobserver variability
may result in disparate treatment recommendations for a
given specimen. Only one study has applied the Van Nuys cri-
teria prospectively.126 Thus, although it is possible that the fac-
tors delineated by Silverstein and colleagues are predictive, a
prospective randomized trial is needed to validate the ability
of the VNPI to guide treatment recommendations. Compiling
the data from all patients with DCIS treated with breast-
conserving surgery, those with the least risk for recurrence
after excision alone have the following:

• Nonpalpable DCIS
• Low-grade DCIS
• Free margins, generally at least 1 cm
• Small lesions, less than 1.5 to 2.5 cm, depending on the

study and the pathologic technique

Additional selection criteria for wide excision alone include
the following:

• A lesion detected radiographically, usually as microcalcifica-
tions that, if recurrent, would theoretically be detected more
easily and earlier

• A compliant patient who will undergo serial screening and
clinical follow-up evaluations as prescribed

However, even in this best prognostic group, the studies
described subsequently continue to show a statistically signif-
icant improvement in local recurrence with postoperative
radiation therapy.

What evidence is there that breast-conserving 
surgery and radiation therapy are effective 
treatment for DCIS?

Four published prospective randomized trials and numerous
retrospective studies support the use of limited surgery and
radiation therapy for DCIS.98,99,117–120,127–133

The National Surgical Adjuvant Breast Project (NSABP)
Protocol B-17 randomized the care of 818 women who had
DCIS to wide excision alone or wide excision and radiation
therapy. Patients were accrued from 1985 to l990.99

Stratification variables included age, axillary dissection, his-
tology (DCIS or DCIS with lobular carcinoma in situ [LCIS]),
and method of detection (palpation, mammography, or
both). All patients had free surgical margins. With a median
follow-up of 57 months, the results indicate a statistically sig-
nificant decrease in any type of breast cancer recurrence in 
the treated breast at 5 years for women receiving radiation
therapy: 7% versus 16% (P < .001). Noninvasive recurrences
were reduced from 10.4% to 7.5% (P = .055), and invasive
recurrences were reduced from 10.5% to 2.9% (P < .001) with
radiation therapy. Updated results, now with 12 years of
follow-up, confirm the reduction in recurrence when radia-
tion therapy follows wide excision. Patients who received wide
excision followed by radiation therapy had an overall recur-
rence rate of 16% at 12 years, compared with 32% at 12 years
for patients who did not receive radiation therapy.131 A retro-
spective subset analysis of pathologic features including grade,
size, and margin status documented the benefit of radiation
therapy for all groups in the NSABP study.112 However, this
study has been criticized for its lack of prospective pathologic
stratification, mammographic-pathologic correlation, and
serial subgross sectioning.116

The European Organisation for Research and Treatment of
Cancer (EORTC) 10853 trial randomized 1010 women with
DCIS to wide excision alone or wide excision followed by
radiation therapy. The design was similar to that of the
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Data from Silverstein MJ. An argument against routine use of radiotherapy for ductal carcinoma in situ.
Oncology 2003;17:1511–1533.

Score Pathology Margin Width (mm) Tumor Size (mm) Age (yr)

1 Not high grade ≥10 ≤15 >60
No necrosis

2 Not high grade 1–9 16–40 40–60
Necrosis

3 High grade <1 >40 <40

Table 26–2 University of Southern California Van Nuys Prognostic Index Scoring System 



NSABP B-17 trial.132 At a median follow-up of 4 years, as pub-
lished, and at 7-year follow-up in a subsequent presentation,
there is a statistically significant reduction in overall, noninva-
sive, and invasive recurrence in the group of women receiving
radiation therapy after wide excision. At 7 years, the crude
local recurrence rates were mastectomy, 2%; conservative sur-
gery alone, 31%; and conservative surgery with radiotherapy,
13%. Young age and involved margins increased the risk of
recurrence. Radiation therapy after conservative surgery sta-
tistically reduced local recurrence rates in all histologic sub-
groups; the largest risk reduction was noted for DCIS with
comedocarcinoma.132a

The United Kingdom Coordinating Committee on Cancer
Research (UKCCCR) prospectively randomized 1700 patients
with DCIS, in a 2 ¥ 2 factorial design, to breast-conserving
surgery followed by close surveillance and tamoxifen, radia-
tion therapy, or both tamoxifen and radiation therapy.133

Again, postoperative radiation therapy decreased the risk for
ipsilateral recurrence of DCIS and invasive carcinoma com-
pared with no additional therapy. Tamoxifen alone affected
only recurrence of DCIS. At a median 52 months, radiation
therapy statistically significantly reduced the risk for an inva-
sive and noninvasive ipsilateral recurrence. The magnitude of
reduction in risk parallels that seen in the NSABP B-17 and
the EORTC trials. Six percent of patients who received radia-
tion therapy, as compared with 14% of women who did not
receive breast radiotherapy, experienced a recurrence.

NSABP B-24 followed B-17 and, accepting the proven 
benefit of radiation therapy after breast-conserving surgery,
randomized 1800 women to radiation therapy alone or 
radiation therapy with tamoxifen.129,131 There was not a wide
excision-alone arm. In contrast to all of the other prospective
randomized trials discussed, free margins were not required.
Published data at 5 years and 7 years continue to document
85% to 90% local control rates with the addition of radiation
therapy. The benefit of tamoxifen remains controversial. In
this study, in a subset analysis, the benefit was seen only for
DCIS expressing estrogen receptor (ER).

NSABP B-06,98 a three-arm trial comparing lumpectomy
with or without radiation therapy with mastectomy, was
designed for early-stage invasive carcinoma of the breast.
However, on central review of the pathology specimen (after
enrollment), it was noted that 76 cases of DCIS had been
entered in error and randomized to lumpectomy with or
without radiation therapy. Although the cases were not 
stratified by size or grade (free margins were required), the
series forms an unintentional prospective randomized 
database. After 7 years of follow-up, the patients with DCIS
randomized to receive radiation therapy enjoyed a statistically
significant reduction in local recurrence rate (7% vs. 43%;
P = .01).

One retrospective multicenter series134 simulated a contem-
porary patient population by selecting the 110 patients who
presented with nonpalpable, mammographically detected
DCIS, who were treated with gross total excision and radia-
tion therapy. At 5 and 10 years, the local recurrence rates were
7% and 14%, respectively, with a 10-year cause-specific sur-
vival rate of 96%. Recurrences were noninvasive in 60% of
patients and invasive in 40%. The median time to local recur-
rence was 5 years, although the range was wide (2 to 15 years).
At 4.5 years after salvage therapy, 14 of 15 patients had no 
evidence of disease. No difference in local recurrence after

radiation therapy was found when results were stratified by
presence or absence of necrosis or nuclear grade. Recurrence
rates were increased with positive or close (<2-mm) margins
(29%) compared with uninvolved margins (7%). Women
younger than 50 years of age had a higher recurrence rate
(25%) compared with older women (2%). The rates did not
reflect a difference in margin status, grade, or necrosis.

Compiling the available prospective and retrospective series
employing wide excision and radiation therapy for treatment
of DCIS, the following conclusions can be drawn:

1. At 10 years, about 85% of patients undergoing conserva-
tive surgery followed by radiation therapy have preserved
their breasts.95,99–101,103–105,118,119,134–138

2. At 10 years, overall survival is 92% to 100% for 
patients treated by conservative surgery and radiation
therapy.95,99,101,115,134,135,137,138

3. Sixty to 100% of recurrences are in the vicinity of the
original lesion (true or in-field recurrence).99

4. About 50% of all recurrences are invasive carcinoma and
50% noninvasive carcinoma.97,99–101,132–135

5. Residual suspicious microcalcifications on a postexcision
mammogram should be resected and not treated solely by
radiation therapy.102,103

6. The presence of comedonecrosis may increase the recur-
rence rate.112,118,134,136

7. Involved or close margins increase the risk 
for recurrence after radiation therapy in most 
studies.112,117,118,120,127,134,138,139 In the NSABP B-24 study,
involved margins did not increase the likelihood of
recurrence.129,136

8. High grade and larger size have not consistently 
correlated with an increased risk for recurrence.112,134,135

However, Vicini and Neuschatz have found size to be
prognostic.120,139

9. Young age may be an independent prognostic factor for
local recurrence after radiation therapy for DCIS.102,134

Vicini and Recht propose that younger patients may have
more adverse prognostic pathologic factors, such as 
larger size of the DCIS and smaller resections for the
amount of DCIS in an attempt to optimize the cosmetic
outcome.140

10. The long-term outcome of local excision for DCIS that
recurred after radiation therapy and wide excision is
unknown. Thus, at present, recurrences following limited
surgery and radiation therapy either should be treated by
mastectomy (because long-term local control and sur-
vival approach 100% after salvage mastectomy) or should
be part of a carefully controlled clinical trial.

11. Radiation therapy should be delivered to the entire breast.
Partial-breast irradiation is under investigation and
should be offered, at the present time, only as part of a
clinical trial.

Are there additional selection criteria for 
treatment of ductal carcinoma in situ 
followed by radiation therapy?

In addition to disease-related factors, as just discussed,
the host-related criteria described previously need to be 
considered.
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What volume should be treated?

Only the breast requires radiation therapy after conservative
surgery for DCIS. Because axillary lymph node metastases are
reported in less than 1% of patients (when axillary dissection
is performed) and nodal recurrence is equally rare, there is no
need for regional nodal irradiation.

Because of the possibility of microscopic foci of residual
carcinoma (separate from the index lesion), as learned from
patients with DCIS who have undergone mastectomy, and
because of the risk for recurrence in quadrants distant 
from the original lesion after conservative surgery (with or
without radiation therapy), the entire breast requires treat-
ment. However, because two thirds of the recurrences are 
seen at the site of the index lesion (see discussion of
boost), the tumor bed, with its highest concentration of
potential microscopic residual disease and, possibly, hypoxia
after surgery, should receive a greater total dose than is deliv-
ered to the adjacent breast tissue. In select cases in which the
DCIS is small, the margins are well-free (that is, 1 cm), or no
residual carcinoma is found on re-excision, the boost may be
omitted.

Summary

Wide excision with radiotherapy is an effective treatment for
DCIS. Overall, the 10-year survival rate, including salvage
therapy, is 92% to 100%, compared with 96% to 100% for
immediate mastectomy. Because 80% to 90% of women pre-
serve their sensate breast and have satisfactory cosmesis, most
patients and physicians have accepted radiation therapy as a
reasonable option for the treatment of DCIS. Mastectomy,
however, remains an appropriate alternative for patients who
want the lowest possible risk for recurrence and are willing 
to sacrifice their breast. Improved selection will likely yield
even lower rates of recurrence and higher efficacy of salvage
therapy in the future. Each patient’s care must be approached
in a multidisciplinary fashion and the potential risks and 
benefits of all potential treatment options discussed.

Additional patient factors such as life expectancy, comorbid
medical problems, and family history should be used in the
decision process. If excision or radiation therapy is chosen,
meticulous mammographic-pathologic correlation is required.
Re-excision of involved or close margins is strongly 
recommended whenever possible. Attention to the myriad
details of radiation therapy technique must be routine.

INVASIVE CARCINOMA

Breast preservation for patients with invasive carcinoma
(which historically anteceded breast-conserving surgery for 
in situ disease) became an achievable goal with the advent 
of megavoltage-quality radiation. Treatment of the breast
parenchyma with a relatively lower dose to the skin (and
therefore better long-term cosmesis) enabled the role of sur-
gery for breast cancer to evolve from the classic Halsted mas-
tectomy to tumor-directed breast-conserving surgery with
adjuvant radiation therapy. In addition to anecdotal reports
and retrospective analyses, randomized trials that began in the
1970s established the option of conservative surgery and radi-
ation therapy as an effective treatment for stages I and II inva-
sive carcinoma of the breast.51–56,141–143

What evidence is there that breast-conserving 
therapy is as effective as mastectomy?

Six prospective randomized trials have compared con-
servative breast surgery and radiation therapy with mas-
tectomy.51–56,143,144 The studies differ in terms of patient 
selection, surgical and radiation therapy techniques, and the
use and types of chemotherapy, but they clearly demon-
strate that breast preservation is possible without compro-
mising survival (Table 26–3). However, it is important to
review the details of the studies to understand the manner in
which patients were selected and treated as they relate to 
outcome.
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Local Disease-free Overall 
Recurrence Survival Survival 
(%) (%) (%)

Follow-up
Series Dates n Eligibility (yr) M CS-RT M CS-RT M CS-RT

IGR55 1972–1979 179 ≤2 cm, N0N1 15 18 13* 45* 57* 66* 75*

NCI MILAN386 1973–1980 701 ≤2 cm, N0N1 20 8.8 2.3 59 58

NSABP B-06387 1976–1984 1843 ≤4 cm, N0N1 20 14† 36 35 47 46

NCI US56 1979–1987 237 ≤5 cm, N0N1 10 5 18 69 72 75 77

EORTC53 1980–1986 903 ≤5 cm, N0N1 8 9 13‡ 75 75

DBCG54 1983–1987 905 ≤5 cm, N0N1 6 4 3 82 79

Table 26–3 Results of Prospective Randomized Trials Comparing Conservative Surgery and Radiation Therapy with Mastectomy

*Estimated from graph.
†Thirty-five percent recurrence in patients treated with lumpectomy alone.
‡Includes regional recurrence.
IGR, Institut Gustave Roussy; NCI, National Cancer Institute; NSABP, National Adjuvant Breast and Bowel Project; US, United States; EORTC, European

Organisation for Research and Treatment of Cancer; DBCG, Danish Breast Cancer Group; M, mastectomy; CS-RT, conservative surgery and radiotherapy; N0,
no involvement of lymph nodes; N1, moveable involved axillary lymph nodes.



Probably the most influential trial, the NSABP B-06
trial,51,144–146 conducted from 1983 to 1987, accrued 2105
women and randomized one third to treatment by lum-
pectomy alone, one third to lumpectomy and breast radio-
therapy, and one third to mastectomy. After 15 years of
follow-up, and after a National Cancer Institute audit, 1039
patients remained eligible and analyzable.144,146 Requirements
of the trial included an invasive carcinoma of up to 4 cm in
diameter. Axillary lymph nodes may have been involved or
uninvolved. Levels I and II of the axilla had to be dissected.
Importantly, the margins of resection were required to be free
of carcinoma (in the lumpectomy groups) on microscopic
examination. If the margins were involved, the protocol rec-
ommended that the patient undergo mastectomy. In the radi-
ation therapy arm, 5000 cGy was delivered to the whole breast,
without wedges (generally considered essential today to pro-
duce homogeneity of dose) or a boost. Regional lymph nodes
were not irradiated. 5-Fluorouracil and melphalan were 
prescribed for all patients who had pathologically involved
axillary lymph nodes. No significant difference was observed
in either overall survival or disease-free survival between 
the lumpectomy plus radiation therapy group and the mas-
tectomy group.144,146

The five other prospective randomized series52–56 confirmed
the NSABP conclusions and provided additional information
regarding breast preservation therapy and survival:

1. The type of conservative surgical procedure, whether 
segmental excision,51 tumorectomy,53,55,56 or quadrantec-
tomy,52 when followed by breast irradiation, does not affect
survival.

2. Delivery of inadequate radiotherapy doses may compro-
mise survival. In two trials from Guy’s Hospital in London,
wide excision (without axillary dissection) and radiation
therapy were compared with mastectomy.147–149 Following
wide excision, patients received 3800 cGy to the breast and
2700 cGy to the axilla. The breast-preservation group expe-
rienced a higher rate of ipsilateral breast and axillary recur-
rence, systemic failure, and death. In contrast, prospective
randomized trials (see Table 26–3) that prescribed 4500 to
5040 cGy to the whole breast51–56 (and, in most trials,52–56 a
1500- to 2500-cGy boost to the tumor bed) demonstrated
no difference in survival between the mastectomy and
breast-preservation groups.

3. Routine indiscriminate administration of regional 
nodal irradiation does not improve survival. Early on in
the Milan trial (a study in which women with invasive 
carcinomas 2 cm or smaller were randomized to quadran-
tectomy, axillary dissection, and breast radiotherapy or
radical mastectomy), patients with involved axillary 
lymph nodes received regional nodal irradiation.52 In the
EORTC trial, patients with tumors up to 5 cm were ran-
domized to mastectomy or tumorectomy with a 1- to 2-cm
margin of normal-appearing breast tissue.53 One half of
the patients with involved axillary lymph nodes were 
randomized to receive regional nodal irradiation. In 
both the Milan and the EORTC trials, regional nodal 
irradiation did not improve survival. Better selection of
the patient population for regional nodal irradiation (see
later) may affect survival, but regional nodal irradiation 
for all patients who have involved axillary lymph nodes
does not.

What factors affect the risk for local 
recurrence after conservative breast 
surgery and radiation therapy?

Variables that appear to affect local control include 
the residual tumor burden (as represented by the 
volume of tissue resected),150 the presence of multifocal or
multicentric disease,151–154 the margin status,151,155–165 the 
use of radiation therapy,144,146,166–168 the presence of an 
extensive intraductal component,159,163,169–171 the dose of
radiation therapy,57,147–149,158,169,172–174 the timing of radiation 
therapy,164,165,172,175–178 the use of chemotherapy,51,179–181 and
patient age.57,144,151,155,163,166,182–186 Factors that are more debat-
able but that may affect local control include the presence 
of lymphovascular or perineural invasion,184,187–189 the 
presence of necrosis,183,189,190 the presence of an inflamma-
tory infiltrate,144,188,191 and the ER and progesterone receptor
(PR) status.161,192,193 Factors that do not appear to affect 
the rate of ipsilateral breast recurrence include tumor size 
(T1 vs. T2),51,177,193,194 the location of the carcinoma within 
the breast,195,196 the histology,197–200 and the presence or
absence of microscopic involvement of the axillary lymph
nodes.51,56,177,194,201

What data suggest that radiation therapy 
lowers local recurrence rates?

In the NSABP B-06 trial, after 15 years of follow-up, patients
randomized to lumpectomy plus radiation therapy had a sta-
tistically significant reduction in ipsilateral breast recurrence
compared with patients treated by lumpectomy alone (12%
vs. 36%; P < .001).51,144 This reduction in risk for local recur-
rence with use of radiation therapy after breast-conserving
surgery has been confirmed in all six prospective randomized
studies.52–56,144 This statistically improved benefit in ipsilateral
breast tumor recurrence persists in studies selecting the
patients with the most favorable breast tumors in whom it was
thought radiation therapy might have no benefit.

Is radiation therapy always necessary?

Some investigators have attempted to define a “good” subset
of patients who have a very small risk for experiencing a local
recurrence, even without radiation therapy.166,172,202 The most
likely population should theoretically be those patients who
have small, low-grade, well-differentiated (including pure
tubular and medullary) invasive ductal carcinomas resected
with wide margins, and, possibly, older patients who have 
ER-positive lesions who have undergone quadrantectomy.166

However, four prospective randomized series of selected
women who had invasive breast carcinomas smaller than 
2.5 cm treated with or without radiation therapy demonstrate
a statistically significant improvement in ipsilateral breast
recurrence rates with the use of radiation therapy, regardless
of the surgical procedure used (lumpectomy, sector resection,
or quadrantectomy).166–168,203–207 A retrospective subset analysis
of one series revealed that women older than 65 years who 
had quadrantectomy (with removal of skin and pectoralis 
fascia) and axillary dissection did not have a further reduction
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in risk for local recurrence with the addition of radiation 
therapy.166,203 A survival benefit was seen for women with
involved lymph nodes who received postoperative radiation
therapy compared with those women with involved lymph
nodes who did not receive postoperative radiation therapy
and for those women with an extensive intraductal compo-
nent on pathology who received radiation therapy.203 (See
later discussion of the impact of age on recurrence rates.)

The NSABP completed a prospective randomized trial 
of 1009 women with invasive carcinoma 1 cm or smaller 
after lumpectomy, randomized to radiation therapy and
placebo (RT), tamoxifen (tam), or both (RT/tam).168 At 8
years, the risk for ipsilateral breast tumor recurrence was 
statistically significantly reduced in patients who received
postoperative radiation therapy (2.8% RT/tam; 9.3% RT;
16.5% tam).

In a similarly designed prospective randomized trial 
conducted in Germany, 361 patients with pT1pN0, receptor-
positive, grades I and II tumors were randomized to no 
further therapy, tamoxifen, radiotherapy, or both tamoxifen
and radiotherapy. At 6-year follow-up evaluation, patients
receiving breast-conserving surgery alone had a threefold
greater incidence of local recurrence than patients who
received radiation therapy. The authors concluded that even
these heavily selected patients benefit from tamoxifen and
breast radiotherapy.

Several single-arm prospective and heavily selected 
retrospective series document statistically increased or unac-
ceptably high rates of local recurrence202,208–212 after breast con-
servation surgery alone (with or without hormonal therapy),
whereas a few investigators recommend accepting the 
higher recurrence risk and withholding radiotherapy, most
frequently in “elderly” patients.

At present, after segmental excision or lumpectomy for
invasive carcinoma, radiation therapy is generally recom-
mended. Given that postoperative radiation therapy affects
local recurrence more than survival, the impact of local 
recurrence, both medically and emotionally, needs to be 
considered. Withholding radiation therapy is most appropri-
ate for the physiologically elderly (as opposed to the chrono-
logically elderly) patient. Data are maturing for two
prospective randomized series and will help to better define
those patients whose risk of recurrence may be only 
minimally acceptably increased with conservative surgery
without radiation therapy.

What is the effect of multicentricity 
and multifocality?

Gross multifocal disease is defined as areas of macroscopic
carcinoma separated by small amounts of normal breast tis-
sue. Depending on the investigator’s definition, the lesions
must be either in the same quadrant or within 5 cm of each
other. Gross multicentric disease, in contrast, reflects gross
lesions in two distinct quadrants or separated by more than 
5 cm. Despite wide excision of all macroscopic disease and
radiation therapy, multifocality or multicentricity may im-
pose a higher local recurrence rate.151–154,213,214

The increased recurrence rate most likely reflects the
greater burden of microscopic disease remaining after resec-
tion of multicentric or multifocal carcinoma, as compared

with the burden of microscopic residual disease after resection
of a macroscopically unifocal carcinoma. Even if the residual
microscopic carcinoma could be controlled, the larger (or
multiple physically distinct) segmental excisions required to
obtain tumor-free margins will likely compromise cosmesis.
One small series reports adequate control and acceptable
cosmesis for multiple ipsilateral synchronous carcinomas.23

Therefore, for cosmesis as well as control, mastectomy with or
without reconstructive surgery generally is the preferred 
surgical option for multicentric disease. Similarly, diffuse
malignant-appearing microcalcifications seen on mammog-
raphy are often associated with diffuse carcinoma213–215 and
should be treated as gross multicentric disease.

What is the effect of margin status?

The status of the margin of resection has been correlated 
with the risk for recurrence and should be assessed on all
specimens. A margin may be classified as free (uninvolved or
clear), close (within 1 or 2 mm), or focally or diffusely
involved.157,158 Gross involvement is that which is apparent
before microscopic examination. Both the EORTC159 and
Milan160 breast conservation trials, as well as single-institution
data,57,151,155,157,161–163 demonstrate a twofold to fivefold increase
in local recurrence rates if microscopically involved margins
exist. For example, in the data of Veronesi and colleagues,160

involved margins, after tumorectomy, correlated with a 17%
5-year recurrence rate, compared with an 8.6% rate with free
margins.

In some cases, greater doses of radiation therapy may com-
pensate for involved margins of resection.158,169,174 Solin and
associates158 used a sliding-scale radiotherapy dose based on
margin status and found no increase in recurrence rates with
involved margins. Patients who had microscopically involved
margins received a total dose of 6500 to 6600 cGy to the tumor
bed, whereas patients who had free margins of resection
received a total tumor bed dose of 6000 to 6400 cGy. The
EORTC randomized women with a microscopically involved
margin to a 10- or 26-Gy boost dose.57 Because the tolerance
of normal breast tissue sets the upper limit of the dose that
can be delivered and still produce acceptable long-term effects
and cosmesis, and because involved margins require a higher
dose for optimal local control, free margins of excision should
be obtained whenever possible. An increased boost dose
appears capable of controlling a slightly higher volume of
microscopic residual disease, such as a focally or microscopi-
cally involved margin of resection.

What is the effect of an extensive 
intraductal component?

The original definition of an extensive intraductal component
(EIC), by Schnitt and coworkers in 1984,170 required an inva-
sive ductal carcinoma with (1) at least 25% of the primary
tumor consisting of intraductal carcinoma and (2) intraduc-
tal carcinoma beyond the primary invasive carcinoma. The 5-
year rate of ipsilateral breast cancer recurrence after radiation
therapy in lesions with EIC was 23%, compared with 
6% without EIC.170 However, on subsequent reanalysis of
the specimens with EIC, margin status was shown to be the
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overriding prognostic factor.158,216 (Many of the patients were
treated before our current appreciation of the importance of
margin status.) Patients whose tumors had EIC but unin-
volved final margins of resection had recurrence rates similar
to patients without EIC. In contrast, patients who had intra-
ductal carcinoma at the resection margin and EIC experi-
enced up to a 50% recurrence rate. Thus, EIC in association
with involved margins appears to be a marker for extensive
microscopic residual intraductal carcinoma. Holland and
associates217 have provided detailed clinicopathologic data
that explain the implications of EIC. The authors reviewed
mastectomy specimens and simulated a lumpectomy; in cases
in which EIC would have been diagnosed by lumpectomy, the
residual microscopic disease was greater in amount and
extended farther from the primary tumor mass.

Although the precise definition of EIC varies among other
studies, Bartelink and associates,159 Kurtz and colleagues,163

and Smitt and coworkers171 confirm the increased recurrence
rates after conservative surgery and radiation therapy for
tumors that have EIC and involved margins. In contrast, the
NSABP B-06 study,51 the Joint Center for Radiation Therapy
study,170 the EORTC series,161 and others218,219 document the
efficacy of conservative surgery and radiation therapy in EIC-
containing tumors if clear margins of resection are obtained.
The work of Kurtz and colleagues163 supports an increased risk
for recurrence despite final clear margins. Their study, how-
ever, did not employ inked margins for pathologic analysis.
Veronesi and associates found a statistically significant impact
of EIC on local recurrence even in patients undergoing 
quadrantectomy.203

Preoperative and postoperative mammograms, as well as
specimen radiography, are particularly valuable in the manage-
ment of EIC. Because patients who are found to have EIC 
frequently have microcalcifications extending beyond the 
reference lesion on mammography, the distribution of the
microcalcifications can be framed preoperatively by needle
localization to guide the surgical resection. Postoperatively and
before radiation therapy, mammography can be repeated to
confirm total clearance.159,214 If mammographic and pathologic
analyses reveal an optimal resection (no residual suspicious
microcalcifications and free margins of resection), the patient
is likely to have a salutary outcome from conservative surgery
and radiation therapy. Re-excision should be employed if
residual disease is suspected based on margin status or mam-
mography if breast-conserving therapy is still desirable.

How does the volume of resection 
affect outcome?

Resection of larger volumes of breast tissue may result in
lower rates of local recurrence,57,220 potentially at the cost of
cosmetic appearance.221 Veronesi and colleagues,150,203 in a
prospective study, randomized 148 women to treatment by (1)
quadrantectomy, axillary dissection, and radiation therapy
(QUART) or (2) tumorectomy with an intended 1-cm margin
followed by radiation therapy (TART). At 39 months, 13% in
the tumorectomy group, compared with 5% in the quadran-
tectomy group, had developed a local recurrence. However, an
analysis by actual margin status was not described. In con-
trast, Vicini and associates222 analyzed rates of recurrence by
extent of resection and found that tumorectomy with a 1- to

2-cm margin yielded recurrence rates similar to those seen
with larger volumes of resection if the margins of resection
were uninvolved and EIC was not present.

What is the effect of radiotherapy dose 
and the use of a boost on local control?

The dose per fraction, dose per week, and total dose affect
local control. A minimum of 800 cGy per week should be
delivered. Kurtz and colleagues163 and Osborne and co-
workers223 each reported increased local recurrence rates with
delivery of less than 800 cGy per week. Fraction sizes less than
180 cGy may also increase the risk for local recurrence. Local
control (and cosmesis) are optimized with conventional frac-
tionation of 180 to 200 cGy per fraction, 5 days per week
(greater doses per fraction often lead to impaired cosmetic
outcome).224 Inadequate total doses delivered to the breast or
regional lymph nodes, as shown in the Guy’s Hospital series,
resulted in an increased incidence of recurrence.147–149

The minimum dose to the whole breast should be 4500 to
5000 cGy. The role of and appropriate dose of additional
radiotherapy localized to the tumor bed only (boost) is
dependent on the use of re-excision and the presence or
absence of residual carcinoma, the final margin status, and
possibly the radiation therapy technique used for the whole-
breast portion of the treatment. The rationale for the local
boost at the primary tumor site is based on histopathologic
and clinical findings. Holland and colleagues49 have shown
that microscopic residual carcinoma is most likely to occur
within 2 cm of the margins of resection and is progressively
less likely to occur with increased distance. The clinical corre-
late is reproduced in many series: 60% to 95% of recurrences
occur at the site of the index lesion.177,187,225,226

Although the NSABP series achieved a high local control
rate without using a boost, free microscopic margins of resec-
tion were required, and the lack of wedges gave parts of the
breast a dose considerably higher than the 5000 cGy pre-
scribed and thereby risked diminished cosmesis. Series using
wedged compensation techniques typically prescribe 4500 to
5000 cGy to the whole breast, and most deliver a boost to the
tumor bed of 1000 to 2500 cGy.52–56 Extrapolation from series
in which final margin status determines the total dose sup-
ports the ability of a graded boost dose to control a higher
bulk of residual microscopic disease.57,64,162,192

The absolute necessity of a boost in patients who have free
margins of resection is less than clear.227 In the EORTC
“boost–no boost” trial designed to clarify the role of the boost,
5569 patients with tumors up to 3 cm and free margins after
tumorectomy and lymph node dissection were randomized to
receive (1) 16 Gy as either an electron or an iridium boost 
or (2) no boost after 50 Gy to the whole breast.57,228 At 5-year
follow-up, use of a boost significantly improved local 
control.57 The magnitude of the benefit was greatest in
patients 40 years of age or younger, in whom local recurrence
was halved by the addition of a boost dose.57

Who can receive partial-breast irradiation?

Selection criteria for partial-breast irradiation are continu-
ing to evolve. The data with longest-term follow-up use 
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interstitial brachytherapy. The acceptance of balloon catheter–
based brachytherapy extrapolates from interstitial brachy-
therapy. Only time will show whether treatment using a single
catheter and a radioactive source in a single position yield
results equal to treatment with an interstitial planar implant
with sources in multiple locations. Three-dimensional confor-
mal treatment has short follow-up, as does intraoperative radio-
therapy. In the interim, physicians should remain meticulous in
their selection of patients for partial-breast brachytherapy.

Vicini and colleagues229 treated 199 patients with interstitial
partial-breast brachytherapy using low- or high-dose-rate
therapy. The inclusion criteria required free surgical margins
(≥2 mm), infiltrating ductal carcinoma less than 3 cm, patient
age older than 40 years, and uninvolved lymph nodes. Patients
with infiltrating lobular carcinoma, an extensive intraductal
component, DCIS, or “clinically significant” areas of lobular
carcinoma in situ were excluded. The incidence of local recur-
rence at 5 years was 1%. Additional series confirm these good
results.230,231 Series documenting either increased recurrence232

or increased toxicity233,234 require careful study to better define
patient selection, dose fractionation, and technique.

Early results with the MammoSite balloon catheter
brachytherapy device (approved by the U.S. Food and Drug
Administration in 2002) show acceptable toxicity, feasibility,
and at 2 years, adequate cosmesis and control235,236 (see Fig.
26–18A and B). Longer follow-up is clearly necessary. A
national registry, initially industry sponsored, opened in 2002
and closed in July 2004, will provide a wealth of data for
MammoSite-based partial-breast brachytherapy. On protocol,
eligibility included an infiltrating ductal carcinoma 2 cm or
smaller, free surgical margins, negative axillary lymph nodes,
and patient age at least 47 years. Patients with infiltrating lob-
ular carcinoma or DCIS were not eligible. Additional techni-
cal factors were required, including minimum and maximum
balloon size, shape and conformity of the balloon, and a min-
imum distance from the surface of the balloon to the skin of
7 mm (but ideally 1 cm or more)237 (Fig. 26–19). A National
Cancer Institute–funded clinical trial in development will
compare partial-breast and whole-breast irradiation.

IORT may be another acceptable approach to partial-breast
radiotherapy. After a dose-escalation trial,238 a single relatively

large fraction of electron-beam therapy is delivered in the
operating room after the breast surgery.239,240 Two hundred
thirty-seven patients with tumors smaller than 2 cm under-
went breast-conserving surgery with sentinel lymphadenec-
tomy.241 The median age was 59 (range, 33 to 80) years. At 19
months of median follow-up, 1.4% had an ipsilateral breast
recurrence, 0.5% supraclavicular recurrence, and 0.5% distant
failure. Longer follow-up is required for clinical control,
recurrence rates, and longer-term cosmetic results.

External-beam–based partial-breast irradiation using three-
dimensional conformal treatment planning or IMRT is also
being investigated to treat the tumor bed and a margin of nor-
mal tissue. The dose and fractionation have been extrapolated
from brachytherapy series. One group has performed a dose-
escalation feasibility assessment.242 Again, the tumor bed must
be precisely delineated, and care must be taken to limit the
integral dose to the surrounding normal tissues. Several tech-
niques have been proposed.242–243 Acute toxicity appears
acceptable.242,244 Follow-up, again, is short.

At present, unless the patient is participating in a clinical trial,
partial-breast irradiation should be carefully used. Meticulous
radiographic screening is necessary preoperatively to exclude
patients who may have multifocality or multicentricity.
Patients who have a stage 1 infiltrating ductal carcinoma, free
margins, no extensive intraductal component, and nonlobular
histology may be candidates. A discrete age criterion is not
defined, but young patients may be at increased risk for recur-
rence based on existing breast-conserving therapy data.

The potential advantages of partial-breast irradiation may
be numerous. In addition to convenience and a cosmetic
improvement for the patient with a large pendulous breast
(smaller-breasted patients have a high likelihood of good 
to excellent cosmetic outcome with standard therapy), re-
irradiation and repeat breast-conserving surgery may be 
possible for the patient with a new primary tumor in a dis-
crete quadrant many years after her first surgery and partial-
breast irradiation. This is an active and exciting time for breast
specialists and their patients as improved screening and
improved technologies are leading the way toward refine-
ments and reductions in therapy with similar control rates
and similar or improved cosmetic results.

Ideally, when should radiotherapy begin?

Theoretically, the longer the delay between surgery and the
institution of radiation therapy, the higher the risk for local
recurrence because residual tumor cells are allowed to prolif-
erate.245 However, several variables, including margin status,
axillary lymph node status, and chemotherapy, may modify
the risk. Nixon and associates246 retrospectively analyzed 591
patients who had pathologically uninvolved lymph nodes and
did not receive chemotherapy. No difference in recurrence
rates was found in patients starting radiation therapy 5 to 8
weeks after surgery, as compared with 0 to 4 weeks after sur-
gery. However, other series157,178 found an increased recurrence
rate if radiotherapy was delayed beyond 7 weeks after surgery.

In patients receiving chemotherapy, deferring radiation
therapy until the completion of chemotherapy may result 
in a delay of up to 4 to 8 months, depending on the chemo-
therapy regimen. Recht and colleagues164 found that local
recurrence rates were higher in patients who received 4
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Figure 26–19 Computed tomography scan slice of a breast with
the MammoSite balloon inflated with diluted Hypaque. The
desired spherical shape of the balloon and the acceptable distance
from the surface of the balloon to the skin are shown.



months of CMF followed by radiotherapy, as compared with
radiotherapy first. On subset analysis, the local recurrence rate
was most increased in patients who had involved or unknown
margins of resection. At 5 years, the local recurrence rate was
26% when radiation therapy was delivered after chemothera-
py and 14% when radiation was delivered before chemother-
apy. Although two series247,248 have found no difference, several
others165,249,250 also have found an increase in local recurrence
with delayed radiotherapy. Thus, if unknown or involved
margins exist, re-excision should be considered prior to the
initiation of chemotherapy. If re-excision is not or cannot be
performed, radiotherapy may be interdigitated into the treat-
ment plan before the completion of chemotherapy.

Concomitant chemoradiotherapy avoids delaying either
modality and potentially minimizes systemic and local 
failure. However, some investigators have commented that
patients treated by concurrent therapy may tolerate less 
dose-intensive chemotherapy because of an increase in bone
marrow suppression251,252 and have an increase in side effects
and a suboptimal cosmetic result251–255 (see discussion of
cosmesis). If radiation therapy is to be delayed until the com-
pletion of chemotherapy, clear margins of resection must be
ensured.

What is the effect of chemotherapy 
on local control?

Chemotherapy, when added to conservative surgery 
and radiation therapy, further reduces the risk for local 
recurrence.51,144,179–181 This reduction, however, does not com-
pensate for the effect of radiation therapy. Despite chemother-
apy, if radiation therapy is delayed for 4 or more months (or
withheld51),164,165 there is an increase in risk for local recur-
rence, especially in patients who have microscopically
involved margins.164,181

Tamoxifen, in patients who have ER-positive tumors, may
also lower local recurrence rates after conservative surgery 
and radiation therapy.168,181 However, tamoxifen alone does
not provide optimal local control even in small tumors with
uninvolved lymph nodes.168,207 The NSABP randomized 1009
women with invasive carcinoma and uninvolved lymph nodes
to receive tamoxifen, radiation therapy, both, or neither.
Patients receiving radiation therapy, as compared with tamox-
ifen alone, had a 50% reduction in risk for ipsilateral breast
tumor recurrence. The recurrence rate at 8 years was 9% 
with radiation therapy but 3% with radiation therapy and
tamoxifen.168

Results from the recently published German prospective
randomized trial of 360 patients with pathologic stage I inva-
sive cancers corroborate the NSABP results. Tamoxifen fur-
ther lowers the risk for ipsilateral breast tumor recurrence
provided by breast radiotherapy.207 Aromatase inhibitors
should have a similar effect, although long-term data are not
yet available.

Are any other additional histopathologic 
factors associated with local recurrence?

An increased risk for local recurrence has been reported 
after conservative surgery and radiation therapy (and 

after mastectomy) for lesions that do not express ER (ER-
negative tumors)161,183,228 and for those that have a high
nuclear grade,168,177,182,188,190,191,256,257 lymphovascular inva-
sion,144,177,184,188,189 tumor necrosis,185,188,191 or an inflammatory
infiltrate.144,168,188–191 These histopathologic factors are more
commonly associated with young age.168,185,186,258

Is there an effect of age on local recurrence?

Young age (usually defined as younger than 40 years) is fre-
quently associated with other factors that predict for local
recurrence: EIC, ER-negative lesions, lymphovascular infil-
trate, high histologic grade, inflammatory infiltrate,186,258 and
involved margins.57,151,155 However, reports exist both support-
ing151, 155,182,184,203 and refuting259,260 the increased risk for recur-
rence in younger patients. Smaller volumes of resected breast
tissue and involved margins may have contributed to the
higher local recurrence rates seen in these series.57,258 Analyses
of associated factors have not been performed routinely and
may confound the importance of age as an independent prog-
nostic factor for ipsilateral breast recurrence. With optimal
surgery and correction for additional prognostic factors,
Kurtz and colleagues183 reported that age younger than 32
years imparted an increased local rate of recurrence (34% at 
8.5 years).

In one prospective randomized series, older age (over 55
years) in patients undergoing quadrantectomy was associated
with a lower risk for recurrence.166

Does family history of breast cancer or 
detection of genetic mutation preclude 
breast-conserving therapy and 
increase local recurrence?

Neither a family history of breast or ovarian carcinoma 
nor the detection of a BRCA1 or BRCA2 deleterious mutation
precludes breast-conserving surgery and radiation ther-
apy.163,183,217,261–266 However, genetic carriers, while obtaining
similar local control rates266 as patients who do not express a
BRCA1 or BRCA2 mutation, are at increased risk for subse-
quent, new breast tumors in the ipsilateral or contralateral
breast.267

For these patients, we recommend genetic counseling, test-
ing, and breast MRI before radiation therapy and, ideally,
before surgery. Many BRCA1 and BRCA2 carriers, once they
understand their risk for a second ipsilateral or contralateral
breast cancer, opt for unilateral mastectomy or bilateral mas-
tectomies with or without reconstruction.

Does tumor size influence local recurrence?

Local recurrence rates are not increased for T2 lesions as 
compared with TI lesions when controlled for final margin
status.51,177,192,194 Rosen and colleagues195 assessed microscopic
residual disease in mastectomy specimens in patients with T1
and T2 tumors after reproducing a wide excision. No statisti-
cally significant difference paralleling clinical results was
found in the literature.
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Does the location of the primary lesion 
influence local recurrence?

The location of the index carcinoma per se is not predictive of
local recurrence195,268 when controlled for other factors. On
the other hand, tumors within 2 cm of the nipple–areolar
complex157,158,193 and those involving the nipple196,269 have a
higher incidence of multicentricity than do tumors distant
from the nipple–areolar complex.177 Therefore, specimens
from central lesions should be reviewed particularly carefully
and re-excision employed, if necessary, to obtain microscopi-
cally free margins.

Does histopathologic subtype influence 
local recurrence?

Invasive lobular, medullary, colloid, and tubular carcinoma 
all can be effectively treated with conservative surgery and
radiation therapy.197–200 The principles of mammographic-
pathologic correlation are especially important in invasive
lobular carcinoma, which frequently presents as a vague thick-
ening, and often is more extensive microscopically than 
mammographically.

Does lymph node status influence 
local recurrence?

As shown in prospective randomized trials51–56 and retrospec-
tive reports,177,194 involvement of the axillary lymph nodes
does not increase the risk for ipsilateral breast cancer recur-
rence after conservative surgery and radiation therapy. In the
NSABP series, radiation therapy improved the rate of local
control in both patients with uninvolved (12% vs. 32%) and
patients with involved (5% vs. 41%) axillary lymph nodes.
Patients who had involved lymph nodes actually had a lower
local failure rate with radiation therapy than those who had
uninvolved lymph nodes and received radiation therapy. The
improved local control rate likely reflects synergy between the
radiation therapy and the chemotherapy that was delivered 
to patients who had involved axillary lymph nodes. If
radiation therapy to the breast is withheld, involvement of
the axillary nodes is prognostic for ipsilateral breast tumor
recurrence.144,203

Does regional nodal irradiation affect 
local and regional control?

Regional nodal irradiation has been shown to lower regional
nodal failure but not ipsilateral breast tumor recurrence.55

As with all medical therapy, the potential benefits (in this 
case, regional nodal control) are compared to the potential
side effects of treatment. In an unselected population suitable
for conservative surgery and radiation therapy, regional 
nodal failures (axillary, supraclavicular, and internal mam-
mary) may be as low as 2% to 5% without regional nodal 
irradiation.51,52,225,270,271 However, for selected patients who 
are at increased risk of disease recurrence (see later) in the
regional lymph nodes, regional nodal irradiation becomes
appropriate.

Recurrent disease in the supraclavicular region occurs in
10% to 26% of patients who have pathologically involved axil-
lary lymph nodes.225,271–273 Regional nodal irradiation should
primarily be reserved for patients at substantial risk for devel-
oping a supraclavicular recurrence—that is, patients with four
or more involved axillary lymph nodes or involved apical
(level III) lymph nodes. It is not yet clear whether the survival
benefits seen in premenopausal women undergoing regional
nodal and chest wall irradiation after mastectomy274,275 will
apply to postmenopausal women or women undergoing
breast-conserving therapy (see section on postmastectomy
radiation therapy).

Irradiation of the dissected axilla is indicated less often
because of the low incidence of axillary recurrence after dis-
section and the risk for arm edema after axillary dissection
and full axillary irradiation.225,276,277 Indications for axillary
irradiation include lack of an axillary dissection (unless the
risk for involvement is less than 10% to 15%) and gross resid-
ual axillary tumor after dissection. Microscopic extranodal
extension and involvement of more than four axillary lymph
nodes are more controversial indications for axillary irradia-
tion.278 Pierce and colleagues201 have suggested that it is not
necessary to irradiate the axilla in patients who have extra-
capsular microscopic extension of axillary nodal disease.
They observed only a 5% rate of axillary recurrence in such
patients, but caution in uniformly adopting this policy seems
warranted given the small number of patients studied.

Indications for irradiation of the internal mammary 
chain are controversial. The risk for recurrence in the internal
mammary lymph nodes is as low as 0% to 2% in some
series.270–273,277 The incidence of toxicity from treatment
(hematologic suppression, pneumonitis, and cardiotoxicity),
although minimized with modern radiotherapeutic tech-
nique, may be greater than the incidence of recurrence.

Using electrons or a combination of electrons and photons,
symptomatic pneumonitis can be lowered to 2%, but some
amount of lung must be irradiated to treat the internal mam-
mary lymph nodes.278,279 Irradiation of the internal mammary
lymph nodes generally is recommended for patients with
known microscopic involvement of the internal mammary
lymph nodes and for patients who require total regional nodal
irradiation (i.e., for bone marrow or stem cell transplantation
protocols). For patients at high risk—those with inner quad-
rant or central lesions and involved axillary lymph nodes—
positron emission tomography (PET) scan may be used
before chemotherapy to evaluate the internal mammary
chain. The role of adjuvant internal mammary nodal irradia-
tion for women with stage II or III carcinoma of the breast
undergoing breast conservation is not clearly delineated. In
the two randomized trials of regional nodal irradiation after
mastectomy, internal mammary nodal (IMN) irradiation was
not randomized, and the impact of the IMN field versus 
the chest wall/supraclavicular fields is not clear. Given the 
toxicity, especially with increased use of anthracyclines and
Herceptin and the potentially synergistic effects, extrapolation
from the postmastectomy series274,275 should be undertaken
with caution until further data are available.

Summary

Most patients with stage I or II invasive carcinoma of
the breast are candidates for conservative surgery and 
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radiotherapy. With optimal radiation therapy technique and
appropriate patient selection, the overall survival is com-
parable to that achieved by mastectomy, and 85% to 90% of
patients have preserved their breast 10 to 15 years after therapy.

ACUTE AND LATE EFFECTS OF RADIATION 
THERAPY TO THE BREAST

What are the effects of radiation therapy 
during the course of treatment?

The acute and late effects of radiation therapy vary with the
volume treated (breast, chest wall, regional lymph nodes); the
radiation therapy technique; the surgical technique, including
placement of the incision; the extent of axillary dissection; the
size and shape of the breast; and the use of chemotherapy.

Radiation therapy of the intact breast is well tolerated. The
most common acute effects—fatigue, erythema, edema, and
hyperpigmentation—develop at the end of the second or 
the beginning of the third week of treatment. The chance of
developing breast edema is greater in patients who underwent
an axillary dissection and is proportional to the extent of the
dissection.254,280 Pruritus and breast discomfort occur in about
30% of patients. Ten to 15% of patients notice temporary nip-
ple hypersensitivity. In most patients, the effects peak about 
10 days to 2 weeks after completion of treatment and begin 
to improve shortly thereafter. Fatigue has resolved in most
patients by 6 weeks after treatment. The skin changes have
subsided and reached their new baseline by 3 months after
treatment. Large-breasted patients, patients with a pendulous
breast, and those requiring a breast ring or mold may develop
moist desquamation. The desquamation most commonly
occurs in the moist inframammary fold and can be exacer-
bated by use of a bra. Continuous aeration, discontinuation of
a bra, and cornstarch to absorb moisture reduce the incidence
and severity of moist desquamation. If desquamation does
occur, it generally develops toward the end of whole-breast
radiotherapy (at 4000 to 4600 cGy) and persists for 7 to 10
days. It typically resolves with the use of topical preparations
such as Xeroform gauze or silver sulfadiazine (Silvadene) oint-
ment. In patients receiving chemotherapy, the acute effects
may develop sooner, have greater intensity, and resolve more
slowly. A hemogram (with differential) generally should be
checked weekly in patients who have received chemotherapy,
especially when treating the left breast (because of the dose to
the blood volume passing through the heart) or regional
lymph nodes. Mild cytopenias, most commonly leukopenia,
are seen. Rarely, administration of filgrastim (Neupogen) or
interruption of treatment is necessary.

Irradiation of the regional lymphatics alters the type and
range of acute effects. In addition to the effects seen with
breast radiotherapy, irradiation of the supraclavicular fossa
can result in a dry cough, sore throat, or both. Similarly, irra-
diation of the internal mammary lymph node chain may
result in leukopenia, esophagitis, or both. As discussed previ-
ously, the hemogram should be monitored weekly because
most patients receiving regional nodal irradiation have had or
are receiving chemotherapy.

Irradiation of the axilla results in hyperpigmentation,
epilation of axillary hair, and, occasionally, dry or moist

desquamation in the skin fold. Topical preparations, as
described earlier, are prescribed. Rarely, interruption of treat-
ment is required.

What are the effects of radiation therapy 
after treatment is completed?

Mild skin changes—that is, residual hyperpigmentation—
occur in most patients undergoing radiotherapy. Change in
size, shape, and texture of the breast is also common. The
breast may end up slightly smaller or larger than its pre-
treatment size. If the resultant size is larger, mild edema 
and a heavy sensation may accompany the size increase.
The breast texture after radiotherapy is frequently firmer.
With optimal radiotherapy technique using a linear accele-
rator and minimizing inhomogeneity of dose, long-term
effects are usually very mild. The most common undesir-
able effect is development of ipsilateral arm edema.
About 2% to 10% of patients develop arm edema after 
breast surgery and axillary dissection independent of the
radiotherapy.281–283 When radiation therapy is added to con-
servative surgery and axillary dissection, arm edema de-
velops in 4% to 13% of patients.194,276,281,284–290 The incidence
increases with the extent of the axillary dissection,276,281,291,292

irradiation of the full axilla,276,281,282,289–292 obesity,282,293 and
chemotherapy.91,252,276,294–297 The risk for lymphedema may be
less following sentinel lymphadenectomy.276,292 Factors that
can be adjusted to minimize arm edema include treatment
position during radiotherapy and choice of the superior field
border. Ideally, abducting the arm so that the axilla is above
the superior aspect of the breast, placing the patient on a slant
board so that the superior aspect of the breast tissue is forced
inferiorly, and placement of the superior aspect of the whole-
breast treatment portal as low as possible (yet still covering the
breast tissue with a margin) minimize unnecessary irradiation
of the axilla. Lesions high in the tail of the breast may mandate
irradiation of a larger portion of the axilla to adequately treat
the tumor bed. If arm edema develops, physical therapy is the
treatment of choice.

Symptomatic pneumonitis develops in less than 5% of
patients after radiotherapy to the breast or regional lym-
phatics.194,284–288,290 Factors that increase the likelihood of
development include irradiation of the supraclavicular
region,298 an increased volume of lung included in the breast
tangent fields,298–301 and chemotherapy (concomitant more so
than sequential).195,253,295–297,302–304 The symptoms include a dry
cough, dyspnea, and low-grade fever. Symptoms typically
develop 2 to 3 months after radiation therapy. Chemotherapy
may accelerate the onset of symptoms. Pneumonitis usually
resolves spontaneously. Rarely, steroids may be required.

Whether or not symptomatic pneumonitis develops, fibro-
sis and pleural thickening in the irradiated lung volume may
be seen on subsequent CT scans or chest films.304 Pulmonary
function testing in asymptomatic patients generally reveals 
a transient decrease in carbon monoxide diffusing capacity
after radiation therapy. Normalization occurs spontaneously
within 2 years.301

Soft tissue ulceration or bone necrosis is reported in 0% to
1% of patients overall.189,284,288,290 However, in a series from the
University of Texas M. D. Anderson Hospital, 75% (three of
four) of patients with preexisting collagen-vascular disease
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developed severe soft tissue ulceration or necrosis.32–34 In
patients who do not have collagen-vascular disease, rib frac-
ture and soft tissue complications are rarely seen with optimal
radiation therapy technique.194,284–288 Inhomogeneity of the
dose distribution, resulting in hot spots in the chest wall and
ribs that are more likely to lead to late normal-tissue toxicity,
can be seen with lower-energy (i.e., cobalt 60 and, occa-
sionally, 4-MV) therapy. The inhomogeneity of dose is
increased in patients with a wide chest wall separation (i.e.,
the distance between the medial and lateral borders of the
field) or a large breast. If the inhomogeneity would be greater
than 10% with standard techniques, a higher-energy beam or
an intensity-modulated–type technique with more than two
fields should be used to compensate.

Brachial plexopathy is not a consequence of irradiation of
the breast because the brachial plexus is not in the field. After
irradiation of the breast and supraclavicular region, brachial
plexopathy is seen in less than 1% of cases.194,284,288,290 The risk
is increased with larger daily fraction size,306 higher total
dose,307 and chemotherapy.194,253,295–297 Symptoms may be tran-
sient or permanent. If the patient has shoulder or upper
extremity pain in addition to signs of plexopathy, recurrent
disease should be suspected.

Does irradiation induce second malignancies?

All patients having had one breast cancer are at increased risk
for a second contralateral cancer. Factors such as lobular his-
tology, young age, family history, and possession of a deleteri-
ous BRCA1 or BRCA2 mutation increase the risk. The precise
incidence of radiation-related malignancies is difficult to 
calculate as it appears to be a small fraction of the non–
radiation-related second malignancies that act as “back-
ground noise.” Perhaps the reader will find it odd that radio-
biologic data suggest that low-dose radiation to the breast
(<1000 cGy) appears most likely to induce subsequent breast
malignancies.308–310 A linear dose-response relationship for
carcinogenesis exists only for doses up to 1000 cGy; as the
dose increases further, the risk for carcinogenesis levels
off.308,309 It is believed that following low doses of radiation,
nonlethal mutations that can be carcinogenic may occur. At
higher doses, however, cell death predominates, and these
dead cells cannot become neoplastic. Clinically, this parallels
the low incidence of second malignancies seen after radiation
therapy.

If there is an increased risk for contralateral breast cancer
after conservative surgery and radiation therapy, the risk is
small. The six prospective randomized trials of breast preser-
vation have thus far found no increased risk for contralateral
breast cancer after conservative surgery plus irradiation of the
ipsilateral breast as compared with mastectomy.51,55,311,312 Horn
and Thompson313 and Storm and Jensen314 in case-control
studies reported no increase in risk. Gao and colleagues, using
the Surveillance, Epidemiology, and End Results (SEER) data-
base, found no increase in contralateral breast cancers after
ipsilateral breast-conserving surgery and radiotherapy.315

Boice and associates,316 using the Connecticut Tumor Registry,
reported a small increase in the relative risk (RR) of a con-
tralateral breast cancer after breast irradiation in women
younger than 45 years at the time of treatment (RR, 1.59)
compared with older women (RR, 1.01). The increase in 

contralateral breast malignancies became apparent only 10
years or more after the radiation exposure and was greatest if
the radiation exposure occurred during adolescence.314

Fowble and coworkers, in a non–case-controlled series, also
found young age (and family history) to increase the risk for
contralateral breast cancer.317

Unfortunately, application of the findings of Boice and
associates316 is difficult because histology and family history
were not considered. In addition, most patients received post-
mastectomy chest wall or regional nodal radiation therapy
with suboptimal (by current standards) machinery and tech-
niques. It is probably inaccurate to extrapolate the authors’
conclusions to patients receiving modern breast radiotherapy
alone with optimal technique, in whom the contralateral
breast dose can be kept below 250 cGy.47

Thus, if definitive radiation therapy to the involved breast
increases the risk for a contralateral breast cancer, the risk is
small and should not prohibit a patient from pursuing breast
preservation. However, optimal radiation therapy technique
should be employed to minimize the dose to the contralateral
breast.

An increased risk for ipsilateral lung cancer has been
reported after locoregional radiation therapy for breast can-
cer.318–321 Again, there is a latency period of 10 years. Most of
the data are based on older postmastectomy series using obso-
lete techniques. Important details regarding radiation therapy
(regional nodal treatment, actual doses delivered to the lung)
and smoking history are incomplete. However, for the sake of
completeness, it is probably fair to observe that in three series,
the RR for nonsmokers was 1.9 to 3.0. No risk estimates are
available, at present, for patients treated with modern linear
accelerators and optimal technique. After breast-conserving
surgery and radiation therapy to the breast, an increased risk
for cancer in the ipsilateral lung has not been shown.320,321 The
risk for ipsilateral lung cancer after conservative surgery and
radiation therapy in one series revealed a 0.09% incidence at
10 years.319 Although longer follow-up is needed, it is advis-
able to minimize the volume of lung treated.

Rarely (i.e., in about 0.2% of cases), a sarcoma may develop
in the treatment field.322–324 Ten to 25 years are required before
an increase in solid tumors (compared with the normal non-
irradiated population) appears.

The risk for leukemia is increased after chemotherapy with
alkylating agents, topoisomerase II inhibitors, doxorubicin,
and epirubicin.325–328 The risk for leukemia is not increased
after breast radiotherapy alone but rarely may be increased
after radiation therapy to the breast or chest wall and region-
al nodes.325–328 The risk increases as the amount of bone 
marrow irradiated increases. Leukemia may develop 5 to 7
years after treatment. In the NSABP B-06 trial, the incidence
of leukemia after radiation to the breast and regional nodes
was 1.37%.328 It is likely that the risk is even lower when only
the breast (and not the regional lymph nodes) is irradiated.

Modern radiotherapeutic technique should yield an even
lower risk for second malignancies using megavoltage (as
opposed to cobalt or orthovoltage) equipment and with less
leakage from the head of the machine. However, with increas-
ing sophistication and now the use of IMRT, more fields and
longer treatment times may paradoxically expose the sur-
rounding normal tissues to a higher dose than treatment with
two standard tangential fields. Use of IMRT, although poten-
tially improving cosmetic result or allowing delivery of a 
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higher dose to the tumor bed with acceptable acute and 
late toxicity to the breast, could paradoxically result in an
increase in second malignancies in the surrounding normal
structures.329

What kind of cosmetic result is likely?

Overall, more than 85% of patients and their physicians rate
the final cosmetic result as good to excellent27,58,66,246,330 (Fig.
26–20). The outcome is a result of a multidisciplinary effort
and is contributed to by specific attention to the details of sur-
gery and radiation therapy. As discussed later, chemotherapy
also can have an impact on the cosmetic result.

How can the surgeon help?

The size of the tumor, the necessary amount of tissue 
resected to obtain free margins, the location of the tumor, the
location and size of the scar, and the patient’s preoperative

breast size affect the postoperative, preradiotherapy cosmetic
result.60,150,220,221,331,332 For example, in a small-breasted woman,
resection of a 3.5-cm lesion (with free margins) may affect
cosmesis more than the identical resection in a large-breasted
woman. Because there is generally less breast tissue in the
upper inner quadrant, resection of a lesion from this region
may leave a more noticeable defect than an identical resection
from the upper outer quadrant. Resection of a lesion inferior
to the nipple may cause more disparity between the levels of
the ipsilateral and contralateral nipples and yield poorer
cosmesis.220 Although the size and location of the lesion can-
not be controlled by the surgeon, the placement of the inci-
sion and the additional volume of tissue resected (beyond that
required for free margins) are within the surgeon’s control
and are important for cosmesis. Although a quadrantectomy,
as opposed to a segmental excision, seemed to result in a small
improvement in local control in the Milan QUART-TART
trial,150 it also resulted in a statistically significant decrease in
a satisfactory cosmetic result.26,29 If the patient does not have
an optimal cosmetic result before radiation therapy, the long-
term cosmesis is unlikely to improve after radiation therapy.
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Figure 26–20 Examples of the cosmetic result in three patients
who received conservative surgery and radiotherapy. A, Six months
after radiation therapy (4600 cGy to the whole breast; 6000 cGy
boost portal) to the left breast. The incision is at the anterior 
axillary line in the upper outer quadrant. B, Three months after
radiation therapy to the left breast. The incision, with surrounding
barely perceptible hyperpigmentation (6000 cGy to the boost 
portal), is seen in the upper inner quandrant. C, Two weeks after
completing radiation therapy to the left breast. Residual hyperpig-
mentation is seen in the boost portal. The hyperpigmentation will
fade with time.



Finally, the surgeon can aid the radiation oncologist by
placing radiopaque clips in the tumor bed at the time of seg-
mental excision. This enables the radiation oncologist to accu-
rately place the boost, while minimizing its amount. The
placement of surgical clips in the tumor bed is extremely help-
ful to the radiation oncologist and to the accuracy of the boost
field placement when a reconstructive procedure is performed
with the lumpectomy. Because treating a larger volume of
tissue with a higher total dose may impair cosmesis, the 
smaller-volume boost is desirable.

What can the radiation oncologist do 
to maximize the cosmetic result?

The radiation oncologist can optimize the cosmetic outcome
by choosing the proper machinery, energy of the beam, dose
per fraction, total dose, and optimal treatment plan with the
use of wedged compensators individually chosen for the
patient. Inhomogeneity of dose across the breast and resultant
hot spots may be seen with use of low-energy and nonlinear
accelerator equipment and a beam energy that is too low for
the patient’s breast width. The resultant inhomogeneity
increases the possibility of compromised cosmesis. As men-
tioned previously, the use of IMRT and additional fields may
decrease inhomogeneity and improve cosmesis in selected
patients.

Delivery of conventional fractionation of 180 to 200 cGy
per fraction, as compared with doses above 250 cGy per frac-
tion, minimizes reaction of the skin and breast tissue and
optimizes the possibility of a good cosmetic result while effec-
tively eradicating residual neoplastic cells.24,25,58,60 A higher
dose per treatment may be delivered with acceptable toxicity
when the volume is small. Therefore, when treatment encom-
passes the tumor bed only or “partial breast,” a shorter 
fractionation schema (fewer treatments, larger dose per treat-
ment) may result in satisfactory cosmesis. However, when
larger doses per fraction are delivered to the entire breast,
patient selection is critical. The factors shown to lower the
ultimate cosmetic outcome (i.e. large breast, large separation,
width of chest wall) may result in a decline in cosmesis. If
future or salvage mastectomy with reconstruction is per-
formed and there has been an increase in fibrosis or subclini-
cal cutaneous or vascular damage because of the larger dose
per fraction, the reconstruction may be suboptimal. If the
dose to the whole breast surpasses 5000 to 6000 cGy, an
increased rate of long-term breast edema and compromised
cosmesis are risked.58 At doses above 7000 cGy, fibrosis, pain,
and retraction may be seen.

The radiation oncologist should also keep the boost volume
to the minimum required to encompass the tumor bed and, if
using electron-beam therapy, should choose the appropriate
energy. Using the clips placed in the tumor bed at surgery or
using a CT scan or ultrasound69 to localize the tumor bed, the
radiation oncologist can accurately localize the volume and
avoid excessive margins that may be required when the tumor
bed is estimated from mammography and placement of the
incision. If clips have not been placed and CT scan or ultra-
sound is not available or did not delineate the surgical bed, a
3-cm margin is placed around the incision. In comparisons of
the two methods, placement of clips resulted in a smaller 
and more accurate boost volume.71–73 Again directed by

radiopaque surgical clips, the radiation oncologist can choose
the optimal electron energy required to reach the tumor bed
while minimizing dose to the overlying (skin) and underlying
(chest wall and lung) anatomy.70 Using an iridium
(brachytherapy) boost has resulted in worsened cosmesis in a
few reports.66,67,70 Intraoperative radiotherapy and balloon
catheter brachytherapy have also been used to deliver the
boost treatment.

Can systemic therapy recommendations 
affect cosmesis?

Chemotherapy may worsen the cosmetic result after conser-
vative surgery and radiation therapy.77,188,251–255 Both the tim-
ing of chemotherapy in relation to radiation therapy and the
specific chemotherapeutic agents delivered affect the ultimate
result.26,333–335 General, concurrent chemoradiotherapy results
in a worse cosmetic result than sequential therapy.252,255

Impaired cosmesis has been documented with concurrent
CMF.252,255 Cytoxan and 5-fluorouracil concurrent with radia-
tion therapy, in several series, did not affect the appearance of
the breast.26,333–335 Doxorubicin sensitizes the skin and, when
given concurrently with radiation therapy, can result in an
unacceptably brisk erythema. Paclitaxel and docetaxel arrest
cells in mitosis (an extremely radiosensitive phase of the cell
cycle) and increase the reaction to radiation therapy if given
concurrently.333,336 Gemcitabine is also a potent radiosen-
sitizer and, when delivered concurrently with chest wall 
radiotherapy, commonly results in skin desquamation.337

The medical oncologist and radiation oncologist should
work together to minimize the risk for relapse and toxicity
while maximizing the cosmetic result.

What is the role of radiation therapy 
after mastectomy?

The goals of postmastectomy radiotherapy are to prevent
locoregional recurrence and improve survival. Premenopausal
or postmenopausal patients at substantial (i.e., greater than
10%) risk for locoregional recurrence (after mastectomy)
should be considered. Patients who may have a survival 
benefit after postmastectomy radiation therapy are discussed
next.

Is there any value to postmastectomy 
radiotherapy?

Radiation therapy may be delivered in the postmastectomy
setting, usually in addition to chemotherapy, to eradicate
micrometastatic deposits and thereby improve local control
and survival. Because of the relationship of dose and tumor
volume, radiotherapy delivered after development of a 
locoregional recurrence results in a complete response rate 
in only 50% of patients.338 The morbidity from an uncon-
trolled recurrence has been well documented and includes
ulceration, bleeding, pain, infection, lymphedema, and
brachial plexopathy. Given the severity of symptoms and 
difficulty achieving palliation, the best treatment is prevention
of the recurrence. Moreover, if recurrence is prevented in 
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a patient with a low risk for distant failure, survival could
potentially be improved.

Which patients are at high risk of 
locoregional recurrence?

Patients who have disease in their axillary lymph nodes have a
relatively high risk for locoregional recurrence. Within this
subset, the risk for recurrence rises with increasing numbers
of involved lymph nodes.141,339 To estimate the risk for locore-
gional recurrence and the value of postmastectomy radiation
therapy, the axillary dissection should contain at least 10
lymph nodes. When an adequate axillary dissection has been
performed, the risk for recurrence increases with increasing
numbers of involved axillary nodes. In patients who do not
receive radiation therapy after mastectomy and axillary dis-
section, the incidence of chest wall recurrence rises from 5%
in patients who do not have involvement of their axillary
lymph nodes, to 9% in those with one to three involved lymph
nodes, to at least 20% in those with four or more involved
nodes.268,272,277,340–343

The risk for locoregional recurrence also rises with enlarg-
ing primary tumor size from less than 10% in patients having
tumors larger than 2 cm to 25% to 35% in patients having
tumors larger than 5 cm.268,277,340,344,345,346

The risk for a supraclavicular lymph node recurrence also
rises as the number of involved axillary nodes increases and
may predict for distant dissemination.339 The supraclavicular
and infraclavicular regions should be included when post-
mastectomy radiation therapy is delivered.

Other factors that may be associated with locoregional
recurrence include an involved surgical margin, high his-
tologic grade,347,348 age younger than 40 years,268,349,350 pec-
toralis major fascia involvement,345 ER-negative tumor,345,351

and presence of tumor necrosis.345

The risk for an axillary recurrence is generally low, and the
toxicity of irradiation to the full axilla is not justified when an
adequate axillary dissection is performed.339 If a more limited
axillary dissection is performed and less than 10 lymph nodes
are removed in a patient with axillary lymph node involve-
ment, several studies have reported an increased risk for axil-
lary recurrence.275,339 Therefore, when an axillary dissection
(and not sentinel lymphadenectomy) is indicated, an ade-
quate dissection should be intended to avoid an increased risk
for recurrence or the morbidity of axillary radiation therapy
superimposed on the surgical morbidity.

Does chemotherapy prevent local recurrence 
and obviate the need for radiation therapy?

In most studies, chemotherapy does not significantly reduce
the risk for locoregional failure.345,347,352,353 Despite therapy
with CMF, for example, patients who have primary tumors 
5 cm or larger and four to seven involved axillary lymph nodes
have a 20% to 30% risk for locoregional failure.345,352,353 In one
series of patients who had 10 or more lymph nodes involved
and received high-dose chemotherapy and bone marrow
transplantation, Marks and colleagues354 reported a 30% chest
wall recurrence rate. Although there are no prospective 

randomized data investigating postmastectomy radiation 
therapy after adjuvant chemotherapy with anthracyclines or
taxanes, the available data and ongoing adjuvant chemothera-
peutic trials continue to use postmastectomy radiation therapy
if the risk for locoregional recurrence is about 20% or greater.

Can radiation therapy decrease 
locoregional recurrence?

Radiation therapy clearly decreases the rate of locoregional
recurrence, whether or not chemotherapy is used.277,340,354–358

In most prospective and retrospective series, with or without
chemotherapy, radiation therapy reduces the risk for locore-
gional failure from between 20% and 30% to less than
10%.278,351,358–367

Should the role of postmastectomy 
radiotherapy in the modern 
era be reassessed?

Several prospective randomized series that failed to find a
benefit were conducted in the 1950s and 1960s and must be
viewed in their proper perspective because they were done
before the development of modern linear accelerators, elec-
tron therapy, and the current understanding of dose-response
relationships in tumor and normal tissues.272,368–370 Although
locoregional recurrences were lowered, toxicity compromised
the benefit. The lessons learned from these early studies are as
follows:

1. Orthovoltage therapy (250 kV) increases complications 
in the skin, soft tissue, and heart because of relatively 
poor depth-dose profiles and resulting inhomogeneity of
dose. In at least two trials, orthovoltage therapy likely 
contributed to increased mortality.371,372

2. The amount of heart and lung in the treatment 
portals should be kept to the minimum amount 
possible.324,343,373–375

3. Omission of postmastectomy radiation therapy to the
chest wall (treating peripheral lymphatics only) results in
an increased risk for chest wall recurrence and lower sur-
vival rates.272,368,370

4. Doses below 4500 cGy are not adequate to sterilize micro-
scopic disease and result in increased recurrence
rates.272,368,370

5. Increasing the daily dose per fraction increases long-term
complications. A daily fraction size of 180 to 200 cGy is
recommended.368–370

6. Patients who have uninvolved axillary lymph nodes and
primary tumor size of less than 5 cm have a low risk for
locoregional recurrence.277,370

7. If internal mammary lymph nodes are to be treated, direct
photon fields should be avoided because of increased dose
to the heart and increased cardiotoxicity.369,370,372–376

With modern technology and meticulous technique, opti-
mal treatment to the desired sites (chest wall with or without
regional lymph nodes) can be delivered, keeping the dose to
normal tissues to a minimum. In summary, patients who
should receive radiation therapy after mastectomy are (1)
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those with a tumor size of 5 cm or greater or four or more
involved axillary lymph nodes and (2) those who have locally
advanced disease undergoing up-front chemotherapy fol-
lowed by surgery. Possible indications include involved surgi-
cal margins, suboptimal axillary dissection in a patient with
stage II disease (i.e., three of a total of six lymph nodes
involved), multiple risk factors that individually do not yield a
15% risk for locoregional recurrence (i.e., gross multicentric
disease, extensive lymphovascular invasion, ER negativity),
and microscopic disease in an internal mammary lymph
node.

Does postmastectomy radiation 
therapy affect survival?

This has been and remains a difficult question to answer.
Certainly, patients who have a high risk for distant failure (in
general, 10 or more involved axillary lymph nodes) or a low
(less than 10%) risk for locoregional recurrence (e.g., no
involved axillary lymph nodes and tumor size less than 5 cm)
would not be expected to have a survival benefit. Clinical
experience verifies this.

In the early trials of regional radiation following mastec-
tomy, all patients, regardless of tumor size and axillary nodal
status, received postmastectomy radiation therapy.272,368–370,373

These results were not analyzed by lymph node status or
tumor size, and combined with the poor technique (by 
modern standards), resultant excessive morbidity, and small
sample size, no difference in overall survival was seen. Two
series reported a benefit in disease-free survival at 10
years.378,379 On subset analysis of two additional trials, the
Stockholm142,365 and Oslo trials,368 a benefit in disease-free sur-
vival at 10 years was noted for stage II patients.

In contrast, more recent studies274,380,384 of radiation 
therapy in selected subsets of patients who had mastectomies
have shown improved disease-free survival. Ragaz and col-
leagues274,380,381 reported a study of premenopausal women
who had involved axillary nodes and were randomized after
mastectomy to CMF either with or without radiation therapy
to the chest wall and regional lymph nodes. At 15 years, sur-
vival was improved in the women who received radiation
therapy in addition to chemotherapy. The largest benefit was
seen in the patients who had four or more lymph nodes
involved, although given the small sample size and the 29%
reduction in mortality from breast cancer, all groups experi-
enced benefit from the addition of radiation therapy. The
women who received radiation therapy also had a statistically
significant 33% reduction in recurrence.

The Danish Breast Cancer Group has also shown improved
survival attributable to the use of postmastectomy radiation
therapy in patients who had T3 or T4 tumors or involved
lymph nodes.370,383 At 10 years, with the addition of radiation
therapy, overall survival (54% vs. 45%; P < .001), disease-free
survival (48% vs. 34%; P < .001), and locoregional recurrence
(9% vs. 32%; P < .001) were all improved. Postmenopausal
women received tamoxifen with or without radiation therapy,
and at 5 years they experienced a statistically significant
improvement in disease-free survival related to radiation 
therapy. Both premenopausal and postmenopausal groups
had marked reductions in local recurrence rates with 

radiation therapy (28% vs. 9% premenopausal [P < .0001];
36% to 5% postmenopausal [P < . 0001]). Van der Hage and
colleagues, in a retrospective series of 3648 patients, also
found a survival benefit for postmastectomy radiation thera-
py in women with one to three positive lymph nodes.359

Although many other series show no improvement in 
survival, these experiences raise the possibility of improved
survival from radiation therapy when appropriate patient
selection is employed. A North American intergroup trial was
designed to better answer this question but was not com-
pleted. As increasingly effective cytotoxic and biologic thera-
pies are employed, the role of locoregional recurrence and its
potential contribution to overall survival may be increasingly
meaningful. Premenopausal women with one to three
involved axillary lymph nodes should consult with a radiation
therapist. Until more data are available, selected pre-
menopausal patients with one to three positive lymph nodes
should be evaluated for radiation therapy. Factors that will
influence the decision for or against radiation include tumor
size, number of lymph nodes removed, the presence or
absence of lymphovascular invasion, ER status, and possibly
HER-2 status.

In addition to the chest wall, should 
regional lymph nodes be irradiated?

It is my belief that, in general, patients who have T3 or T4
lesions and four or more involved lymph nodes should receive
radiation therapy not only to the chest wall but also to the
supraclavicular lymph nodes. As described earlier, the risk for
recurrence in the chest wall and supraclavicular regions with
a primary carcinoma larger than 5 cm and four or more axil-
lary lymph nodes involved ranges from 10% to 45%. In addi-
tion, using meticulous technique, treatment of these sites is
accomplished with acceptable toxicity (see earlier discussions
of technique and late effects).

Because axillary recurrences are rare following adequate
dissection, and because irradiation of the dissected axilla
increases the risk for lymphedema, treatment of the axilla is
generally reserved for patients who have suspected gross resid-
ual disease or an undissected axilla.201,384,385

Treatment of the internal mammary region remains con-
troversial. The series reporting benefits in disease-free and
overall survival included the internal mammary lymph nodes
in the irradiated volume; however, it is not at all clear that
treatment of the internal mammary region per se is critical.
Surgical series document the greatest likelihood of micro-
scopic involvement of the internal mammary chain in patients
who have inner quadrant tumors and involved axillary lymph
nodes. The data of Tubiana and associates386 support a sur-
vival benefit for chest wall and regional lymph node irradia-
tion (including the internal mammary nodes) in patients 
with central inner quadrant lesions and involved axillary
nodes. However, the development of an internal mammary 
recurrence is rare after mastectomy (with or without
chemotherapy), and given the synergistic cardiotoxicity of
doxorubicin and irradiation,274,387 when undertaken, irradia-
tion of the internal mammary region should be performed
with meticulous technique to minimize short- and long-term
morbidity.
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breast cancer was almost universally fatal, and treatment,
when provided, was intended to be palliative.2

Perhaps the first cause for optimism arose in the late 19th
century with the popularization of a theory of cancer spread
that suggested a curative role for local surgery.3,4 This then-
novel theory proposed that breast cancer spread first by direct
extension into contiguous tissues and next by an orderly pro-
gression through the lymphatic circulation to the rest of the
body. This theory led to the prediction that total resection of
the primary cancer and the immediate lymphatic drainage
could cure the patient if the disease had not yet spread beyond
this local region. At about the same time, improvements in
surgical technique made it possible to resect local disease with
wide margins and inclusion of the draining axillary lymph
nodes, which were presumed to act as a filter against more dis-
tant spread. The resulting radical mastectomy was the surgical
technique popularized by Halsted.

Long-term follow-up has confirmed that Halsted’s radical
mastectomy does reduce distant failure rates compared with
historical series.4 Although this observation has largely been
regarded as consistent with the motivating theory, there are
many other observations that are inconsistent with the
hypothesis. For example, because they can experience distant
recurrence, some patients with node-negative breast cancer
must have micrometastatic disease at the time of primary sur-
gery. Similarly, some patients develop recurrence locally in the
breast or chest wall despite macroscopically and microscopi-
cally negative margins of resection. Explaining these observa-
tions requires a more complex model than the one proposed
by Halsted.

Another aspect of this complexity is the seeming random-
ness of metastatic growth. The best and simplest explanation
is that metastases are a consequence of three events: the devel-
opment of cells with metastatic growth potential; anatomic
access by these cells to distant sites; and a “fertile field” effect
in which local conditions, including growth factors, are con-
ducive to cancer cell viability. In all cases of operable breast
cancer, we now believe that anatomic access or metastases can
occur so early in the life history of the disease that the concept
of the axillary filter is at best irrelevant if it is true at all.
Seminal trials alone or as included in a recent meta-analysis of
all randomized trials on the subject show that efforts to
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Breast cancer presents as two interrelated problems. First is
the problem of local disease in the breast and axillary lymph
nodes, and second is the problem of metastatic disease in dis-
tant sites. Local disease is better controlled now than in the
past because of advances in surgery and, more recently, radio-
therapy. In addition, heightened public awareness and the
more widespread use of mammography have led to the more
frequent detection of small cancers with better prognosis.
Despite these gains, the problem of distant recurrence,
which leads almost inevitably to death, persists. Based on the
demonstrated activity of systemic therapy against distant
recurrences, this modality has been explored as treatment for
the presumed micrometastatic disease that remains after sur-
gery for early-stage breast cancer. The effectiveness of systemic
therapy as an adjunct to local control procedures has now
been confirmed by long-term follow-up of the seminal trials
and by a crucial series of meta-analyses showing that both
hormonal therapy and chemotherapy prolong disease-free
and overall survival in nearly all groups of patients. Although
the relative and absolute influences of drug therapies are mod-
est and vary among patient subgroups, the proper application
of these treatments to the hundreds of thousands of patients
diagnosed worldwide per year would yield a major impact on
public health. For the near future, clinical trials will likely lead
to improved outcomes using conventional drugs through the
application of novel dosing and scheduling strategies. In the
long term, recent laboratory advances and clinical trial data
indicate the potential of newer modalities aimed at novel bio-
chemical targets to provide even greater results in treatment of
occult disseminated disease.

INTRODUCTION

Modern methods of detection and treatment lead to cure for
most women in the developed world who are diagnosed with
breast cancer. Yet, its position as the most common primary
life-threatening malignancy in American and European
women means that despite effective treatment, it remains the
second most common cause of cancer-related death, after pri-
mary lung cancer.1 In contrast, for most of recorded history,
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decrease local recurrence by, for example, adding radiotherapy
to surgery are effective but fail to have a major beneficial
impact on the occurrence of distant metastases.5–9 The limited
impact of more intensive local control therapies on distant
relapse suggests that further improvements in survival will
require better methods of obtaining systemic control over 
the unseen micrometastases that must be present even after
“curative” surgery.

This focus on the issue of micrometastases motivated the
development of the entire field of systemic adjuvant therapy.
With the recognition that further improvements in survival
require even better methods of systemic control, effective drug
therapy became the goal of investigators worldwide, and many
clinical trials have tested drugs as an adjunct to local control
obtained through surgery, with or without radiotherapy. Yet,
one should not forget that each of the three major modalities
(surgery, drug therapy, and radiotherapy when appropriate)
offers a distinct and valuable contribution toward our goal of
cure and that adjuvant therapy, now considered an integral
component of the management of most patients with primary
breast cancer, is but one of these contributors. For the best
possible results, each of these modalities should be applied
optimally because compromise in the rigor with which any
one is employed might easily offset gains made in other treat-
ment areas.

What are the fundamental principles of 
systemic adjuvant therapy for breast cancer?

From the beginning of the study of systemic adjuvant therapy,
drugs have been chosen for study and use based on their
demonstrated activity against disseminated (stage IV) disease.
Oophorectomy, the first effective systemic therapy for stage IV
breast cancer, was thus the first therapeutic manipulation
tried in the adjuvant setting.10 Although the experiments with
oophorectomy pre-dated the laboratory studies of cytokinet-
ics, which argued for adjuvant therapy, this hormonal manip-
ulation was predicted to work against occult disease precisely
because of its activity against demonstrable disease. The
demonstration of an effect in the series of studies undertaken
in the 1940s and 1950s served as the first “proof of principle”
that adjuvant therapy might be effective, and it motivated all
subsequent trials.11,12

In terms of chemotherapy, many of the early trials of adju-
vant drug therapy violated the concept that the same therapy
effective in advanced disease should be applied when only
occult disease is presumed to be present. Instead, these trials
used what would now be considered inadequate schedules 
and doses.13 Part of the reason for this miscalculation was an
erroneous extrapolation from the observation that in 
transplantable mouse leukemia, chemotherapy kills cells by
first-order kinetics. In this case, a constant fraction of cells are
killed, not a constant number.14 Because this laboratory model
used an exponentially growing leukemia cell line, cell kill
caused by cell cycle–specific agents was thought to be propor-
tional to the fraction of cells undergoing mitosis. This pre-
sents a conceptual difficulty because, although exponentially
growing tumors like experimental leukemia have the same
growth fraction regardless of tumor size, nonexponentially
growing tumors do not. Moreover, for breast cancer and other
so-called solid tumors, the exponential model does not fit any

available clinical data, and it is now believed that the growth
fraction of subclinical tumors is larger than it is for more
advanced tumors. The nonexponential model that best
describes this growth pattern is the gompertzian one.15

Tumors that grow in this fashion have an ever-decreasing
growth rate (on a percentage basis), so that although they may
always be enlarging, the relative time for each doubling of cell
number continually lengthens. To the extent that this more
complex model of growth is correct, the micrometastatic dis-
ease should then be predisposed to have a larger fraction of
cells killed from a single treatment than would more advanced
disease, and less treatment would be needed to achieve the
desired result of cancer eradication. This optimistic prediction
is neither fully supported nor refuted by the available evi-
dence, as discussed subsequently.

What are the pitfalls in interpreting 
trials of adjuvant chemotherapy?

The earliest trials of chemotherapy, although retrospectively
judged to be less than ideal in design, nonetheless did support
the hypothesis that adjuvant chemotherapy would improve
disease-free and overall survival. Presently, more than 100
individual properly randomized, prospective clinical trials
and many hundreds of additional nonrandomized studies
have been conducted or are still underway. Because many of
these trials have been reported several times, either while they
were still being conducted or afterward, accurate interpreta-
tion or even determination of the results can be difficult.
Multiple analyses and replications of experiments will pro-
duce some “positive” and some “negative” findings merely by
random chance, particularly when the true difference between
the experimental arms is modest or even nonexistent.
Contributing to this difficulty is the frequent problem of inad-
equately sized trials that, combined with random fluctuations
in the results, can allow true differences to be obscured. For all
of these reasons, much confusion has reigned in the field, and
discrete schools of opinion centered on bodies of data gener-
ated by one or another cooperative group or major institution
have emerged. To correct this unacceptable situation, a com-
prehensive conceptual framework is needed to serve as a con-
text for the interpretation of individual trial results and to
identify the most critical questions to be addressed in newer
studies. Just such a framework has been provided by the meta-
analyses performed at regular intervals by an organization
called the Early Breast Cancer Trialists’ Collaborative Group.

What does the overview analysis of 
randomized trials accomplish?

On a regular basis, currently every 5 years, this group exam-
ines in overview all mature and properly randomized trials
performed anywhere in the world that are concerned with the
treatment of primary breast cancer.16–18 Although they study
all aspects of care for early-stage breast cancer, a significant
portion of their work focuses on adjuvant drug therapy. To
date, this effort has resulted in three published meta-analyses
of nearly all of the world’s prospective randomized experience
with adjuvant therapy, and a fourth overview (2000) has been
commenced but is not yet fully published.
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For inclusion in the overview, eligible trials must have 
a minimum of 5 years of follow-up. However, 10 years of
follow-up were available for most studies as of the 1990 meet-
ing, 15 years of follow-up were available for many studies at
the 1995 meeting of collaborators in Oxford, and up to 20
years of data were presented at the 2000 meeting. In addition,
compared with the 1995 overview, there were increased num-
bers of patients in studies concerned with most of the main
questions. Because the results of the 2000 meeting are not yet
published, we focus on the 1995 overview even as we await the
additional information and clarification that the updated data
set will likely yield. Given the maturity of the 1995 data, there
is little expectation of significant changes in results for the
main questions examined in future analyses.

Regardless of the possibly subtle differences to emerge from
the as-yet-unpublished 2000 proceedings and the anticipated
2005 meeting, the overview remains conceptually impor-
tant for what it demonstrates regarding treatment effect.
Specifically, only through the overview have the following
simple but unanticipated effects been convincingly demon-
strated: first, that treatment has a consistent effect in all risk
groups, and second, that the treatment effect persists well
beyond the time of actual treatment.

What are the strengths and weaknesses 
of overview analysis?

Understanding these basic conclusions requires that we first
understand the strengths and the weaknesses of the overview
methodology. For each study included in the analysis, the 
control arm is analyzed to provide an expected number of
events—usually relapse and death. This number is then com-
pared with the number of events that were observed in the
experimental arm, and an odds ratio is calculated for the end
point. This allows the result for each study to be reduced 
to one number that expresses the percentage reduction (or
increase!) in the yearly odds of the event in question for 

treated versus untreated patients. Trials of similar, although
rarely identical, design are then grouped together, and an
overall odds ratio is calculated. Within each group, trials are
weighted by their relative size, so that large studies count more
than smaller ones. The final result of this method of analysis
is a number reflecting the change in the chances that an event
(relapse or death) will occur as a consequence of a certain type
of treatment. By multiplying this percentage change in odds
with the absolute annual odds that the event will occur with-
out the manipulation, one can estimate the absolute benefit
offered by the intervention. Hence, we can consider the over-
all impact of a treatment either as the percentage change in
odds of an event or as an absolute benefit. As discussed later,
it is both a strength and a weakness of this approach that it
takes into account all of the randomized evidence available.
However, it is certainly true that by including in a fair and
unbiased way all of the available evidence, we can be confident
that the observations are real.

The powerful conclusions of the overview—that treatment
durably changes the overall chances of an occurrence and that
the impact of a treatment in terms of altering odds is inde-
pendent of the absolute odds of that event’s occurring in the
absence of treatment—are provocative ones. In this case, if an
event is more likely to occur in the unperturbed situation—
for example, a recurrence with metastatic disease in a patient
with many involved axillary lymph nodes at the time of sur-
gery—then the absolute impact of adjuvant therapy will be
greater than if the event is less likely to occur in the unper-
turbed situation.

A simple biologic explanation for this observation is not
obvious. Nonetheless, the observation is real and should
inform standard practices even outside of clinical trials. In
actuality, the clinical application of these results remains quite
difficult because a fixed reduction of the annual odds of an
event in two settings does not translate into the same overall
proportional change in the number of the events. In Figure
27–1, we have simulated the impact of an intervention that
reduces the annual odds of an event by one third in two 
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Figure 27–1 The percentage of patients free of
recurrence at the end of each year following local
therapy is dependent on both the risk for recur-
rence and the impact of therapy. In this model,
therapy reduces the annual odds of recurrence by
one third in all treatment groups. The annual odds
of recurrence in the low-risk population therefore
decrease from 1.5% per year (line B) to 1% per year
(line A) and in the high-risk population from 15%
per year (line D) to 10% per year (line C). The
absolute impact at every time point is smaller in the
low-risk group than in the high-risk group. At 10
years of follow-up, 4 fewer recurrences are 
predicted among 100 treated patients, compared
with 15 fewer among 100 treated high-risk
patients.



situations. In situation A, untreated patients experience recur-
rence at a high rate (15% per year), so that at the end of
10 years, only about 20% of patients are free of disease. If we
treated this group of patients with therapy that reduces the
annual odds of recurrence by one third, we would lower the
odds of recurrence from 15% per year to 10% per year. After
10 years, 35% of patients would be free of disease. Thus, treat-
ment will have prevented 15% of the treated patients from
experiencing relapse and will have prevented 19% of the
expected recurrences. Thus, in the setting of a high rate of
recurrence, a reduction in the annual odds of recurrence by
one third does not reduce the overall proportion or absolute
number of recurrences by one third. In contrast, consider the
exact same therapy applied to a group of patients with a bet-
ter prognosis. In this case, we see that by reducing the annual
odds of relapse by one third from 1.5% to 1.0% per year, we
change the percentage of patients with recurrence from 14%
to 10% at 10 years. In this lower-risk circumstance, only about
4 patients in 100 have their recurrence prevented, but almost
one third of the expected recurrences have been avoided.
Explaining these benefits in a simple and accurate way to
patients represents a difficult and time-consuming challenge
for all clinicians concerned with standard adjuvant therapy.

A second issue is that the previous paragraphs make sense
only if the odds of recurrence are about the same each 
year and if the reduction in these odds by therapy applies
evenly for each year after the therapy is started. The earlier
meta-analyses showed that both adjuvant hormonal therapy
and adjuvant chemotherapy do work approximately this way
because there was a nearly consistent impact each year for 
the first 10 years after local therapy of the breast cancer. If
the effect of adjuvant drug therapy is reduced after 10 years,
then the previous method of analysis will be less accurate
when considering the longest-term impact. Nevertheless, the
absolute influence of therapy, particularly in the first decade,
would hold, and we will still have confidence in the fact the
therapy works or does not work to some roughly specifiable
degree.

Before drawing specific and detailed treatment conclusions
from the results of the overview, it is important to keep one
major weakness of the meta-analysis firmly in mind: the fact
that the method is essentially a form of homogenization and
was never intended to supplant the examination of individual
trials. This homogenization is manifested in several ways.
First, the methodology excludes newer trials, which through
therapeutic refinements might possibly have larger impact
because prolonged follow-up is required for inclusion in the
meta-analysis. Additionally, and in contrast to the older and
more mature studies, these newer trials have all (appropri-
ately) used some form of conventional therapy as the control
arm. Hence, the newer studies are not interpretable as regards
the impact of the experimental manipulation on recurrence
or survival compared with no adjuvant treatment. As we look
toward the 1995 analyses and beyond, the most innovative
programs may be sufficiently unique that they are not easily
grouped with other studies. If they are inappropriately
grouped with less efficacious regimens, the impact of their
individual treatment innovation may be lost in the “noise” of
data from other, not quite relevant treatments. A related 
concern is that large or even small differences in the agents
employed, doses and schedules, and precise methods of
follow-up and evaluation will not be reflected in any overview.

For these reasons, accurate interpretation of the vast and
growing body of data related to adjuvant therapy must incor-
porate both the overview and the results of individual trials.
Certainly, and as predicted by the methodology, for the major
questions (Does chemotherapy work? Does hormone therapy
work?), the two approaches give quite concordant outcomes.
Although to a certain extent a self-fulfilling prophecy, the cor-
roboration by the overview of individual trial results lends
more confidence to the conclusions of both. On the other
hand, for subtle questions (higher- or lower-dose chemother-
apy, timing of chemotherapy and hormone therapy), the
overview is less useful, and individual trials must be relied on
to provide the best available guidance. This is why we use both
the overview and individual trial results to design studies and
to guide routine patient care.

THE MAJOR QUESTIONS ADDRESSED 
BY THE OVERVIEW

As noted, the largest groups of patients included in the
overview are available to answer only the most basic questions
concerning the use of chemotherapy and hormone therapy. In
some parts of the world, the resulting conclusions are viewed
as common knowledge and have been incorporated into stan-
dard practice for years. In other regions, these conclusions
have provided the impetus needed to increase the use of adju-
vant systemic therapy. We discuss these specific conclusions
next.

What is the impact of adjuvant 
tamoxifen?

The single largest group of patients included in the 1995
overview numbers about 37,000 and was included in studies
that asked if tamoxifen is active (Table 27–1). For all such
treated patients, tamoxifen therapy resulted in a 26% reduc-
tion in the annual odds of recurrence and a 15% reduction in
the annual odds of death. In recognition of the very limited
impact of tamoxifen among women with hormone-unre-
sponsive tumors, about 8000 such patients were not included
in the detailed analysis, discussed later, which was limited to
patients with tumors either known to be estrogen receptor
(ER) positive or ER-positivity unknown—the latter included
based on the assumption that the simple majority could be
expected to be hormone responsive.17

The dose of tamoxifen generally used was 20 to 40 mg per
day, with the lower dose typical of most of the larger trials.
Because there is to date no evidence of a dose-response rela-
tionship within this range, and because most patients were
treated at the lower dose, we consider a dose of 20 mg orally
per day to be standard.19

What is the appropriate duration 
of adjuvant tamoxifen therapy?

In terms of duration, there was overwhelming evidence that at
least about 5 years of therapy with tamoxifen has a beneficial
ratio of advantages to disadvantages and that longer durations
are no better. In four large trials testing the duration of
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tamoxifen, 5 years seemed optimal, and this is confirmed in
the overview, in which there was a 42% reduction in annual
odds of recurrence, compared with 25% and 18% for 2 years
or 1 year of therapy, respectively (see Table 27–1). The largest
individual trials were from Sweden and Britain, and both
showed an advantage for 5 years over 2 years.20 The next
largest trial, the National Surgical Adjuvant Breast and Bowel
Project (NSABP) Protocol B-14, suggested no additional ben-
efit for tamoxifen when it is continued beyond 5 years, where-
as a relatively smaller trial from the Eastern Cooperative
Oncology Group (ECOG) does suggest a benefit.21 Although
exactly 5 years appears to be a reasonable target duration for
tamoxifen therapy, additional studies addressing the emerging
role of aromatase inhibitors (discussed later) require that we
carefully reconsider this issue in the near future.22–25

Is there a role for tamoxifen in patients 
with receptor-negative disease?

As predicted by preclinical experiments, tamoxifen is most
convincingly active in patients whose tumors are receptor
positive. As in metastatic disease, the benefits of tamoxifen for
patients with truly ER-negative disease are essentially nil.26,27

Although a small benefit could be seen for patients with
receptor-poor tumors in the overview, this was quite modest
compared with the benefit seen in hormone receptor–positive
tumors. The terms “receptor poor” and “receptor rich” used in
the overview deserve definition and comment in this context.
For both technical and practical reasons, the overview did not
previously have a receptor-negative classification. This was
necessary because many individual trials included in the
analysis did not test for the progesterone receptor (PR),
because of the era when they began. As is well demonstrated
in metastatic disease, tamoxifen and other endocrine 

therapies are nearly as effective in ER-negative but PR-positive
cases as they are in cases that are positive for ER.28 The bio-
logic reasons for this are less important than the clinical
implication, which is that an “ER-poor” tumor may well be
hormone responsive. In addition, the now-recognized prob-
lem of inadequate specimen handling (receptors in resected
tissues degrade rapidly at room temperature, as in the operat-
ing room and pathology laboratory) with resulting false-
negative ER assay results, could add to the incidence of false-
negative findings in the older trials included in the overview.
For all these reasons, some historical cases in the receptor-
poor category must have been truly low or even markedly
receptor positive. This would allow for a positive, if weak,
biologic effect of tamoxifen in patients included as having
receptor-poor tumors. Thus, although there is evidence of
benefit from tamoxifen in the older studies enrolling receptor-
negative cases, we can be sure that the magnitude of the ben-
efit increases with increasing levels of ER expression, and with
modern testing, there is little reason to expect that cases with
true negatives (for both receptors) will derive a meaningful
benefit.

Is there a role for tamoxifen 
in younger patients?

Until the mid-1990s, accrual to adjuvant tamoxifen trials 
has favored older patients, an imbalance reflected by the
overview.29 Furthermore, within the overview, an age of 50
years was used as a surrogate for the allocation of patients to
menopausal status categories. This was necessary because
actual menopausal states for enrolled patients were frequently
unavailable. As noted earlier, postmenopausal patients whose
tumors were positive for ER benefited the most from tamox-
ifen in this analysis. For patients younger than 50 years, the
reduction in the annual odds of recurrence is now known to
be quite similar to the benefit found in older patients, assum-
ing they are in the receptor-rich or unknown category, but 
not in the receptor-poor group.17 In recent years, tamoxifen
has been shown effective at preventing breast cancer among
patients with no personal history of the disease and at pre-
venting in-breast recurrences in patients with ductal car-
cinoma in situ.30,31 Yet the benefit of tamoxifen, particularly in
considering the treatment of lower-risk patients and those in
whom the expected improvement in outcome is extremely
modest, must be balanced against the slight, but clear, effect of
tamoxifen in increasing the rate of diagnosis of endometrial
carcinoma. At present, the exact incidence of endometrial
cancer in women treated with tamoxifen is imprecisely
defined but appears to be in the range of 1 in 300 to 1 in 1000
women per year of use.32,33 Finally, future studies (discussed
later) will address the possible advantages of ovarian ablation
and aromatase inhibition in lieu of tamoxifen possibly obviat-
ing this concern.

Is there any value in combining adjuvant 
tamoxifen with oophorectomy?

Because of the potential for reactive hyperestrodiolemia in
response to tamoxifen in younger (premenopausal) patients,
ovarian ablation, in addition to tamoxifen, is biologically
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CC, chemotherapy.
*Tamoxifen therapy was limited to subsets of patients in whom 5 years of

therapy was planned. 
†Tamoxifen therapy averaged 2 years of use; CC equates to 6 months of

CMF (cyclophosphamide, methotrexate, 5-fluorouracil) but includes other
combinations as well.

‡Plus-minus values are the mean plus the standard deviation.
Data from Early Breast Cancer Trialists’ Collaborative Group.

Polychemotherapy for early breast cancer: An overview of the randomised
trials. Lancet 1998;352:930–942; and Early Breast Cancer Trialists’
Collaborative Group. Tamoxifen for early breast cancer: An overview of the
randomised trials. Lancet 1998;351(9114):1451–1467.

Table 27–1 Percentage Reduction in the Annual Odds of Either
Recurrence of Breast Cancer or Death from Any Cause in Various
Subsets by Type of Therapy for Which Sample Size Was
Adequate*

Age (yr) Type of Therapy† Recurrence‡ Death‡

<50 Tamoxifen versus 45 ± 8 32 ± 10
no drug

CC versus no drug 35 ± 4 27 ± 5
CC + tamoxifen 52 ± 8 47 ± 9

versus CC

>50 Tamoxifen versus (37–54) ± (5–13)
no drug (11–34) ± (5–13)

CC versus no drug 22 ± 4 12 ± 4
CC + tamoxifen 19 ± 3 11 ± 4

versus tamoxifen



appealing. Temporary or permanent removal of this source of
estrogen production might allow premenopausal patients to
reap the same benefits of tamoxifen as do postmenopausal
patients. This would be true only if the lower activity of
tamoxifen were due primarily to competition for the receptor
from endogenous estradiol. Certainly, ovarian ablation alone
was effective treatment in early adjuvant trials and more
recently has been equivalent to chemotherapy in some cases.34

However, the overview provides no convincing evidence of
additivity for these two modalities. Within the overview, the
impact of ovarian ablation in addition to chemotherapy is
modest and statistically unconvincing because there were only
five trials, a 10% reduction in annual odds of recurrence, and
(relevant in terms of statistical significance) a 9% standard
deviation. Furthermore, permanent ablation, as tested in ear-
lier clinical trials, could be reasonably expected to result in
premature osteoporosis and coronary artery disease—two ill-
nesses with greater public health impact in the United States
than breast cancer.35 Hence, the assumption that this inter-
vention is less toxic than chemotherapy is a dubious one. In
fact, it may be less toxic but chronically more so.

To address these and related questions, several studies were
undertaken to pursue whether concurrent or sequential
tamoxifen adds to chemotherapy in premenopausal patients
and whether ovarian suppression by goserelin augments
tamoxifen’s effects; these studies have been completed but 
not yet fully reported. An ECOG study compared (1) chemo-
therapy (cyclophosphamide, doxorubicin [Adriamycin], 5-
fluorouracil [CAF]) alone, (2) CAF with ovarian ablation, or
CAF with both tamoxifen and ovarian ablation; the study sug-
gested the possibility of a benefit only in very young women
with high baseline serum estradiol levels.36 If castration turns
out to be important in ensuring optimal tamoxifen effect,
the use of luteinizing hormone–releasing hormone (LHRH)
analogues might be preferable to surgical or radiotherapy-
induced ovarian ablation because the chemically induced
menopause would be reversible and might therefore limit the
deleterious long-term effects. This would be especially rele-
vant if ovarian ablation, like chemotherapy and tamoxifen,
exerted a prolonged effect on tumor recurrence following a
time-limited exposure. At the same time, the possibility that
aromatase inhibitors could be effective in young patients with
ovarian ablation makes this an important issue for the near
term.

Is there a value to tamoxifen added 
to chemotherapy?

As with any other systemic treatment evaluated using the
meta-analysis technique, the benefits of tamoxifen are easiest
to determine in comparison with those of wholly untreated
control populations. However, the relevant question for many
physicians and patients does not concern the use of tamoxifen
versus no treatment but instead its use in addition to systemic
chemotherapy. This is particularly critical in the treatment of
younger postmenopausal patients with higher-risk disease,
such as those with multiple positive lymph nodes. Despite an
absence of additive benefit in several individual trials, within
the overview, tamoxifen does significantly add to the benefits
of chemotherapy in postmenopausal patients.5,16,37,38 The 
indirect estimates from the 1995 meeting were that the effect

in particular of 5 years of tamoxifen was independent of the
use of chemotherapy and of age. The key conclusion to be
drawn is that because tamoxifen is considerably less toxic than
chemotherapy, it is the adjuvant drug of first choice for post-
menopausal patients with hormonally responsive tumors 
who would benefit from drug therapy. However, it is also 
reasonable to treat patients who have considerable risk for
recurrence with both modalities—chemotherapy plus tamox-
ifen—because this will further reduce their absolute risks 
for recurrence and death. The best means of combining
chemotherapy and hormonal therapy is not yet defined and is
the subject of ongoing clinical trials.

Are there any other benefits 
to adjuvant tamoxifen?

In addition to its indicated use, which is the prevention of sys-
temic relapse, there are other potential benefits associated
with tamoxifen use. Probably because of its estrogen-like
effects, it has been associated with reductions in the rate of
progression of osteopenia in postmenopausal women.39–41

Tamoxifen has been shown to change lipid profiles in a favor-
able direction and may reduce the risk for coronary artery dis-
ease, although there is no evidence, one way or the other, of an
effect on cardiac events. In terms of primary breast cancer,
several adjuvant therapy trials suggested a protective effect
against second primary breast cancers, and a large random-
ized trial (NSABP P-1) has demonstrated that among women
without a prior history of breast cancer but with a high risk
for developing it, tamoxifen is effective.30

What newer agents appear to be effective 
for adjuvant therapy of breast cancer?

In parallel with explorations of newer indications for tamox-
ifen, there are also newer agents to consider. One such drug is
raloxifene, which may be an effective antimitogen for breast
cells without the endometrial mitogenetic action of tamox-
ifen.42 It also preserves osteoblastic stimulation, thereby 
providing the same protection against osteoporosis as does
tamoxifen.43 Indeed, the current NSABP prevention study, P-
2, compares tamoxifen against raloxifene for the prevention of
breast cancer. However, there is no direct evidence to support
the use of raloxifene to treat breast cancer in any setting, but
particularly as adjuvant hormone therapy.

In the 1990s, the treatment of advanced breast cancer 
was improved with the availability of selective aromatase
inhibitors that block the production of estradiol and estrone
sulfate but do not inhibit the production of most other hor-
mones. Because these newer agents do not appear likely to
convey any estrogen-like effects, including thrombophlebitis
and endometrial cancer, they have been studied in the adju-
vant setting among postmenopausal women.44 In the three
adjuvant trials published as of early 2004, these agents were
used instead of tamoxifen (anastrazole), after 5 years of
tamoxifen (letrozole), and instead of the last 2 to 3 years of 5
years of tamoxifen (exemestane). None demonstrated a sur-
vival difference, but all three showed improved event-free 
survival in comparison with tamoxifen or placebo, along with
acceptable toxicity profiles23–25 (Table 27–2). Hence, these
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agents are likely to be accepted as standard adjuvant therapy
even while their optimal timing, duration, and long-term 
toxicities remain uncertain. In addition, several trials will 
test them in the presence of ovarian ablation among pre-
menopausal women, but as of this writing there is no evidence
for this approach outside of clinical trials.

What is the overall impact of 
adjuvant chemotherapy?

Overall, patients treated with chemotherapy had a 24% reduc-
tion in the annual odds of recurrence (see Table 27–1). The
benefits were somewhat age dependent, so that the absolute
benefit was 10.4%/15.4% (node negative/node positive) in
women younger than 50 years and 5.7%/5.4% in older women
at 10 years of follow-up. As with tamoxifen, the benefits in
overall survival were less striking but were significant. Overall,
treated patients experienced a 15% reduction in their annual
risk for death, again with larger absolute gains among younger
patients. In the overview, and consistent with the published
results of selected individual trials, combinations of
chemotherapy agents were unquestionably superior to single
agents.16 The chemotherapy regimen most well represented in
the overview was cyclophosphamide, methotrexate, and 5-
fluorouracil (CMF). Although additional agents such as vin-
cristine and prednisone were used in some of the included 
trials, they are largely of historical interest because they 
were included in the earliest versions of CMF administered
continuously for 2 years.45 Later modifications, in line with 
the MOPP (Mustargen [nitrogen mustard], Oncovin [vin-
cristine], procarbazine, prednisone) regimen shown to be
effective against Hodgkin’s disease, included the intravenous
administration of methotrexate and 5-fluorouracil on days 1
and 8, and oral cyclophosphamide on days 1 through 14, in
28-day cycles (14 days without chemotherapy).46 This version,
and the all-intravenous every-21-day version, are the two
most standard regimens currently used. Hence, we refer to this
category as CMF because, in most studies, these three drugs
are the most conserved components.

What is the optimal adjuvant CMF regimen?

An ongoing effort concerning CMF has been the attempt to
minimize its toxicity without compromising its proven 
efficacy. Lowering the individual drug doses, shortening the

overall duration of treatment, and omitting unnecessary com-
ponent agents have all been tried in numerous studies. Lower-
ing the drug dose appears to be detrimental because dose
correlates with outcome. A retrospective analysis by Hryniuk
and Levine47 compared a variety of chemotherapy combina-
tions containing an alkylating agent (generally cyclophos-
phamide) and antimetabolites (generally methotrexate and
5-fluorouracil) using a mathematical transformation to
describe the relative dose intensities of each of the regimens.
There was a significant trend suggesting improved relapse-
free survival in stage II breast cancer when the higher-dose-
intensity regimens were employed. Interestingly, these data are
also consistent with the hypothesis that more drugs are better
than fewer because the single-drug regimens were associated
with the lowest probability of remaining disease free, whereas
the two- and three-drug regimens had better outcomes.

Because this was a retrospective analysis across multiple
studies, and because the planned rather than the delivered
dose intensity was used, one could be skeptical regarding 
any conclusions. However, two subsequent studies support
Hryniuk’s conclusion. First, the group from Milan analyzed
their results at 20 years of follow-up from their initial CMF
trial. In this analysis, patients receiving under 85% of the
planned dose intensity had a worse outcome.48 This conclu-
sion more strongly supports the delivery of the planned dose
intensity, as close as possible. A second study, and one that 
was prospective and randomized, compared three dose levels
of CAF and demonstrated superiority for the highest dose 
levels.49 In node-positive breast cancer, there was a trend
favoring the highest dose-intensity arm and a statistically 
significant benefit for the two higher-dose arms, as compared
with the lower-dose arm.50 Based on this mix of retrospective
and prospective data, it now appears unwise to reduce the
standard doses of standard chemotherapy combinations such
as CMF and CAF in the effort to reduce toxicity because such
intervention is very likely to reduce efficacy. On the other
hand, extraordinary dose escalation remains an unproved
experimental approach, as discussed later.

What is the appropriate duration 
of adjuvant chemotherapy?

The ideal duration for combination chemotherapy in general,
or for CMF in particular, is not precisely known. The earliest
studies of combination therapy, based on the current
hypotheses regarding tumor growth kinetics, delivered
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ATAC, Anastrozole, tamoxifen, and combination; EFS, event-free survival; IES, International Exemestane Study; NCIC, National Cancer Institute of Canada.

Table 27–2 Summary Results of the Available Aromatase Inhibitor Trials

Study N Setting Treatment Arms Results

ATAC23 9366 Postoperative 5 yr of tamoxifen —
5 yr of anastrozole ≠ EFS
5 yr of both No benefit

NCIC MA-1724 5187 After 4.5–6 yr of tamoxifen therapy 5 yr of placebo —
5 yr of letrozole ≠ EFS

IES25 4742 After 2–3 yr of tamoxifen therapy 2–3 yr of tamoxifen (total 5 yr) —
2–3 yr of exemestane (total 5 yr) ≠ EFS



chemotherapy for as long as 2 years in some cases. A series of
trials from Milan demonstrated that 12 months of therapy
was equivalent to 24 months and later that 6 months of ther-
apy was equivalent to 12 months.51 Other trials supported the
use of the shorter durations of treatment as well. An NSABP
trial (B-15) randomized patients with node-positive disease 
to receive 3 months (four cycles) of AC (Adriamycin [doxoru-
bicin] and cyclophosphamide) or to receive 6 months (six
cycles) of CMF with a second randomization for patients on
the AC arm for “reinduction” treatment with an additional 6
months of CMF. The additional CMF added nothing, again
supporting the conclusion that 6 months of CMF is adequate.
The question is whether an even shorter treatment period
would be as efficacious. Although it has been shown that a 
single cycle of treatment is inadequate, it is also clear that 
3 months (four cycles) of AC is equivalent to 6 months of
CMF.52 The possibility that 3 months of CMF might be equiv-
alent to 6 months is the subject of ongoing and recently com-
pleted trials.53 These trials, coupled with the overview method,
are required to further clarify this important issue because the
issue of statistical power means that negative results in studies
of small size lend little confidence. For now, 6 months of
treatment (six cycles of day 1 and day 8 every-28-days CMF or
eight cycles of every-21-days all-intravenous CMF) appears
most reasonable. At the same time, a clear demonstration that
3 or 4 months of CMF is adequate would have significant 
economic implications and would serve to further minimize
the toxicity of standard treatment.

What are the alternatives to CMF?

The establishment of CMF as a gold standard does not pre-
clude the existence of better regimens. The effort to increase
efficacy has been the major goal of most recent trials, although
some have instead sought to identify less toxic but equally
active regimens. As noted earlier, the overview is not the ideal
means of sorting out the ideal version of CMF to use because
it groups studies that may be different in subtle but important
ways. For example, all versions of CMF appear about equal in
the overview, suggesting that the least toxic version might be
preferred. However, in stage IV disease, the oral and intra-
venous day 1 and 8 administration prolonged progression-
free survival, compared with the all-intravenous version
administered at 21-day intervals.54 Could this difference in
efficacy in stage IV disease translate to a significant difference
in earlier stages? Although one might hypothesize that a small
difference in efficacy in stage IV disease is unlikely to translate
into a significant difference in the adjuvant setting, this possi-
bility is not tested and remains unanswerable within the
overview.

Within the overview, trials incorporating anthracyclines
(doxorubicin or epirubicin) appear to offer advantages over
CMF. Yet, many of these anthracycline-containing regimens
vary significantly in terms of dose and schedule for all of the
component drugs, and lumping them together may lead to
either overestimation or underestimation of the true impact
of adding this drug. Stated another way, if there is only one
best way to incorporate doxorubicin, then the overview will
most likely fail to identify it because many of the trials used
possibly suboptimal doses or schedules that dilute and
obscure this effect. As an example, individual trials suggest

that a three-drug regimen, such as CEF (E for epirubicin) is
superior to CMF, whereas several NSABP trials demonstrate
equivalence for AC (four cycles) compared with CMF.55,56

Combining both types of trials in the overview could obscure
the possible benefits associated with the “better” regimen.

Is there a role for methotrexate 
and 5-fluorouracil alone?

To limit the toxicity of CMF, its most noxious component—
cyclophosphamide—has been omitted in some studies. That
methotrexate and 5-fluorouracil (MF) is as effective as CMF
was suggested by a small randomized trial conducted in stage
II breast cancer.57 However, a larger prospective randomized
trial involving more than 1000 women with node-negative
disease found an advantage for 6 months of CMF over 6
months of MF alone.58 While suggesting that MF is appropri-
ate therapy for patients judged too frail to tolerate cyclophos-
phamide, this study clearly showed that the omission of this
agent compromises efficacy. Hence, for patients deemed
appropriate for conventional chemotherapy, 6 months of
CMF is the most defensible standard approach.59 At the same
time, it is important to emphasize the relative rarity of any
significant long-term toxicities and to contrast this with the
relative frequency of metastatic breast cancer even among 
the lowest-risk treatment groups. Thus, there is no reason to
avoid standard CMF among otherwise healthy women with
resectable breast cancer who, based on histopathology, are
appropriate candidates for chemotherapy.

The previous arguments for considering CMF as the gold
standard are most supportable when considering the treat-
ment of the lowest-risk patients who should be treated with
chemotherapy, such as those with negative axillary nodes and
infiltrating ductal or lobular disease exceeding 1 cm in maxi-
mal diameter. In this group, the modest potential differences
between regimens are most likely to be obscured against a
background of relatively few events. Hence, a treatment that is
detectably better in higher-risk patients who are more likely to
experience an end point (relapse or death) may appear equal
or nearly so in lower-risk patients. This is not, however, a good
argument for generalized use of the “better” regimen because
if the difference is too slight to detect reliably, then the
increased toxicity of the “better” regimen may easily outweigh
its benefit. The use of doxorubicin provides an example of this
phenomenon. This agent has long been considered the best
single agent for metastatic disease, motivating its extensive
study in the adjuvant setting. Yet clear demonstrations of its
advantages as adjuvant therapy have been few in comparison
with the many studies finding no difference. Accepting the
assumption that including this drug does improve outcome,
but only by a numerically small amount among low-risk
patients, most of whom never experience relapse, then the
about 1% risk for congestive heart failure and acute leukemia
and the guarantee of alopecia may exceed any obtainable ben-
efit.60–62 The point is not that adding the drug fails to improve
outcome—perhaps among 100,000 such patients, a benefit
would be statistically significant—but that the modest size of
the benefit prevents us from reliably detecting it in the usual
studies, and the risk for an untoward or even fatal complica-
tion outweighs any obtainable benefit. At the same time, this
analysis by no means rules out the existence of an effective
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unique non-CMF regimen. Instead, it merely indicates that
the simple expedient of polychemotherapy beyond CMF does
not automatically improve results in a meaningful way.

Chemotherapy plus ovarian ablation: 
Is the chemotherapy effect due to 
chemical castration?

Although the overview clearly demonstrated that chemother-
apy was effective in all risk groups with adequate patient num-
bers (patients younger than 70 years), premenopausal patients
clearly demonstrated the largest improvement in outcome.
Decade by decade, there was a decrease in the relative input.
This rekindled speculation that some or all of the chemother-
apy effect was achieved simply through the known impact of
chemotherapy on ovarian function (in some cases, a chemical
castration). This is an unlikely explanation, however, given the
greater impact of CMF in very young patients, in whom the
rate of drug-induced amenorrhea is least; the modest but
clearly additive impact of ovarian ablation in such patients;
and the convincing evidence of similar benefit in post-
menopausal women. In fact, although the numbers are too
small to allow full confidence, there is some evidence that the
impact of ovarian ablation is nearly the same in patients 
treated with chemotherapy as it is in untreated women.34

Thus, the chemotherapy effect appears to be independent and
additive to whatever benefit ovarian ablation obtains.

This very critical issue has been addressed in a recently
completed but not yet reported intergroup trial. In this study,
premenopausal patients treated with chemotherapy were ran-
domized for ovarian ablation and for the addition of tamox-
ifen. As noted earlier in the chapter, these data are needed
before we can consider ovarian ablation for standard use. It
remains very possible that the long-term detrimental effects 
of surgical ovarian ablation, particularly if broadly applied 
to young lower-risk (i.e., node-negative) patients, could 
outweigh any gain in breast cancer outcome. Moreover, the
demonstration that a temporary ablation, achieved hormon-
ally, could provide long-term benefit but without the sequelae
of premature menopause would be exciting indeed. Yet for
now, there is no clear evidence to support the routine substi-
tution of ovarian ablation for chemotherapy, nor for the addi-
tion of these two modalities, even in high-risk patients.

Is adjuvant chemotherapy of 
benefit in older patients?

In all patients, the benefits from tamoxifen and chemotherapy
appear independent, meaning that each contributes to 
disease-free and overall survival. In older patients, the esti-
mates of effectiveness for chemotherapy decline to an annual
risk reduction of 20%, as opposed to 35% in those younger
than 50 years. This specific result provides a nice example 
of the value of the technique of meta-analysis because the 
relatively weak but real effect of chemotherapy in post-
menopausal patients was not apparent in many of the indi-
vidual trials, particularly those comparing CMF plus
tamoxifen with tamoxifen alone.38,63 The NSABP conducted
the largest trial of chemotherapy plus tamoxifen versus
tamoxifen alone in postmenopausal patients with receptor-

positive, node-positive disease. After more than 8 years of
follow-up, this trial continues to provide clear evidence of an
additive effect.64 Similarly, the extensive experience of the
National Cancer Institute in Milan confirms an impact of
CMF independent of patient age, at least when the planned
dose intensity is maintained.48 On the other hand, there does
appear to be a decade-by-decade decline in the impact of
chemotherapy in the overview, and it remains puzzling that
this modality has a relatively weaker impact in older than
younger patients, particularly because in advanced disease, it
is equally effective in these two groups.65 A biologic explana-
tion is not obvious, and it remains possible that the age effect
seen in the overview is due to patient selection, purely statisti-
cal issues related to sample sizes, or perhaps a consistent trend
toward underdosing as age rises. This latter possibility, that in
some negative trials dose adjustments for actual or anticipated
toxicity in older patients are biased against a chemotherapy
response, cannot be determined without review of individual
patient records, which is well beyond the limits of the
overview. At the same time, it is possible that tamoxifen con-
founded the results in some trials, particularly among rela-
tively lower-risk patients. For example, if there was a profound
tamoxifen effect in patients with very ER-positive tumors,
this could have diminished the possibility of detecting a
chemotherapy effect because the already low underlying risk
for recurrence was significantly further reduced. This situa-
tion could pertain to patients with low degrees of nodal
involvement. If true, then a statistically important benefit for
higher-risk patients could be missed. Despite this possibly
confounding circumstance, it is clear from the overview that
there is a chemotherapy effect in the postmenopausal setting,
and clinicians should exploit this benefit in defined circum-
stances such as in higher-risk postmenopausal patients, as 
discussed later. At the same time, an increasing number 
of clinical trials are underway to develop better and safer 
regimens in particular for older patients with hormone 
receptor–negative tumors.

What are the results of clinical 
trials with taxanes?

Based on extensive trials demonstrating significant activity for
taxanes in the treatment of advanced disease, thousands of
patients have been treated in adjuvant studies testing these
agents. Clinical trial results too late for inclusion even in the
2000 overview clearly show that patients with node-positive
disease benefit from the inclusion of taxanes either following
conventional AC or replacing 5-fluorouracil as part of an 
FAC (5-fluorouracil, doxorubicin [Adriamycin], cyclophos-
phamide) regimen.66,67 These trials, unlike the earlier-
generation studies included in the overview, are large, with
thousands of randomized patients. In fact, the first three pos-
itive adjuvant trials testing taxanes enrolled almost as many
patients (about 7500) as were ever randomized in the more
than one dozen trials comparing anthracycline-containing
regimens against CMF (13,800). All three of these first adju-
vant taxane studies enrolled patients with node-positive dis-
ease, and all allowed hormonal and radiotherapy therapy
where appropriate. In all three studies, a benefit in disease-free
survival was seen, and in two of the studies, overall survival
was also improved. Taken together, these studies provide
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ample justification for the routine use of taxanes following
one of these approaches in appropriate patients. Direct com-
parisons between the taxanes have not been reported, but one
large study (ECOG 1199) is fully accrued.

Are dose-dense regimens better than 
conventional dosing schedules?

Dose intensity is a way of quantifying the total amount of
drug administered over a specified period of time. Increases in
dose intensity are therefore possible not only by increasing
dose size (dose escalation) but also by decreasing the interval
between treatments (shortening the time period). The latter
method of dose intensification, first proposed by Norton,68

can be labeled dose-dense treatment to distinguish it from 
all other dose-intensification schemes (Fig. 27–2). However,
it can be tested only when other variables, such as dose 
size and number, are controlled. A trial conducted in Milan
and enrolling women with four or more involved nodes 
was one of the first tests of dose-dense therapy.69 Treatment
consisted of alternating (less dose-dense) versus sequential
(more dose-dense) regimens using single-agent doxorubicin
(A) and CMF, and over more than 33 weeks of treatment,
every patient in the study received four doses of doxorubicin
and eight of CMF. At 10 years of follow-up, sequential 
administration (four cycles of A followed by eight of CMF)
remained significantly better in disease-free and overall sur-
vival than the alternating plan. Based on these results, as well
as those of several promising pilot trials, the intergroup has
now conducted several trials in which dose density is a critical
question. One study compared concurrent AC with sequential
(more dose-dense) administration of the same cumulative
doses of these drugs (Southwest Oncology Group [SWOG]
9313). However, the numbers of cycles of administration for
each agent vary in this trial. Coupled with the lack of a dose-
response relationship in the supernormal range for these two
drugs, one has to recognize that rather than testing dose den-
sity in isolation, this trial tests fewer cycles of higher-dose
treatment against more cycles of lower-dose therapy.66,70,71 If
the low and high doses are equally effective, this trial could be
interpreted as showing that dose-dense administration of

cyclophosphamide compensates for the administration of
fewer cycles.72

In terms of dose density, the key testing the concept was 
the Cancer and Leukemia Group B (CALGB) 9741 trial. In 
this study, every-other-week chemotherapy was compared
with every-third-week treatment, demonstrating a significant
improvement in both disease-free and overall survival for the
more dose-dense approach.73 This latter trial is particularly
important because the shortened interval (from 3 to 2 weeks)
not only was superior but also was unassociated with signifi-
cantly increased toxicity. A planned NSABP study may com-
pare this dose-dense regimen of AC followed by paclitaxel (all
given at 2-week intervals) against a more “conventional” TAC
(docetaxel [Taxotere], doxorubicin [Adriamycin], cyclophos-
phamide) regimen using docetaxel and AC together at 3-week
intervals. Until this study is reported, either regimen can be
appropriate for higher-risk patients.

How does risk assessment influence 
the choice of adjuvant therapy?

The proceeding discussion shows that the absolute benefit of
therapy is only indirectly linked to the relative benefit and is
always numerically less. Hence, it is not sufficient to conclude
that a 20% reduction in the risk for annual recurrence does 
or does not justify treatment. In the lowest-risk patients,
this benefit will, in absolute terms, be nearly zero, whereas in
those with higher risk, the same therapeutic impact is far
more significant. Although this rationale seems self-evident,
the overview provides welcome confirmation. Because of the
widespread assumption that risk for relapse and treatment
benefit are always linked, we have historically dichotomized
patients both for allocation into trials and for rendering rec-
ommendations regarding choice of therapy. This has resulted
in fairly discrete but somewhat arbitrary categories of risk,
and these have, in turn, become integral to our standard clin-
ical lexicon. The simplest dichotomy—node positivity versus
node negativity—provides demonstration of the limits of this
approach because it implies that the magnitude of nodal
involvement is unimportant, whereas a patient with one or
two positive axillary lymph nodes and a small tumor has a
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Figure 27–2 Schematic com-
parison of dose escalation and
dose density. In this example,
the dose-response relationship
is relatively flat between dose A
and dose B (A). However, the
higher-dose level of dose B is
associated with greater toxicity,
whereas the lower dose, A, is
sufficiently nontoxic that it can
be repeated multiple times at
short intervals. The theoretical
result is greater overall cell kill,
as shown in parts B and C.



prognosis more similar to that of a patient with negative
nodes than to that of a patient with more than 20 involved
nodes.74,75 Similarly, ER status is more likely a continuum, not
merely a dichotomous “positive” or “negative,” as our classifi-
cations would specify. Even menopausal status is less precise
than our earlier discussion would imply. The youngest 
premenopausal patients benefit the least from tamoxifen,
whereas those who are still menstruating but are approaching
menopause may gain almost as much from the use of tamox-
ifen as do frankly menopausal women. The underlying 
biology of this continuum could be due to the relative drop in
estrogen levels with approaching menopause or, perhaps more
importantly, the relative lack of a hyperestrogenic response to
the administration of tamoxifen as women age. Regardless,
the biologic continuum argues against an over-reliance on
strict dichotomous descriptors when considering the manage-
ment of patients in the clinic.

Despite the limitations that the “pigeon-holing” of patients
entails, we still need a means of assessing risk so that we can
determine the relative risks and benefits of specific thera-
peutic interventions, such as chemotherapy or tamoxifen.
Specifically, because the impact of adjuvant drug therapy is on
the rate of recurrence or death from cancer, in order to deter-
mine whether we should use tamoxifen or chemotherapy, we
need to assess that rate in the unperturbed situation, know the
degree of perturbation in that rate that we can expect from a
specific treatment, estimate the impact of that rate reduction
on absolute risk for recurrence or death, and balance that
absolute benefit against the toxicities, expense, and inconven-
ience of treatment. In daily clinical practice, this is a challeng-
ing task made even more so by uncertainties regarding drug
interactions in some patient subgroups and by unknown 
predictive factors that might play a role in determining the
benefits of specific treatments in individual patients.

The complexity of this topic is such that only general rec-
ommendations can be offered. Furthermore, it is probably
counterproductive to strive for broad and absolute recom-
mendations given that the risks for treatment evolve over time
(presumably toward greater safety) and the benefits of therapy
continue to be more clearly identified. Instead, one should
strive to consistently apply classic clinical medical principles,
emphasizing the avoidance of unwarranted harm and the
maximizing of benefits. To guide clinical decision making,
Table 27–1 lists a published reanalysis of the 1990 overview,
giving estimates of the recurrence rate reductions in various
dichotomous categories. For younger patients, chemotherapy
is the modality of choice if the risk for recurrence is high
enough to justify any adjuvant treatment at all. A role for
tamoxifen alone might be considered in older premenopausal
patients with ER-rich tumors who qualify for treatment but
still have a relatively low risk for recurrence, but this approach
is less firmly supportable. In younger postmenopausal
patients, tamoxifen might also be added to chemotherapy if
the tumor is ER rich and the residual risk for recurrence is
estimated to be high even after chemotherapy. This strategy
may be especially reasonable in older premenopausal patients
if the chemotherapy has induced menopause, as it frequently
does in this subgroup. However, it must be kept in mind 
that the 1995 overview, which is not yet published, will be
scrutinized for the additional advantage of tamoxifen plus
chemotherapy over chemotherapy alone in younger patients,
so that recommendations in this regard may change rapidly.

For postmenopausal patients, tamoxifen is clearly advanta-
geous in the treatment of ER-positive disease. However, inde-
pendent of age, many postmenopausal patients will still have
a significant chance of recurrence even after tamoxifen use
because of tumor size or high degrees of nodal involvement.
Because chemotherapy does have activity in the older patient,
its use cannot and should not be ignored in making treatment
decisions, especially in those cases in which the tumor is ER
and PR poor.

How is the risk for recurrence estimated?

The previous discussion and the rational use of adjuvant ther-
apy pivot on the issue of risk assessment. By far, the most
time-tested and most accurate estimator of risk is the degree
of metastatic involvement of the ipsilateral axillary lymph
nodes.76 Importantly, this assessment is simply based on the
absolute number of involved nodes and not the percentage of
nodes involved or the size of individual metastatic nodes. Of
course, an adequate lymph node examination is required to
assess this involvement, and historically, a minimal standard
was that at least 10 individual nodes be made available for
pathologic study. Statistically, 10 of 10 nodes found to be free
of cancer by light microscopy is a reliable indicator of “true”
node-negative status.77 On the other hand, there certainly are
circumstances in which excellent surgeons are unable to 
provide this minimal number of nodes, and in these cases, the
proportion of involved nodes may be a reasonable relative
guide to risk—for example, a patient with 3 of 5 axillary nodes
found to contain breast cancer is most likely at a similarly high
risk as a patient with 8 involved nodes out of 21 examined.
Because a patient with even one involved node generally has a
risk for relapse in excess of 30%, any adjuvant therapy that
reduces the odds of recurrence by at least 20% should improve
her chances of being free of cancer after 10 years by at least 5%
and should be considered. Now that sentinel lymph node dis-
section has been broadly accepted as adequate demonstration
of node-negative status, the historical standards in terms of
nodal examination no longer apply. However, newer tech-
niques, such as cytokinetic staining or molecular studies, used
to confirm that no positive nodes are missed, may increase the
identification of involved nodes, making reassessment of the
meaning of “positive” necessary.78

How is the risk for recurrence assessed 
in node-negative patients?

The situation regarding treatment is less clear in patients
without axillary lymph node involvement than it is in node-
positive patients. Overall, about one third of node-negative
patients will eventually manifest stage IV disease; thus, nodal
negativity cannot be considered tantamount to cure by local
control alone. In this group, risk can be stratified most simply
by examining the maximal tumor size. For example, patients
with node-negative disease but whose tumors exceed 2 cm
have a risk for recurrence very similar to that of patients with
one or two involved axillary nodes.74,75 As in the previous
paragraph, adjuvant treatment is easily justified if it can
reduce the annual odds of recurrence by 30% (it can) and the
absolute risk for developing recurrence at 10 years by 5% (it
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also can). More troubling at the moment is how to treat the
growing number of patients with often only mammographi-
cally detected node-negative breast cancer less than 2 cm in
size. The critical issue is whether the patients in this “low-risk”
group, or even those previously discussed who have higher
risk and are destined to experience recurrence, can be picked
out by some reliable method and targeted for systemic ther-
apy. Obviously, this would also allow us to spare other patients
unnecessary treatment while perhaps more effectively treating
those who need it most. Efforts in this direction have been
ongoing, and a large body of investigation has pointed to
many potential prognostic factors assessable in the resected
surgical specimen at the time of primary local control.

On the assumption that some factors intrinsic to individual
tumors are associated with greater or lesser risk for distant
spread, great effort has been made to identify useful prognos-
tic markers. An interesting common ground shared by many
of these factors is the hypothesis that they are in some way
directly and functionally related to the “aggressiveness” of the
tumor. If proven effective as prognostic factors, these could be
used in addition to tumor size and histopathology to aid in
clinical decision making. An ideal marker would serve to sep-
arate patients with virtually no risk for distant recurrence
from those with greater risk or, conversely, those with certain
risk of recurrence from those with lesser risk. Of the many
potentially useful factors, some of the most popular and 
widely used clinically are steroid hormone receptor status,
S-phase fraction, DNA ploidy, cathepsin D levels by biochem-
ical assay or immunohistochemistry, and HER-2/neu overex-
pression.79–83 For these and other markers, such as p53
overexpression (a marker of mutated p53 gene), retrospective
analyses suggest that these determinations do convey some
prognostic information, but in all cases except the steroid
receptor assays, prospective studies demonstrating that prior
knowledge of these results leads to improved therapeutic
choices and outcomes are not available. Another limitation on
the utility of these prognostic factors is that they often corre-
late with more easily measured variables such as tumor size
and degree of differentiation. In addition, these prognostic
factors mostly exert their influence within pathologic sub-
groups already defined by virtue of size, histology, and nodal
status. Furthermore, within individual studies, this informa-
tion is frequently confounded because of the lack of standard-
ization between and even within laboratories. A final obstacle
to routine use is that even if reliable results were available,
there is no simple system for integrating the multiple, often
conflicting, prognostic factor data. Indeed, some workers have
gone so far as to develop so-called neural networks and web-
based computer programs that incorporate the “effect” of this
growing list of prognostic factors to arrive at individualized
risk assessment.84,85 Because of their complexity and lack of
reliability, these newer factors have rightly not entered routine
clinical practice, and the safest course in the clinic at present is
to rely on established histopathologic measures alone in
assessing prognosis.86

At present, a significant effort is underway to develop
molecular profiling, primarily through the use of tissue
microarrays, to identify patterns of gene expression associated
with greater or lesser risks for recurrence.87 Although promis-
ing, these methods are still to be prospectively validated.

Among node-negative patients, the simplest and most
accurate determinant of recurrence is tumor size. The best

evidence to date comes from Memorial Sloan-Kettering
Cancer Center, where 767 women with node-negative disease
and no adjuvant systemic therapy were followed for more
than 2 decades after undergoing local treatment.88 Those who
had infiltrating ductal carcinomas, not otherwise specified, or
infiltrating lobular carcinomas, in either case measuring up to
1 cm in diameter, had a 13% actuarial risk for relapse at 21
years. In this series, the small number of patients with special
histologic types of node-negative cancer—tubular, papillary,
true medullary, mucinous, or adenoid cystic—had the same
low risk for recurrence with tumor diameters of up to 3 cm as
was seen in the more common histologic subtypes with tumor
diameters less than 1 cm. The low risk for recurrence in this
category of node-negative patients has a critical clinical impli-
cation. If, as described earlier, a systemic treatment (be it
chemotherapy or tamoxifen) results in at least a one-third
reduction in the annual odds of recurrence, then an extrapo-
lation to these low-risk patients suggests that they might gain
no more than 4 percentage points in benefit distributed over
2 decades. At 10 years, there might be only a 2% difference in
the absolute risk for relapse, and unless benefits continue to
accrue for a lifetime (an unlikely assumption), this might be
the total size of the benefit ever seen. An additional argument
against the routine use of any systemic therapy for this low-
risk group is based on the simple fact that there are no prop-
erly randomized data obtained in such patients, although the
pooled NSABP data do suggest a similar relative risk reduc-
tion in patients with subcentimeter node-negative tumors.89

For these reasons, the National Cancer Institute issued a 
clinical alert in 1990 suggesting that such patients may not 
be good candidates for systemic therapy because all drug 
therapies are associated with a small but real risk for serious
untoward effects, and benefit in these low-risk patients is 
not proved or suggested by any available data.90 The 2000
update was less specific in this regard and could be interpreted
as supporting chemotherapy in high-risk subsets.91

What is the appropriate timing of 
chemotherapy in relation to surgery?

Given the modest effectiveness of each of the three standard
interventions (surgery, radiation therapy, and systemic 
therapy) available to patients with early-stage disease, a part of
our clinical effort is directed at optimizing the delivery of each
modality. In addition, the most beneficial means of applying
and integrating surgery, radiation therapy, and systemic ther-
apy has been sought but is not yet certain.

The first issue to consider is the timing of systemic therapy
and surgery. Because chemotherapy has been used successfully
to shrink locally advanced breast cancers before local control
surgery (so-called neoadjuvant therapy), there has been
enthusiasm for broader use of this approach. The arguments
in favor of routine neoadjuvant chemotherapy are twofold.
First, it would allow for increased use of breast-conserving
surgery. Second, it might be theoretically better because it
would result in the earliest possible application of systemic
therapy and might, therefore, improve the chances of ultimate
cure.

The first argument, that it increases the chances for breast
conservation, has been substantiated in one prospective ran-
domized trial. In a study conducted by the NSABP (B-18),
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patients with initially operable breast cancer were randomly
assigned to receive standard treatment with AC for four cycles
either before or after standard surgery. Limited excisions were
performed in 81% of cases in the preoperative treatment
group, as compared with 57% in the postoperative group.92

Based on this result, it does appear reasonable to consider
standard chemotherapy in the preoperative setting, especially
for patients who might refuse to undergo mastectomy but for
whom a limited excision and radiation therapy would be
acceptable. At the same time, neither this nor any other study
demonstrates that earlier therapy provides any advantages in
terms of disease-free or overall survival, meaning that unless
lumpectomy is facilitated in a specific situation, there is little
justification for preoperative therapy outside of the clinical
trial setting for resectable breast cancer.

There are several additional reasons to resist the temptation
simply to treat all patients with neoadjuvant therapy. First, if
an anthracycline-containing regimen were used, then many
low-risk patients for whom this acutely more toxic drug does
not offer proven advantage would be overtreated and sub-
jected to increased risk for chronic toxicities, including car-
diomyopathy and perhaps leukemia. Similarly, low-risk
patients with resectable node-negative disease who might be
appropriate candidates for tamoxifen alone would also be
overtreated because they would not benefit significantly from
the application of chemotherapy. At the other end of the local
disease spectrum, there could be some patients with margin-
ally resectable breast cancer treated in this fashion who might
have progression of disease during chemotherapy to the point
of unresectability. This rare outcome is particularly tragic
because local control still offers a tremendous improvement in
quality of life for many patients even when their disease is
incurable. Finally, because of the unpredictability of down-
staging, patients could no longer be as accurately staged, with
the result that those patients who might benefit from more
innovative treatment strategies might not be identified and
referred for study or even standard therapy, such as postmas-
tectomy radiation therapy.

What is the appropriate timing of 
chemotherapy in relation to radiotherapy?

On the assumption that definitive breast cancer surgery will
be followed by systemic therapy, the timing of radiotherapy
(when it is indicated) remains an issue. On theoretical
grounds, all permutations (i.e., chemotherapy, then radiation
therapy; radiation therapy, then chemotherapy; and more
complex interdigitations) have been hypothesized as superior
to other permutations. At the same time, it is established by
prospective randomized trial that at least 5 weeks may relapse
from definitive breast surgery before the initiation of
chemotherapy with no loss of efficacy.52 Hence, in a quest to
minimize the risk for a local recurrence in patients treated
with breast conservation, many radiotherapists have opted 
for radiation before chemotherapy, especially in the low-risk
setting of node-negative disease when fears of rapid systemic
recurrence are justifiably low. In support of this approach, a
retrospective report from the Joint Center for Radiotherapy in
Boston, soon followed by supportive historical information
from the University of Washington, suggested that patients
receiving all of their chemotherapy before undergoing breast

irradiation had an unacceptable incidence of local recur-
rence.93,94 Although provocative, these findings were not 
conclusive because they were not based on randomized
prospective trials. Furthermore, retrospective data from other
centers were not corroborating.95,96 To their credit, investiga-
tors at the Joint Center performed a prospective clinical trial
comparing the sequence of chemotherapy followed by radia-
tion therapy against the reverse. In this relatively small study,
patients randomized to receive radiation first had a lower inci-
dence of local recurrence compared with those receiving a 
16-week course of chemotherapy first, but they had a higher
incidence of systemic recurrence, and the difference was most
significant among those with positive axillary lymph nodes.97

Because it is systemic failure rather than ipsilateral breast
recurrence that is more life-threatening, and because the only
prospective randomized trial suggests that the early delivery of
chemotherapy is advantageous in terms of overall survival,
this is the most defensible strategy to employ in routine clini-
cal practice. Hence, for most patients with operable breast
cancer, the most appropriate sequence of treatments appears
to be surgery, then chemotherapy (if indicated), and then
radiotherapy (if indicated).

NEW DIRECTIONS IN CHEMOTHERAPY

As described earlier, both individual trial results and the
overview have clearly established that prolonged poly-
chemotherapy such as CMF in the adjuvant setting prolongs
disease-free and overall survival and is superior in this regard
to single-agent chemotherapy. Within the overview, CMF
alone is no worse than the CMF variants that simply add or
substitute pharmacologic components and is also equivalent
to other multiagent combinations. Although the degree of
reduction in the odds of relapse and death observed to date
from combination chemotherapy are respectable, they are far
from satisfactory, and the toxicities of chemotherapy remain
significant. Hence, a great deal of attention is focused on the
development of new and better agents or regimens and clini-
cal trials testing vinorelbine, gemcitabine, capecitabine, and
other recently developed drugs. In addition, new studies are
exploring the choice of taxanes and their schedule of
administration.

What newer modalities have been introduced 
for adjuvant therapy of breast cancer?

Theoretical considerations and clinical trials data that support
the use of dose density and sequential chemotherapy are also
consistent with a somewhat more pessimistic possibility—
that is, if the small volumes of residual breast cancer left after
local care and systemic drug therapy can regrow so rapidly
that the impact of adjuvant therapy is modest, then perhaps
any improvement in the effectiveness of chemotherapy will be
undetectable unless complete eradication of all malignant
cells is achieved. Neither the fractional cell kill model nor the
refinement of gompertzian growth curves predicts this happy
result. In this case, further advances in treatment will lead to
greater cell killing but little actual clinical benefit in disease-
free or overall survival.
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To overcome this obstacle, clinical scientists have turned
their attention to the translation of laboratory concepts of
growth control to the problem of growth inhibition of refrac-
tory cancer cells. Recent laboratory evidence has shown that
receptors with both intracellular and extracellular domains
may act as controls on cell growth. The family of molecules
best studied in this regard includes both HER-2/neu and 
epidermal growth factor receptors. Although a preliminary
result, the possibility of interfering with the normal function
of these receptors and thereby altering the growth of malig-
nant cells is suggested by the demonstration that monoclonal
antibodies to the HER-2/neu putative growth factor receptor
can cause prolonged regression of HER-2–positive advanced
breast cancer.98,99 This result has been confirmed in larger ran-
domized trials in more narrowly defined subpopulations of
women with metastatic breast cancer.100,101 As a consequence,
several trials are testing the incorporation of trastuzumab into
an AC-taxane–based adjuvant chemotherapy approach.

Another immunologic treatment that targets unique anti-
gens overexpressed on breast cancer cells is vaccination.
Vaccines against antigens commonly expressed in adenocarci-
nomas, like MUC-1, are being studied in advanced disease,
but efficacy is not yet established.102 Again, tumor heterogene-
ity represents a challenge to the successful use of this tech-
nique, but polyvalent vaccines may overcome this difficulty.
The list of potential biologic therapies for use in the adjuvant
setting grows yearly and includes polyelectrolytes to absorb
growth factors, radioisotopes or toxins conjugated to growth
factors or monoclonal antibodies, retinoids to induce differ-
entiation, and inhibitors of protein kinases, signal trans-
duction, and angiogenesis.103–107 Although it is premature to 
consider these agents for use as adjuvant therapy, their devel-
opment is predicated on the possibility that they may be use-
ful after optimized cytoreduction with chemotherapy to get
beyond the limits of conventional treatment.

What is the potential role of 
bisphosphonates as adjuvant therapy?

A new and unexplored approach to treating early-stage breast
cancer involves the use of stromal-altering agents that work,
not by direct effect on tumor cells, but instead through
changes in the underlying tissues in which the cells grow. An
early example of one such agent was pamidronate. This anti-
hypercalcemia agent exerts it effect through the inhibition of
osteoclasts. Interestingly, randomized trials have demonstrated
a modest but real impact on the rate of progression of lytic
bone metastases in treated patients.108 It is intriguing to note
that this observation was the first to suggest that an agent act-
ing only on the stroma can change the growth pattern of a
malignancy. The exact mechanism of this effect is not defined
but should be explored so as to suggest perhaps better means
of exploiting this potential. In addition to pamidronate and
zoledronate, there are other antiosteoporosis products avail-
able that also selectively inhibit bone resorption. These agents
are intriguing tor the prevention of osteoporosis, because, of
course, they lack any of the endocrine effects of tamoxifen.
At present, the role of these agents either alone or combined
with other active cytotoxic or cytocidal agents as adjuvant
therapy is completely unknown, but a future role is a distinct
possibility warranting randomized study. Several adjuvant

therapy trials testing oral and intravenous bisphosphonates
are underway.

How aggressively should a patient’s extent 
of disease be evaluated before and 
after adjuvant therapy?

For patients with early-stage breast cancer, the use of
staging studies and follow-up testing, including all diagnostic
interventions performed after local control surgery and 
radiotherapy and after the conclusion of adjuvant systemic
chemotherapy, has been controversial for many years. Because
testing may be expensive, time-consuming, and of uncertain
benefit, and because recent changes in the treatment para-
digm for early-stage breast cancer have increased the number
of patients who are potentially cured, this issue is receiving
more attention.

On the assumption that mammography, chest radiography,
and selected liver function tests have been obtained in all
patients at baseline, the first question concerns the use of
additional baseline studies. Serum markers, such as carci-
noembryonic antigen (CEA) and CA-15-3, and nuclear bone
scans are reasonable additional studies for high-risk groups
(i.e., four or more involved nodes or large primary tumors)
and for those with increased serum alkaline phosphatase or
any skeletal symptoms. The routine use of computed tomog-
raphy (CT) scans of the chest and abdomen is not justifiable
for lower-risk patients but might be for those with 10 or more
positive nodes.109 After this phase of treatment and evaluation,
the question now raised concerns the utility of repeating these
tests at specific intervals.110

The answer to this question requires that we first consider
the goals of follow-up testing, the most critical being the iden-
tification of curable disease and the secondary one being the
early diagnosis of presymptomatic disease so as to facilitate
preemptive palliation. Curable disease can include new pri-
mary ipsilateral or contralateral breast cancer, other primary
malignancies such as colorectal or cervical cancer, and other
routine medical illnesses. In addition, endometrial carcinoma
is a particular concern in patients taking tamoxifen.33 These
objectives are considered separately.

Patients with a history of breast cancer are at increased risk
for the development of new primary breast neoplasms and,
among patients treated with breast conservation, for recur-
rence within the breast.111 Therefore, they are appropriate tar-
gets for intensified screening for early detection of disease
within the breast. As with other defined high-risk groups,
screening should consist of regular history and physical exam-
inations and mammography. Although retrospective study
has established the worth of regular physical examinations
combined with yearly mammographic screening, the ideal
frequency for office visits is not known. In one series, the inci-
dence of in situ and stage I carcinomas combined rose from
58% to 74% after mammographic screening was added to 
the routine follow-up of patients with early-stage disease.112

Because second primary breast cancers, like first primary can-
cers, are more likely to be cured if they are diagnosed earlier,
mammography should be included as a routine part of
follow-up testing. Although local relapse within the breast is a
poor prognostic factor, many such patients will be cured by
salvage surgery, and their risk for locally advanced disease will
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clearly be reduced.113 In line with the recommendations for
screening the general population, patients with a history of
breast cancer should be followed with at least a yearly history
and physical examination and mammography. More frequent
office visits may be justifiable, but more frequent screening
mammograms are probably not.114 More recently, a possible
role for magnetic resonance imaging (MRI), particularly
among very high-risk patients and as a tool for treatment
planning, has been suggested, and many clinicians have 
adopted this approach, recognizing the challenges inherent in
conducting convincing large-scale screening studies, as was
required for mammography.115,116

Although patients with a history of breast cancer may be 
at increased risk for other malignancies, there are no data 
supporting more intensive screening for them. They should 
be offered screening in accordance with standard guidelines,
including stool hemoccult testing and pelvic examination 
on a yearly basis or as appropriate for the patient’s age.
Sigmoidoscopy should be performed at regular intervals fol-
lowing standard screening guidelines as well. Even for patients
on tamoxifen, the role of uterine ultrasonography or biopsy 
as screening tests for endometrial cancer is unproved, and
these tests cannot now be routinely recommended. Routine
CA-125 determinations as a screening test for ovarian cancer
have likewise not been shown to be useful in the general 
population.32

The second and more controversial goal of follow-up test-
ing is the detection of metastatic disease, the goals being
improved palliation, delayed onset of symptoms, and possibly
increased odds of cure. Clinicians may also be motivated by
the need to obtain accurate results for clinical trials of adju-
vant therapy and the desire to reassure patients that there is no
evidence of disease. To achieve these goals, testing can include
history and physical examination, serum liver function assays,
complete blood counts, serum marker assays (CEA, CA-15-3,
and possibly others), and imaging studies, including chest
radiography, nuclear bone scans, ultrasonography, CT, and
MRI at regular intervals.

Multiple retrospective studies have found that history and
physical examinations detect 50% to 90% of all recurrences.117

Even among intensively tested patients, most recurrences are
discovered only after a specific problem or complaint is noted
during or between scheduled office visits. Recognizing these
data, and based on historical procedures, most investigators
have recommended 3- to 6-month intervals between physi-
cian visits for the first 1 to 5 years after diagnosis. One motive
for this frequent follow-up schedule is that some patients may
not report problems between visits but will save them for
weeks or months until a regularly scheduled appointment.
These patients could benefit from more frequent opportuni-
ties to note their complaints and thereby might have better
palliation of symptoms. In addition, this schedule allows
physicians ample opportunity for general medical testing for
hypertension, diabetes, coronary artery disease, and other
common medical illnesses.

In addition to the history, physical examination, and mam-
mography, many clinicians rely on blood testing to detect
metastatic disease. At present, there are no data on the useful-
ness of frequent complete blood counts. This test can detect
anemia and cytopenia secondary to medical ailments or
metastatic breast cancer, and for patients treated in investiga-
tional studies, the detection of secondary leukemias may be

important. Hence, most investigators recommend at least a
yearly complete blood count, but many clinicians obtain this
inexpensive test far more often. Serum liver function tests,
including alkaline phosphatase and aspartate aminotrans-
ferase (AST), can be early indicators of liver or bone metas-
tases and have long-established positions in most clinicians’
follow-up schemas. Retrospective study has shown the sensi-
tivity and specificity of two serial elevations of these assays 
for recurrence.118 These studies can serve as screening tests to
trigger more intensive imaging studies in patients who are
asymptomatic, with the goal of implementing therapy before
symptoms appear. The recommended frequency of such test-
ing is not established. Currently available serum marker assays
include CEA and the CA-15-3 (and analogues), but others are
under development. Numerous authors have reported that the
probability of finding clinically detectable metastatic breast
cancer in patients with rising serial CEA determinations is
between 15% and 68%.119 False-positive rates for elevation
range from 10% to 27%. The median lead time between detec-
tion of an elevated CEA and clinically detectable evidence of
metastatic disease has ranged from 5 to 7 months. Thus, in
patients whose CEA elevation does predict stage IV disease,
there could often be as much as a 6-month advance warning
before other signs and symptoms of disease appear. The CA-
15-3 is an assay for circulating levels of polymorphic epithelial
mucin studied extensively as an aid in the management of
patients with advanced disease. As with CEA, there is evidence
that rising serial CA-15-3 determinations predict recurrent
disease with a median lead time of 9 months.120

Chest radiography is one of the least expensive and most
widely available imaging studies. Among smokers, it may be
useful as a screening test for primary lung cancer, but in
patients with a history of breast cancer, it is used to screen for
distant metastases.121 In one large retrospective study, high-
risk patients (T3, T4, or node positive) underwent chest radi-
ography 6 months after diagnosis, 1 year after diagnosis, and
then yearly for 6 years.122 In this series, chest radiography was
successful at finding presymptomatic disease with a true-
positive rate of 1 of 76 examinations performed. The obvious
question is whether presymptomatic detection of such metas-
tases is helpful.

Because bone is a frequent site for recurrent breast cancer
and may be the most frequent site of single metastases, and
because most lesions are osteolytic or mixed osteolytic and
osteoblastic, the nuclear bone scan is a sensitive means of
detection. In patients with bone metastases, symptoms are
generally attributed to periosteal involvement, which can
occur late. Thus, these lesions can remain clinically silent for
prolonged periods. Because many patients with early-stage
disease will develop bone metastases, and because early treat-
ment with radiation therapy or orthopedic surgery may 
prevent pathologic fractures and subsequent pain, many 
clinicians advocate the routine use of nuclear bone scans in
asymptomatic patients. One study demonstrated that the
eventual bone scan conversion rates for stage I and II breast
cancer were 7% and 45%, respectively, and that most conver-
sions occurred in the first 24 months after diagnosis. Based on
these data, some investigators recommend bone scans every 6
months for 2 years after diagnosis but subsequently only in
symptomatic patients.123 Evidence against this sort of routine
use was provided by a retrospective review that noted that the
chance of finding metastatic disease on a bone scan was less
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than 1% if the patient was asymptomatic and had a normal
chest radiograph and alkaline phosphatase and no other evi-
dence of metastases.124 Because most high-risk patients expe-
rience relapse in the first 2 or 3 years after diagnosis, some
cooperative groups have not been recommending that this test
be performed on any asymptomatic patients beyond 3 years
from diagnosis.125

Considering the various methods for detecting recurrent
stage IV breast cancer, Schapira and Urban in 1991 noted that
patients found 70.6% of all recurrent disease, physical ex-
aminations found 15.4%, nuclear bone scans detected 3.4%,
chest radiographs 2.7%, and serum blood tests 5.9%.126

Mammography found an additional 2%, but this subset pre-
sumably does not have metastatic disease. Similarly, Loprinzi
summarized the results of multiple reports of follow-up
screening studies and also found that history and physical
examination detected 75% to 85% of all metastases, serum
and liver function tests found 1% to 12%, chest radiography
0% to 5%, and nuclear bone scans 0% to 8%.124 For markers
such as CEA and CA-15-3, there were no data.

In 1994, two prospective randomized trials from Italy com-
paring intensive and nonintensive follow-up were reported. In
the first trial, 1243 patients younger than 70 years who were
free of cancer were followed at 12 centers. All patients under-
went annual mammography and 3-month follow-up visits for
2 years, then 6-month follow-up visits for 2 years, and then 6-
month follow-up visits for 3 years. Patients were randomly
assigned so that 621 underwent no additional screening and
622 underwent chest radiography and bone scans at 6-month
intervals. The end points of this trial were disease-free survival
and overall survival. There were slightly more distant metas-
tases noted in the intensive follow-up group, and there was
increased detection of isolated intrathoracic and bone
involvement (18% versus 11.4%), in particular. However, at 
5 years of follow-up, there was no difference in the overall 
survival, nor in the subsequent therapeutic interventions for
each group. Thus, early detection did not change survival.
Importantly, the style of treatment for metastases was 
similarly unaffected by the increased detection.127 This could
explain the lack of difference in outcome because it is likely
that early identification of isolated stage IV breast cancer 
will not improve outcome unless the therapeutic interven-
tions are altered and improved as compared with a more 
minimally followed group of patients.

A second trial, the Interdisciplinary Group for Cancer Care
Evaluation (GIVIO) study, followed 1320 patients younger
than 70 years at 26 treatment centers. Six-hundred sixty-five
patients were randomly assigned to undergo yearly mammog-
raphy as well as history of physical at 3-month intervals for 2
years and then at 6-month intervals for 3 years. The other 655
patients were, in addition, screened with chest radiographs
every 6 months, yearly bone scans, liver sonograms, and labo-
ratory testing, including serum liver function tests. In addition
to overall and disease-free survival, quality of life was also
assessed using a panel of standard tools. There were no dif-
ferences in any of these three end points.128 This is im-
portant because one concern regarding intensive testing has
been that the stress of testing and pursuing positive results
outweighs any potential benefits. This study suggests that 
this stress is not appreciable or is equaled by the heightened
sense of security among patients who are found to be free of
cancer.

Based on these two trials, it appears that there is no survival
advantage for intensively tested patients who are subsequently
treated in the same fashion as routinely screened patients.
Hence, these investigators recommend that asymptomatic
patients should not be tested except as part of clinical trials.
However, more intensive testing could be justified for patients
who might consider participation on clinical trials if metas-
tases were found.

For patients and their physicians, there is no simple or 
single answer to the question “How much is enough?”
Institutions, practices, and cooperative groups have internal
standards and protocols for patients both on and off study.
The rationales in each of these settings may be very different.
For patients who are very elderly or for whom systemic 
therapy or prophylactic palliative therapy is not contemplated,
a minimalist approach can be recommended.129 In this setting,
a history and physical examination should be performed every
3 to 4 months for 3 years, then every 4 to 6 months in years 4
and 5, and then yearly. Importantly, an annual mammogram
and routine surveillance for other curable malignancies must
be incorporated as appropriate. At the same time, physicians
and other health care providers must be vigilant and compul-
sive in pursuing vague and possibly early signs or symptoms
of metastatic disease so as to avoid an occasional catastrophic
presentation of metastases.

If a patient is potentially interested in pursuing investiga-
tional therapies, a more intensive follow-up program may be
justified. In this case, in addition to the routine follow-up
described earlier, a chest radiograph should be obtained 
yearly. The justification for this test is that it is relatively 
inexpensive and may increase the chance of finding the 
isolated intrathoracic metastasis that may be better treated
when smaller. Similarly, serum studies with alkaline phos-
phatase, AST, and markers should be obtained at every 
clinic visit, and a confirmed elevated serum test should 
trigger a more intensive diagnostic evaluation. In high-risk
patients it is tempting to recommend nuclear bone scans 
at regular intervals. However, if the liver function studies 
and chest radiographs are normal and the patient has 
no skeletal complaints, the yield for routine bone scans is
probably too low to justify the expense. There is at present 
no defined group of patients outside of those participating 
in clinical trials for whom routine CT scanning should be
employed.

The most widely used argument against extensive testing, as
described earlier, is the fact that stage IV breast cancer has
been historically incurable and that testing therefore only
serves to increase the time during which patients must 
live with the knowledge that they have a fatal disease.130

Furthermore, because palliation implies the presence of
symptoms, testing for asymptomatic metastases appears irra-
tional to some.131 Finally, it is often assumed that testing is
stressful to both the patient and the physician, with no clear
benefit to outweigh this risk. The GIVIO study suggests that
this latter concern is unwarranted.

For the future, we need to answer several questions before
we can provide more firm recommendations for follow-up.
Specifically, we need to know whether intensive screening can
increase the fraction of patients cured with novel therapeutics
and whether early treatment can truly alter the natural history
of this disease. It is possible that new classes of agents applied
in the investigational setting for these subsets of patients will
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have such an effect, but if we fail to accurately identify such
patients, we will never have the opportunity to know.

CONCLUSION

The mortality rate for breast cancer has been falling in the
United States for more than a decade owing no doubt to bet-
ter use of every available treatment modality, including early
detection.1 Certainly, the use of drugs as systemic therapy in
conjunction with surgery and radiation as local therapy is one
of the unique contributions of this century to breast cancer
management, and one of the most productive. Already, an
impact on public health is being appreciated when comparing
survival among women with similar stages of disease but
treated in different decades.132 At the same time, the moderate
toxicities associated with standard treatment options make
careful assessment of risk and benefit crucial in routine clini-
cal practice. The decision to use hormonal therapy (5 years of
tamoxifen), 6 months of combination chemotherapy, or both
is often complex and time-consuming despite the guidance
afforded by the Early Breast Cancer Trialists’ Collaborative
Group. Recommendations depend on the estimated risk 
for recurrence without the specific treatment in question,
the ER status of the tumor, patient age, and comorbidity.
Furthermore, despite the emergence of so-called standards,
many issues remain unresolved and are the subjects of ongo-
ing investigations. These trials deserve the support of the
oncologic community, including professional, lay, and advo-
cacy groups, so that the greatest number of patients may 
benefit in the shortest possible time. By testing the many new
ideas, largely based on laboratory science, that are now influ-
encing the design of innovative trials, these current and future
investigations promise to refine and improve our manage-
ment of early breast cancer and move us closer to the cure for
this common malignancy.
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What is the incidence of bilateral 
breast cancer?

A 0.7% per year risk for developing a clinically evident con-
tralateral breast cancer is a reasonable estimate.1 Autopsy
studies have shown that 68% of women who have been 
treated for a unilateral breast cancer harbor a malignancy in
their contralateral breast.2 Because the treatment of a patient
with breast cancer is appropriately focused on the presenting
unilateral malignancy, most contralateral breast lesions
remain occult in their lifetime. There are probably several rea-
sons for this. First, in situ cancers may remain occult for many
years. Second, many women with infiltrating breast cancer do
not live long enough to develop a clinically evident cancer in
their other breast.

The reported incidence of bilateral breast cancer, whether
synchronous or metachronous, varies according to the
method of diagnosis and the length of follow-up.3–6 When 
the initial diagnosis of the second cancer is established by 
clinical examination, the incidence is 0.2% to 2.0%.7 The 
addition of mammography increases this to 2% to 5%,8–10

and by performing a selective biopsy of the opposite breast,
the yield can be increased to 16.7%.11 MRI can increase 
this diagnosis up to 30.8%.12,13 When prophylactic contralat-
eral mastectomies were performed at the time of reconstruc-
tive surgery for known unilateral breast cancer, extensive
histologic examination of the tissues has shown that a range of
15% to 42.5% of the contralateral breasts contained invasive
or in situ carcinomas.14,15 This percentage increases substan-
tially in the genetically positive BRCA population.16 The 
highest incidence of bilaterality (68%) was reported in an
autopsy study.2

How is a second breast cancer 
differentiated from a metastasis?

Appropriate management of the patient depends on whether
the second breast cancer is an independent primary or a
metastasis from the initial breast lesion. Although early inves-
tigators considered all second breast cancers to be metastatic,
in fact, metastases are much less common than new primary
lesions. Even rarer are metastatic tumors to the breast from
extramammary sites.17,18

CHAPTER 28

Treatment of Bilateral 
Breast Cancer
Alexander J. Swistel and Peter I. Pressman

The breasts are paired organs, and whatever pathologic
processes have resulted in a malignancy in one breast are 
likely to be underway in the other breast as well. Just as all 
the cells of the body share an identical genetic code, the cells
of the glandular epithelium of both breasts are similar,
so that an inherited genetic mutation, such as the BRCA1 or
BRCA2 gene, can be identified in all of the breast epi-
thelium. Benign breast disease or premalignant changes are
often found to be present bilaterally. Whatever it is that
enables, permits, or stimulates a breast cancer to grow in 
one breast may also act on the other. The term bilateral breast
cancer implies that in a patient with a known cancer in one
breast, a malignancy has also been discovered in the second
breast.

How is bilateral breast cancer defined?

Bilateral primary breast cancers are described as either 
synchronous (occurring simultaneously) or metachronous
(appearing at another point in time, not coincident with the
first cancer diagnosis and treatment). These are arbitrary des-
ignations of time rather than truly significant biologic dis-
tinctions. A second breast cancer that occurs 2 years or more
after the initial malignancy can probably be called metachro-
nous. If women are followed for long periods, more cancers
do become apparent. In our experience, 22% of patients with
second breast cancers had initially been treated 25 years 
earlier. These events were certainly separated in time
(metachronous). Many of these women, as longtime sur-
vivors, have outlived the original surgeons’ statistics.

Most opposite breast cancers occur within the first few
years after treatment of the initial malignancy. In fact, a sec-
ond cancer diagnosed several months or even a year after the
first, although clinically and mammographically occult, was
certainly present earlier and probably should be considered a
synchronous lesion. As more sensitive diagnostic techniques,
such as screening ultrasound, digital mammography, and
magnetic resonance imaging (MRI), become more widely
available, the proportion of synchronously diagnosed cancers
should increase. Because management of the initial cancer
would have been initiated or completed, however, the second
breast malignancy must be treated as an entirely new, inde-
pendent event.
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Differentiating a primary from a metastatic cancer in the
second breast is not difficult if each cancer has an entirely dif-
ferent histology, as with pure ductal and pure lobular carcino-
mas. However, most breast cancers are of ductal origin and
contain mixed patterns or areas where the tumor exhibits 
lobular features. Studies have shown that up to 70% of breast
carcinomas exhibit multicentricity, so that the focality of the
lesion and the histology alone cannot be considered exclu-
sively diagnostic.19–21 Morphologic and immunohistochemical
techniques have shown that these second cancers are distinctly
different from the primary tumor.22–24 Nor is time alone a reli-
able means of differentiating between primary and metastatic
tumors.3,25 Also, a secondary primary malignancy may have
been present when the initial breast cancer was treated (syn-
chronous) but may have been unapparent because of a slower
growth rate.

It is also incorrect to consider all second breast tumors as
metastatic if detected in the setting of known metastatic dis-
ease.26 A high incidence of contralateral primary carcinomas
has been reported in detailed autopsy studies of women dying
with known ipsilateral breast carcinoma.2 The opposite breast
is frequently forgotten in the management of a patient with
metastatic breast carcinoma and sometimes may actually 
harbor the malignancy responsible for the metastases.27

The gross characteristics of the tumor are not always reli-
able in differentiating metastases from metachronous disease.
Although metastatic tumors are frequently rounded and
appear solitary in the fatty tissues of the medial or lateral
(axillary tail) regions of the breast, they may sometimes be flat
and firm and cause overlying skin retraction in the breast,
exactly as can be seen with subcutaneous lesions in the
abdominal wall, neck, scalp, and chest wall. In the breast, this
skin retraction can mimic a primary carcinoma. Because this
spectrum of gross findings is reflected by imaging studies,
mammography is not as helpful in differentiated metastases,
as has been described.28 Spread across the midline is one of the
more common features of metastatic or in-continuity exten-
sion of a breast cancer. This is commonly seen in inflamma-
tory breast cancer either initially or at some point in its
course. As with stage III breast cancers that have been treated
aggressively with chemotherapy, mastectomy, and radiation
therapy, the presence of edema or a parasternal breast mass in
the opposite breast is frequently a focal manifestation of
recurrence outside of the radiation and operative fields.

A precise distinction between metastatic and primary
tumors is not always possible, but the constellation of criteria
that may help to distinguish between the two is present in
Table 28–1.

What is the significance of contralateral 
axillary lymph node metastasis?

One clinical situation that can be vexing is the discovery of a
carcinoma in the lymph nodes of the opposite axilla without
an apparent ipsilateral breast lesion after prior treatment for
breast cancer. Whether this is present at the time of discovery
of the initial breast cancer or found later, the differential diag-
nosis is the same:

• A new primary breast carcinoma (occult) and metastasis to
the ipsilateral axillary lymph nodes

• Metastasis from the contralateral original breast carcinoma
• Metastasis from an extramammary site

In elderly patients, in whom concurrent disease is not
unusual, a contralateral axillary lesion may be a manifestation
of lymphoma. Although a new occult breast cancer on that
contralateral side may present initially as a metastasis in the
axilla, this is uncommon.29 Recent experience with lymphatic
mapping has shown the occasional bilateral pathways to 
both axillary nodal basins. Most frequently, such lesions are
metastatic from the opposite breast. When there is evidence of
disseminated carcinoma, there is no dilemma. But when axil-
lary adenopathy is an isolated finding, the origin must be
sought.30 If there is no compelling evidence of recurrent or
metastatic carcinoma, treatment of the breast may be indi-
cated, with acknowledgment that this lesion may represent a
first metastatic site.

How is bilateral carcinoma diagnosed?

The opposite breast of any woman being treated for a breast
cancer should be critically examined because minor abnor-
malities either on clinical palpation by a physician or by imag-
ing studies may prove to be significant.

Breast Palpation
Clinical palpation is particularly important in lobular disease.
These infiltrating carcinomas do not usually produce the
desmoplastic reaction of ductal carcinomas, frequently are 
not visualized on mammography, and may be large when
detected. With an initial diagnosis of lobular carcinoma,
thickening in the opposite breast that might otherwise be fol-
lowed should undergo biopsy because this has led to further
curative surgery.31–33

It has become commonplace to denigrate the value of
breast self-examination (BSE) because a study from China
found little value.34 However, women frequently find their
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Primary Lesions
Presence of two distinctly different histologic types of invasive

breast cancer
In situ ductal or lobular carcinoma continuous with infiltrating

lesions
Pure carcinoma in situ
Presence of multicentricity
Nuclear grade differentiation better in the second breast lesion

(particularly helpful when the primary lesion is fairly
homogenous)26

Histology in the second breast that exhibits features of epithelial
hyperplasia, cellular atypia, and ductal premalignant changes
that were absent in the first breast

Metastatic Lesions
Clearly located in the fatty tissues that surround the breast,

medially near the sternum, or in the fatty tissue of the tail
In a superficial location, as intracutaneous or subcutaneous

lesions that may exhibit skin retraction
Within the breast parenchyma, but without any of the features

described and associated with primary lesions
Clear extension across the sternum of the primary lesion into

the other breast
As part of a picture of hematogenous dissemination

Table 28–1 Criteria for Differentiating Primary from Metastatic
Carcinomas in the Contralateral Breast



second breast cancers themselves because they have become
sensitized by their initial experience and are very worried
about developing that second breast cancer.10 BSE, therefore,
becomes particularly important in surveillance of the oppo-
site breast.

Diagnostic Imaging
Monitoring the second breast with mammography does 
not increase the incidence of bilateral breast cancer but does
make it possible to detect these cancers at an earlier stage 
(Fig. 28–1). In a study comparing a premammographic era
with contemporary practice, it was demonstrated that with
mammography, more second breast cancers are diagnosed
synchronously, with a resulting decrease in the number of
metachronous tumors27 (Table 28–2). Although mammogra-
phy was the major method of detecting second breast cancers
in this population, clinical examination and contralateral
biopsy made it possible to diagnose 26% of the second cancers
that were missed by mammography. In critically reviewing the
value of regular follow-up of women who have been treated
for a breast cancer, the detection of early breast cancers with
mammography is probably the most significant contribution
to improved survival.35 The addition of sonography has
enhanced detection in the radiographically dense breast by as

much as 42%,36–37 but in other studies, the benefit is not
clear.38 MRI has improved on this as well.12,13 Recent work sug-
gests that there will be a significant role for MRI in preopera-
tive evaluation. One group showed that MRI could detect
cancers significantly better than mammography and that the
amount of intraductal spread within the breast was more
clearly visualized.39 MRI screening of high-risk populations
has shown a 4% incidence of otherwise occult malignancies.40

More recently, with the increase in screening for BRCA gene
carriers, higher levels of synchronous disease are being found
containing high-grade lesions.41,42

Surgical Biopsies
Contralateral breast biopsy, reduction mammoplasty of the
opposite breast, and prophylactic mastectomy are three other
means by which carcinomas that are not suspected on either
clinical examination or mammography are discovered in the
opposite breast.

Contralateral Breast Biopsy. Biopsy of the opposite breast
has been assessed in several series.4,5,26,33,43,44 Experiences with
biopsy of the opposite breast have shown that the yield of true
random biopsy is about 12.5%.5 The bilaterality rate can be
raised to 16.7% or higher by selecting patients only with stage
I or stage II breast cancer, without known axillary node metas-
tases, who are younger than 65 years. Contralateral breast
biopsy experience also includes biopsies of areas of clinical or
radiologic concern (Table 28–3). In a series of 610 patients
treated for a unilateral breast carcinoma, 258 met the above
criteria.10 Thirty-two lesions were found by true random
biopsy, a yield of 14.2%. However, only 4 were infiltrating 
cancers, and of the remainder, 19 of the 28 were lobular car-
cinoma in situ (LCIS). In four instances, LCIS and ductal 
carcinoma in situ (DCIS) coexisted. Others also reported that
most lesions found on contralateral biopsies were mostly non-
invasive carcinomas.45
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Figure 28–1 A 61-year-old woman with
simultaneous bilateral infiltrating breast can-
cers detected by mammography—one clin-
ically evident (left), the opposite detected by
mammography (right).

Table 28–2 Synchronous Versus Metachronous Second Breast
Cancer*

BEM, before effective mammography; AEM, after effective mammography.
Data from Senofsky GM, Wanebo HW, Wilhem MC, et al. Has monitoring

of the contralateral breast improved the prognosis in patients treated for
primary breast cancer? Cancer 1986;57:597–607.

Synchronous Metachronous

I (BEM) 15.2% 84.8%

II (AEM) 28.1% 71.9%



Generally, the technique of contralateral biopsy is to be dis-
couraged. On the other hand, if biopsy of the opposite breast
is to be tried, the most productive area is tissue from the cen-
tral or upper outer quadrants of the breast because these are
the most common sites of carcinoma. It is for this reason that
a mirror-image biopsy can be productive. However, if the pre-
senting malignancy is in the medial or inferior quadrants,
biopsy is not performed only in the mirror image because
breast parenchyma is relatively sparse in these areas. The ran-
dom biopsy is carried out to include tissue from the central or
upper outer quadrants and is designated as a contralateral
biopsy. Because the findings will mainly be benign, circum-
areolar, or laterally placed, incisions in skin lines are used to
procure suitable specimens (at least 2 cm) while avoiding
breast deformity. Occasionally, depending on breast volume, a
triangular segment of tissue can be obtained to include central
ducts in a radial orientation as well as tissue of the upper outer
quadrant.

Reduction Mammoplasty with Primary Cancer
(Opposite Breast). To achieve symmetry after unilateral
breast reconstruction, reduction mammoplasty is sometimes
carried out. An incidence of unsuspected carcinoma of 34%
has been reported in the tissues removed at reduction surgery
of the opposite breast in a series of 41 patients.46 Another
group showed analysis of reduction mammoplasty tissue to
have a 0.7% rate of clinically occult malignancy in a random
series of patients with an otherwise negative workup.47

Prophylactic Mastectomy. In a study in which prophylac-
tic contralateral mastectomies were performed in a series of
126 patients selected because they were considered to be at
high risk, the yield was 19.7%, of which 56% were LCIS 
or DCIS and 44% were invasive carcinomas.20 In an older
study, in which subcutaneous contralateral mastectomies were 
carried out as a part of breast reconstruction to achieve 
symmetry, 42.5% of the specimens examined in 3- to 5-mm
serial sections contained either invasive carcinoma or in 
situ carcinoma.14 Other studies have not supported these 
findings, but there is no question that concurrent malignan-
cies or atypical lesions can be found with closer scrutiny of
the tissues. It is also clear that with high-risk groups such as
genetically positive patients, higher rates of contralateral dis-
ease can be found. These topics, as well as technical consider-
ations of prophylactic mastectomy, are discussed later in this
chapter.

What are the risk factors for 
contralateral breast cancer?

It is estimated that women who have had a breast cancer have
a lifetime risk for a second primary tumor about five times
that of women who have not had a first breast cancer.48 This is
therefore the single most important risk factor, but there are
other major risk factors, as discussed subsequently.

Age
Age at time of the initial diagnosis of breast cancer is a major
determinant of the risk of developing a second, metachronous
breast cancer. Long-term survival presumably provides a
longer exposure to pathogenic factors. In an epidemiologic
study, it was calculated that the cumulative risk for a second,
metachronous lesion in women younger than 50 years is
13.3% and in women older than 50 years is 3.5%, with an
overall estimated 5% to 6% lifetime risk for both groups49

(Table 28–4). For women with premenopausal familial breast
cancer, there is a cumulative risk of 37% for the development
of a new primary cancer in the contralateral breast over a 
20-year period of survival.50

Family History
In all series, the risk for developing bilateral breast cancer is
higher among women with a family history of the disease,50,51

and this is typically expressed at an early age.52 In addition, the
yield of contralateral biopsies is twofold greater in women
with a family history of breast cancer. The relative risk is
reported as a fivefold increase in the lifetime incidence of
bilateral breast cancer in familial versus nonfamilial patients.53

Genetics
Among BRCA1 and BRCA2 gene carriers, the cumulative life-
time risk for developing breast cancer by age 70 years is esti-
mated to be 87%. For these women, there are only three
approaches:54,55 (1) intensified screening, (2) chemopreven-
tion, and (3) prophylactic mastectomy.

Regular clinical examinations, mammography, sonography,
and MRI for women in their 20s and 30s aids in early detec-
tion. The only available chemopreventive agent that has
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Table 28–3 Cancers Detected by Selective Biopsy of the
Opposite Breast in 258 Patients

Data from Pressman PI. Selective biopsy of the opposite breast. Cancer
1986;57:577–580.

Pathologic 
Biopsy No. Findings (No.)

Clinical or radiographic 11 Infiltrating (11)
suspicion

Random biopsy 32 Infiltrating (4)
Noninfiltrating (28)

Patients eligible for biopsy 258

Total cancers detected 43

Table 28–4 Calculated Cumulative Risk for Bilateral Disease by
Age at First Diagnosis

Data from Adami HO, Bergstron R, Hansen J. Age at first primary as a
determinant of the incidence of bilateral breast cancer. Cancer 1995;55:
643–647.

Incidence

Age at First Cumulative
Diagnosis (yr) Unilateral Bilateral Risk (%)

<40 52 5 9.6

40–49 166 24 14.5

50–59 243 10 4.1

60–69 347 16 4.6

70–79 319 8 2.5

80+ 158 3 5.9

Total 1285 66 5.1



undergone long-term trials is tamoxifen. It reduces the occur-
rence of secondary primary breast cancers in the opposite
breasts of postmenopausal woman.56 Its value for such pro-
phylaxis in younger women has also been demonstrated in a
randomized trial.57 Recently, other hormonal agents have
shown similar and, in some cases, improved prophylaxis and
may eventually supplant tamoxifen.58 Women with BRCA
mutation who undergo bilateral prophylactic oophorectomy
decrease their risk for developing breast cancer.59,60 Previously,
bilateral prophylactic mastectomy was the only truly preven-
tive strategy available for these women, but the true predictive
risk for bilaterality based on having a defective gene is yet to
be determined. The incidence of simultaneous occult car-
cinoma in the prophylactically removed breasts of these
BRCA-positive women has yet to be reported.

The p53 gene is probably one of the genes responsible for an
inherited susceptibility to various cancers. Abnormalities of
p53 have been detected in 50% of bilateral and 25.8% of uni-
lateral cases studied. The percentage of patients with a p53
gene abnormality and positive family history was higher for
those with bilateral than with unilateral breast cancer, and in
metachronous cases the incidence of p53 gene abnormalities
was particularly high. These findings may suggest that the
genetic changes and the mechanism of carcinogenesis in bilat-
eral and unilateral breast cancer may be different.61

Recent work with other genetic factors, such as the ataxia-
telangiectasia mutation (ATM), has looked at the incidence of
both synchronous and metachronous breast cancer without
showing any increase.62

Previous Radiation Therapy
There is no apparent risk to the contralateral breast in women
whose breast cancer is treated by quadrantectomy, axillary dis-
section, and radiation therapy when compared with women
treated by the Halsted radical mastectomy and no radiation
therapy.63 This is fortunate because breast conservation using
radiation therapy has become the treatment of choice for early
breast cancer.

There is considerable risk, however, for the development of
bilateral breast cancer in young female patients successfully
treated with mantle irradiation for Hodgkin’s disease. Tumors
tend to be bilateral and medially located within 10 years of
initial radiation exposure.64,65 In these patients, the actuarial
incidence of developing breast cancer approaches 35% by 40
years. In children, older age (10 to 16 years vs. less than 10
years) at the time of radiation treatment and higher dose are
associated with even higher risks.66 In adults, younger age 
at time of treatment for Hodgkin’s disease was associated 
with high risk. This risk decreased to average if the radiation
was given over the age of 30 years.67,68 This suggests that radi-
ation exposure on the adolescent’s developing breast tissue
poses a significantly greater risk. Bilateral breast cancer has
also been reported after whole-lung irradiation in osteosar-
coma treatment.69 We have personally observed bilateral
breast cancers in patients whose skin had been irradiated for
childhood acne and in those who had mastitis associated with
breast-feeding.

Identification of High-Risk (Pathologic)
Features in the Ipsilateral Breast
According to Foote and Stewart, “the most frequent
antecedent of cancer in one breast is the history of having had

cancer in the opposite breast.”70 The predictive value of exam-
ining the first breast histologically has been studied exhaus-
tively, and as many as 38 pathologic factors have been
assessed.44,71,72 There is no correlation of bilateral breast cancer
with tumor size, histologic differentiation, hormone receptor
content, or the magnitude of lymph node involvement, except
as these factors affect survival after the initial breast malig-
nancy. However, there are a few truly predictive pathologic
factors.

Lobular Carcinoma in Situ. LCIS has a bilaterality rate as
high as 30% to 40%.73 The highest incidences are reported
when elective contralateral breast biopsy is performed.
Investigators generally agree that patients who have histologic
evidence of LCIS alone have a 25% chance of developing an
infiltrating carcinoma, usually of the ductal type, in either
breast within a period of 25 years. Patients with coexisting
invasive lobular carcinoma have an even higher risk of devel-
oping a second breast cancer.74 When LCIS coexists with infil-
trating ductal cell carcinoma, the bilaterality rate has been
reported to be as high as 57%.75 The finding of LCIS alone in
a breast biopsy is correctly called a marker of risk for the
future development of an infiltrating breast carcinoma—
a risk shared equally by both breasts. When it is found in 
association with an infiltrating carcinoma, it confers an even
greater risk on the opposite breast. Recently, a high-grade
pleomorphic variant of LCIS that has a higher incidence of
both coexistent and subsequent development of invasive 
disease has been identified.76,77

Ductal Carcinoma in Situ. Mammographically detected
DCIS now accounts for more than 20% of the breast cancers
treated today, and there are no long-term statistics compara-
ble to those for LCIS as regards the long-term risk for bilater-
ality. It is clear that, unlike LCIS, bilateral synchronous
presentation is uncommon with DCIS, with an incidence of
less than 5%.78 In a carefully studied series of 1140 patients
with pure DCIS, there was a 7.9% incidence of subsequent
contralateral cancers with a median follow-up time of 78
months.79 These findings are highly significant, and DCIS 
may be more important than LCIS as a marker of risk for 
the development of a metachronous contralateral breast 
carcinoma.

Infiltrating Lobular Carcinoma. Infiltrating lobular carci-
nomas are frequently large when detected clinically and
account for many false-negative mammograms because they
tend not to incite the desmoplastic reactions of ductal carci-
nomas. Although they may be isolated and discrete and
behave like ductal cancers, they are frequently multicentric,
particularly when associated with LCIS. A 25% incidence of
either synchronous or metachronous carcinomas in the con-
tralateral breast of patients with infiltrating lobular carcinoma
has been reported.80 In 419 patients with infiltrating lobular
carcinoma, the incidence was 10%.81 As previously noted,
however, the incidences in association with LCIS are consider-
ably higher.74

Multicentricity. A common denominator in the growth 
patterns of most of the high-risk histologic diagnoses dis-
cussed—LCIS, DCIS, and infiltrating lobular carcinoma—is
multicentricity.75 In an analysis of all the possible variables,
the only factor with a statistically significant association with
bilateral breast cancer was a histologic diagnosis characterized
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by multicentricity.82,83 It is pertinent to repeat the initial prem-
ise of this chapter—that the breasts are paired organs and that
whatever pathologic processes evolve in one breast are likely
be reflected in the other.

What is the prognosis of bilateral 
breast cancer?

Survival of women with bilateral breast carcinoma is deter-
mined by the more advanced of the two malignancies. A clear
example is a woman who has an invasive carcinoma in one
breast and carcinoma in situ in the other. It is the invasive car-
cinoma that will determine the prognosis. When both of the
carcinomas are at an in situ stage, the chance of cure is close
to 100%. When both carcinomas are invasive, however, the
patient is at an unpredictable risk with regard to survival. It
has been reported that patients with metachronous breast
cancer have a poorer prognosis than those with unilateral dis-
ease.84–90 It is likely that this poorer prognosis depends on the
impact of the stage of the second carcinoma rather than any
influence of the first malignancy. On the other hand, patients
with synchronous disease have been identified to overexpress
high levels of HER-2/neu, raising the possibility that this may
be the cause of higher mortality.91 With vigilant follow-up of
the opposite breast, the second cancers are discovered at an
earlier stage than the first, and the prognosis can be highly
favorable.92

It was observed in the National Surgical Adjuvant Breast
Project (NSABP) Protocol B-04 that women with contralat-
eral carcinomas presenting within 2 years of the first fared
much worse than those whose tumors were discovered later.51

This has been confirmed in another study in which it is clear
that the interval between the discovery of the carcinomas is
important. The recurrence-free survival rate of patients with
second carcinomas diagnosed within 5 years was 58%, com-
pared with 95% for patients diagnosed more than 5 years after
the first carcinoma.93

The second lesions that occur within a 2-year period are
probably synchronous, and these bilateral carcinomas have a
poorer prognosis because the cancers are frequently more
advanced. An exception is opposite cancers that are detected
by true random biopsy on new diagnostic imaging. These are
more likely to be at an in situ stage and theoretically should
have a better prognosis by avoiding the risk of development of
an invasive carcinoma.

Is there a role for contralateral 
prophylactic mastectomy?

A clinically and radiographically apparent unilateral car-
cinoma is investigated and treated according to the known 
pathologic findings. Contralateral biopsies, reduction mam-
moplasty, and opposite prophylactic mastectomy are elective
means by which a second cancer may be discovered. Although
it is natural to focus on the presenting unilateral problem, it is
important to consider bilaterality and to carefully examine the
opposite breast clinically just as the radiologist scrutinizes the
mammogram. Pursuing subtle abnormalities with stereotacti-
cally, ultrasound-, or MRI-guided biopsy may provide useful
information about the opposite breast.94

With the advent of breast-conserving therapy, there is a
reluctance to recommend a true random biopsy of the oppo-
site breast. As we have previously seen, a positive biopsy usu-
ally discovers LCIS, a lesion for which additional treatment is
not mandated.

With an increased awareness of risk factors and the avail-
ability of good breast reconstruction, opposite prophylactic
mastectomy is being offered in specific instances. Although
there has not been a randomized or convincing nonrandom-
ized trial to prove that contralateral prophylactic mastectomy
improves survival, the issue may be compelling in certain sit-
uations. Because the malignancies encountered in the oppo-
site breasts are mainly at an in situ or early invasive stage, in
these women this procedure reduces the risk to that of the
stage of the initial unilateral breast cancer and can improve
survival.

Women who might be considered for contralateral prophy-
lactic mastectomy may be those who have a constellation of
factors, which include the following:

• Young age
• Hereditary breast carcinoma
• First-degree relatives with bilateral carcinoma
• LCIS in addition to infiltrating ductal or lobular carcinoma
• Multicentric lobular carcinoma
• Cancerophobia
• A planned transverse rectus abdominis muscle (TRAM) flap

reconstruction
• BRCA1 and BRCA2 gene mutation

Other than having a known genetic abnormality, none of
the above is an absolute indication. Together, the risks may
seem acceptable to a woman who has a justified fear about
developing a cancer in her opposite breast, particularly when
surveillance has failed in her own case or with family members
or friends. These women who elect to have a contralateral pro-
phylactic mastectomy are extremely grateful and relieved.

Another consideration (not a risk factor) is the type of
breast reconstruction planned for the initial mastectomy. An
implant can always be matched at a future date with a second
implant with the expectation of accomplishing good symme-
try (Fig. 28–2). However, when a unilateral TRAM flap recon-
struction has been used and a second mastectomy needs to be
reconstructed (for a metachronous carcinoma), an entirely
different technique is required, and the appearance is usually
poor (Fig. 28–3). Because it cannot be repeated, whenever a
TRAM flap reconstruction is planned, the risk for developing
a second breast cancer needs to be evaluated and the role of a
contralateral (prophylactic) mastectomy considered.95 The
best cosmetic result can be accomplished when the TRAM
flap is used to reconstruct both breasts following simultane-
ous bilateral mastectomy (Fig. 28–4).

Prophylactic mastectomy can successfully prevent the devel-
opment of a breast cancer.96 A central ellipse of skin including
the nipple–areolar complex is removed. This is an excellent
setting for skin-sparing mastectomy (SSM). The incision can
be planned with cosmetic intent and can be preservative of
skin.97 This is not a subcutaneous mastectomy that is per-
formed through an inframammary incision and in which the
nipple–areolar complex remains intact, which would virtually
imply that residual breast parenchyma will remain on superfi-
cial deep planes. Recently, a modification of this original SSM
has shown that the areolar skin can be preserved as well.98,99
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This results in a more satisfactory cosmetic outcome, with a
nipple reconstruction carried out secondarily. It must be
stressed that the skin flaps should be developed with the same
factors as for invasive disease with oncologic intent. In similar
fashion, because the intent is to remove all underlying breast
tissue, the nipple must be removed.

What are the treatment options for 
synchronous bilateral breast cancers?

Each breast cancer ideally should be treated according to its
individual characteristics; however, the presence of a second
cancer may dictate different priorities. The stage of the more
advanced cancer (usually the presenting lesion) has greater

impact on the choice of treatment. When synchronous can-
cers are detected, it is necessary to make decisions about both
breasts. Patients have been likely to have had treatment 
consistent with the approach preferred at the time. This 
would have been bilateral radical mastectomy in the 1960s or
bilateral modified radical mastectomy in the 1970s. The
option of implant breast reconstruction was added to the
modified radical mastectomy in the 1980s, and myocutaneous
flaps are now more frequently being used. Presently, breast-
conserving surgery and radiation therapy have become the
preferred approach. Some patients, however, are not candi-
dates for breast conservation. Whether the cancers are infil-
trating or at an in situ stage, a mastectomy can be performed
with or without reconstruction. The necessity for an axillary
dissection is based on sentinel lymph node biopsy. More
recently, sentinel lymph node biopsy has also been used at the
time of prophylactic surgery because the morbidity is low, and
the possibility of finding invasive disease in the prophylacti-
cally removed breast tissue provides valuable information
about the need for subsequent full axillary dissection.

Breast-conserving therapy is a successful and preferred
approach to treating unilateral breast cancer. When bilateral
synchronous infiltrating cancers are each amenable to breast
conservation, this is also successful and can be advised.100,101

It is reasonable to use the same approach for both breasts 
to provide the best possible symmetry. Considerations in 
selection of management approaches include some of the 
following:

• The prolonged treatment (10 to 12 weeks) required for
bilateral radiation therapy may motivate mastectomy, par-
ticularly in elderly women.

• Bilateral breast reconstruction may not be an option
because of age or concurrent medical problems.

• Younger women may feel more secure with bilateral mastec-
tomy and reconstruction because the risk for recurrence,
which is acceptable with unilateral breast conservation
(radiotherapy), is increased with two breasts treated. Also, a
breast recurrence after radiation therapy usually mandates
myocutaneous flap reconstruction, and this does not remain
an option if the recurrence appears at an older age.
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Figure 28–2 Bilateral tissue expander reconstruction. A 51-year-
old woman initially underwent a right modified radial mastectomy
for an invasive ductal carcinoma and breast reconstruction with 
an expander. An invasive carcinoma of the opposite breast was
detected by random biopsy, and a second mastectomy with a sim-
ilar reconstruction was subsequently carried out.

Figure 28–3 At age 42 years, a transverse rectus abdominis
muscle flap reconstruction was used to reconstruct a right modi-
fied radical mastectomy. Five years later, a carcinoma in the left
breast required a modified radical mastectomy and reconstruction
with a tissue expander and saline implant.

Figure 28–4 A 52-year-old woman with bilateral infiltrating
breast carcinoma underwent modified radical mastectomies and
immediate transverse rectus abdominis flap reconstruction.



• Although radiation therapy may be optimal for an infiltrat-
ing cancer of one breast, it may not be appropriate for an in
situ cancer of the opposite breast such as diffuse DCIS.

• Radiation therapy cannot be used where prior irradiation
may have played an etiologic role.

What are the treatment options for 
metachronous contralateral cancer?

When the second cancer has been detected in the opposite
breast in the follow-up of a woman who previously had a
breast cancer, the treatment is inevitably influenced by a con-
stellation of factors:

• The interval between the discovery of the new cancer and
the first breast cancer

• The treatment approach used for the initial malignancy
• The success of the first breast cancer treatment and the stage

of the new carcinoma
• The age of the patient at the time of the second diagnosis
• The method to accomplish the best symmetry
• Concurrent medical conditions
• The patient’s personal choice

Reduction mammoplasty of the opposite breast is fre-
quently performed as a secondary operation to improve 
symmetry after mastectomy when implant reconstruction has
been carried out in the site of the initial cancer. Carcinoma
may be found in the tissues removed.37 If it is an infiltrating
carcinoma, mastectomy with a lymph node dissection and
expander reconstruction is usually indicated. If the malig-
nancy encountered is LCIS, a simple mastectomy with similar
reconstruction can be carried out. The option of observation
without additional surgery also exists. The reduced breast,
however, is more difficult to follow mammographically. If the
finding is DCIS, the same considerations may apply as with
LCIS.

The major problem with an unexpected finding of malig-
nancy in the tissues removed during a reduction mammo-
plasty is that the exact location of the carcinoma in the breast
is usually uncertain. Performing a mastectomy obviates the
need to know the location of the malignancy, which would be
important if radiation therapy were to be employed. The use
of an implant can often accomplish better symmetry than the
reduction procedure.

When the second breast cancer occurs many years later, the
patient’s perception of the outcome of the first cancer treat-
ment has an impact on how the second malignancy will be
managed. For example, a woman who was successfully treated
25 years earlier with a radical mastectomy with skin grafting
and a 10-day hospitalization may feel secure only with anoth-
er mastectomy, so that a modified radical mastectomy without
reconstruction and 1 to 2 days in the hospital is an improved
approach for her. Yet, with an identical prior history of treat-
ment and outcome, another woman may be emphatic about
saving her remaining breast and not mind the several weeks of
radiation therapy involved following excision and axillary sur-
gery. A woman with a metachronous cancer frequently has
acquired more knowledge than when she was first treated,
and a newer modality may be an option (Fig. 28–5).

When the first breast cancer was treated conservatively
using lumpectomy and radiation therapy, it is appropriate for

the metachronous malignancy to be similarly treated using
radiation therapy because the results are as good with unilat-
eral as with bilateral disease.102 Some women facing a second
cancer are very happy to proceed with this similar approach.
However, others may opt for bilateral mastectomy, removing
the initially conservatively treated breast so as not to be con-
cerned about the potential additional risks for bilateral local
recurrence (Fig. 28–6).

SUMMARY

Most women treated for a unilateral breast carcinoma will not
develop a malignancy of the opposite breast, and routine clin-
ical and mammographic follow-up surveillance is appro-
priate. However, the possibility of bilaterality must always be
considered. Because younger women are diagnosed more fre-
quently with early-stage disease, the lifetime risk for develop-
ing a second breast cancer is greater. An awareness of genetic
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Figure 28–5 A 65-year-old woman underwent a right radical
mastectomy when she was 35 years old. She elected to treat her
second breast carcinoma with radiation therapy following a
lumpectomy and axillary dissection.

Figure 28–6 A 50-year-old woman who underwent bilateral
skin-sparing mastectomies with bilateral free transverse rectus
abdominis flap reconstruction—one therapeutic and one 
prophylactic.



and pathologic risk factors makes it possible to make rec-
ommendations prospectively for appropriate investigative
biopsies. This affects decisions regarding therapeutic and 
prophylactic mastectomy, reconstruction, and breast conser-
vation. For the many reasons described, mastectomy is more
frequently used for treating bilateral breast cancer. Although
the risk of developing a contralateral primary carcinoma
diminishes as women get older, new cancers continue to
occur. There are special problems in management because
some choices are not available related to age. A woman who
develops a second breast cancer has acquired more informa-
tion based on her experience and may be more proactive in
making decisions about her care.
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data showing that some of these patients achieve long disease-
free survival and are possibly cured with contemporary mul-
timodality therapy.2,3 These patients are now classified as
having N3 disease and are now often included in clinical trials
for patients with LABC.

Some series in the LABC literature include patients with
inflammatory breast cancer (IBC), an unusual, aggressive
form of breast cancer presenting with inflammatory skin
changes that reflect dermal lymphatic involvement (AJCC
T4d tumors). IBC has a distinct biologic behavior that war-
rants considering it separately from other forms of locally
advanced disease.4 This chapter first discusses the approach to
patients with noninflammatory LABC and then reviews the
unique features and management of IBC.

Who gets locally advanced breast cancer?

LABC is the most common presentation of breast cancer
worldwide. This is because of the high percentage of patients
who present with locally advanced disease throughout the
developing world. In India, for example, 50% to 70% of all
breast cancer patients present with locally advanced disease.5

Although LABC is less common in the developed world,
where there is access to mammography and where breast can-
cer awareness in the medical community and general popula-
tion is high, it remains a significant medical problem. In 
the United States, about 5% to 6% of patients present with
locally advanced disease.6 As expected, LABC is more com-
mon in poor, minority, and immigrant communities; in some
medically underserved areas in the United States, up to one
third of breast cancer patients present with LABC.7

How is locally advanced breast 
cancer diagnosed?

The diagnosis of LABC is usually straightforward in that most
patients present with a large, firm, palpable breast mass. The
differential diagnosis includes benign cysts, hematomas, fat
necrosis, fibroadenomas, and phyllodes tumors. Diagnostic
mammography, ultrasound, and magnetic resonance imaging
(MRI) can assist in the diagnosis and help to delineate the
extent of disease, but ultimately a suspicious lesion requires
tissue sampling. A fine-needle aspirate can demonstrate the

CHAPTER 29

Treatment of Locally
Advanced Breast Cancer
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How is locally advanced breast 
cancer defined?

The definition of locally advanced breast cancer (LABC) has
evolved during the past 50 years. Historically, the definition of
LABC was based on work by Haagensen and Stout published
in 1943 that described physical tumor characteristics asso-
ciated with local and distant failure rates so high that surgery
was strictly contraindicated: fixation of the tumor to skin or
chest wall, skin edema (peau d’orange), skin ulceration, satel-
lite nodules, fixed or matted axillary lymph nodes, supracla-
vicular lymphadenopathy, or arm edema.1 Before Haagensen
and Stout identified criteria of inoperability, en bloc radical
mastectomy was the standard treatment for locally advanced
breast cancer. After their publication, the term locally
advanced breast cancer was associated with disease deemed
inoperable based on their criteria.

Haagensen and Stout’s work has withstood the test of time,
and their observations remain the basis of the T4 and N2-3
categories in the current clinical staging system of the
American Joint Committee on Cancer (AJCC), as shown in
Table 29–1. The criteria of inoperability they identified are
still used to select patients who are not candidates for surgery
unless the local tumor burden can be successfully decreased
with chemotherapy or radiation, as described later.

In the 1970s and 1980s, clinical practice progressed to
include the option of breast-conserving surgery, lumpectomy,
or segmental excision, followed by radiation as primary treat-
ment for most patients with breast cancer. At the same time,
the average tumor size decreased because of improved mam-
mographic detection. As less extensive surgery became com-
monplace, the definition of locally advanced disease evolved to
include tumors that are operable by the criteria of Haagensen
and Stout, but that require mastectomy for a successful surgi-
cal outcome. Thus, an expanded definition of LABC now
commonly includes large operable breast cancers, often those
larger than 5.0 cm (T3 tumors in the AJCC system), in addi-
tion to inoperable T4 disease. This has led to a heterogeneous
population of patients in many reported series of LABC, with
many series including both T3 and T4 tumors.

The definition of LABC continues to evolve. In the past,
ipsilateral infraclavicular or supraclavicular nodal involve-
ment was considered to be distant metastatic disease (M1,
stage IV), and patients were treated with largely palliative
intent. More recently, however, the AJCC recognized clinical
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presence of malignant cells but does not provide informa-
tion about the architecture of the lesion (intraductal versus
invasive carcinoma). A core biopsy, performed with local
anesthesia, is usually sufficient to document the presence of
invasive carcinoma and provides adequate tissue for assays 
for hormone receptors and HER-2, which may help to guide
therapy.

Before therapy is initiated, an evaluation for metastatic dis-
ease is appropriate. At our institution, this includes laboratory
work, computed tomography (CT) scans of the chest and
abdomen, and a bone scan. An MRI of the brain is indicated
when there are symptoms of central nervous system involve-
ment. Despite the presence of locally extensive disease, it is
unusual for patients to have clinically detectable metastases at
presentation.

How is locally advanced breast cancer treated?

Contemporary management of LABC is a collaborative effort
involving surgical, medical, and radiation oncologists. In
order to be successful, the treatment of LABC must both
achieve local control and eradicate any disseminated micro-
scopic metastases. Although chemotherapy alone results in
high overall response rates, it rarely eradicates the tumor in
the breast and axilla. Radiation and surgery, on the other
hand, improve local control but do not treat distant micro-
scopic metastases. An outline of the contemporary multi-
modality treatment for patients with LABC is shown in Table
29–2. Treatment is initiated with chemotherapy, which pro-
vides early treatment of microscopic metastases and facilitates
subsequent local therapy, which is usually surgery followed by
radiation.

The importance of multimodality therapy is underscored
by the historical experience demonstrating that the use of
single-modality treatment results in poor local control and
inferior survival.

What is the role of chemotherapy in the 
treatment of locally advanced breast cancer?

In the setting of LABC, systemic chemotherapy is given 
before local therapy and is referred to as primary, induction,
or neoadjuvant therapy. Neoadjuvant chemotherapy has
response rates in the primary tumor substantially higher than
those seen when chemotherapy is given for metastatic disease,
and it provides early systemic treatment for disseminated
microscopic metastases. In addition, the downstaging
achieved with neoadjuvant chemotherapy can often allow
tumors that were inoperable at presentation to be removed by
mastectomy and can allow breast-conserving surgery for some
tumors that would otherwise have required mastectomy.

How does the response to neoadjuvant 
chemotherapy affect outcome?

Important prognostic information can be obtained by assess-
ing the tumor’s response to neoadjuvant therapy. The clinical
assessment of response to neoadjuvant chemotherapy can be
difficult: tumor measurements based on physical examination
often overestimate or underestimate the degree of response
and are less reliable than either mammographic or ultrasound
measurements.8 The ultimate pathologic assessment of treat-
ment effect is determined after surgery. Clinical evidence indi-
cates that the degree of pathologic response after primary
chemotherapy can be used as a surrogate end point for sur-
vival. Despite differences in the methods used to measure and
report the pathologic findings after neoadjuvant chemother-
apy, all investigators have reported a similar correlation
between the amount of residual disease found at surgery and
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T3: Tumor more than 5 cm in greatest diameter
T4: Tumor of any size, with direct extension to chest wall or

skin, as described below
T4a: Extension to chest wall, not including pectoralis muscle
T4b: Edema (including peau d’orange) or ulceration of the skin

of the breast or satellite nodules confined to same breast
T4c: Both Ta and Tb
T4d: Inflammatory carcinoma
N2: Metastasis in ipsilateral axillary nodes fixed or matted, or in

clinically apparent ipsilateral internal mammary nodes in the
absence of clinically evident axillary node metastases

N3: Metastasis in ipsilateral infraclavicular or supraclavicular
lymph nodes or in clinically apparent internal mammary
nodes in the presence of clinically evident axillary node
metastases

Table 29–1 Primary Tumor (T) and Clinical Regional Lymph
Node (N) Categories Comprising Locally Advanced Breast
Cancer in the Current American Joint Committee on Cancer
Classification System*

*In earlier editions of the American Joint Committee on Cancer Staging
Handbook, stage III was confined to T4 or N2-3 disease (i.e., locally
advanced, inoperable tumors). In the current system, in addition to locally
advanced breast cancer, stage III includes tumors at high risk for systemic
relapse because of involvement of four or more axillary nodes.

From Greene FL, Page DL, Fleming ID, et al. AJCC Cancer Staging Manual,
6th ed. New York, Springer-Verlag, 2002.

Clinical Diagnosis
Physical examination, mammogram, ultrasound

Pathologic Diagnosis
Core biopsy to confirm diagnosis of invasive carcinoma and to

obtain estrogen receptor, progesterone receptor, and HER-2
status

Staging
Bone scan, computed tomography scans, routine laboratory

studies

Neoadjuvant Chemotherapy
Use of an anthracycline and a taxane is recommended, e.g., four

cycles of AC (doxorubicin, cyclophosphamide) followed by
four cycles of paclitaxel or docetaxel; patients who would not
tolerate chemotherapy and have hormone receptor–positive
disease may be considered for treatment with tamoxifen or an
aromatase inhibitor

Local Therapy
For patients who are surgical candidates after neoadjuvant

chemotherapy, surgery (lumpectomy or mastectomy)
followed by radiation

For patients who are not surgical candidates after neoadjuvant
chemotherapy, radiation alone

Adjuvant Therapy
All patients with hormone receptor–positive disease should

receive adjuvant hormonal therapy for 5 years or longer

Table 29–2 Summary of the Management of Locally Advanced
Breast Cancer



patient outcome.9–12 As expected, patients with complete
clearance of tumor from the breast and axilla have the best
outcome, and the degree of nodal involvement after neoadju-
vant chemotherapy retains significant prognostic importance.

What are the results of multimodality 
treatment with neoadjuvant 
doxorubicin-based chemotherapy?

Although there is not a standard neoadjuvant chemotherapy
regimen for LABC, it is possible to draw conclusions about 
the regimens that appear to be most effective. Results 
from anthracycline-based regimens are shown in Table 29–3.
Several conclusions can be drawn about induction chemo-
therapy with an anthracycline-containing regimen. First, the
response rates achieved with neoadjuvant chemotherapy for
LABC are substantially higher than when similar regimens 
are given to treat metastatic disease. Second, although 
disease progression on chemotherapy is common in the 
setting of metastatic disease, it is rare for the patient on
neoadjuvant chemotherapy, less than 5% in all reported 
series. Third, despite the high response rates achieved with
conventional anthracycline-based neoadjuvant therapy, a
pathologic complete response (i.e., no residual invasive tumor

in the breast or axilla) is unusual, occurring in 10% to 15% of
patients in most series, and prolonged survival remains 
limited to about 50% of patients. Although it is difficult to
make comparisons among trials with varied eligibility
requirements and treatments, longer duration of neoadjuvant
therapy appears to result in higher pathologic complete
response rates.

How has the experience with neoadjuvant 
chemotherapy for locally advanced 
breast cancer affected the treatment 
of smaller tumors?

The safety and high response rates observed when neoadju-
vant chemotherapy has been administered for LABC have
encouraged the investigation of the neoadjuvant approach in
patients with smaller operable tumors. To test the hypothesis
that the administration of chemotherapy before surgery could
improve relapse-free survival in patients with palpable, oper-
able breast tumors, the National Surgical Adjuvant Breast and
Bowel Project (NSABP) (B-18) conducted a large randomized
trial comparing four cycles of neoadjuvant doxorubicin and
cyclophosphamide (AC) to the same treatment provided after
surgery.
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Table 29–3 Anthracycline-Based Chemotherapy for Locally Advanced Breast Cancer

AJCC, American Joint Committee on Cancer; CEF, cyclophosphamide, epirubicin, 5-fluorouracil; DFS, disease-free survival; EC, epirubicin, cyclophosphamide;
IBC, inflammatory breast cancer; LABC, locally advanced breast cancer; MVAC, methotrexate, vinblastine, doxorubicin, cisplatin; RR, response rate; RT, radiation
therapy; OS, overall survival; pCR, pathologic complete response.

No. of Patients 
and Tumor Breast 

Study Characteristics Treatment Regimen Response Conservation Survival

Schwartz et al., 158 patients with Doxorubicin-based Overall RR 85%; Breast-conserving 5-yr OS 69% for 
199435 tumor > 5 cm chemotherapy given pCR in 10% surgery in 36% responding patients 

until response plateau of responding (67% for mastectomy 
Æ surgery Æ RT patients patients; 80% for 

lumpectomy patients)

Merajver et al., 89 patients with 27 weeks of anthracycline- Overall RR 97%; 28% of patients with 5-yr DFS 44%, OS 54%; 
199736 1997 AJCC based chemohormonal pCR in 28% no tumor after local control 82% in 

stage III therapy Æ patients with neoadjuvant RT patients and 78% 
(tumor > 5 cm negative biopsy had RT therapy had RT in patients with 
or N2 disease) only; all others had alone mastectomy and RT

mastectomy followed 
by RT Æ additional 
chemohormonal therapy

Morrell et al., 55 patients with MVAC chemotherapy until Overall RR 89%; All patients had 5-yr DFS 51%; 5-yr OS 
199837 LABC or IBC maximal clinical response pCR in 27% mastectomy 63%

Æ surgery Æ MVAC ¥ 6 
cycles RT

Kuerer et al., 372 patients with 4 cycles of doxorubicin- pCR in 12% Breast conservation 5-yr DFS 89% for
199938 tumor > 4 cm based chemotherapy in 29% of patients patients with pCR, 

Æ surgery Æ additional 64% for patients 
chemotherapy Æ RT with residual tumor

Zambetti et al., 88 patients with 3 cycles of doxorubicin or Overall RR 70%; Breast conservation At 52 mo, DFS 52%, 
199939 LABC (1997 epirubicin Æ surgery Æ pCR in only 2% in 32% of patients OS 62%

AJCC T3 or CMF Æ RT
T4a-c)

Therasse et al., 448 patients with Patients randomized to 6 Overall RR >90% Not reported 5-yr OS 51% for CEF, 
200340 T4 tumors cycles of CEF or 6 in both groups; 53% for EC

cycles of dose-intense pCR in 14% for 
EC Æ surgery ± RT CEF and 10% 

for EC



The study demonstrated a high response rate for neoadju-
vant chemotherapy (80%) but few pathologic complete
responses (9%).13 Although there was no difference in disease-
free or overall survival between the two groups, the neoadju-
vant group achieved a higher rate of breast conservation (67%
vs. 60%). Neoadjuvant therapy has been incorporated into
more clinical trials of systemic therapy for patients with oper-
able breast cancer, in whom differences in response rates and
especially pathologic complete response rates can provide use-
ful information before survival data are available.

What is the effect of adding a taxane 
to the neoadjuvant therapy regimen?

The taxanes have recently become a part of standard postop-
erative adjuvant therapy for many patients with node-positive
breast cancer. Their use has been investigated as neoadjuvant
therapy in a more limited fashion in patients with LABC, as
shown in Table 29–4. The results of these trials indicate that
the taxanes, especially docetaxel, have good activity in patients
with LABC. Although the NSABP B-2714 and the German
Preoperative Adriamycin Docetaxel Study Group (GEPAR-
DUO)15 studies were not limited to patients with LABC, the
average tumor size was large in these randomized trials, and
along with results of the study from the Aberdeen group,16 the
results support the use of four cycles of anthracycline-based
therapy followed by four cycles of a taxane as a reasonable
neoadjuvant regimen for LABC.

How are hormonal agents integrated into the 
treatment of locally advanced breast cancer?

Hormonal therapy with 5 years of tamoxifen was typically
given to patients with hormone receptor–positive LABC after

completion of all other treatment, including chemotherapy,
surgery, and radiation. This practice is based on extensive data
from adjuvant (i.e., postoperative) trials in the general breast
cancer population that demonstrated an approximate 50%
reduction in the annual odds of relapse for patients receiving
tamoxifen. In the neoadjuvant setting, responses to tamoxifen
appear to be slower and less complete than those achieved
with chemotherapy, and tamoxifen has most often been
administered to postmenopausal women considered poor
candidates for chemotherapy.

More recently, with the development of a new class of
hormonal agents, the aromatase inhibitors, there has been
increased interest in neoadjuvant hormonal therapy. These
agents, anastrozole (Arimidex), letrozole (Femara), and
exemestane (Aromasin), inhibit the aromatase-dependent
production of estrogen in postmenopausal women. They have
largely replaced tamoxifen as front-line therapy for hormone
receptor–positive disease in postmenopausal women with
metastatic breast cancer and are being incorporated into the
adjuvant setting. Several studies have investigated the use of
an aromatase inhibitor in postmenopausal women with
LABC. In the largest study, Ellis and associates randomized
250 postmenopausal patients with hormone receptor–positive
breast cancer deemed ineligible for breast-conserving surgery
to either tamoxifen or letrozole for 4 months before surgery.17

The clinical response rate favored letrozole (60% vs. 41%), as
did the rate of breast-conserving surgery (48% vs. 36%). A
planned subset analysis showed a striking difference between
the two treatments when tumors with HER-2 gene amplifica-
tion were identified: the response rate was 88% for letrozole
versus 21% for tamoxifen. This finding supports retrospective
data from several adjuvant trials indicating that HER-2 ampli-
fication is associated with tamoxifen resistance. Of note, only
1% of patients in this study achieved a pathologic complete
response, a rate significantly lower than is usually achieved
with neoadjuvant chemotherapy regimens. In addition,
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No. of Patients and 
Study Tumor Characteristics Treatment Regimen Response Survival

Swain, 200341 45 patients with tumor DOC ¥ 4 Æ surgery Æ Overall RR 58%; pCR 5-yr OS 80%
> 5 cm (median size, AC ¥ 4 10%, residual disease 
9 cm) < 5 mm 7%

Smith, 2002;42 162 patients with tumor Randomized to CVAP ¥ Clearance of tumor from OS 78% for CVAP vs. 
Hutcheon et al., > 3 cm 8 vs. sequential CVAP the breast: 16% for 93% for CVAP Æ DOC
2003 (Aberdeen ¥ 4 Æ DOC ¥ 4 CVAP vs 34% for CVAP (P = 0.04)
study)16 Æ DOC

Ezzat et al., 200043 72 patients with tumor Paclitaxel and cisplatin Overall RR 90%, pCR in Projected DFS 74% at 
> 4 cm for 3–4 cycles before 22% 3 yr

surgery

Bear et al., 2003 2411 patients with Randomized to AC ¥ 4 vs. Clinical CR 40.1% for Not available
(NSABP B-27)14 palpable tumor > 1cm AC Æ DOC ¥ 4 AC vs. 63.6% for AC 

(mean, 4.5 cm) Æ docetaxel; pCR in 
the breast 14% for AC 
vs. 26% for AC Æ DOC

von Minckwitz 913 patients with tumor Randomized to dose-dense Overall RR for ADOC 77% Not available
et al., 2002 > 2 cm (median, 4 cm) ADOC ¥ 4 (8 wk) vs. vs. 87% for AC Æ DOC; 
(GEPAR-DUO)15 AC ¥ 4 Æ 4 DOC ¥ 4 pCR for ADOC 11% vs. 

(24 wk) 22% for AC Æ DOC

Table 29–4 Taxanes in the Neoadjuvant Treatment of Breast Cancer

AC, doxorubicin, cyclophosphamide; ADOC, doxorubicin, docetaxel; CVAP, cyclophosphamide, vincristine, doxorubicin, prednisone; DFS, disease-free
survival; DOC, docetaxel; OS, overall survival; pCR, pathologic complete response; RR, response rate. 



disease progression was observed in 8% of patients taking
letrozole and in 12% of patients taking tamoxifen (no statisti-
cally significant difference), a rate higher than is observed in
neoadjuvant chemotherapy trials.

Although the effectiveness of adjuvant hormonal therapy 
is well established for hormone receptor–positive breast 
cancers of all stages, the role of neoadjuvant hormonal 
therapy for patients with LABC remains to be better 
defined. At present, neoadjuvant hormonal therapy can be
considered a standard only for patients with hormone 
receptor–positive disease and relative or absolute contraindi-
cations to chemotherapy.

What is the best local therapy for patients 
with locally advanced breast cancer: 
radiation, surgery, or both?

Historically, after Haagensen and Stout’s article defining inop-
erable breast cancers, radiation was used for palliation. In the
absence of surgery or systemic therapy, standard doses of radi-
ation provided poor local control for patients with inoperable
disease, with local relapse rates of 30% to 70% and 5-year 
survival rates of 10% to 40%.18,19 Higher doses of radiation
could improve local control, but with increased toxicity.20,21 As
reports of high response rates and improved survival with
chemotherapy were presented in the literature, neoadjuvant
chemotherapy became the standard primary treatment for
patients with LABC, and the question became, what is the
optimal local therapy—surgery, radiation, or both? This ques-
tion pertains to large operable tumors and to inoperable
tumors that become technically resectable after responding 
to neoadjuvant chemotherapy. Patients with inoperable 
disease and a limited response to chemotherapy are treated
with radiation.

Surgery Versus Radiation
Two clinical trials have compared radiation with surgery fol-
lowing neoadjuvant chemotherapy. The Cancer and Leukemia
Group B (CALGB) treated 113 patients with LABC or IBC
with three cycles of induction CAFVP (cyclophosphamide,
doxorubicin [Adriamycin], 5-FU, vincristine, and pred-
nisone).22 Of the 113 patients, 91 (81%) were judged to have
operable disease following neoadjuvant chemotherapy and
were randomized to either mastectomy or radiotherapy. Of
the initial disease relapses in each treatment arm, about 
half were local (27% in the radiotherapy arm and 19% in the
surgery arm). Median survival for both groups was about 
39 months. Similarly, an Italian study comparing radiation 
with mastectomy after three cycles of doxorubicin-based
chemotherapy showed local control in about 70% of patients
in both groups and equivalent survival.23

Surgery Followed by Radiation
There are no randomized studies comparing triple-modality
therapy (neoadjuvant chemotherapy, surgery, and radiation)
with dual-modality therapy (chemotherapy plus surgery or
radiation). The current standard practice of incorporating
surgery into multimodality treatment plans for LABC is 
based on retrospective data and indirect comparisons in-
dicating higher local failure rates when surgery is omitted.
Radiotherapy alone following neoadjuvant chemotherapy is

associated with local recurrence rates of about 30% to 50%;
when both modalities are used, the rate of local failure is
reduced to about 10% to 20%.

Can patients with locally advanced 
breast cancer safely undergo 
breast-conserving surgery?

Data on breast-conserving surgery for patients with LABC
come from a variety of nonrandomized clinical trials that dif-
fer significantly in tumor characteristics and treatment regi-
mens. These studies support the concept that selected patients
with LABC can safely forgo mastectomy in favor of less 
extensive surgery. Investigators at University of Texas M. D.
Anderson Cancer Center systematically studied patients with
LABC to answer this question. They first reviewed histologic
findings in mastectomy specimens from LABC patients who
received neoadjuvant chemotherapy to identify factors associ-
ated with multiquadrant involvement that would preclude
breast conservation.24 They established the following criteria
for breast conservation and applied them to 362 patients who
had received neoadjuvant anthracycline-based chemotherapy:

• No skin or chest wall involvement
• Lack of multicentric disease or extensive microcalcifications
• Tumor smaller than 5.0 cm
• Ability to localize primary tumor
• No contraindications to radiation
• Patient desire to preserve breast

The outcome of these patients has been reported.25 At pres-
entation, about one fourth of the patients had tumors smaller
than 5.0 cm; the remaining three fourths had tumors greater
than 5.0 cm or were otherwise locally advanced. With a medi-
an follow-up of 65 months, survival rates without local
regional recurrence, with breast tumor recurrence, and with
distant metastases were 91%, 94%, and 86%, respectively.
Notably, the pretreatment tumor size did not predict for local
recurrence, whereas pretreatment clinical N2 or N3 node 
status was associated with a higher rate of local failure.
Pathologic findings at surgery associated with an increased
risk for local failure included residual tumor mass greater than
2.0 cm, a multifocal pattern of residual disease, and lympho-
vascular space invasion.

Other groups have reported their experience with breast
conservation for patients treated with neoadjuvant chemo-
therapy. The largest reported experience is that of Bonadonna
and colleagues in Milan.11 They reported their institution’s
experience with 536 patients considered ineligible for 
breast conservation because of tumor size greater than 
2.5 cm. (The threshold for recommending mastectomy is fre-
quently lower in Europe than in the United States.) After
neoadjuvant chemotherapy, 85% of patients were able to have
breast-conserving surgery. With a median follow-up of 65
months, 6.8% of patients have experienced an isolated local
relapse.

Although these series support the safety of breast conser-
vation for patients following successful neoadjuvant chemo-
therapy for LABC, they are not randomized, and the decision
to proceed with mastectomy versus breast conservation may
be subject to considerable selection bias, with more favorable
tumors treated with breast conservation.
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Could some patients with locally 
advanced breast cancer be treated 
effectively without surgery?

Based on nonrandomized, retrospective reviews of data, sev-
eral investigators have questioned the need for surgery, espe-
cially when neoadjuvant chemotherapy achieves a complete
clinical response. Ring and coworkers recently reported on
136 patients with operable breast cancers greater than 3.0 cm
who achieved a clinical complete response following neoadju-
vant chemotherapy.26 Patients were offered the option of radi-
ation alone or radiation and surgery. With a median follow-up
of 7 years, disease-free and overall survival rates are the same
for the two groups, which appeared to be well matched in
terms of tumor characteristics. In the 69 patients who elected
not to have surgery, there have been 16 local-only relapses,
whereas of the 67 patients who had surgery (10 mastectomy,
57 breast conservation), 7 patients have had local-only 
relapses. In a similar retrospective review, Favret and col-
leagues reported on a group of 64 patients with IBC or LABC
treated with neoadjuvant chemotherapy followed by either
radiation alone or surgery and radiation, depending on the
response of the tumor to chemotherapy and the patient’s pref-
erence.27 Forty-four patients received radiation alone, and 20
patients received radiation followed by surgery. With a mean
follow-up of 51 months, no difference in local control,
disease-free survival, or overall survival has been observed.
Note that both of these series are nonrandomized and may 
be subject to substantial selection bias, with patients with
more favorable tumors or better responses to neoadjuvant
chemotherapy forgoing surgery.

What new approaches to locally advanced 
breast cancer are being investigated?

A variety of investigational approaches to the treatment of
LABC are the subject of clinical trials and may lead to more
effective treatments for LABC in the future. Experience from
the treatment of locally advanced cancers in other anatomic
sites suggests that combining chemotherapy and radia-
tion currently may provide better local control and improved
survival than providing the treatments in sequence. In 
breast cancer, concurrent chemotherapy and radiation has
been investigated with 5-fluorouracil (5-FU) and paclitaxel.
Formenti and associates reported a pathologic response rate
(defined as fewer than 10 microscopic foci of disease in the
resected breast) of 34% and a 5-year disease-free survival of
58% in patients with inoperable LABC treated with concur-
rent 5-FU and radiation.28 A follow-up study using concurrent
chemotherapy with paclitaxel and radiation also achieved a
pathologic response rate of 34%.29

In addition to looking at novel ways of combining
chemotherapy and radiation, new agents are being incorpo-
rated into the treatment of LABC. The most important of
these is trastuzumab (Herceptin), a humanized monoclonal
antibody directed at the membrane-bound HER-2 growth fac-
tor receptor, which is overexpressed in about one fourth of
breast cancers. A phase II study of trastuzumab given in com-
bination with paclitaxel for four cycles before surgery for
tumors greater than 2.0 cm with HER-2 overexpression 

yielded a pathologic complete response rate of 18% in a group
of patients that included many patients with large tumors.30

What is inflammatory breast cancer?

The classic presentation of inflammatory breast cancer is that
of a younger patient who presents with recent onset of diffuse
erythema and edema of the breast, frequently with peau 
d’orange skin changes and the absence of a palpable mass. The
condition is often first treated as mastitis and recognized as
IBC after antibiotics have failed and a biopsy demonstrates
tumor emboli in dermal lymphatics. In the AJCC classifica-
tion system, IBC comprises T4d tumors, a subset of stage III
disease. The AJCC manual points out that IBC is a clinical
rather than a pathologic entity: involvement of dermal 
lymphatics alone does not define IBC in the absence of
the clinical syndrome, and a neglected noninflammatory
LABC that has progressed to create edema and erythema
should not be considered IBC. Although some cases may be
difficult to classify as IBC versus an aggressive LABC, a recent
review of data from the Surveillance, Epidemiology, and End
Results (SEER) breast cancer registry confirmed that IBC is a
distinct clinicopathologic entity with average age of onset 10
years before that for LABC, a lower rate of hormone receptor
positivity, and a markedly poorer survival.31 Laboratory 
evidence suggests that the diffuse involvement of dermal 
lymphatics and aggressive course of IBC may be related to
overexpression of genes involved in angiogenesis: interleukin-
8 (IL-8), vascular endothelial growth factor (VEGF), basic
fibroblast growth factor (b-FGF), and others.32 These mecha-
nisms could be therapeutic targets for the treatment of IBC in
the future.

How is inflammatory breast cancer treated?

Although IBC is a distinct clinical entity, it is treated in much
the same manner as noninflammatory LABC: induction
chemotherapy followed by local therapy with radiation and
surgery. As with noninflammatory LABC, response rates to
neoadjuvant anthracycline-based chemotherapy are high, on
the order of 70% to 90%,32,33 and rapid resolution of erythe-
ma and edema are commonly seen in the clinic. Despite high
response rates to chemotherapy, however, survival remains
poor, with median survival only 3 to 4 years. Investigators at
M. D. Anderson Cancer Center have retrospectively reviewed
the effect of adding paclitaxel to the neoadjuvant regimen in
IBC and found significantly improved survival for patients
with hormone receptor–negative disease.34

REFERENCES

1. Haagensen C, Stout A. Carcinoma of the breast: criteria of operability.
Ann Surg 1943;118:859–868.

2. Brito RA, Valero V, Buzdar AU, et al. Long-term results of combined-
modality therapy for locally advanced breast cancer with ipsilateral
supraclavicular metastases: The University of Texas M. D. Anderson
Cancer Center experience. J Clin Oncol 2001;19:628–633.

3. Olivotto IA, Chua B, Allan SJ, et al. Long-term survival of patients with
supraclavicular metastases at diagnosis of breast cancer. J Clin Oncol
2003;21:851–854.

SECTION V. TREATMENT572



4. Anderson WF, Chu KC, Chang S. Inflammatory breast carcinoma and
noninflammatory locally advanced breast carcinoma: Distinct clinico-
pathologic entities? [see comment]. J Clin Oncol 2003;21:2254–2259.

5. Chopra R. The Indian scene. J Clin Oncol 2001;19:106S–111S.
6. Surveillance, Epidemiology, and End Results (SEER) Program.

SEER*STAT Database: Incidence—SEER 11 Regs. Nov 2001 Sub
(1973–1999), National Cancer Institute, DCCPS, Surveillance Research
Program, Cancer Statistics Branch, released April 2002, based on 
the November 2001 submission. 2002; November 2001. Available:
www.seer.cancer.gov.

7. Newman LA, Alfonso AE. Age-related differences in breast cancer stage
at diagnosis between black and white patients in an urban community
hospital. Ann Surg Oncol 1997;4:655–662.

8. Fornage BD, Toubas O, Morel M. Clinical, mammographic, and sono-
graphic determination of preoperative breast cancer size. Cancer 1987;
60:765–771.

9. Feldman LD, Hortobagyi GN, Buzdar AU, et al. Pathological assessment
of response to induction chemotherapy in breast cancer. Cancer Res
1986;46:2578–2581.

10. Buzdar A, Singletary S, Booser D, et al. Combined modality treatment
of stage III and inflammatory breast cancer. M. D. Anderson Cancer
Center experience. Surg Oncol Clin North Am 1995;4:715–734.

11. Bonadonna G, Valagussa P, Brambilla C, et al. Primary chemotherapy in
operable breast cancer: Eight-year experience at the Milan Cancer
Institute. J Clin Oncol 1998;16:93–100.

12. Kuerer HM, Newman LA, Buzdar AU, et al. Residual metastatic axillary
lymph nodes following neoadjuvant chemotherapy predict disease-free
survival in patients with locally advanced breast cancer. Am J Surg
1998;176:502–509.

13. Fisher B, Bryant J, Wolmark N, et al. Effect of preoperative chemother-
apy on the outcome of women with operable breast cancer. J Clin Oncol
1998;16:2672–2685.

14. Bear HD, Anderson S, Brown A, et al. The effect on tumor response of
adding sequential preoperative docetaxel to preoperative doxorubicin
and cyclophosphamide: Preliminary results from National Surgical
Adjuvant Breast and Bowel Project Protocol B-27. J Clin Oncol 2003;
21:4165–4174.

15. von Minckwitz G, Costa SD, Raab G, et al. Dose-dense doxorubicin,
docetaxel, and granulocyte colony-stimulating factor support with or
without tamoxifen as preoperative therapy in patients with operable
carcinoma of the breast: A randomized, controlled, open phase IIb
study. J Clin Oncol 2001;19:3506–3515.

16. Hutcheon AW, Heys SD, Sarkar TK, et al. Neoadjuvant docetaxel in
locally advanced breast cancer. Breast Cancer Res Treat 2003;79:S19–24.

17. Ellis MJ, Coop A, Singh B, et al. Letrozole is more effective neoadjuvant
endocrine therapy than tamoxifen for ErbB-1- and/or ErbB-2-positive,
estrogen receptor-positive primary breast cancer: evidence from a
phase III randomized trial [see comment]. J Clin Oncol 2001;19:3808–
3816.

18. Perez CA, Graham ML, Taylor ME, et al. Management of locally
advanced carcinoma of the breast. I. Noninflammatory. Cancer 1994;
74:453–465.

19. De Lena M, Zucali R, Viganotti G, et al. Combined chemotherapy-
radiotherapy approach in locally advanced (T3b-T4) breast cancer.
Cancer Chemother Pharmacol 1978;1:53–59.

20. Arriagada R, Mouriesse H, Sarrazin D, et al. Radiotherapy alone in
breast cancer. I. Analysis of tumor parameters, tumor dose and local
control: The experience of the Gustave-Roussy Institute and the
Princess Margaret Hospital. Int J Radiat Oncol Biol Phys 1985;11:
1751–1757.

21. Chu AM, Cope O, Doucette J, Curran B. Non-metastatic locally
advanced cancer of the breast treated with radiation. Int J Radiat Oncol
Biol Phys 1984;10:2299–2304.

22. Perloff M, Lesnick GJ, Korzun A, et al. Combination chemotherapy
with mastectomy or radiotherapy for stage III breast carcinoma: A
Cancer and Leukemia Group B study. J Clin Oncol 1988;6:261–269.

23. De Lena M, Varini M, Zucali R, et al. Multimodal treatment for locally
advanced breast cancer. Result of chemotherapy-radiotherapy versus
chemotherapy-surgery. Cancer Clin Trial 1981;4:229–236.

24. Singletary SE, McNeese MD, Hortobagyi GN. Feasibility of breast-
conservation surgery after induction chemotherapy for locally
advanced breast carcinoma. Cancer 1992;69:2849–2852.

25. Chen AM, Meric F, Hunt KK, et al. Breast-conserving therapy after
neoadjuvant chemotherapy: The M. D. Anderson Cancer Center expe-
rience. San Antonio Breast Cancer Conference 2003, Abstract #6.

26. Ring A, Webb A, Ashley S, et al. Is surgery necessary after complete clin-
ical remission following neoadjuvant chemotherapy for early breast
cancer? J Clin Oncol 2003;21:4540–4545.

27. Favret AM, Carlson RW, Goffinet DR, et al. Locally advanced breast
cancer: Is surgery necessary? Breast J 2001;7:131–137.

28. Formenti SC, Dunnington G, Uzieli B, et al. Original p53 status predicts
for pathological response in locally advanced breast cancer patients
treated preoperatively with continuous infusion 5-fluorouracil and
radiation therapy. Int J Radiat Oncol Biol Phys 1997;39:1059–1068.

29. Formenti SC, Volm M, Skinner KA, et al. Preoperative twice-weekly
paclitaxel with concurrent radiation therapy followed by surgery and
postoperative doxorubicin-based chemotherapy in locally advanced
breast cancer: A phase I/II trial. J Clin Oncol 2003;21:864–870.

30. Burstein HJ, Harris LN, Gelman R, et al. Preoperative therapy with
trastuzumab and paclitaxel followed by sequential adjuvant doxoru-
bicin/cyclophosphamide for HER2 overexpressing stage II or III breast
cancer: a pilot study. J Clin Oncol 2003;21:46–53.

31. Chang S, Parker SL, Pham T, et al. Inflammatory breast carcinoma inci-
dence and survival: The surveillance, epidemiology, and end results
program of the National Cancer Institute, 1975–1992. Cancer 1998;82:
2366–2372.

32. Cristofanilli M, Buzdar AU, Hortobagyi GN. Update on the manage-
ment of inflammatory breast cancer. Oncologist 2003;8:141–148.

33. Low JA, Berman AW, Steinberg SM, et al. Long-term follow-up for
inflammatory (IBC) and non-inflammatory (NIBC) stage III breast
cancer patients treated with combination chemotherapy. Proc Am Soc
Clin Onc 2002;21:63a.

34. Cristofanilli M, Buzdar AU, Sneige N, et al. Paclitaxel in the multi-
modality treatment for inflammatory breast carcinoma. Cancer 2001;
92:1775–1782.

35. Schwartz GF, Birchansky CA, Komarnicky LT, et al. Induction
chemotherapy followed by breast conservation for locally advanced
carcinoma of the breast. Cancer 1994;73:362–369.

36. Merajver SD, Weber BL, Cody R, et al. Breast conservation and pro-
longed chemotherapy for locally advanced breast cancer: the University
of Michigan experience. J Clin Oncol 1997;15:2873–2881.

37. Morrell LE, Lee YJ, Hurley J, et al. A phase II trial of neoadjuvant
methotrexate, vinblastine, doxorubicin, and cisplatin in the treatment
of patients with locally advanced breast carcinoma. Cancer 1998;82:
503–511.

38. Kuerer HM, Newman LA, Smith TL, et al. Clinical course of breast 
cancer patients with complete pathologic primary tumor and axillary
lymph node response to doxorubicin-based neoadjuvant chemother-
apy [comment]. J Clin Oncol 1999;17:460–469.

39. Zambetti M, Oriana S, Quattrone P, et al. Combined sequential
approach in locally advanced breast cancer. Ann Oncol 1999;10:
305–310.

40. Therasse P, Mauriac L, Welnicka-Jaskiewicz M, et al. Final results of a
randomized phase III trial comparing cyclophosphamide, epirubicin,
and fluorouracil with a dose-intensified epirubicin and cyclophos-
phamide + filgrastim as neoadjuvant treatment in locally advanced
breast cancer: An EORTC-NCIC-SAKK multicenter study. J Clin Oncol
2003;21:843–850.

41. Swain SM, Jahanzeb M, Erban JK, et al. Neoadjuvant docetaxel followed
by adjuvant doxorubicin and cyclophosphamide for stage III breast
cancer: Clinical response and long-term survival. Proc Am Soc Clin
Oncol 2003;22:36 [abstract 143].

42. Smith IC, Heys SD, Hutcheon AW, et al. Neoadjuvant chemotherapy in
breast cancer: Significantly enhanced response with docetaxel. J Clin
Oncol 2002;20:1456–1466.

43. Ezzat AA, Ibrahim EM, Ajarim DS, et al. High complete pathological
response in locally advanced breast cancer using paclitaxel and cis-
platin. Breast Cancer Res Treat 2000;62:237–244.

573Chapter 29. Treatment of Locally Advanced Breast Cancer



How is radiofrequency ablation 
performed?

In order to perform RF ablation on a breast cancer, the tumor
must be identifiable by stereotactic mammography or ultra-
sound imaging.4,5 The skin overlying the tumor is injected
with local anesthetic, and then an insulated 15-gauge probe is
inserted. Once the probe is in proper position, a starlike array
of prongs is deployed to allow even distribution of the thermal
energy2,6 (Fig. 30–1). Temperature sensors are located within
the prongs to monitor the temperature of the surrounding
breast tissue. The usual RF ablation procedure achieves a 
target temperature of 95°C within 5 to 7 minutes; the tem-
perature is maintained for 15 minutes and is followed by a 
1-minute cool-down period.2

With varying deployment of the starlike array of prongs, a
spherical ablation zone anywhere between 3 and 5 cm in
diameter can be created.5 To protect the patient from an elec-
trical shock, a grounding pad must be applied to the patient’s
skin.2,6 Most RF ablation procedures have been performed
under monitored sedation or general anesthesia in the operat-
ing room and followed by previously planned standard 
surgical resection.7,8

What effect does radiofrequency 
ablation have on breast tissue?

Microscopically, RF ablation induces coagulative necrosis and
protein denaturization.4 Even though the basic architecture of
the ablated tumor can be discerned, the assessment of tumor
grade and lymphovascular invasion is hindered by the heat
destruction.9 At gross sectioning, the ablated region exhibits a
firm, chalky, yellow-white center surrounded by a hyperemic
red ring marking the edge of tissue destruction (Fig. 30–2).
The tissues often do not show these changes for 48 hours;
thus, examining a sample that was resected immediately after
ablation may not reveal this characteristic pattern. To evaluate
cell viability, nicotinamide adenine dinucleotide-diaphorase
(NADH) staining is used in addition to the hematoxylin and
eosin (H&E). With the NADH stain, an oxidation reaction in
the cytoplasm of viable tissue stains dark blue, and the nonvi-
able tissue stains pale gray.1,2

CHAPTER 30

Emerging Local Treatment
Modalities for Breast Cancer
Tara L. Huston and Rache M. Simmons

As biologic therapies for breast cancer evolve, the need for
minimally invasive surgical intervention as part of a multidis-
ciplinary approach to its treatment grows. This chapter dis-
cusses a number of ablative and percutaneous techniques for
the treatment of breast cancer, including radiofrequency abla-
tion, cryoablation, interstitial laser therapy, microwave ther-
motherapy, focused ultrasound ablation, stereotactic excision,
and vacuum-assisted core biopsy. These modalities are guided
by ultrasound, stereotactic mammography, or magnetic reso-
nance imaging (MRI) and can be performed in the office or
ambulatory surgery setting.

ABLATIVE TECHNIQUES

For many years, ablative techniques have been successfully
used to treat metastatic hepatic tumors. More recently, they
have been applied to malignancies in the breast, lung, bone,
central nervous system, kidney, and prostate.1 The breast is an
ideal model for ablative therapies owing to its superficial loca-
tion on the thorax and lack of intervening organs between it
and the skin.

Most current and historical studies of breast cancer abla-
tion include postprocedure resection of the specimen in order
to evaluate the level of pathologic tumor destruction. A stan-
dard prerequisite, for any of the ablative techniques, is a core
biopsy of the breast tumor to determine the presence of estro-
gen and progesterone receptors, HER-2/neu, and markers of
proliferation, apoptosis, differentiation, and cell regulation.
Once the tumor has been destroyed, none of these markers
can be reliably assessed.2

Radiofrequency Ablation

How does radiofrequency ablation work?

Radiofrequency (RF) ablation accomplishes tissue destruction
through heat. High-frequency alternating current flows from
an electrode on the tip of the RF probe into surrounding tis-
sue. This results in ions in close proximity oscillating at
applied frequencies and creating friction. Cell death occurs at
sustained temperatures above 40°C to 50°C.3
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What are the data to support 
radiofrequency ablation?

In 1999, a pilot study to evaluate RF ablation as a treatment
for breast cancer was undertaken by Jeffrey and colleagues.8

Five women with locally advanced breast cancer, and tumors
ranging from 4 to 7 cm, underwent RF ablation in the oper-
ating room immediately before planned mastectomy.
Histologically, all tumors showed some degree of cell death.
The ablated zone extended between 0.8 and 1.8 cm around the
tip of RF probe. NADH staining revealed complete cell death
within the ablated zone in four of the patients. The fifth tumor
harbored a single focus of viable cells smaller than 1 mm 

partially lining a cyst. There were no perioperative complica-
tions related to the RF ablation.

Ultrasound-guided RF ablation was successfully performed
on 26 women with needle core biopsy–proven T1 and T2
invasive breast cancers. The tumor size ranged between 0.7
and 3.0 cm, with a mean of 1.8 cm. All of the participants had
RF ablation followed immediately by resection of the primary
tumor. NADH staining revealed cell viability in only one of
the 26 patients (4%). One woman sustained a full-thickness
burn in the skin overlying the treatment zone, which was
excised during the subsequent mastectomy without further
complication.10

Another series of RF ablation of breast cancer in 17 women
demonstrated that 94% of patients had complete tumor cell
death at microscopic examination of the resected specimen.
The single unsuccessful ablation was in a patient who had
undergone neoadjuvant chemotherapy before ablation, which
had resulted in nonconcentric tumor regression.2,7

Hayashi and associates studied 22 postmenopausal women
with clinical T1N0 breast cancers and tumors smaller than 
3 cm.9 Tumors were initially thermally ablated and then surgi-
cally resected within the following 2 weeks. In three cases,
residual disease was found at the ablation zone margin. One
patient had dense breast tissue that bent the probe tips,
another’s tumor was too close to the chest wall, and in the
third, ultrasound had significantly underestimated the size of
the tumor. In five patients, the tumor was found to be multi-
focal distant to the ablation zone. A retrospective review of
these five preprocedure mammograms had failed to identify
the sites of multifocal disease. RF ablation alone would have
been insufficient and would have led to a high rate of local
failure in these five cases, equaling 23% of this study group.
Overall, patient satisfaction was high, with minimal pain
noted during the procedure itself, and 95% of women said
they would be willing to have RF ablation again.

RF ablation has been successfully performed with the assis-
tance of stereotactic guidance. A 71-year-old woman with a
1.6-cm infiltrating ductal carcinoma, diagnosed by stereotac-
tic core needle biopsy, underwent RF ablation with an average
temperature of 75°C for 20 minutes, after which a metallic clip
was left in place. One month later, needle-localized surgical
resection was performed with successful retrieval of the clip.
The patient tolerated the procedure well, and no viable tumor
was found. This case highlights a promising use for RF abla-
tion in early breast cancers mammographically detected and
then diagnosed with stereotactic core needle biopsy.11

As a result of these successful treatments with RF ablation,
a few trials are now investigating the use of RF alone, not fol-
lowed by resection. These protocols will likely exclude patients
with large tumors or those with a high likelihood of harbor-
ing multifocal disease. The natural history of RF-treated
breast tumors without resection remains unknown and justi-
fies further evaluation.

Cryoablation

How does cryoablation work?

With cryoablation, tissue is destroyed through localized freez-
ing. Cryoablation involves multiple freeze–thaw cycles to
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Figure 30–1 Radiofrequency ablation demonstrating deploy-
ment of the prongs within a breast tumor and even distribution 
of thermal energy. (From Simmons R. Ablative techniques in the
treatment of benign and malignant breast disease. J Am Coll Surg
2003;197[2]:334–338.)

Figure 30–2 Gross sectioning of a tumor after radiofrequency
ablation. The ablated region exhibits a firm, chalky, yellow-white
center and is surrounded by a hyperemic red ring, which marks
the edge of tissue destruction. (From Simmons R. Ablative tech-
niques in the treatment of benign and malignant breast disease. J Am
Coll Surg 2003;197[2]:334–338.)



achieve maximum tissue destruction. The size of the tumor
determines the number of cycles that will be necessary.2,4,12–14

The target temperature has been shown to be between -160°C
and -190°C.2,12,13 Gross determination of tissue destruction is
very difficult for up to 1 week after cryoablation; thus, a delay
is recommended before resection for adequate resection mar-
gins and histologic analysis.2

How is cryoablation performed?

The tumor is located by ultrasound probe and the overlying
skin numbed with a local anesthetic. A small skin incision is
then created through which the cryoprobe is inserted. No
anesthesia is needed for the remainder of the procedure, as 
the freezing procedure itself acts as an anesthetic on the breast
tissue. Patients stay completely awake for the procedure, and
many view their procedure on the ultrasound monitor.4

The cryoprobe itself is entirely insulated except for a small
area at the tip that is placed directly into the tumor (Fig.
30–3). While observing the ultrasound, one can visualize the
generation of a sonographic freezeball from the liquid nitro-
gen or argon gas. With real-time ultrasound, the freezeball can
be seen encompassing the tumor because a highly echogenic
interface exists between frozen and unfrozen tissue (Fig.
30–4). The skin can sustain a thermal burn if the freezeball is
too close. Therefore, to maintain a suitable distance, saline can
be injected into the breast tissue between tumor and skin to
create a separation. Alternatively, room-temperature saline 
or water can be dripped directly onto the skin’s surface to 
protect it.4

Are there data to support cryoablation?

In 1985, Rand and colleagues produced one of the first pilot
studies using cryoablation to treat breast cancer. The initial
patient was a 77-year-old woman with a 1 ¥ 2 cm palpable
mass, which had malignant characteristics on mammogram.
Using sonographic guidance aided by direct vision, a 5-mm
cryoprobe was inserted into the lesion. The tumor underwent
five freeze cycles and was then resected. No viable tumor cells
were identified in the pathologic specimen. The patient had an
uneventful recovery and, at a 2-year follow-up, was clinically
and mammographically disease free.15

More recently, Staren and colleagues used cryoablation to
treat a 76-year-old woman with two foci of infiltrating lobu-
lar carcinoma (0.5 and 0.8 cm) in the same quadrant, diag-
nosed by ultrasound-guided core needle biopsy. Cryoablation
was performed separately on both tumors using sonographic
guidance, and the masses were not resected. Core needle 
biopsy at 4 weeks and 12 weeks postablation revealed tissue
necrosis, inflammatory cells, and cellular debris but were neg-
ative for persistent tumor. Shortly after the procedure, the
patient developed a vague 2-cm firmness in the area between
the two cryoablation zones, but this spontaneously resolved
within 12 weeks.13

Stocks and associates16 performed cryoablation on 11
women with core needle biopsy–proven breast cancer and
then resected the specimens within 1 to 3 weeks. The mean
tumor size was 13 mm, with a range of 7 to 22 mm. The sono-
graphic freezeball was generated to surround the tumor as
well as a 1-cm margin of normal-appearing breast paren-
chyma. Ten of the tumors showed complete ablation. The 
one tumor with residual malignant cells revealed ductal car-
cinoma in situ (DCIS) at the border of the ablation zone. Two
of the women sustained minor dermal injuries before the use
of saline injection for tumors near the skin.
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Figure 30–3 Demonstration of cryoablation showing sono-
graphic probe placement and frozen ablation zone. (From
Simmons R. Ablative techniques in the treatment of benign and 
malignant breast disease. J Am Coll Surg 2003;197[2]:334–338.)

Figure 30–4 Image of sonographic freezeball during cryoabla-
tion. (From Simmons R. Ablative techniques in the treatment of
benign and malignant breast disease. J Am Coll Surg 2003;197[2]:
334–338.)



Pfleiderer and coworkers17 studied 15 women with 16 breast
tumors, averaging 21 mm, to further investigate the potential
of ultrasound-guided cryotherapy in breast cancer. Under
ultrasound guidance, a 3-mm cryoprobe was inserted into
each tumor. Two freeze–thaw cycles of 7 to 10 minutes and 5
minutes, respectively, were performed. Within 5 days after the
cryoablation, all tumors were resected. The mean diameter 
of the freezeball was 28 mm. No severe side effects were
observed. The five tumors smaller than 16 mm had no evi-
dence of invasive cancer after treatment. However, two of
these five had DCIS in the surrounding tissue. In the 11
tumors 23 mm or larger, histologic examination revealed
incomplete necrosis. These authors concluded that the inva-
sive components of small tumors can be treated using
cryotherapy, but DCIS components that may not be detected
before ablation represent a challenging problem.

The previously described studies indicate that cryoablation
of breast cancers is a promising technique; however, more
research needs to be done. In two of the studies, the presence
of DCIS at the margin of the ablation zone resulted in incom-
plete tumor necrosis; thus, patients with DCIS may not be
good candidates for cryotherapy. Major advantages to this
technique are the obviation of anesthesia because the freezing
numbs the breast, and the ability to perform this procedure in
the office under real-time ultrasound guidance. Prospective
randomized trials are needed to determine the long-term
effectiveness of cryotherapy on breast cancer.

Interstitial Laser Ablation

How does interstitial laser ablation work?

Interstitial laser ablation (ILA) uses heat to destroy tissue. To
perform the procedure, the lesion must be visualized by mam-
mogram, MRI, or ultrasound. Mammographic guidance is
used for microcalcifications or tumors seen solely on mam-
mogram, whereas MRI tends to be used for other lesions.
Ideally, the lesion should be well circumscribed and measure
less than 1.5 cm in diameter.18

How is interstitial laser ablation performed?

No general anesthetic is necessary, but the skin overlying the
cancer is numbed and a field block is performed directly at the
site.5,19 A small skin incision is made, through which a hollow
stereotactic needle is inserted. Through the stereotactic nee-
dle, a 16- to 18-gauge laser-emitting optic fiber is deposited.2,19

Parallel to the stereotactic needle, about 1 cm away, a multi-
sensing probe is placed to monitor the temperature of the 
surrounding breast tissue. Laser coagulation cannot be 
monitored by real-time digital images, although continuous
recording of the temperature grids can guide adequacy of
treatment. The target temperature at the center is between
80°C and 100°C, which correlates to about 60°C registered on
the probes at the periphery.19 Contrast-enhanced Doppler can
be used to see the loss of blood flow to the ablated area.18

Within 20 minutes, about 1400 joules of laser energy per
cubic centimeter of calculated tissue are delivered at a rate of
5 to 7 watts/second.5,18 The volume of tissue sphere encom-

passing the entire ablation zone is calculated by V = 4/3p
(radius)3; thus, for the average 1-cm tumor with 0.5 cm sur-
rounding cover of parenchyma, the volume is 4 cm3, and 5600
joules of laser energy are needed for its complete ablation.
Saline is continuously dripped from the tip of the laser to pre-
vent overheating.5 Using MRI, detailed temperature grids can
be generated to outline the area of ablation and help to mon-
itor the temperature of the surrounding breast tissue.20

What does interstitial laser ablation 
do to tissue?

Bloom and colleagues21 reported a series of 40 patients with
mammographically detectable T1 breast cancers treated by
interstitial laser therapy. All tumors were excised within 5 to
42 days and examined to detail the pathologic changes
induced by interstitial laser therapy. Upon evaluation, all
revealed a characteristic series of concentric rings surround-
ing the laser needle tip cavity. Zone 1 was charred tissue with-
in the cavity; zone 2 was coagulated with “wind-swept” nuclei
similar to those seen in cautery artifact; zone 3 was a gray-tan
ring that histologically showed recognizable tumor but did
not express cytokeratin 8/18 (a viability marker) and was thus
not viable; zone 4 was a ring of red-tan tissue in which the
tumor architecture was evident but the cytoplasm and nuclear
characteristics had been erased; and zone 5 was grossly hyper-
emic while histologically consisting of a rim of vascular pro-
liferation with fat necrosis interspersed with aggregates of
inflammatory cells and macrophages (Fig. 30–5). The classic
zones were present in all patients regardless of the time that
had elapsed between ablation and resection. Thus, it is the
outer zone of fat necrosis that delineates the actual area of
effective ablation.
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Figure 30–5 Resected tissue specimen following interstitial laser
ablation. Box highlights pseudoviability zone, which is structurally
and histologically intact but is composed of nonviable cells.
(Courtesy of Dr. Kombiz Dowlatshahi.)



What are the data to support 
interstitial laser ablation?

Dowlatshahi and colleagues19 studied the effect of laser 
therapy on 56 women with breast cancers smaller than 23 mm.
Within 8 weeks of the ablation, the tissue was resected in all
but 2 of these patients, both of whom were treated outside of
the protocol. Sixteen of the 54 patients harbored residual
tumor following ablation: 4 cases were early (learning phase)
and not given sufficient laser energy; 2 patients were overse-
dated and moved involuntarily; 4 cases failed because of tech-
nical problems with the equipment; 5 cases had suboptimal
target visualization because of excessive fluid infusion or nee-
dle biopsy hematomas; and 1 patient had a tumor larger than
2 cm. Difficult target visualization was overcome by inserting
metallic markers around the tumor after numbing the skin but
before the infusion of peritumoral anesthesia. The 2 patients
who did not undergo resection were monitored by mammo-
gram, ultrasound, and needle core biopsy for 2 years. This is of
note because it is one of the only human demonstrations of the
short-term natural history of interstitial therapy. In both
patients, the laser-treated tumors first became smaller and
were then replaced by a 2- to 3-cm oil cyst. After resolution of
the cysts, fibrosis was identified on core biopsies.18

Laser ablation of breast cancers can also be done with MRI
guidance. When compared with traditional MRI, rotating
delivery of excitation off-resonance (RODEO) breast MRI
affords higher contrast and improved spatial resolution in
visualizing breast cancers. Using gadolinium further helps to
locate the lesion. With RODEO MRI, an MRI-compatible
needle is stereotactically placed within the lesion. The laser
ablative therapy is then interactively controlled by continuous
MRI with energy delivery correlated to tumor dimensions.
The appearance of a hypointense zone on the image correlates
with the effectiveness of the treatment.20

Harms and associates22 performed MRI-guided laser abla-
tion on 22 invasive cancers in 12 patients to test the feasibility
of this approach. In 3 patients with tumors smaller than 3 cm,
the goal was total ablation, whereas in the other 9 patients,
only portions of large tumors were ablated. The laser-treated
area was resected in all patients. The zone of ablation was
measured as the greatest distance between two points on the
hyperemic ring and was subjected to standard H&E as well as
proliferation cell nuclear antigen (PCNA) staining for tumor
viability. Pathologic analysis confirmed complete destruction
in tumors smaller than 3 cm. The most frequent complaint,
discomfort from compression of the MRI coils, was not 
related to the laser itself. An advantage of MRI-guided laser
ablation is the ability to determine lesion margins precisely.

Microwave Ablation

How does microwave ablation work?

Microwave ablation involves thermal tissue destruction
through two microwave phased array wave guide applicators.
Because breast cancers have higher water content than sur-
rounding normal breast tissue, the cancer should heat more
rapidly than healthy tissue during microwave ablation. During
the procedure, the breast is compressed between two acrylic

plates to allow penetration of microwave energy and to mini-
mize patient movement. The microwaves are focused at the
center of the tumor, where a temperature probe is placed to
regulate the target temperature of 43°C. To avoid heat injury
to the overlying skin, noninvasive skin surface temperature
probes are applied to the skin, and fans provide constant air
cooling.23

What are the data to support the use 
of microwave ablation?

Gardner and colleagues23 performed a pilot study using
focused microwaves to achieve breast cancer thermoablation
in 10 women planning to undergo mastectomy. The micro-
wave treatment time averaged 34.7 minutes, with a range of 12
to 40 minutes. The mean peak temperature was 44.9°C and
varied between 43.3°C and 47.7°C. All of the specimens were
surgically resected as mastectomy specimens within 18 days.
These data showed tumor size reduction averaging 41% (29%
to 60%) on the basis of sonographic measurements before 
and after microwave therapy. On pathologic analysis, tumor
necrosis was noted in 4 of 10 specimens and apoptosis was
seen in 6. Three of the 10 women suffered flap necrosis fol-
lowing mastectomy that may have been associated with the
elevated skin temperature during the laser therapy.

Can microwave ablation be used 
as a preoperative adjunct?

A group of nine patients with advanced breast carcinoma
underwent hyperthermic tumor ablation (HTA) as a preoper-
ative adjunct to determine whether tumor volume could 
be decreased. An 8-MHz radiofrequency heating device
(Thermotron RF-8, Yamamoto Vinita, Japan) was combined
with a grounded needle electrode to achieve a target tempera-
ture above 50°C. Tumor size was decreased from a mean of
122 cm3 to 82.2 cm3. Histologic examination of the primary
focus showed total coagulation necrosis encompassing a
sphere between 3.5 and 5.0 cm in diameter. The authors con-
cluded that preoperative HTA is safe and well tolerated and
results in a large volume of destruction of breast cancer 
tissue.24

Can microwave ablation be used 
with chemotherapy?

Heat treatment can be used alone to kill tumor cells but has
also been shown to enhance chemotherapy’s tumoricidal
effects. An ongoing phase II trial of focused microwave 
thermotherapy in women with locally advanced breast cancer
is comparing neoadjuvant chemotherapy to neoadjuvant
thermochemotherapy. Specifically, this two-armed random-
ized trial is comparing neoadjuvant focused 915-mHz
microwave energy treatment with neoadjuvant doxorubicin
(Adriamycin) plus cyclophosphamide (Cytoxan) chemo-
therapy. By examining the thermal cell kill in resulting
lumpectomy specimens, researchers hope to assess the 
added benefit of microwave thermotherapy to neoadjuvant
chemotherapy.25
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Focused Ultrasound Ablation

What is focused ultrasound ablation?

Focused ultrasound (FUS) ablates tumor tissue with heat,
resulting in protein denaturation and tissue necrosis. The
ultrasound beams penetrate soft tissue and can be directed at
tissue volumes as small as a few cubic millimeters. The
absorbed energy causes an elevated temperature in the breast
tissue with such a high thermal gradient that the boundaries
of the treatment area are sharply demarcated without damage
to the surrounding parenchyma. In seconds, a target temper-
ature between 55°C and 90°C is attained. MRI is ideal for
guiding FUS ablation because it yields excellent anatomic res-
olution, is highly accurate in the detection of tumors, and
allows the physician to monitor the ultrasound ablation in
real time.26 Dose calculations are based on tumor size and the
length of the ultrasound pathway as measured by MRI.27

How is focused ultrasound 
ablation performed?

The patient is placed prone on a FUS table inside an MRI
magnet. An anxiolytic is administered to reduce movement
inside the MRI tube, and an analgesic is given to reduce the
associated discomfort. No skin incision is needed. The trans-
ducer is positioned such that the ultrasound beam is focused
directly on specific points within the tumor. At these focal
points, the beam produces temperature elevations and coagu-
lation necrosis. The treatment consists of a series of sonica-
tions throughout these points within the tumor itself plus a
surrounding margin. At histologic assessment of resected
specimens, the treated areas show a yellow-white area of cen-
tral necrosis surrounded by a red hemorrhagic ring.26

What are the data to support 
focused ultrasound ablation?

In a pilot study of MRI-guided focused ultrasound ablation,
Gianfelice and associates26 treated 12 women with invasive
breast cancer consisting of tumors smaller than 3.5 cm. The
treatment was composed of multiple sonications at targeted
points, which were monitored with temperature-sensitive
MRI followed by surgical resection. The effectiveness was
determined by comparing the volumes of necrosed and resid-
ual tumor in the resected specimen. The procedure was well
tolerated, with two minor skin burns as the sole complica-
tions. In three patients treated with the first ultrasound system
(InSightec-TxSonics Mark 1 InSightec TxSonics, Dallas, TX),
a mean of 46.7% of the tumor was within the targeted zone.
and a mean of 43.3% of the cancer tissue was necrosed. In
nine patients treated with the more advanced second ultra-
sound system (InSightec-TxSonics Mark 2), a mean of 95.6%
of the tumor was within the targeted zone, and a mean 
of 88.3% of the cancer tissue was necrosed. Residual tumor
was identified predominantly at the periphery of the tumor
mass. By increasing the total targeted area, such as with an
increased number of sonications, a greater tumor volume
could be destroyed. The authors’ conclusion was that thermal

coagulation of small breast tumors by means of MRI-guided
focused ultrasound is a promising noninvasive ablation pro-
cedure for which further study is warranted.

Huber and colleagues performed a single-patient pilot
study of a woman with a 2.2-cm centrally located invasive
ductal carcinoma. The therapy involved 80 single ultrasound
pulses of 9 seconds each at 30 to 50 watts of acoustic power.
Immediately after the treatment, the patient was evaluated
with gadolinium-enhanced MRI to determine the extent of
tissue destruction. The images demonstrated a zone without
contrast in the targeted area, suggesting a complete interrup-
tion of the blood supply. No anesthesia was needed, and the
patient did not note any discomfort during the procedure. A
lumpectomy was performed 5 days after the focused ultra-
sound ablation procedure. Histologic examination revealed
both lethal and sublethal damage to the tumor. The authors
concluded that noninvasive MRI-guided therapy of breast
cancer is feasible and effective and that MRI-guided FUS may
represent a new strategy for the neoadjuvant, adjuvant, or pal-
liative treatment in selected breast cancer patients.27

Advantages of focused ultrasound ablation include the fact
that no skin incision needs to be made, the focal point is con-
tinually changeable throughout the treatment, and there is
great flexibility in matching the size of the treatment zone to
the targeted volume of the tumor in three dimensions.26

PERCUTANEOUS TUMOR EXCISION: 
STEREOTACTIC EXCISION AND 
VACUUM-ASSISTED CORE BIOPSY

How does stereotactic excision work?

Stereotactic excision of small breast cancers is possible using
the Advanced Breast Biopsy Instrumentation system (ABBI,
U.S. Surgical Corporation, Norwalk, CT). It was originally
introduced in 1996 as a diagnostic tool that incorporates
large-bore cannulas within the stereotactic table and can
remove mammographic breast tumors as a nonfragmented
single-core specimen. A surgical cannula, up to 20 mm wide,
is inserted along a stereotactically positioned axial wire in the
center of the tumor. Tissue cylinders encompassing the entire
tumor are then extracted in amounts significantly larger than
those obtained by core biopsy.

What are the data on the use 
of stereotactic excision?

In 50 patients with in situ and invasive breast cancer, positive
margins and residual tumor rates were similar to those seen
with needle-localized excisional biopsy when compared by
mammographic lesion size and ABBI cannula size.28,29 As
expected, there was a higher rate of positive margins when
larger lesions were excised with smaller cannulas. Even though
small tumors can be successfully excised with negative mar-
gins, there are limitations regarding incision placement and
an increased incidence of wound hematoma compared with
other methods.
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How does the vacuum-assisted 
core biopsy work?

The two vacuum-assisted systems currently in use are the
Mammotome (Biopsys Medical, Cincinnati, OH) and the
Minimally Invasive Breast Biopsy (MIBB, U.S. Surgical
Corporation, Norwalk, CT). Both techniques use a vacuum to
pull tissue into a sampling chamber, where it is removed with
high-speed rotating knives and then suctioned into an exter-
nal chamber for harvest. This method avoids multiple passes,
compared with a standard core biopsy, and allows the retrieval
of contiguous samples. The Mammotome functions with
internally rotating knives. The MIBB uses an externally oscil-
lating knife that is capable of sampling larger specimens.30,31

What are the data to support the use 
of the vacuum-assisted core biopsy?

Fine and coworkers32 published a multicenter nonrandomized
study evaluating 124 women with low-risk palpable breast
lesions resected using the Mammotome under ultrasound
guidance. The 75 lesions 1.5 cm or smaller were removed with 
an 11-gauge probe, whereas the 49 lesions between 1.5 and 
3.0 cm were removed using an 8-gauge probe. Follow-up eval-
uation was performed 10 days after the biopsy. Complete
removal of the imaged lesion was similar between groups:
99% with the 8-gauge and 96% with the 11-gauge. Most com-
plications were mild and anticipated. Ninety-seven percent of
patients were satisfied with the appearance of the incision, and
98% would recommend the procedure to others. Thus, percu-
taneous removal of palpable benign breast masses using the
Mammotome system is feasible, is safe, and yields high patient
satisfaction.

The complete removal of small lesions under ultrasono-
graphic guidance in an outpatient setting using the multidi-
rectional hand-held vacuum-assisted biopsy device was also
demonstrated by Johnson and associates.33 One hundred one
breast lesions in 81 patients were excised through 3-mm inci-
sions using a hand-held 8-gauge or 11-gauge Mammotome.
The average lesion size was 1.15 cm. Ninety-four (93%) of the
lesions were benign, five (5%) were malignant, and two (2%)
showed atypical hyperplasia. At subsequent excisional biopsy
of the malignant lesions, only one was found to harbor resid-
ual disease. Of the two lesions with atypical hyperplasia, no
evidence of malignant disease was noted in either excisional
biopsy specimen. This study concluded that vacuum-assisted
excisional breast biopsy under ultrasound guidance is an
effective technique for the management of benign lesions.

CONCLUSION

Numerous methods of image-guided percutaneous breast
cancer ablation and percutaneous tumor excision are cur-
rently being investigated in clinical trials. Long-term follow-
up data regarding local effects on the surrounding breast
tissue or recurrence rates are not yet available. There are lim-
ited data suggesting the possibility of fat necrosis within the
unresected tissue.2 Local breast changes may pose diagnostic

dilemmas in future ablation-only trials, making it difficult to
distinguish recurrent cancer from scar or fat necrosis.

We are cautiously optimistic that ablative and percutaneous
excisional therapies will be used as a routine adjunct in the
future to treat selected breast cancers. The challenge in the
success of these techniques will lie in the ability to identify
multifocal disease and to ensure complete and effective eradi-
cation of the breast cancer.
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problem routinely treated with mastectomy. Thus, there is a
limited amount of information regarding the natural history
of this disease.4 In recent years, coinciding with the use of
screening mammography, there has been a marked increase in
the incidence of DCIS in asymptomatic women. In one series,
DCIS represented 20% of all screen-detected breast cancers,
and the overall rate of DCIS detection by screening mam-
mography was 0.78 per 1000 mammograms, with the rate
increasing with age. Therefore, about 1 case of DCIS is 
detected for every 1300 mammograms performed.5

Depending on the individual circumstances, patients with
DCIS generally undergo surgery (lumpectomy or mastec-
tomy) and may also receive radiation therapy, tamoxifen, or
both. Patients with DCIS are at a very low risk for systemic
disease but have a substantial risk for developing recurrence in
the conserved breast that may be invasive breast cancer or a
recurrent in situ lesion, and they are also at risk for a con-
tralateral breast cancer. The estimates of recurrence risk after
breast conservation therapy vary across studies and are influ-
enced by factors such as tumor grade, tumor size, margin
width, patient age, and treatment. In one large clinical trial,
after a mean follow-up of 90 months, the incidence of ipsilat-
eral invasive breast cancer in patients treated with lum-
pectomy alone was 13.4%.6 The addition of radiation to
lumpectomy reduced the rate of invasive recurrence to 3.9%
and the rate of recurrent DCIS to 8.2%. A more recent study
cited high nuclear grade as the factor most strongly associated
with recurrence in women treated with lumpectomy alone,
although this variable was not able to predict an invasive ver-
sus noninvasive recurrence. Women with DCIS of high
nuclear grade had high 5-year recurrence rates for invasive
cancer of 11.8% and for DCIS of 17.1%, whereas women with
low-nuclear-grade tumors had relatively low 5-year recur-
rence rates for invasive cancer of 4.8% and for DCIS of
4.8%.7 Women with high-nuclear-grade DCIS or DCIS treat-
ed with lumpectomy alone had relatively high rates of invasive
breast cancer recurrence when compared with patients 
diagnosed with DCIS of low nuclear grade and treated with
radiotherapy.7

The National Surgical Adjuvant Breast and Bowel Project
(NSABP) Protocol B-24 examined the role of tamoxifen in
women treated for DCIS with breast-conserving surgery and
radiation. After completing radiotherapy, women were ran-
domized to placebo or tamoxifen. The women treated with
tamoxifen had an 8.2% incidence of ipsilateral breast cancer
(4.1% invasive and 4.2% noninvasive) compared with 13.4%
of the placebo group (7.2 % invasive and 6.2% noninvasive) at

CHAPTER 31

Surveillance Following
Breast Cancer Treatment
Tracey O’Connor and Stephen B. Edge

In the United States, there were more than 200,000 new cases
of invasive breast cancer in 2003, with an additional 55,000
cases of carcinoma in situ,1 making breast cancer the most
common malignancy in American women. The increased
incidence and improved mortality rate have resulted in a large
population of breast cancer survivors who require regular 
follow-up, probably exceeding 2 million women. A rational
plan for breast cancer follow-up takes into consideration the
natural history of the disease and the influence of various
therapies. This plan should account for the likely sites and
timing of recurrences as well as the ability of treatment to
effectively influence disease outcome. Women with breast can-
cer also require regular follow-up to detect and manage com-
plications and side effects of therapy, such as lymphedema and
premature menopause and its consequences. This chapter
reviews the pertinent data and explains the recent shift from
intensive medical surveillance to a less aggressive approach.

What are the goals of breast 
cancer follow-up?

There are several goals of medical surveillance following pri-
mary breast cancer therapy. One reason for continued follow-
up is contribution to research and accumulation of data.2

Another is the detection of new primary breast cancers in the
contralateral breast at an early stage. Studies have demon-
strated that women with a history of invasive breast cancer have
a greater risk for developing a contralateral breast cancer. Other
goals include the detection of recurrent disease in patients who
may benefit from therapy, patient rehabilitation and psycho-
logical support, evaluation of treatment effects, and risk coun-
seling for the patient and family.3 Because most women survive
breast cancer, it is also important for them to continue routine
primary care and preventive health practices and to maintain a
relationship with their primary care providers.

FOLLOW-UP OF IN SITU BREAST DISEASE

How is the patient with in situ 
breast disease followed?

Before the widespread use of screening mammography, ductal
carcinoma in situ (DCIS) was an infrequently encountered
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a median follow-up of 74 months.8 In addition, tamoxifen
reduced the risk for contralateral breast cancer.

The goal of follow-up after DCIS is therefore to screen for a
new or recurrent cancer in the conserved breast or in the con-
tralateral breast. Screening for distant metastases has no role.
Follow-up for women with DCIS involves a history and phys-
ical examination every 6 to 12 months for 5 years. Postexcision
mammogram should be performed after surgery, and before
radiation, to ensure completeness of resection and is especi-
ally important for cancers manifested by microcalcifications.
The first postradiation mammogram should be performed 6
months after the completion of radiation to record the new
baseline breast appearance.9 Mammograms performed before
this 6-month interval may be suboptimal because of edema
and skin changes. Mammography is then recommended
annually and should be performed on both breasts (Table
31–1).

Although the incidence of DCIS continues to rise, the inci-
dence of lobular carcinoma in situ (LCIS), which accounts for
13% of in situ breast carcinomas, has been stable since 1988.10

The true incidence of LCIS in the general population is
unknown because there are no specific clinical or mammo-
graphic signs. LCIS is thought to represent a transitional
intraepithelial, or in situ, stage in the evolution of breast can-
cer, and it is assumed to be distributed throughout breast 
tissue, having close to a 100% incidence of bilaterality and
multicentricity.11 The presence of LCIS is a marker of future
risk for breast cancer development. About 0.5% to 1% of
women with LCIS develop invasive breast cancer annually.12

The risk is bilateral and not limited to the breast in which
LCIS was found.

The management of LCIS is conceptually different from the
management of other breast cancers, reflecting the view that
LCIS is a precancerous lesion and not a true cancer. The goal
of treatment is prevention of an invasive lesion or early detec-
tion while the invasive lesion remains confined to the breast.
Consensus now supports observation alone as the most
appropriate treatment for LCIS.13 Bilateral mastectomy, with
or without reconstruction, is considered for women with a
strong family history or genetic susceptibility, and for those
who view their personal risk for breast cancer as unacceptably
high.

Surgical excision to achieve negative margins is not needed
at the initiation of surveillance. Similarly, radiation therapy
has no currently established role in the treatment of this dis-
ease. Treatments that do not account for the bilaterality of this
process (i.e., unilateral mastectomy) are not logical.

Tamoxifen decreases the risk for a subsequent invasive
breast cancer in women with LCIS. The NSABP P-01 breast

cancer prevention trial included 826 women with LCIS.
Among women with LCIS who received no treatment, the
average annual rate of invasive cancer was 12.99 per 1000
women. Tamoxifen decreased the annual rate per 1000 to 5.69,
a risk reduction of 56%.14

Patients with LCIS treated with observation alone or bilat-
eral mastectomy share a good prognosis. Consensus follow-up
recommendations include history and physical examinations
every 6 to 12 months for 5 years and annually thereafter in
conjunction with yearly mammography for those being fol-
lowed by observation (Table 31–2).

FOLLOW-UP OF INVASIVE BREAST CANCER

About one third of patients with a history of breast cancer will
experience a recurrence and ultimately die of their disease.
Recurrence rates increase with the size of the primary tumor
and lymph node involvement, whereas adequate surgical
treatment and adjuvant therapy are associated with lower
recurrence rates.

Women with a history of breast cancer remain at risk for
recurrence for the rest of their lives. As will be detailed,
although most recurrences occur within 5 years of diagnosis,
the hazard of recurrence decreases slowly through year 12, and
very late recurrences are not uncommon.15 However, most
relapses occur during the first decade, with the rate of relapse
peaking between years 2 and 5 after diagnosis. Late mortality
estimates are less than 2% per year beginning 15 years after
primary treatment.16

In women with a history of invasive breast cancer, a yearly
mammogram of the remaining breast tissue is indicated.
Mammography of the reconstructed breast or of the chest wall
has a low yield and is not recommended.17 As noted, for cases
of mammographically detected breast cancer, a postexcision
mammogram may be performed before radiation to ensure
completeness of resection and is especially important for
DCIS diagnosed by radiographic microcalcifications. The first
postradiation mammogram should be performed 6 months
after the completion of radiation to record the new baseline
breast appearance.9 Mammograms performed before this 6-
month interval may be suboptimal owing to edema and skin
changes. Mammography is then recommended annually and
should be performed on both breasts.

Consensus recommendations for follow-up of invasive
breast cancer include history and physical examinations every
3 to 6 months for the first 3 years, then every 6 to 12 months
for 2 years, then annually. Pelvic examination and cervical
cytology should be continued annually for patients with an
intact uterus. Prompt evaluation of new signs and symptoms,
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• Interval history and physical exam every 6 mo for 5 yr, then
annually

• Mammogram every 12 mo
• If tamoxifen is given:

• Annual pelvic exam with Pap smear if appropriate
• Ophthalmology exam if cataracts or vision problems
• Consider monitoring for bone density loss if premenopausal

Table 31–1 Follow-up after Treatment for Ductal Carcinoma 
In Situ

Data from Writing Committee. NCCN breast cancer clinical practice
guidelines. JNCCN 2003;1:148–188.

• Interval history and physical exam every 6–12 mo
• Mammogram every 12 mo unless after bilateral mastectomy
• If tamoxifen is given:

• Annual pelvic exam with Pap smear if appropriate
• Ophthalmology exam if cataracts or vision problems
• Consider monitoring for bone density loss if premenopausal

Table 31–2 Follow-up after Treatment for LCIS

Data from Writing Committee. NCCN breast cancer clinical practice
guidelines. JNCCN 2003;1:148–188.



ongoing patient education, continued coordination of
care, and psychosocial support should also be maintained 
(Table 31–3).

What is the timing of breast 
cancer recurrence?

The timing of breast cancer recurrence affects the frequency 
of follow-up examinations and testing. Because breast 
cancer may recur at any time following treatment, all patients
must continue on surveillance throughout life. A large series
from Milan examining the risk for locoregional and distant
recurrence rates over 12 years of follow-up in 2233 patients
following breast-conserving therapy consisting of quadran-
tectomy, axillary dissection, and radiotherapy was published
in 1995.18 This series reported 119 local recurrences, 32 new
ipsilateral cancers, and 414 distant metastases as first events.
Distant metastases occurred in up to 5% of patients per 
year for the first 2 years after therapy, after which the recur-
rence rates declined sharply. In contrast, locoregional recur-
rence rates did not show a peak of incidence, instead
remaining constant for the 12-year follow-up period, at about
1% per year.

Another large study analyzing the clinical course of 3585
patients enrolled in seven Eastern Cooperative Oncology
Group (ECOG) adjuvant trials was reported in 1996.15 This
study included both premenopausal and postmenopausal
women in its analysis, and most women had positive lymph
nodes at the time of diagnosis. Forty-five percent (1625) of
patients experienced a recurrence during the median follow-
up of 8.1 years. One hundred eighty-two patients (5%) died
without recurrence and were censored for recurrence at the
time of death. The hazard of recurrence was greatest between
1 and 2 years after surgery (13.3%), then decreased consis-
tently from 2 to 5 years. Beyond 5 years, the hazard of recur-
rence decreased slowly. Between years 5 and 8, the hazard of
recurrence was 4.7%, and between years 8 and 12, it was 3.4%
(P = .01). Higher-risk subsets (patients with more than three
positive nodes) had a higher hazard of recurrence at all time 
intervals but demonstrated the same temporal pattern of
recurrence as the lower-risk subsets.

Estrogen receptor (ER) status affected the timing of recur-
rence in this study. Overall, the hazard of recurrence was
increased for the ER-negative patients compared with the ER-
positive patients. However, the increased hazard associated
with ER negativity reflected the higher hazard of recurrence in
years 0 to 5. Between years 3 and 4, the hazards for ER-
negative and ER-positive patients crossed, and beyond 5 years,
the hazard was greater for ER-positive patients. There is there-
fore no definable point at which a woman may be considered
cured of her disease, nor free from risk for the development of
a new primary breast tumor.

What is the rate of locoregional 
recurrence following mastectomy?

Local recurrence following mastectomy most commonly 
presents as nodularity in or under the skin of the chest wall,
usually in or near the mastectomy scar. Regional recurrence
presents as palpable adenopathy in the previously treated 
axilla or supraclavicular or infraclavicular nodes. The rate of
isolated locoregional failure after mastectomy ranges from 2%
to 20% depending on the tumor size, lymph node involve-
ment, and length of follow-up.3 Many of the data regarding
locoregional recurrences in patients treated with mastectomy
were generated from the time period before widespread use of
adjuvant systemic therapy and regional radiation. However,
20-year follow-up of NSABP B-06 showed a local and region-
al recurrence rate of 14.8 % in patients treated with total 
mastectomy.19 The size of the primary tumor, lymph node
involvement, and use of adjuvant radiation all can influence
the rate of locoregional recurrence following mastectomy. A
meta-analysis of randomized trials conducted by the Early
Breast Cancer Trialists’ Collaborative Group demonstrated
that adjuvant chest wall irradiation can decrease local recur-
rence but did not impact survival, likely reflecting the
increased likelihood of occult distant disease in women pre-
senting with locoregional failure after mastectomy.20

Almost all patients with an isolated local recurrence follow-
ing mastectomy develop distant disease, despite local therapy.
In one series of patients treated for local or regional recur-
rence after mastectomy from 1968 to 1978, the 5- and 10-year
actuarial rates of freedom from distant metastasis were 30%
and 7%, with overall survival only 26% at 10 years.21 Because
locoregional recurrence following mastectomy is frequently
associated with distant disease, a metastatic assessment is
indicated before any aggressive local therapy is employed.

What is the risk for locoregional recurrence 
following breast-conserving therapy?

Ipsilateral recurrence after lumpectomy and radiotherapy
occurs at a rate of 0.5% to 1% per year and generally presents
in a fashion similar to that of primary breast cancer.22

Abnormalities on mammogram, palpable masses, and suspi-
cious nipple discharge must be evaluated as potential signs of
recurrent disease. The risk for locoregional recurrence
increases with positive margins of resection, multifocal dis-
ease, young age at diagnosis, and the absence of radiotherapy.
The rate of recurrent cancer in the ipsilateral breast among
women with negative nodes treated with breast-conserving
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• Interval history and physical every 4–6 mo for 5 yr, then every
12 mo

• Mammogram every 12 mo (and 6 mo after radiation if breast
conservation is performed)

• Pelvic examination every 12 mo if uterus is present and
patient is taking tamoxifen

• Prompt evaluation of new signs and symptoms
• Osteoporosis screening and appropriate treatment (see text)

for high-risk women
• All women older than 65 yr
• Women aged 60–64 yr with:

a. Family history
b. Body weight > 70 kg
c. Prior nontraumatic fracture
d. Other risk factors

• Postmenopausal women of any age receiving aromatase
inhibitors

• Premenopausal women with therapy-associated menopause

Table 31–3 Follow-up after Treatment for Invasive 
Breast Cancer



therapy, systemic therapy, and radiation is about 6% at 10
years of follow-up.19 Trials with broader inclusion criteria
have reported ipsilateral failure rates from 8.8% in the Milan
trial, reported at 20 years,23 to 22% in the National Cancer
Institute study,24 reported at a median follow-up of 18.4 years.
In contrast to locoregional recurrence after mastectomy, an
in-breast recurrence is associated with synchronous distant
metastases in only 10% of cases, and most patients will be
effectively treated and not experience further recurrence.25

Therefore, the overall survival of patients after primary treat-
ment with mastectomy or with breast-conserving therapy is
equivalent at 20 years. When radiotherapy is omitted from
breast-conserving therapy, the locoregional recurrence rate
increases significantly (39.2% in the NSABP series) but with-
out a corresponding decrement in overall survival. As already
noted, it is essential to follow the conserved breast with 
periodic physical examinations and annual mammography.

What are the most common sites 
of distant disease relapse?

It is important to understand the pattern of distant breast
cancer recurrence because this knowledge can be used to focus
the history and physical examinations during surveillance vis-
its. Distant recurrence rates in women with a history of inva-
sive breast cancer vary from 5% to 80%, depending on stage
and other prognostic factors.3 Current data on the patterns of
breast cancer recurrence reflect a period of time before the
widespread use of breast conservation and systemic therapy;
nonetheless, they are important to our understanding of the
disease.

The skeletal system represents the most common site of dis-
tant relapse, followed by lung or pleura and liver. Kamby and
colleagues reported a series of 415 patients with first recur-
rence and found the most common sites of distant metastatic
disease were bone (31%), lung (19%), and liver (15%).26 The
central nervous system is the first distant site of metastasis in
less than 5% of patients who develop distant metastasis.27

Between 10% and 15% of patients have disease at multiple
sites at the time of presentation with distant metastatic 
disease.

Should women with a history of breast 
cancer have routine chest radiographs 
or imaging studies?

Most patients with metastatic disease are diagnosed with dis-
tant disease following symptoms or abnormality detected on
physical exam. A number of trials have examined the potential
role of radiographic modalities to screen for asymptomatic
breast cancer recurrence. Reflecting the fact that the skeleton
is the most common site of initial distant relapse, most stud-
ies have examined the potential role of nuclear medicine bone
scanning.

The NSABP performed a prospective study of 2697 women
with a history of stage II breast cancer followed with routine
bone scans. Only 0.6% of scans detected metastasis in asymp-
tomatic patients.28 In a trial reported by Pedrazzini and asso-
ciates, routine bone scanning done at baseline and repeated at
1 year could provide early detection of a recurrence for 2.4%

of the population studied.29 These clinical trials fail to support
routine radionuclide scintigraphy in the follow-up of the
asymptomatic patient.

The performance of routine chest radiographs as a method
of detecting recurrence has also been examined. Intrathoracic
recurrence can present as lung metastases, pleural recurrence
with associated effusion, and mediastinal disease. A review of
retrospective studies of chest radiographs as a method of
detection reported that first recurrence was detected by chest
films in 2.7%, with a range of 0% to 5.1%.30 Another study fol-
lowed 241 patients with routine chest radiographs and bone
scans during the first 2 years after surgical treatment.31 Twelve
patients (5%) were discovered to have pulmonary metastasis
on routine sequential chest radiography. Four of these 12
patients were symptomatic. Overall, 1091 chest radiographs in
241 patients were required to detect occult metastases in 8
cases. Based on these and similar studies, routine chest radi-
ography is not recommended.

Computed tomography (CT), magnetic resonance imaging
(MRI), and positron emission technology (PET) are newer
imaging modalities potentially able to screen patients for
asymptomatic first recurrence. Large prospective trials
addressing the potential utility of these techniques have not
been reported, and the routine use of these tests in the asymp-
tomatic patient is not recommended.

Should routine blood work be performed 
during breast cancer follow-up?

There are insufficient data to suggest that patients should
receive routine complete blood counts as part of a surveillance
program. Similarly, chemistry profiles have not been found to
be helpful in detecting recurrences in the asymptomatic
patient. In one retrospective review, chemistry studies 
detected initial recurrence in only 5.9% of cases (range, 1.2%
to 12.0%).30 However, in a study of 6.3% of patients who did
develop liver metastases, only 1.3% were asymptomatic.32

Are there data available to support the 
use of tumor markers in surveillance 
of the breast cancer patient?

The serial measurement of tumor markers represents a 
newer approach to screening for breast cancer recurrence.
Carcinoembryonic antigen (CEA), CA-15-3, and CA-27.29
are three commonly measured markers. Compared with con-
ventional disease assessment tools, biochemical markers assess
the total-body burden of disease rather than the size of a sin-
gle lesion, making them potentially more sensitive for early
detection.

The serum markers CA-15-3 and CA-27.29 measure a class
of glycoproteins secreted by breast cancer cells. CA-15-3 was
the first available test. It can be measured in the sera radioim-
munologically with the monoclonal antibodies DF3 and 115-
D8. Multiple studies have reported that the incidence of
CA-15-3 elevation increases with the stage of disease, with
incidences of elevation from 5% to 30%, 15% to 50%, 60% to
70%, and 65% to 90% in stages I, II, III, and IV, respectively.33

Large tumor burden correlates with high marker values.34

Despite this correlation with extent of disease, low CA-15-3
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levels do not exclude metastatic disease, and a given level does
not predict stage of disease. In addition, CA-15-3 is elevated in
5% to 6% of healthy people, and more often in individuals
with benign diseases of the liver and biliary system or with
benign mastopathic disease of the breast.34 There are few stud-
ies examining the value of CA-15-3 in prospective trials of the
follow-up of breast cancer patients after primary treatment.
A recently reported prospective trial by Kokko and associates
of CA-15-3 levels measured regularly in 243 patients with 
primary breast cancer for a median follow-up of 4.3 years
demonstrated a mean lead time to diagnosis of 3 months.
Other studies have reported mean lead times varying from 9.5
months,35 4.2 months,36 and 64 days.37 Despite these findings,
there is no evidence that lead time affects the benefit and out-
come of treatment for metastatic disease. A large prospective
randomized trial is required to examine this question.

CA-27.29 has been compared with CA-15-3 in a retrospec-
tive trial of 275 patients. This study found CA-27.29 to be
more sensitive in the patient populations studied, with inci-
dences of elevation of 29%, 36%, and 59% in stages I, II, and
III, respectively. In contrast, CA-15-3 measured in the same
samples was elevated 15%, 23%, and 54%, respectively.38 Chan
and coworkers conducted a study to determine the ability of
CA-27.29 to predict relapse and lead time from the marker
elevation to clinical evidence of disease.39 The study reported
a sensitivity of CA-27.29 positivity of 57.7% and a lead time
of 5.3 months.

CEA belongs to a family of cell surface glycoproteins with
increased expression in breast cancer as well as other malig-
nancies. The level of CEA is elevated in 10% to 60% of
patients with breast cancer, with the likelihood and degree of
elevation related to the stage of disease.3 The false-positive rate
in patients without disease recurrence has varied from 0% to
11%, depending on the study. In patients in whom elevated
CEA levels precede clinical evidence, the lead time varies
between 3 and 7 months.40

The American Society of Clinical Oncology (ASCO) Tumor
Markers Panel evaluated the available evidence to assess the
value of using CEA, CA-27.29, and CA-15-3 as markers of
asymptomatic recurrence. They found insufficient evidence to
support the routine use of these markers in the screening,
diagnosis, staging, or follow-up of breast cancer.41 Although a
rising marker can detect a recurrence after primary treatment,
there is no established clinical benefit to this detection, and
options for therapy remain essentially unchanged. The ASCO
Guidelines state that “there has been no demonstrated impact
on the most significant outcomes (improved disease-free 
or overall survival, better quality of life, lesser toxicity, or
improved cost-effectiveness).”41

The overall strategy of intensive surveillance after breast
cancer has been tested in controlled trials. Two large prospec-
tive randomized controlled trials involving more than 2500
early-stage breast cancer patients compared intensive surveil-
lance (serial bone scans, liver ultrasounds, chest radiographs,
and laboratory testing) with routine surveillance.42,43 Both
studies determined that most patients with metastatic disease
presented with symptoms rather than findings on the screen-
ing examinations. Neither study was able to detect a survival
benefit or improvement in quality of life related to intensive
surveillance, concluding that such surveillance is not indicated
in the follow-up of early-stage breast cancer patients. There
are not randomized data of this quality to assess the value of

tumor markers in this setting, but the available uncontrolled
data cited earlier do not suggest that the use of markers would
lead to a survival benefit.

What is the risk for developing a 
second primary breast cancer?

Patients with breast cancer are at risk for a second primary
breast cancer. Ten years after treatment, the risk for develop-
ing a new breast cancer is equal to or greater than the risk for
developing a disease recurrence.44 Patients who develop bilat-
eral breast cancer, synchronously or asynchronously, may have
a strong family history of breast cancer and are at risk for car-
rying a BRCA1 or BRCA2 mutation. Second primary breast
cancers are curable, especially if detected early. Women with a
history of invasive breast cancer have a greater risk for devel-
oping a contralateral breast cancer. The magnitude of this risk
is about 0.5% to 1% per year of follow-up. In a large series of
patients followed at Memorial Sloan-Kettering for a median of
18.2 years, the average annual incidence was 8 per 1000 per
year of follow-up (0.8%). This risk was age dependent:
women younger than 45 years at the time of diagnosis have an
average annual rate of contralateral breast cancer of about 1%,
whereas those older than 50 years at diagnosis face a risk of
about 0.5% per year.45 The incidence of contralateral breast
cancer was about 9% at 20 years and 25 years in the NSABP 
B-06 and B-04 studies, respectively.19,46 Other studies have
demonstrated that contralateral breast cancer exhibits a prog-
nosis similar to that of the first breast, making early detection
and treatment valuable.47 The primary source of overall mor-
tality is largely determined by the risk for distant disease from
the first primary cancer, although the risk for a new primary
or recurrence is real.45 These data provide further support 
for the need for annual mammography after breast cancer
treatment.

COMPLICATIONS OF THERAPY

What complications of local therapy 
may be seen in follow-up?

The current therapy for breast cancer often includes one or
more local treatments associated with complications. In gen-
eral, women are treated with either mastectomy or breast-
conserving therapy followed by radiation. Axillary lymph
nodes are generally evaluated with a sentinel node biopsy, a
level 1 and 2 axillary nodal dissection, or both. The risk for
local complications can increase with systemic therapy and
with the degree of local therapy required.48

Axillary surgery can result in persistent numbness or dis-
comfort, swelling (lymphedema), and decreased range of
motion of the arm. Mild symptoms are common and have
been reported in about one third of women 2 to 5 years after
axillary node dissection.49 The increasing use of sentinel
lymph node procedures is hoped to decrease the likelihood of
local morbidity. One study by Schijven and colleagues com-
pared morbidity in 213 patients treated with axillary lymph
node dissection (ALND) with 180 patients treated with 
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sentinel node biopsy (SNB) using a disease-specific quality-
of-life questionnaire.50 Patients having SNB had a 3.2-fold
lower risk for pain, a 5-fold lower risk for lymphedema, a 7.7-
fold lower risk for numbness, a 7.1-fold lower risk for loss of
strength in the affected arm, and a 2.9-fold lower risk for
impaired use of the arm. Axillary radiotherapy added to the
risk for lymphedema by 2.4-fold and enhanced the impaired
use of the arm by 2.6-fold.

Although most cases of lymphedema are mild, it can have a
significant impact on a woman’s quality of life. Identified risk
factors include axillary radiation, extent of axillary surgery,
obesity, and weight gain.51 Before any treatment for lym-
phedema is started, a cancer recurrence involving the axilla or
brachial plexus, axillary vein thrombosis, or infection should
be considered and treated if present. Recommendations for
treatment are limited by the lack of prospective randomized
trials on therapy options but may include compression 
garments and comprehensive physical therapy (manual 
lymphatic drainage).52 Surgery, diuretics, and compression
pumps are ineffective.

What are the long-term side 
effects of chemotherapy?

An increasing number of women receive adjuvant systemic
chemotherapy for breast cancer. These treatments may be
associated with weight gain, infertility, chemotherapy-
induced premature menopause, and neuropathy.53 Women
with chemotherapy-induced ovarian failure may be at
increased risk for osteoporosis and should consider bone den-
sity monitoring. Less common side effects include cardiac
dysfunction from anthracycline-based chemotherapy and
leukemia-myelodysplastic syndromes. The potential for devel-
opment of these complications should be considered during
follow-up if a woman presents with concerning symptoms. As
discussed earlier, there are no data to support the use of com-
plete blood counts to screen for bone marrow relapse or
myelodysplasia or serial echocardiography, or of multigated
acquisition scanning to screen for cardiac dysfunction.16

How should women on hormonal 
therapy be followed?

Antiestrogen hormonal therapies are frequently used in the
treatment of women with early-stage breast cancer and are
highly effective for patients with hormone receptor–positive
disease. Although they are generally well tolerated as 
compared with chemotherapy, hormonal treatments are 
associated with significant side effects, and because of the
duration of treatment, these effects may persist for years.

Tamoxifen and anastrozole are the most commonly used
agents in the adjuvant setting for early-stage breast cancer.
Both are associated with vasomotor symptoms and vaginal
atrophy and dryness. The major serious side effects of tamox-
ifen are rare and related to its weak estrogen agonist prop-
erties. These include thromboembolic disease (deep vein
thrombosis, pulmonary embolism, and stroke), cataracts, and
endometrial carcinoma. Uterine cancer occurs at a rate of
0.2% per year in women receiving adjuvant tamoxifen 
therapy.14 Relative to tamoxifen, anastrozole has a better 

side-effect profile in terms of hot flashes, vaginal bleeding,
endometrial cancer, stroke, and thrombotic events; however,
increases in musculoskeletal symptoms and fractures are
reported.54

The best comparison of side effects of tamoxifen and anas-
trozole is the recently reported Arimidex, Tamoxifen, Alone 
or in Combination (ATAC) adjuvant breast cancer trial.55

Selected side effects reported in this study are shown in 
Table 31–4.

Vasomotor symptoms (or hot flashes) are one of the most
common complaints of breast cancer patients. In randomized
placebo-controlled trials, a reduction of 20% to 30% in hot
flash frequency and severity is noted with placebo alone,
demonstrating the importance of well-designed trials to
address treatment options for this bothersome complaint.56

Scientifically designed clinical trials have reported that treat-
ments such as black cohosh and vitamin E are not more 
effective than placebo.57,58 Likewise, studies have also reported 
that soy products are only marginally or no more effective
than placebo for treatment of menopausal symptoms.59

Bothersome symptoms of hot flashes may be treated with
serotonin-reuptake inhibitors such as venlafaxine; Loprinzi
and associates reported a placebo-controlled study showing
up to a 61% reduction in hot flash score in treated women.60

Other possible agents include clonidine and gabapentin.
Two prospective trials have evaluated potential clinical ben-

efit of screening for endometrial cancer in patients receiving
adjuvant tamoxifen. Barakat and coworkers61 examined the
potential benefit of screening with endometrial biopsy. In this
study of premenopausal and postmenopausal breast cancer
patients with a median age of 50 years, 111 women had a total
of 635 endometrial biopsies, with a mean number of 5.8 sam-
plings per patient. Of the biopsies, 544 (86%) revealed benign
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Table 31–4 Incidence of Predefined Adverse Events at the First
and Updated Analyses of the ATAC Trial

ATAC, Arimidex, Tamoxifen, Alone or in Combination. 
Data from Winer EP, Hudis C, Burstein HJ, et al. American Society of

Clinical Oncology Technology Assessment Working Group update: Use of
aromatase inhibitors in the adjuvant setting. J Clin Oncol
2003;21:2597–2599.

Percentage of Patients

Adverse Event Anastrozole Tamoxifen P Value

Hot flashes 34.3 39.7 <.0001

Musculoskeletal disorder 27.8 21.3 <.0001

Fatigue 15.6 15.1 .5415

Fractures 5.9 3.7 <.0001

Vaginal bleeding 4.5 8.2 <.0001

Vaginal discharge 2.8 11.4 <.0001

Endometrial cancer 0.1 0.5 .0267

Cataracts 3.5 3.7 .5427

Venous thromboembolic 2.1 3.5 .0006
events

Ischemic cerebrovascular 1.0 2.1 .0006
events

Ischemic cardiovascular 2.5 1.9 .1391
events



endometrium and 82 (12.6%) were insufficient for diagnosis.
In 9 (1.4%), biopsy results were abnormal, leading to further
evaluation. In total, 14 patients underwent a dilation and
curettage (D&C). Although 3 of the 111 patients (2.7%) were
ultimately treated with hysterectomy, only 1 of the 111 (0.9%)
had pathology detected by screening endometrial biopsy.

Gerber and colleagues62 addressed the role of transvaginal
sonography (TVS) in 247 postmenopausal women with breast
cancer and compared them with 98 women with breast cancer
not eligible for tamoxifen therapy. The mean age of the
patients was 60 years in both groups. They performed TVS
every 6 months for up to 5 years. Fifty-two asymptomatic
women with morphologically suspect or thickened
endometrium (10 mm) underwent hysteroscopy or D&C.
This resulted in four uterine perforations. Histology demon-
strated atrophy in 38 patients, polyps in 9, hyperplasia in 4,
and endometrial cancer in 1. Twenty screened patients 
reported vaginal bleeding. Five had atrophy, 5 had polyps,
and 4 had hyperplasia. Two women had endometrial cancer
identified by bleeding only despite having screening TVS.
Overall, 1265 TVS procedures detected 1 asymptomatic cancer.

These two studies and others support the guidelines that
routine endometrial surveillance of women treated with 
adjuvant tamoxifen is not warranted.63 Women receiving
tamoxifen should have annual gynecologic examination.
Endometrial biopsy, with or without transvaginal ultrasound,
should be used in patients with abnormal vaginal bleeding or
discharge. There is no current role for screening endometrial
biopsy or transvaginal64 ultrasound in asymptomatic women
off a clinical trial, and such screening attempts may be associ-
ated with significant morbidity.

How should bone density be followed 
in women treated for breast cancer?

Osteopenia and osteoporosis are common and important
issues in women with breast cancer. Most women with a newly
diagnosed breast cancer are at risk related either to age or
breast cancer therapy. One of the most common side effects of
adjuvant chemotherapy is permanent ovarian failure, occur-
ring in 63% to 85% of premenopausal patients treated with
cyclophosphamide, methotrexate, and fluorouracil and in
50% or more of women treated with anthracyclines.65 Age is
an important determinant of ovarian failure, with women
older than 40 years developing menopause more frequently
and after a shorter duration of chemotherapy.66 There is a
growing interest in the United States in the use of ovarian sup-
pression or ablation as an adjuvant breast cancer therapy in
premenopausal women, and this has been an established prac-
tice in Europe.67

Ovarian suppression results in a decrease in estrogen levels
and is associated with an increased risk for osteoporosis and
fracture.48 Chemotherapy-induced ovarian failure causes
rapid and significant bone loss in the spine and femur,
detectable within 6 months of starting chemotherapy. Shapiro
and colleagues65 reported highly significant bone loss in the
lumbar spine by 6 months, with further increase at 12 months,
in 35 women with chemotherapy-induced ovarian failure. The
median decreases of bone mineral density (BMD) in the spine
from 0 to 6 months and 6 to 12 months were -4.0% and -
3.7%, respectively. Fourteen patients who retained ovarian

function had no significant decreases in BMD during the
same time period.

Tamoxifen also has important effects on bone density.
Tamoxifen acts as an estrogen agonist in bone. This results in
a preservation of BMD in postmenopausal women; however,
in premenopausal women, tamoxifen has been associated 
with bone loss.68 The antiresorptive properties of tamoxifen
are modest: Although tamoxifen preserves BMD in post-
menopausal patients, there is no reduction in vertebral and
femoral fractures in women receiving tamoxifen.69

Anastrozole recently received approval for the adjuvant
treatment of postmenopausal women with early-stage ER-
positive breast cancer based on the results of the ATAC trial.70

Although the combination of drugs was not superior to
tamoxifen alone, anastrozole alone improved disease-free sur-
vival and reduced contralateral breast cancers. The most seri-
ous adverse event was the fracture rate in the anastrozole
group as compared with the tamoxifen group. In a recent
update with a median follow-up of 37 months, the fracture
rate in the anastrozole arm was 7.1%, as compared with 
4.4% in the tamoxifen arm.54 Indirect evidence suggests that 
roughly one third of the excess fracture risk seen with anas-
trozole is related to an absence of tamoxifen effect.71 Data
from three large studies show a consistent improvement in
disease-free survival among postmenopausal women treated
in the adjuvant setting with aromatase inhibitors. Optimal
adjuvant hormonal therapy for a postmenopausal woman
with hormone receptor–positive breast cancer includes an
aromatase inhibitor as initial therapy or after treatment with
tamoxifen.72 Tamoxifen continues to be the optimal adjuvant
hormonal therapy for premenopausal women with receptor-
positive breast cancer.

In part reflecting the approval of anastrozole in the 
adjuvant setting and concern that this trend in adjuvant 
hormonal therapy would make osteoporosis a greater health
problem in the future, an ASCO panel updated the recom-
mendations on bone health in women with a history of breast
cancer in 2003.71 The panel recommended “in otherwise
healthy women, a strong body of evidence supports a strategy
of early detection and therapy of osteoporosis.” Breast cancer
patients determined to be at high risk (older than 65 years, 60
to 64 years of age with other risk factors, any woman taking
aromatase inhibitors, and premenopausal women with 
therapy- induced menopause) should have annual bone 
densitometry, and as in women without breast cancer, subse-
quent treatments are guided by BMD result. Basic measures
include adequate calcium intake (1200 mg/day) with vitamin
D (400 to 800 IU), exercise, and smoking cessation. Breast
cancer patients with osteoporosis (T score, -2.5 or lower)
should initiate pharmacologic therapy (i.e., oral bisphospho-
nates) and continue annual BMD screening. Breast cancer
patients with osteopenia (T score, -1 to -2.5 ) should have
basic measures instituted in conjunction with annual BMD
screening, but the panel concluded that current evidence does
not support use of bisphosphonates for this group.

Who should conduct breast 
cancer surveillance?

The initial breast cancer surveillance guidelines stated,
“Cancer patients should have the right to treatment by an
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oncologist indefinitely after a cancer diagnosis in accordance
with ASCO policy.”73 Since the time the original guidelines
were published, questions have been raised about the evidence
available to support this statement.

Because breast cancer is a disease treated by multiple sub-
specialists, patients have often scheduled regular follow-up
visits with surgeons, radiation oncologists, and medical oncol-
ogists. Coordination of care is important to avoid a burden-
some and expensive redundancy of effort for the first 5 years
following primary therapy. A randomized trial involving 296
breast cancer patients in England was reported in 1996.74 The
patients were randomized to follow-up with a general practi-
tioner or in a multidisciplinary breast clinic. They were 
followed in both settings with regular scheduled history and
physical examinations and yearly mammograms. This trial
was designed to assess effects on time to diagnosis of recur-
rence and quality of life when responsibility of follow-up was
shifted to the primary care provider. Although the follow-up
period reported was short (18 months), the results did not
detect a difference in time to diagnosis, increase in anxiety, or
deterioration in health-related quality of life in women receiv-
ing care from generalists. Most recurrences detected by the
patients occurred in the interval between follow-up exams,
and almost half (7 of 16; 44%) of the recurrences in the spe-
cialist follow-up group presented first to a general practi-
tioner. Although generalization of these data is limited in
terms of sample size, follow-up time, and cultural factors, they
suggest that effective follow-up may occur in various settings.
It is recommended that follow-up of breast cancer patients be
performed in a setting in which continuity of care is possible
and in which an individual experienced in the care and exam-
ination of cancer patients performs the surveillance. These
findings support the assertion that women should be well
educated about symptoms of recurrence because most recur-
rences become symptomatic during the interval between 
follow-up visits.

The goals of breast cancer surveillance include medical
assessment for disease recurrence, sharing information
regarding advances in treatment, ensuring compliance with
surveillance guidelines, providing psychological support, and
managing side effects and complications of therapy. Patients
are best served by a coordinated multidisciplinary follow-up
effort between generalists and specialists. The development of
a strong doctor–patient relationship and careful attention to
history and physical examination deserve emphasis over diag-
nostic testing and best serve the unique health concerns of the
breast cancer survivor.
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NATURAL HISTORY AND CLINICAL 
PATTERNS OF METASTASES

When do metastases appear?

Although up to 75% of recurrences occur within the first 5
years of diagnosis, metastatic disease continues to appear after
this time and has been well documented as long as 25 or 30
years after first presentation.5

What are the sites of metastatic disease?

The most common sites of metastasis are bone, lungs, liver,
chest wall, and central nervous system (CNS). Less common
sites are the adrenals, ovaries, pericardium, thyroid, and bone
marrow.1 Factors that may determine the site of relapse
include the disease-free interval, histologic subtype of the 
primary lesion, estrogen receptor (ER) status of the primary
tumor, and possibly, the type of adjuvant therapy. In patients
with short disease-free intervals, visceral disease predomi-
nates, whereas if the disease-free interval is longer, bone
metastases are more likely. Invasive lobular carcinoma is more
likely to spread to peritoneum, pleura, adrenal glands, uterus,
and ovaries. Invasive ductal carcinoma is more likely to spread
to liver, lung, and bone6–9 (Table 32–1).

What are the important prognostic 
factors in metastatic breast cancer?

ER status is an important prognostic factor. Estrogen stimu-
lates the growth of many breast tumors. About 30% of unse-
lected breast cancers are ER positive. In general, patients with
ER-positive tumors who are postmenopausal have a more
favorable prognosis once recurrence develops. These patients
are more likely to develop osseous metastases than visceral
metastases, and there may be a longer disease-free interval
from the time of primary diagnosis until the development 
of metastatic disease. Once metastatic disease is diagnosed,
patients with ER-positive tumors may have a more indolent
clinical course, with slower progression of disease and longer
survival. Some patients have survived in excess of 10 years
with ER-positive osseous metastases. In contrast, patients with
ER-negative tumors may have more aggressive disease, with a

CHAPTER 32

Management of Metastatic
Breast Cancer

What is the scope of the problem?

Despite advances in screening and early diagnosis of breast
cancer, many women still develop and die from metastatic 
disease. Adjuvant systemic therapy has increased the survival
of women who present with early-stage disease but has 
certainly not completely eradicated the risk for recurrence.
Relapse rates following standard current adjuvant therapy for
patients presenting at the various stages is as follows: stage I,
10% to 30%; stage II, 40% to 60%; and stage III, greater than
90%.1

The annual incidence of all newly diagnosed cases of breast
cancer is greater than 200,000, and more than 50,000 women
will die of breast cancer this year. Most women present with
early-stage disease. Although fewer than 10% of patients in
the United States present with stage IV disease, this represents
a significant number of women: 10,000 to 15,000 with
metastatic disease.2

At this time, metastatic breast cancer is rarely cured.
Median survival after development of metastatic disease is 
2 to 3 years.3–5 Treatment may be effective for palliating 
symptoms, with responders enjoying not only an enhanced
quality but also, in some cases, prolongation of life.
Nonetheless, cure is not an expectation, and research efforts
both at the basic science and at the clinical levels must be
directed at defining better and more effective therapies that
may offer the possibility of cure for patients with metastatic
disease.
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shorter disease-free interval, more rapid spread and growth of
metastases, a higher incidence of visceral metastases, and
shorter long-term survival.10–12

Postmenopausal patients are more likely than pre-
menopausal patients to have ER-positive disease. In addition,
expression of hormone receptors may correlate with other
prognostic factors, including HER-2/neu. Tumors that over-
express HER-2/neu are more likely to be ER negative and 
to be associated with more aggressive disease. There are 
also data suggesting that the ER and HER-2/neu interact.
Overexpression or amplification of HER-2/neu may be associ-
ated with relative tamoxifen resistance in tumors that are ER
positive.13–20 It has also been noted that hormone receptors
may be less frequently expressed in tumors arising in patients
with genetic mutations in BRCA1. This may affect prognosis
as well.21,22

Survival from the time of diagnosis of recurrent disease
may also depend on the site of metastasis. Patients with bone-
only metastases may have a longer median survival than 
do those with extraskeletal metastases. In some studies,
survival was almost twice as long if bone metastases rather
than visceral metastases were present.10–12 In one study,
median survival of patients with skeletal involvement was 
48 months, with one third of patients living longer than 5
years. Patients with visceral disease have a median survival 
of 6 months.12 Also, in patients with local chest wall recur-
rence alone, survival is longer than in those with visceral 
disease.

Some preliminary data suggest that adjuvant therapy may
have an impact on sites of recurrence. A retrospective review
of adjuvant therapy clinical trials by the International Breast
Cancer Study Group compared relapse rates and sites of
relapse. Women who had received a full course of adjuvant
chemotherapy were compared with those followed by ob-
servation alone after surgery or who had only one cycle of
perioperative chemotherapy. Similar rates of relapse were
observed in both groups, but there was a significant difference
in locoregional and soft tissue relapse between the two groups.
Those who had received the more effective chemotherapy had
only an 18% relapse rate in soft tissue, compared with a 36%
relapse rate in locoregional and soft tissue sites in women who
had received the less effective adjuvant treatment. There were
no differences in the incidence of visceral or bony metastases.
This information is inconclusive as to the effect of adjuvant
therapy on site of relapse and has not been confirmed in other
large studies23 (Table 32–2).

How does metastatic disease progress?

In some instances, metastatic disease follows a rather in-
dolent course, with little in the way of symptoms or com-
plications. This pattern of metastatic disease is most often

associated with older age at diagnosis, postmenopausal 
status, longer disease-free interval, smaller tumor burden,
ER-positive tumors, and bony rather than visceral sites of
metastases.

In other instances, disease is rapidly progressive, causing a
great deal of morbidity, pain, and discomfort. This pattern of
metastasis is more commonly seen in patients who have wide-
spread visceral disease, who are premenopausal, or who have
multiple sites of involvement with greater tumor burden and
ER-negative and HER-2/neu–positive tumors.

DIAGNOSIS AND WORKUP OF 
METASTATIC DISEASE

How is metastatic disease diagnosed?

Less than 10% of patients present with stage IV disease, but
this is only a small fraction of all women who will ultimately
develop advanced breast cancer. Most patients are diagnosed
with metastatic breast cancer after having been treated for
stage I, II, or III disease.

Patients should be followed after initial diagnosis for the
possibilities of both local and distant recurrence. Careful 
history and physical examination should be performed at 
regular intervals. Mammographic surveillance is indicated 
for patients who have had breast-conserving surgery. Chest
radiographs may detect asymptomatic pulmonary metastases
and may be indicated for patients at risk. Although many
patients will develop osseous metastases, routine use of
nuclear bone scans or radiographic bone surveys has not
proved cost-effective and is not routinely recommended for
patients who present with early-stage disease. Serum
chemistries (aspartate aminotransferase [AST), alanine
aminotransferase [ALT), lactate dehydrogenase [LDH), and
alkaline phosphatase) may be helpful in screening for liver or
bone metastases. It is unclear, however, whether there is a sur-
vival advantage for regular, intensive testing.

Two large studies have addressed the impact of intensive
surveillance on survival of patients following diagnosis 
of breast cancer. In both trials, women were randomly
assigned to either intensive follow-up (defined as physician
visits, blood tests, bone scans, and chest radiographs on 
a scheduled basis) or routine follow-up (defined as phy-
sician visits and testing only as clinically indicated). Screening
mammography was conducted in both arms of each study.
Once metastatic disease was diagnosed, therapy was initiated.
The reported results were strikingly similar in the two studies.
There was a small increase in the frequency of detection 
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Bone
Liver
Lung
Central nervous system

Table 32–1 Common Sites of Metastatic Breast Cancer

Disease-free interval—length of time from diagnosis of primary
lesion until development of metastatic disease

Number of metastatic sites
Skeletal vs. visceral metastases
Estrogen/progesterone receptor expression
HER-2-neu expression

Table 32–2 Important Prognostic Factors in Metastatic 
Breast Cancer



of metastases in the intensively followed group but no survival
difference.24,25

Furthermore, the dollar cost of routine testing for the
asymptomatic patient must be considered. One financial
analysis published in 1990 found that the direct cost of
intensive follow-up (with physician visits, blood tests, mam-
mography, nuclear bone scans, and chest films) would be 
at least five times higher than for less intensive follow-up
(physician visits, mammography). The range of cost was from
about $1000 per patient over 5 years for the routine follow-up
to more than $5000 per patient for the intensively followed
group. Given the number of women to be followed, the esti-
mated difference in cost for the two follow-up approaches
over a 5-year period in the United States could exceed $800
million.26

Positron emission tomography (PET) scanning is a new
diagnostic modality that offers several advantages over
anatomically oriented imaging such as radiography, comput-
ed tomography (CT) scanning, ultrasoundy, and convention-
al nuclear imaging. PET most commonly uses the radiotracer
18F-fluorodeoxyglucose (FDG), which is actively transported
into cells through the glucose transport mechanism and then
undergoes phosphorylation in the initial step of glycolysis.
FDG-6P (phosphorylated FDG), however, is not a substrate
for additional phosphorylation and is blocked from further
metabolism. Most malignant cells lack the phosphatase
enzymes necessary for dephosphorylation of FDG-6P, allow-
ing high levels of this compound to accumulate. The amount
of FDG uptake in the cells reflects the overall metabolic activ-
ity and identifies cells that are more active. This correlates
with malignancy and with biologic behavior of certain 
tumor types. Higher-grade tumors tend to accumulate higher
levels of FDG than lower-grade tumors. This may be helpful
in detecting areas of involvement by metastatic tumor and 
in differentiating rapidly growing from more indolent
tumors.27–30

PET scanning may be useful in staging and in serial evalua-
tions after diagnosis of breast cancer. PET scanning has been
used in breast cancer. It has been reported to detect metastases
in axillary lymph nodes with high sensitivity and specificity.
However, some series also report significant numbers of false-
positive and false-negative results.31–34 Distant sites of disease,
including pulmonary, osseous, and distant nodal sites, are
more reliably detected by PET.35–36 There may be an increasing
role for PET imaging in the early detection of metastatic dis-
ease and in monitoring response to therapy. PET is costly but
may be a more efficient imaging method than more conven-
tional anatomically based studies.

Serum cancer markers, such as carcinoembryonic antigen
(CEA) and CA-15-3, may have some utility in detecting 
early metastases. CA-15-3 has been shown to have a high
degree of both sensitivity (81.5%) and specificity (66%) and 
a high predictive value (92%) in the detection of osseous
metastases.37 CEA may be elevated in metastatic breast cancer
but is also increased in a number of other malignancies,
including lung cancer, gastrointestinal tract carcinomas
(stomach, colon, rectum, pancreas), and ovarian cancer. In
addition, patients who smoke cigarettes, have benign liver 
disease, or have inflammatory diseases of the breast or liver
may also have elevated serum CEA. CA-15-3 may be some-
what more specific and may be predictive of recurrence.38–42

The usefulness of monitoring these serum markers has not 

yet been clearly established, and the financial cost is not
insignificant.

It is clear that follow-up is necessary after the diagnosis 
of breast cancer, but the degree to which routine use of
invasive or costly testing is indicated needs further definition.
To date, no survival advantage has been demonstrated follow-
ing the use of intensive follow-up screening for metastatic 
disease. Careful history and physical examination at regular
intervals are recommended. Surveillance mammography is
indicated, as discussed elsewhere. Until clearcut data defining
the utility of other tests emerge, the routine use of screening
radiographs, scans, and serum markers cannot be recom-
mended. These tests may be helpful in detecting early 
recurrence, and their use will be determined by the treat-
ing physician, regional standards of care, and third-party 
payers.

What is the workup for a newly 
diagnosed stage IV patient?

Metastatic disease may be diagnosed because either the
patient presents with a new clinical sign or symptom, or a rou-
tine screening test demonstrates an abnormality suspicious of
recurrence. If a patient presents with a symptom indicative of
metastatic involvement, an appropriately directed workup to
confirm the diagnosis is indicated. For example, a complaint
of pain may lead to a radiograph or bone scan; cough 
or shortness of breath may direct one to order a chest film or
CT scan. On the other hand, an abnormality on a routine
screening test may trigger other diagnostic interventions. For
example, elevated serum markers and liver function tests in an
asymptomatic patient may prompt a request for an abdomi-
nal CT scan looking for liver metastases, or a PET scan for a
more generalized examination.

After a patient is identified as having metastatic disease, a
complete staging workup to define the extent of disease
should be undertaken. This begins with a thorough history
and physical examination. Laboratory tests include a com-
plete blood count (CBC) with differential; clinical chemistries
including electrolytes, transaminases (ALT, AST), alkaline
phosphatase, albumin, calcium, LDH, and possibly serum
markers (CEA and CA-15-3). Imaging studies should be used
as indicated to define the anatomic sites of involvement. It is
important to know the full extent of disease when embarking
on treatment in order to define optimal therapy, determine
response, and define progression.

The first site of recurrent disease should be documented
histologically, whenever technically feasible, given lesions that
can undergo biopsy with acceptable risk. The differential
diagnosis of a new lesion in a patient with a history of breast
cancer includes metastases from primary breast cancer,
benign lesions, and other primary or metastatic malignancies.
It is imperative to confirm the histologic nature of the lesion
as recurrent or metastatic breast cancer for diagnostic and
prognostic purposes and before beginning toxic and costly
therapies. Biopsy should be performed on the site that is 
most accessible and that would render an adequate tissue 
sample with the least morbidity for the patient. Often, a fine-
needle aspiration biopsy with radiologic guidance can be 
performed on pulmonary, hepatic, soft tissue, or osseous 
sites. Sometimes, a surgical biopsy is required. Again, it must
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be emphasized that documentation of the recurrence is essen-
tial before further therapeutic interventions. Pathologic 
confirmation of diagnosis is required, and definition of
molecular characteristics, including expression of ER and
progesterone receptor and HER-2/neu, will affect treatment
decisions (Table 32–3).

SYSTEMIC TREATMENT OF 
METASTATIC DISEASE

What are the basic principles of 
treatment of metastatic disease?

Patients with either distant recurrence of breast cancer or
advanced locoregional recurrence following primary treat-
ment have an often lethal disease. Treatment is rarely curative,
and median survival after diagnosis of metastasis is 2 to 3
years. Systemic treatment of metastatic breast cancer may 
prolong the median survival in a small number of patients.
Therefore, the goal of therapy remains palliation, with the
hope of providing the best response with the best quality of
life for the longest time possible. With available approaches,
up to two thirds of patients may respond to and benefit from
treatment. Complete responses are observed in no more than
10% to 15% of patients, and the median duration of these
responses is 6 to 12 months. Nonetheless, as many as 10% of
patients may survive longer than 10 years after the diagnosis
of metastatic disease. Treatment for metastatic disease is indi-
cated in that it may enhance quality of life and prolong life. To
determine the optimal treatment strategy in metastatic dis-
ease, it is essential to confirm that the diagnosis is metastatic
breast cancer (and not another malignancy or disease
process), estimate the prognosis and median survival, and
predict the likelihood of response to treatment. Treatment
modalities are both systemic and local. Systemic treatments,
including hormonal, chemotherapeutic, and biologic inter-
ventions, are aimed at achieving a response in all sites of

disease. Local modalities, including radiation therapy,
surgery, and regional instillation of chemotherapeutic agents,
are directed at palliating specific complications in defined
anatomic locations. These approaches are discussed in greater
detail later in this chapter.

Treatment selections must be made on an individual 
basis and should be guided by the patient’s symptoms and
performance status, biologic characteristics of the tumor,
and both long-term and short-term clinical goals. Treatment
should be tailored to the needs of the individual patient.
Decision making should be a shared process in which patients
make informed choices with their physician’s guidance.

Specific clinical syndromes may require that locoregional
therapy be instituted before or in addition to systemic treat-
ment. For example, a lytic bone metastasis with risk for
impending fracture (explained later) may require orthopedic
surgical intervention and radiation therapy as well as systemic
treatment. Space-occupying CNS or spinal metastases may
require surgical debulking to prevent potential neurologic
complications. Thoracentesis and pleurodesis may be 
indicated for control of malignant pleural effusions.
Pericardiocentesis and formation of a pericardial window is
the treatment of choice for cardiac tamponade caused by
malignant pericardial effusion. Management of symptoms
with analgesics, antihypercalcemic agents, bisphosphonates,
anxiolytics, and antiemetics should also be initiated as clini-
cally required.

Choice of systemic treatment will be influenced by a num-
ber of factors. ER status is an important predictor of response
to hormonal therapy. In patients with ER-positive tumors,
hormonal therapy should be considered for initial treatment.
Hormonal treatment is particularly effective in patients who
are postmenopausal, patients with osseous or soft tissue dis-
ease as opposed to visceral disease, and those who have a
longer disease-free interval—perhaps indicating more indo-
lent disease. The time to response to hormonal therapy may
be 2 months or longer. Although hormonal therapy also has a
role in the treatment of the premenopausal patient with
metastatic disease, it is generally more effective if there is less
visceral involvement and less aggressive progression of dis-
ease. Hormonal therapy may also have fewer side effects 
and may be more easily tolerated than chemotherapy in the
elderly or debilitated patient.

In patients with ER-negative tumors and HER-2/neu-
positive tumors, rapid tumor growth, extensive visceral in-
volvement, and multiple sites of metastases, chemotherapy
(with trastuzumab if indicated), rather than hormonal 
therapy, is usually indicated as the first systemic modality.
There are a number of active agents and regimens, as dis-
cussed later. The choice of which regimen to use should be
made by the physician and the patient. Options, including
participation in clinical trials, should be discussed with the
patient. Many factors influence the choice of chemotherapy
program, including efficacy, toxicity, frequency, ease and cost
of administration, requirements for adjunctive treatments
necessitating hospitalization, and patient preference. These
issues should be taken into consideration during discussion of
therapeutic recommendations.

Chronologic age alone should not determine treatment
selection. The extent and nature of the metastases and the
patient’s physiologic condition are more important factors in
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Complete medical history
Comprehensive physical examination (including neurologic

evaluation and gynecologic examination)
Histologic confirmation of metastatic disease—fine-needle

aspiration biopsy, core biopsy, excisional biopsy
Routine chemistries, including electrolytes, liver function tests

and enzymes (transaminases), serum albumin, calcium,
alkaline phosphatase

Complete blood count and differential
Chest film
Nuclear bone scan
CT/MRI scan(s), as clinically indicated
Serum markers—CEA, CA-15-3
Pretreatment testing (nuclear-gated heart pool scan or

echocardiogram for measurement of ejection fraction before
anthracyclines; creatinine clearance before platinum
analogues)

Table 32–3 Workup of the Patient with Newly Diagnosed
Metastatic Disease

CT, computed tomography; MRI, magnetic resonance imaging; CEA,
carcinoembryonic antigen.



choosing appropriate therapy. Comorbidity, concomitant
medications, performance status, and psychosocial support
should all be considered before initiating treatment.
Chemotherapy may be administered safely and effectively 
to older women as long as attention is paid to appropriate
dosing and management of potential toxicity. Supportive care
with antiemetics, intravenous (IV) hydration, and bone mar-
row growth factors, as indicated, is warranted. A number of
investigators have reported on the efficacy of chemotherapy in
this cohort of patients.43–50 A greater experience is available for
hormonal treatment than for chemotherapy in the elderly.46

Because breast cancer is statistically a disease of older women,
these concerns are especially relevant. The average life
expectancy of a healthy 85-year-old woman is 6.5 years.47

Treatment should be directed at maximum palliation with
acceptable toxicity.

The Eastern Cooperative Oncology Group (ECOG) report-
ed that no difference in toxicity was seen in women aged 60 to
65 years compared with those younger than 60 years in clini-
cal trials using chemotherapy.48 Other investigators reported
on chemotherapy response rates and toxicity in women older
than 70 years. In a series of five clinical trials, all using doxo-
rubicin (Adriamycin)-containing regimens, no differences in
time to progression or overall survival were seen in cohorts of
women who were younger than 50 years, 50 to 69 years, and
older than 70 years. Toxicity was similar in all groups, except
that the youngest patients experienced the greatest degree of
nausea and vomiting. Performance status was the most
important factor determining response. Age itself was not a
prognostic factor.45,46,49

Participation in clinical trials testing new regimens or com-
paring various protocols is always encouraged. The toxicity,
ease of administration, and efficacy of the chosen regimen
must be considered in making therapeutic recommendations.
Patients should directly participate in treatment decisions
through the process of informed consent. After careful delin-
eation of treatment goals and expectations and discussion of
the risks and benefits of therapeutic options, patients and
physicians together should decide on a course of action.

What is the importance of stable disease for 
patients with metastatic breast cancer?

“Overall clinical benefit” including “stable disease” has
emerged as an important concept in the evaluation of the effi-
cacy of therapy for metastatic disease. Although quantifiable
responses, whether complete response (CR), defined as com-
plete disappearance of all measurable disease for at least 4
weeks’ duration, or partial response (PR), defined as at least
50% reduction in all measurable lesions for at least 4 weeks’
duration, are admirable goals of treatment, palliation of
symptoms, freedom from progression, and stable disease (SD)
are meaningful and clinically relevant end points for treat-
ment regimens. This notion is self-evident to the experienced
clinician and has been documented in a study designed to
assess survival based on remission criteria.50 In patients receiv-
ing endocrine therapy for metastatic breast cancer, durable
stable disease was meaningful, and no overall survival advan-
tage was detected for patients who had achieved CR or PR as
first response to treatment. Many studies now report overall

clinical benefit as CR + PR + SD, where SD is defined as no
progression for at least 6 months.

REFERENCES

1. Valagussa P, Bonadonna G, Veronesi U. Patterns of relapse and survival
following radical mastectomy. Cancer 1978;41:1170.

2. Wingo PA, Tong T, Bolden S. Cancer statistics. CA Cancer J Clin 1995;
45:12.

3. Saphir O, Parker ML. Metastasis of primary carcinoma of the breast.
Arch Surg 1941;42:1003.

4. Borst MJ, Ingold JA. Metastatic patterns of invasive lobular versus inva-
sive ductal carcinoma of the breast. Surgery 1993;114:637.

5. Bloom HJG. Natural history of untreated breast cancer (1805–1933).
BMJ 1962;1:213–221.

6. Harris M, Howell A, Chrissohou M, et al. A comparison of the metasta-
tic pattern of infiltrating lobular carcinoma and infiltrating duct carci-
noma of the breast. Br J Cancer 1984;50:23.

7. Dixon AR, Ellis IO, Elston CW, et al. A comparison of the clinical
metastatic patterns of invasive lobular and ductal carcinoma of the
breast. Br J Cancer 1991;63:634.

8. Lamovec J. Metastatic pattern of infiltrating lobular carcinoma of the
breast: An autopsy study. J Surg Oncol 1991;48:28.

9. Jain S, Fisher C, Smith P, et al. Patterns of metastatic breast cancer in
relation to histological type. Eur J Cancer 1993;29A:2155.

10. Perez JE, Machiavelli M, Leone BA, et al. Bone-only versus visceral-only
metastatic pattern in breast cancer: Analysis of 150 patients. Am J Clin
Oncol 1990;13:294.

11. Chiedozi LC. Prognostic significance of exclusive skeletal metastases in
stage IV primary carcinoma of the breast. Surg Gynecol Obstet 1988;
167:303.

12. Sherry MM, Greco FA, Johnson DH, et al. Metastatic breast cancer con-
fined to the skeletal system. Am J Med 1986;81:381.

13. Stal O, Borg A, Ferno M, et al. ErbB2 status and the benefit from two to
five years of adjuvant tamoxifen in postmenopausal early stage breast
cancer. Ann Oncol 2000;11:1545–1560.

14. Konency G, Pauletti G, Pegram M, et al. Quantitative association
between Her-2neu and steroid hormone receptors in hormone 
receptor-positive primary breast cancer. J Natl Cancer Inst 2003;95:
142–153.

15. Ferrro-Pous M, Hacene K, Bouchet C, et al. Relationship between 
c-erb-B2 and other tumor characteristics in breast cancer prognosis.
Clin Cancer Res 2000;6:4745–4754.

16. Hayes DF, Thor AD. C-erb-B2 in breast cancer: Development of a clin-
ically useful marker. Semin Oncol 2002;29:231–245.

17. Knowlden JM, Hutcheson IR, Jones HE, et al. Elevated levels of epider-
mal growth factor receptor/c-erbB2 heterodimers mediate an autocrine
growth regulatory pathway in tamoxifen resistant MCF-7 cells.
Endocrinology 2003;144:1032–1044.

18. Kurokawa H, Arteaga CL. ErbB (her2) receptors can abrogate anti-
estrogen action in human breast cancer by multiple signaling mecha-
nisms. Clin Cancer Res 2003;9:511S–515S.

19. Osborne CK, Bardou V, Hopp TA, et al. Role of the estrogen receptor
coactivator A1B1 (SRC-3) and HER-2/n2u in tamoxifen resistance in
breast cancer. J Natl Cancer Inst 2003;95:353–361.

20. Spyratos F, Bouchet C, Ferror-Pous M, et al. Quantitative association
between HER-2/neu and steroid hormone receptors in hormone recep-
tor positive primary breast cancer. J Natl Cancer Inst 2003;95:1417–
1418.

21. Verhoog LC, Brekelmans CTM, Synaeve C, et al. Survival and tumor
characteristics of breast-cancer patients with germ-line mutations of
BRCA1. Lancet 1998;351:316–321.

22. Marcus JN, Watson P, Page DL, et al. Hereditary breast cancer, pathobi-
ology, prognosis, BRCA1 and BRCA2 gene linkage. Cancer 1996;77:
697–709.

23. Goldhirsch A, Gleber RD, Price KN, et al. Effect of systemic adju-
vant treatment on first sites of breast cancer relapse. Lancet 1994;
343:377.

24. Rosselli Del Turco M, Palli D, Cariddi A, et al. Intensive diagnostic 
follow-up after treatment of primary breast cancer: A randomized 
trial. JAMA 1994;271:1587.

599Chapter 32. Management of Metastatic Breast Cancer



25. GIVIO Investigators. Impact of follow-up and testing on survival and
health related quality of life in breast cancer patients: A multicenter
randomized controlled trial JAMA. 1994;271:1587.

26. Schapira DV. A minimalist policy for breast cancer surveillance. JAMA
1991;265:380.

27. Reske Sn, Grillenberger KG, Glatting G, et al. Overexpression of glucose
transporter and increased FDG uptake in pancreatic carcinoma. J Nucl
Med 1997;38:1344–1348.

28. Monakhov NK, Neistadt EI, Shaylovskii MM, et al. Physiochemical
properties and isoenzyme composition of hexokinase from normal and
malignant human tissues. J Natl Cancer Inst 1978;61:27–34.

29. Know WE, Jamdar SC, Davis PA. Hexokinase, differentiation and
growth rates of transplanted tumors. Cancer Res 1970;2240–2244.

30. De Witte O, Levivier M, Violon P, et al. Prognostic value of positron
emission tomography with [18F]fluoro-2-deoxy-D-glucose in the low
grade glioma. Neurosurgery 1996;39:470–477.

31. Wahl RL, Cody RL, Hutchins GD, Mudgett EE. Primary and metastatic
breast carcinoma: Initial clinical evaluation with PET with the radiola-
beled glucose analogue 2-[F-18]-fluoro-2-deoxy-D-glucose. Radiology
1991;179:765–770.

32. Adler LP, Crowe JP, al-Kaisi NK, Sunshine JL. Evaluation of breast 
masses and axillary lymph nodes with [F-18] 2-deoxy-2-fluoro-D-
glucose PET. Radiology 1993;187:743–750.

33. Adler LP, Faulhaber PF, Schnur KC, et al. Axillary lymph node metas-
tases: Screening with [F-18] 2-deoxy-2-fluoro-D-glucose PET.
Radiology 1997;203:323–327.

34. Avril N, Dose J, Janicke F, Ziegler S, et al. Assessment of axillary emis-
sion tomography using 2-(fluorine-18)-fluoro-2-deoxy-D-glucose. J
Natl Cancer Inst 1996;88:1204–1209.

35. Bender H, Kirst J, Palmedo H, et al. Value of 18fluoro-deoxyglucose
PET in the staging of recurrent breast carcinoma. Anticancer Res
1997;17:1687–1692.

36. Wahl RL, Zasadny K, Helvie M, et al. Metabolic monitoring of breast
cancer chemohormonotherapy using PET: Initial evaluation. J Clin
Oncol 1993;11:2101–2111.

37. Hayes DF, Zurawaski VRJ, Kufe DW. Comparison of circulating CA 15-
3 and carcinoembryonic antigen levels in patients with breast cancer. J
Clin Oncol 1986;4:1542–1550.

38. Molina R, Prats M, Zanon G, et al. Use of serial determinations of
tumor markers (CEA, CA 15-3) in the early diagnosis of relapse in
breast cancer patients. Breast Cancer Res Treat 1994;14:1696.

39. Ruibal A, Colomer R, Genolla J. Prognostic value of CA 15-3 serum 
levels in patients having breast cancer. Hormone Metab Res 1987;
1:11.

40. Thirion B, Ricolleau G, Fumoleau P. Result of a prospective study of the
CA 15-3 reliability in early detection of breast cancer recurrence.
Presented at Third International Workshop in Monoclonal Antibodies
and Breast Cancer, San Francisco, 1988.

41. Doyle P, Nicholson R, Groome G. Carcinoembryonic antigen (CEA): Its
role as tumour marker in breast cancer. Clin Oncol 1981;7:53.

42. Theriault RL, Hortobagyi GN, Fritsche HA, et al. The role of serum
CEA as a prognostic indicator in stage II and III breast cancer patients
treated with adjuvant chemotherapy. Cancer 1989;63:828.

43. Falkson G, Gelman RS, Pretorius FJ. Age as a prognostic factor in recur-
rent breast cancer. J Clin Oncol 1986;4:663–671.

44. Taylor S IV, Gelman RS, Falkson G, et al. Combination chemotherapy
compared to tamoxifen as initial therapy for stage IV breast cancer in
elderly women. Ann Intern Med 1986;104:455–461.

45. Christman K, Muss HB, Case D, et al. Chemotherapy of metastatic
breast cancer in the elderly: The Piedmont Oncology Association expe-
rience. JAMA 1992;268:57–62.

46. Dhodapkar MV, Ingle JN, Cha SS, et al. Prognostic factors in elderly
women with metastatic breast cancer treated with tamoxifen: An analy-
sis of patients entered on 4 prospective clinical trials. Cancer 1996;77:
683–690.

47. Silliman RA. Breast cancer care in old age: Where do we go from here?
J Natl Cancer Inst 1996;88:701–703.

48. Begg CB, Cohem JL, Ellerton J. Are the elderly predisposed to toxicity
from cancer chemotherapy? Cancer Clin Trials 1980;3:369.

49. Christman K, Muss HB, Case LD, et al. Chemotherapy of metastatic
breast cancer in the elderly. JAMA 1992;268:57.

50. Robertson JFR, Willsher PC, Cehung KL, Blarney RW. The clinical rel-
evance of static disease (no change) category for 6 months on
endocrine therapy in patients with breast cancer. Eur J Cancer 1997;33:
1774–1779.

SECTION VI. MANAGEMENT OF METASTATIC BREAST CANCER600

Chemotherapy 
for Metastatic
Breast Cancer
Amy D. Tiersten and 
Shalini Mulaparthi

II

Metastatic breast cancer is a heterogenous entity with complex
manifestations. The primary goal of treatment for metastatic
breast cancer is palliation. In 2005, about 211,240 new cases of
breast cancer will be diagnosed in the United States, and
40,440 women can be expected to die of metastatic disease.1

Perhaps partially because of advances in supportive care and
the development of numerous active chemotherapy regimens
and hormone therapies, breast cancer mortality rates have
been declining. From 1990 to 2000, breast cancer death rates
decreased slightly.1 This improvement may also reflect the
greater proportion of patients who were diagnosed with early-
stage disease and the incremental improvements in and
increased application of adjuvant therapies. Chemotherapy
for metastatic breast cancer provides systemic treatment for
disease that is hormone unresponsive. Chemotherapy may
also palliate disease in patients with extensive visceral or 
rapidly growing metastases more effectively than hormonal
therapy. Up to two thirds of patients with breast cancer will
respond to chemotherapy for advanced disease, although
complete remissions are seen in less than 10% of patients.
Patients with disease refractory to first-line chemotherapy
often do not respond to second- and third-line regimens.

What is the historical background 
of modern-day chemotherapy?

Before 1970, virtually all reported chemotherapy trials were
based on the use of single-agent therapy with one of the avail-
able agents—alkylators, vinca alkaloids, or antimetabolites.
Livingston and Carter analyzed a series of 1590 patients with
breast cancer treated with single-agent chemotherapy.2 There
was one complete remission, and the overall response rate was
30%. Remission durations were reported in the range of 3 to
4 months. Time to progression was not frequently reported.2

Skipper3 and Pittillo and colleagues4 proposed combination
chemotherapy based on its effect on hematologic malignan-
cies. These investigators used in vitro models with cancer cell
lines to demonstrate that dose and dose rate may be critical to
the success of chemotherapy. They also predicted that after
obtaining maximal benefit from one combination, but before
relapse due to the emergence of drug-resistant cell prolifera-
tion, the introduction of a non–cross-resistant combination
of drugs would enhance cure rates.



In 1969, Cooper developed a prototype combination 
regimen consisting of cyclophosphamide, methotrexate, fluo-
rouracil, vincristine, and prednisone (CMFVP).5 This combi-
nation was reported to produce responses in more than 90%
of patients, although confirmatory studies suggested activity
in the 40% to 60% range. Over the subsequent 20 years,
CMFVP was the most commonly used regimen for metastatic
breast cancer. Almost simultaneously with the development of
CMF, Jones and associates developed doxorubicin-containing
combinations.6,7 The FAC (fluorouracil, doxorubicin, and
cyclophosphamide) and AC (doxorubicin [Adriamycin) and
cyclophosphamide) regimens were compared with CMF in
large randomized trials, with CMF producing fewer responses
than doxorubicin-based regimens.8–11

The introduction of taxanes in the early 1990s added sig-
nificantly to our armamentarium for the management of
metastatic breast cancer. Paclitaxel and docetaxel were found
to have superior activity compared with previously used sin-
gle agents, producing response rates and time to progression
rates comparable to two- and three-drug regimens used 
previously.12–14

What systemic chemotherapeutic agents 
are used for metastatic breast cancer?

Most antitumor agents have some degree of efficacy against
breast cancer. The activities of agents commonly used for
metastatic breast cancer are listed in Table 32–4.

Although the taxanes and anthracyclines are among the
most active agents for the treatment of advanced disease, the
activity of any agent is most dependent on the characteristics
of the patient population, particularly the extent of prior
chemotherapy. The precise order in which treatments are

administered is unlikely to affect overall survival. Toxicity
considerations are of paramount importance in treatment
considerations, given the overall goals of therapy. The median
duration of response with most first-line chemotherapy regi-
mens is in the range of 6 to 12 months. A shorter duration of
response is seen in patients who are treated in the second- and
third-line settings.

Anthracyclines
Anthracyclines were previously more commonly used as first-
line chemotherapy for metastatic breast cancer.15 Because
more recently anthracyclines have been commonly adminis-
tered in the adjuvant setting, and because there is a plethora of
new drugs with fewer toxicities, anthracyclines are now used
less frequently in the treatment of metastatic breast cancer,
although they are among the most active agents in the treat-
ment of this disease.

Doxorubicin. The cytotoxic effect of doxorubicin on malig-
nant cells and its toxic effects on various organs are thought to
be related to nucleotide base intercalation and cell membrane
lipid-binding activities of doxorubicin. Intercalation inhibits
nucleotide replication and action of DNA and RNA polym-
erases.16 The interaction of doxorubicin with topoisomerase 
II to form DNA-cleavable complexes appears to be an im-
portant mechanism of doxorubicin cytocidal activity. Dose-
limiting toxicities of therapy are myelosuppression and 
cardiotoxicity. Single-agent doxorubicin produces response
rates of 35% to 50% given as front-line therapy.16 Doxorubicin
combinations as front-line therapy produce responses in the
50% to 80% range.8 Several randomized clinical trials showed
higher response rates and improvements in disease-free 
survival for patients treated with FAC compared with CMF
regimens.10,17–19Although more efficacious in the metastatic
setting, doxorubicin-containing regimens are generally more
toxic than CMF-type regimens. Almost all patients treated
with doxorubicin develop alopecia and some degree of nausea
and vomiting. About 2% to 4% of patients develop congestive
heart failure (CHF). Cardiotoxicity is more likely in adults
receiving total cumulative doses of doxorubicin greater 
than 450 to 550 mg/m2 and may occur months or even years
after administration. Extravasation of doxorubicin may cause
severe skin and subcutaneous damage. Conventional first-line
regimens include AC and FAC.

Epirubicin. Epirubicin is a doxorubicin analogue that 
has been shown to have similar efficacy and somewhat less
toxicity than doxorubicin at equipotent therapeutic doses.20 It
has been suggested that the pharmacokinetic characteristics of
doxorubicin and epirubicin are responsible for their different
toxicity profiles. A randomized clinical trial compared FAC
with fluorouracil, epirubicin, and cyclophosphamide (FEC) at
equimolar doses of doxorubicin and epirubicin.21 In this
study, FEC was as effective as FAC in terms of response rate,
time to progression, and survival and was associated with less
gastrointestinal, hematologic, and cardiac toxicity.

Liposomal Anthracyclines. Liposomal anthracyclines were
developed with the goal of increasing the therapeutic index 
of conventional anthracyclines. To date, three liposomal
anthracycline formulations have been developed: liposomal
daunorubicin (DaunoXome), liposomal doxorubicin (D-99,
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Table 32–4 Agents Used for Metastatic Breast Cancer

Drug Response Rate (%) Range (%)

Alkylating
Cisplatin 21 0–54
Carboplatin 15 0–30
Cyclophosphamide 34 11–59
Ifosfamide 27 15–40
Melphalan 23 0–23

Antimetabolites
Capecitabine 27 20–36
5-Fluorouracil 26 0–68
Methotrexate 28 4–54
Gemcitabine 38 25–55

Taxanes
Paclitaxel 35 18–62
Docetaxel 41 29–68

Vinca alkaloids
Vincristine 20 4–31
Vinorelbine 43 16–50

Anthracyclines
Doxorubicin 35 0–87
Epirubicin 39 16–71
Mitoxantrone 20 3–36
Doxil 32 30–37

Antibiotics
Mitomycin 22 5–37
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receiving conventional doxorubicin (13% vs. 29%, respec-
tively; P = .0001), and significantly fewer patients treated with
liposomal doxorubicin developed CHF (2% vs. 8% of patients
receiving conventional doxorubicin; P = .0001). The median
cumulative doxorubicin dose at the onset of cardiotoxicity
was significantly higher in patients treated with liposomal
doxorubicin, 785 mg/m2, compared with 570 mg/m2 in
patients receiving conventional doxorubicin (P = .0001).

Batist and colleagues compared the activity of liposomal
doxorubicin 60 mg/m2 with that of conventional doxorubicin
60 mg/m2 when combined with cyclophosphamide in 279
patients with metastatic breast cancer.30 Study results revealed
identical response rates in both arms, with the liposomal
doxorubicin again demonstrating better cardiac safety than
conventional doxorubicin. Cardiotoxicity was noted in 6% 
of patients treated with liposomal doxorubicin, compared
with 21% of patients treated with conventional doxorubicin 
(P = .0001). Although none of the patients receiving liposomal
doxorubicin developed CHF, it was documented in five
patients who received conventional doxorubicin (P = .02). The
onset of cardiotoxicity was also identified to occur at signifi-
cantly higher median cumulative doses with liposomal dox-
orubicin (estimated at >2200 mg/m2) than with conventional
doxorubicin (480 mg/m2; P = .0001).

In conclusion, these agents exhibit comparable efficacy with
conventional anthracyclines with a better safety profile. There
is growing evidence to support the use of these drugs in the
treatment of metastatic breast cancer, and they may play an
expanding role in our future adjuvant therapies.

Taxanes

Paclitaxel. Paclitaxel is a natural product isolated from the
bark of the Pacific yew tree, Taxus brevifolia. Its mechanism of
action is to promote polymerization of tubulin monomers
and prevent normal assembly of the microtubule apparatus.
This excessive stabilization of the microtubules prevents cell
division. When it is used as front-line therapy, response rates
are 32% to 62%.31–33 In patients with anthracycline-resistant
disease, paclitaxel produces response rates of 36% to 48%.
Several different doses and schedules of paclitaxel have been
investigated, and the optimal administration regimen has yet
to be determined.34,35

Smith and colleagues randomized 563 women with
metastatic breast cancer to receive 3-hour paclitaxel versus 
24-hour paclitaxel.36 Although a significantly higher rate of
tumor response occurred in the first four cycles of therapy in
patients who received the 24-hour infusion of paclitaxel (51%
vs. 41%, respectively; P = .025), there were no significant dif-
ferences in event-free or overall survival between the two arms
of the study. Paclitaxel as a 24-hour infusion resulted, in this
study and in multiple other studies, in increased hematologic
toxicity and decreased neurosensory toxicity as compared
with 3-hour paclitaxel.

Weekly paclitaxel has more recently been evaluated in 
several phase II studies and has been found to have a favor-
able toxicity profile in pretreated metastatic breast cancer
patients.13,36 Although no head-to-head comparisons have
been made in patients with metastatic breast cancer of weekly
regimens versus every-3-week therapy, there is a suggestion
that there may be less alopecia, myelosuppression, and 

Myocet), and pegylated liposomal doxorubicin (Doxil,
Caelyx).22–24 Some important differences exist among these
agents. First, there is a substantial difference in half-life, rang-
ing from about 2 to 4 hours for liposomal daunorubicin and
liposomal doxorubicin formulations to more than 55 hours
for pegylated liposomal doxorubicin. In addition, pegylated
liposomal doxorubicin is the only liposomal anthracycline
that exhibits drastically lower uptake by the mononuclear
phagocyte system, owing to an additional polyethylene glycol
layer that surrounds the doxorubicin-containing liposome,
thereby resulting in a longer plasma half-life relative to other
liposomal anthracyclines. The size of these drug-containing
vesicles allows the liposomes to extravasate through the leaky
tumor vasculature. This property, combined with the longer
half-life, promotes targeted drug delivery to the tumor site.25

Pegylated Liposomal Doxorubicin. Pegylated liposomal
doxorubicin (Doxil, Caelyx) has been evaluated as single-
agent therapy in metastatic breast cancer with response rates
between 30% and 35% in phase II trials.26,27 The development
of stomatitis was dose related and occurred at a higher fre-
quency in patients receiving doses greater than 60 mg/m2. The
incidence of palmar-plantar erythrodysesthesia was schedule
dependent, with shorter dosing intervals leading to a greater
frequency and severity of skin manifestations.

Wigler and associates reported a multicenter phase III trial
comparing the cardiac safety and efficacy of pegylated liposo-
mal doxorubicin with that of conventional doxorubicin as
first-line therapy for metastatic breast cancer patients.28 The
primary end points were progression-free survival and cardiac
toxicity. The median progression-free and overall survival
rates were similar in both treatment groups, whereas the inci-
dences of alopecia, myelosuppression, nausea, and vomiting
were lower in patients treated with liposomal doxorubicin
than in patients treated with conventional doxorubicin. Most
important, pegylated liposomal doxorubicin was associated
with a significantly lower incidence of cardiotoxicity, even at
higher cumulative doses. Only 10 patients who received pegy-
lated liposomal doxorubicin developed left ventricular ejec-
tion fraction (LVEF)-defined cardiotoxicity, compared with
48 patients who received conventional doxorubicin (P < .001).
In addition, no patients treated with pegylated liposomal
doxorubicin developed cardiotoxicity with signs and symp-
toms of CHF, compared with 10 patients treated with conven-
tional doxorubicin. Among patients who received pegylated
liposomal doxorubicin, cumulative doses that exceeded 
450 mg/m2 were not associated with a significant decrease in
LVEF from baseline.

Liposomal Doxorubicin. Liposomal doxorubicin (D-99,
Myocet) is approved in Europe as a first-line treatment for
metastatic breast cancer. Two studies compared this liposomal
formulation with conventional doxorubicin and produced
similar results.29,30

In a phase III study conducted by Harris and colleagues,29

224 patients were randomized to receive either liposomal 
doxorubicin at 75 mg/m2 or conventional doxorubicin at
75 mg/m2 every 3 weeks. Response rates were 26% in both
treatment groups, with less toxicity in patients receiving the
liposomal formulation. Patients who received liposomal
doxorubicin had fewer total cardiac events than those 



neuropathy using a weekly schedule. Response rates have been
reported in the 40% to 50% range.

Paridaens and colleagues failed to prove the superiority of
paclitaxel (175 mg/m2 as a 3-hour infusion) when compared
with doxorubicin, as first-line chemotherapy for 331 metasta-
tic breast cancer patients.37 In this study, the response rate was
significantly higher with doxorubicin than with paclitaxel
(41% vs. 25%; P = .003). A longer median progression-free
survival (7.5 vs. 3.9 months; P < .001) was reported for 
doxorubicin-treated patients as well. Toxicities reflected the
expected side effects of each drug (more hematologic, gas-
trointestinal, and cardiac side effects with doxorubicin, and
more neurotoxicity and arthralgia or myalgia with paclitaxel).
Interestingly, a detailed quality-of-life analysis showed that the
greater toxicity of doxorubicin was compensated for by better
symptom control, particularly pain control, with doxorubicin
than with paclitaxel.

In 2001, Jassem and colleagues reported a phase III trial
demonstrating the superiority of a combination of doxoru-
bicin and paclitaxel over FAC as first-line therapy in 267
metastatic breast cancer patients.38 Time to progression was
the primary end point, with secondary end points of response
rate, overall survival, toxicity, and quality of life. Median 
time to progression, response rates, and overall survival 
(23.3 vs. 18.3 months; P = .013) were significantly better for
doxorubicin-paclitaxel compared with FAC. Grade 3/4 neu-
tropenia was more frequent with doxorubicin-paclitaxel than
with FAC (89% vs. 65%; P < .001), but there was no difference
in the incidence of febrile neutropenia. Nonhematologic toxi-
cities were generally reflective of the expected toxicity profiles
of each of the regimens: grade 3/4 arthralgia and myalgia,
peripheral neuropathy, and diarrhea were more common with
doxorubicin-paclitaxel, whereas nausea and vomiting were
more common with FAC. The incidence of cardiotoxicity was
low in both arms in this study. Quality of life was also similar
with the two regimens.

The European Organisation for the Research and
Treatment of Cancer (EORTC) performed a multicenter
phase III trial comparing a doxorubicin-paclitaxel combina-
tion to the standard doxorubicin-cyclophosphamide regimen
as first-line chemotherapy for 275 anthracycline-naïve
metastatic breast cancer patients.39 The primary end point was
progression-free survival, and secondary end points were
response rate, overall survival, safety, and quality of life. No
significant differences in the study end points were observed
between the two treatment arms, but treatment-related 
toxicity compromised the doxorubicin dose intensity in the
paclitaxel-based regimen. The incidence of grade 4 neutro-
penia was similar in the two treatment arms, but neutropenic
fever occurred more frequently in patients treated with 
doxorubicin-paclitaxel (32% vs. 9%; P < .001). LVEF 
decreases were documented in 27% of patients receiving 
doxorubicin-paclitaxel and in 14% of the doxorubicin-
cyclophosphamide patients.

In two similar phase III trials,40,41 epirubicin combined with
paclitaxel was compared with epirubicin-cyclophosphamide
as first-line treatment for metastatic breast cancer. Despite
large sample sizes, results failed to show superiority of the
paclitaxel-based regimens.

The first interim analysis of the AGO Breast Cancer Group
study was reported at the 2000 American Society of Clinical

Oncology (ASCO) meeting comprising data from 429 of
the 560 randomized patients, at a median follow-up of
36 weeks.40 The combination of epirubicin and paclitaxel 
was as active as epirubicin-cyclophosphamide (overall
response rate, 46% vs. 41%), and there was no significant dif-
ference in median progression-free survival (39 vs. 33 weeks).
Grade 3/4 neutropenia was observed in 34% of patients 
using epirubicin-paclitaxel and 45% of patients using 
epirubicin-cyclophosphamide, and the incidence of febrile
neutropenia was the same in both arms. Two patients, both in
the paclitaxel-based arm, developed grade 3 cardiotoxicity.
Final results of this trial are awaited.

The UK Coordinating Committee on Cancer Research
(UKCCCR) ABO1 trial compared the same two regimens as
first-line treatment of 705 metastatic breast cancer patients.41

Epirubicin dose intensity was equivalent in both arms. A
greater proportion of paclitaxel-treated patients achieved
objective remissions as best response to treatment (67% vs.
56%). However, differences in median progression-free sur-
vival and overall survival were not statistically significant.
Quality of life during treatment was similar in both arms.

The initial results of a 460-patient trial comparing 
standard-formulation paclitaxel with the investigational
nanoparticle albumin-bound paclitaxel Abraxane (ABI-007)
were presented at the San Antonio Breast Cancer Symposium
in 2003.42 The response rate of 33% seen with ABI-007 was
significantly higher than the 19% seen with paclitaxel (P <
.001). Time to progression was also significantly higher with
Abraxane compared with paclitaxel (21.9 weeks vs. 16.1
weeks; P = .01). In contrast to paclitaxel, whereby the active
ingredient is delivered through a Cremophor-based solvent
known to cause hypersensitivity reactions, Abraxane binds
paclitaxel to albumin in a solvent-free nanoparticle. This for-
mulation may allow for higher doses of active drug delivered
and greater intratumoral paclitaxel concentrations. Although
grade 4 neutropenia was more common with paclitaxel than
with Abraxane and no patients taking Abraxane experienced
hypersensitivity reactions, neuropathy was significantly more
common in Abraxane-treated patients than in paclitaxel-
treated patients.42

Docetaxel. Docetaxel is a second-generation taxane,
purified from the needles of the European yew tree, Taxus 
baccata.43,44 Docetaxel is a highly effective agent for metastatic
breast cancer. In previously untreated patients, response rates
range from 40% to 68%.45 Docetaxel is also active in patients
with anthracycline-resistant breast cancer. In two studies 
published simultaneously, the objective response rates to 
docetaxel in patients with breast cancer resistant to anthra-
cyclines were 53%46 and 57%.47

Docetaxel monotherapy has been compared with doxoru-
bicin monotherapy in 326 anthracycline-naïve metastatic
breast cancer patients who had previously received alkylating
agent–containing chemotherapy.48 The primary end point in
this study was time to progression. Docetaxel yielded a signif-
icantly higher overall response rate of 47.8%, compared with
33.3% (P = .008), but the median time to progression (P = .45)
and median overall survival (P = .39) were not significantly
different between the treatment arms in this study. The 
incidence of toxic deaths (cardiac) was higher in the 
anthracycline-treated group (3%) than in the docetaxel 
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group (1.2%; P < .001). Grade 4 neutropenia was similar in
both groups, but the incidence of severe neutropenic compli-
cations was significantly higher with doxorubicin (P = .02).

In 1999, Nabholtz and colleagues published the results of a
randomized phase III trial comparing docetaxel monotherapy
to the combination mitomycin-vinblastine in 392 metastatic
breast cancer patients whose cancer had progressed on prior
anthracycline.49 The primary end point was time to progres-
sion. In an intent-to-treat analysis, docetaxel was significantly
superior to the combination arm in terms of response rate
(30% vs. 11.6%; P < .0001), median time to progression (19
weeks vs. 1 week; P = .0001), and overall survival (11.4 months
vs. 8.7 months; P = .0097). The incidences of febrile 
neutropenia, grade 3/4 infections, and grade 3/4 neutropenia
were significantly higher in the docetaxel-treated group, as
were most nonhematologic adverse events such as stomatitis,
diarrhea, skin toxicity, asthenia, neurotoxicity, and nail 
disorders. Conversely, grade 3/4 thrombocytopenia and con-
stipation were significantly more frequent in the mitomycin-
vinblastine arm. Toxic deaths and the quality-of-life analysis
were similar in both arms.

Nabholtz and colleagues presented a phase III trial compar-
ing a combination of doxorubicin and docetaxel (AD) to the
standard combination doxorubicin and cyclophosphamide
(AC) as first-line therapy for 429 metastatic breast cancer
patients in 1999.50 AD showed a significantly higher response
rate than AC (60% vs. 47%) and a longer time to progression
(37 vs. 32 months). Grade 3/4 neutropenia was frequent in
both groups, although febrile neutropenia and infections were
more frequent for patients receiving AD (33% vs. 10%, P <
.001; 8% vs. 2%, P = .01). Severe nonhematologic toxicity was
infrequent in both groups, including grade 3/4 cardiac events.

The same investigators subsequently performed a phase III
comparison of the three-drug combination of docetaxel,
doxorubicin, and cyclophosphamide (DAC) to the standard
three-drug combination of FAC (5-fluorouracil, doxorubicin,
and cyclophosphamide) as first-line treatment in 484 metasta-
tic breast cancer patients.51 DAC was superior to FAC in terms
of response rate (55% vs. 44%), but no difference was found
in time to progression or overall survival. Grade 3/4 toxicities
(both hematologic and nonhematologic) were more common
with DAC than with FAC.

A long-awaited head-to-head comparison of docetaxel 
and paclitaxel was reported at the San Antonio Breast 
Cancer Symposium in 2003. In this study, 449 patients with
metastatic breast cancer who had failed anthracycline-based
chemotherapy were randomized to paclitaxel 175 mg/m2

every 3 weeks or docetaxel 100 mg/m2 every 3 weeks.42 The
primary end point of the study was overall response rate, and
secondary end points were time to progression and overall
survival. The patients treated with docetaxel had improved
survival (15.4 months vs. 12.7 months; P = .03) and a longer
median time to progression (5.7 months vs. 3.6 months; P <
.001). The docetaxel arm was also associated with greater tox-
icity compared with the paclitaxel. Grade 3/4 neutropenia
(93.3% vs. 54.5%), asthenia (23.9% vs. 6.8%), edema (11.3%
vs. 4.5%), and stomatitis (10.4% vs. 0.5%) all were more com-
mon with docetaxel therapy.

As with paclitaxel, several phase III studies of weekly doc-
etaxel have provided encouraging data indicating that there is
generally less myelosuppression than with the 3-week sched-
ule in patients with a variety of advanced malignancies.51a,52 At

least five studies of weekly docetaxel have been reported in
patients with metastatic breast cancer, resulting in responses
ranging from 32% to 41% using 25 to 40 mg/m2 of docetaxel
in pretreated patients. Myelosuppression was mild, but fatigue
was common and was the most common reason for dose
reduction.

Antimetabolites

Gemcitabine. Gemcitabine (2¢,2¢-difluorodeoxycytidine, dFdC)
is a novel nucleoside antimetabolite that has proven activity 
in a variety of human solid tumors, including pancreatic, non–
small cell lung, bladder, ovarian, and breast cancer.53,54

The parent compound is phosphorylated intracellularly by
deoxycytidine kinase to the active metabolites, gemcitabine
diphosphate and triphosphate. Gemcitabine triphosphate
competes with deoxycytidine triphosphate (dCTP) for 
incorporation into DNA as a fraudulent base, which results 
in masked chain termination and inhibition of further 
DNA synthesis.55,56 Gemcitabine diphosphate inhibits ribonu-
cleotide reductase, an enzyme responsible for catalyzing
dCTP. The subsequent decrease in dCTP potentiates the
incorporation of gemcitabine triphosphate into DNA and
enhances phosphorylation of gemcitabine because there is less
dCTP to inhibit deoxycytidine kinase. These self-potentiating
mechanisms prolong the retention of active gemcitabine in
tumor cells.53,54

At least nine studies have been reported that provide an ini-
tial assessment of the single-agent activity and tolerability of
gemcitabine in advanced breast cancer.57–65 Comparability
among the studies is limited by different gemcitabine regi-
mens and conditions of pretreatment. The most frequently
applied regimens were doses of 1000 or 1200 mg/m2 adminis-
tered over 4-week cycles.66

As a single agent, gemcitabine is moderately active and well
tolerated as first-line and salvage therapy of advanced breast
cancer. Single-agent therapy in chemonaïve patients has
achieved overall response rates of 25% to 55%, which may be
improved further with combinations. Median durations of
response have been in the range of 6 to 12 months in most
studies. As second-line treatment, single-agent therapy has
produced response rates of 20% to 40% and response 
durations of 2 to 8 months. Toxicity generally consists of
mild to moderate myelosuppression with minimal clinical
consequences, and minimal nonhematologic toxicity, includ-
ing hepatic and cutaneous toxicity and flu-like syndrome.67

In 2004, a study comparing gemcitabine and paclitaxel
(GT) with paclitaxel (T) alone in 529 patients with metastatic
breast cancer was reported.68 Median time to progression was
5.4 months for GT and 3.5 months for T (P = .0013).
Progression-free survival and overall response rates were also
significantly higher in the GT arm. In addition, improvement
in analgesic level, pain relief, and global quality of life was
higher in the GT arm. Grade 4 hematologic toxicity was more
pronounced in the GT arm, and preliminary analysis also sug-
gested a survival benefit for this combination.

Capecitabine. Capecitabine is an orally administered 
prodrug of fluorouracil. It is metabolically activated preferen-
tially at the tumor site. Bioavailability after oral administra-
tion is close to 100%.69,70 In patients with pretreated advanced
breast cancer, capecitabine is effective as monotherapy and in
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combination with other agents. The most common adverse
effects occurring in patients receiving capecitabine monother-
apy include lymphopenia, anemia, diarrhea, hand-foot syn-
drome, nausea, fatigue, hyperbilirubinemia, dermatitis, and
vomiting (all >25% incidence). A pivotal phase II trial was
conducted in women with paclitaxel-refractory metastatic
breast cancer at 24 medical centers in North America.71 Oral
capecitabine was administered at 1250 mg/m2 twice daily for
14 days, followed by a 7-day rest period. Of the 163 patients
who entered the study, 162 received capecitabine and were
included in the analyses of efficacy and safety. The study pop-
ulation represented a poor prognostic group: 75% of patients
had more than two metastatic sites at baseline, and visceral
metastases were present in 68% of patients. All patients were
heavily pretreated: 100% had received prior paclitaxel, 91%
had received prior anthracyclines, and 82% had received prior
5-fluorouracil–containing therapy (usually as an intravenous
bolus). Capecitabine demonstrated activity in this heavily pre-
treated population, with an overall response rate of 20%.72 In
addition to the patients who had an objective response, 43%
of patients achieved stable disease, giving a disease control
rate (complete or partial response or stable disease) of 63%.
The median duration of response was 7.9 months, and the
median time to disease progression was 3.0 months. Median
survival as reported in a recently presented update of this
study was 11.6 months.71 A subgroup analysis demonstrated
that overall survival in patients with stable disease was similar
to that in patients achieving an objective response, indicating
that stable disease may be a clinically meaningful outcome.
Among the 51 patients with significant pain at baseline, 47%
experienced durable pain relief.

A number of confirmatory studies have evaluated single-
agent capecitabine in patients whose disease has progressed
during or following treatment with either paclitaxel or doce-
taxel.73–75 The patients in these studies, as in the pivotal study,
were heavily pretreated and similar in terms of age, perform-
ance status, and distribution of metastatic sites. Efficacy data
in these studies confirm the high activity of capecitabine in
taxane-pretreated patients.54,76,77 More recent data suggest that
the response rate is not lessened at a lower starting dose of
capecitabine.

O’Shaughnessy and colleagues performed a phase III 
trial of docetaxel as monotherapy compared with docetaxel 
in combination with capecitabine in 511 patients with 
anthracycline-refractory metastatic breast cancer.52 The com-
bination arm was superior in terms of time to progression
(6.1 vs. 4.2 months; P = .0001) and overall survival (14.5 vs.
11.5 months; P = .0126). About two thirds of patients (65%)
in the combination arm required a dose reduction of
capecitabine (4%), docetaxel (10%), or both drugs (51%) for
adverse events, whereas in the docetaxel arm, 36% of patients
required a dose reduction. Premature withdrawal for adverse
events or intercurrent illness was significantly more common
in the combination arm. Gastrointestinal side effects and
hand-foot syndrome were more common with the combina-
tion therapy, whereas myalgia, arthralgia, and neutropenic
sepsis were more common with single-agent docetaxel. No
difference was noted in quality of life. Of note, the use of post-
study chemotherapy was high in both arms (70% in the com-
bination arm and 63% in the single-agent arm). Because only
27% of patients who received poststudy chemotherapy in the
single-agent docetaxel arm received poststudy capecitabine, it

is unclear whether combination capecitabine-docetaxel pro-
vides a survival benefit compared with sequential administra-
tion of the same agents.

Vinca Alkaloids

Vinorelbine. Vinorelbine is a cell cycle–specific microtubule
inhibitor. In contrast to the taxanes, which cause excessive
microtubule stabilization, vinorelbine acts by destabilizing the
microtubule. In vitro studies showed a selective effect on non-
neuronal microtubules, which may explain the decreased neu-
rotoxicity of vinorelbine compared to other vinca alkaloids.78

Vinorelbine produces responses in 30% to 50% of patients
with metastatic breast cancer in the first-line setting. Garcia-
Conde and colleagues treated 54 patients with locally
advanced or metastatic breast cancer who had received 
no prior chemotherapy with vinorelbine given as a weekly
infusion of 30 mg/m2.79 The overall response rate was 50%
(complete response, 2%; partial response, 48%). The median
duration of response was 9 months, median time to treatment
failure was 5 months, and median survival was 15 months. At
least one episode of World Health Organization (WHO)
grade 3/4 granulocytopenia was seen in 71% of the patients.
Significant nausea and vomiting (WHO grade 3) were seen in
less than 1% of cycles, and other side effects were uncommon.

Twelves and associates showed similar results with vinorel-
bine given as a 25-mg/m2 weekly infusion to metastatic breast
cancer patients as first-line therapy.80 In this study, fatigue was
the most common side effect, and the main reason for dose
adjustments was myelosuppression. In previously treated
patients, vinorelbine had demonstrated a response rate of
50%. The median time to progression was 18 weeks in this
study. The drug was active in patients pretreated with
cyclophosphamide, methotrexate, and fluorouracil (CMF) or
anthracyclines.

Jones and colleagues performed a randomized comparison
of vinorelbine versus melphalan in anthracycline-refractory
metastatic breast cancer.81 Efficacy end points included time to
progression, time to treatment failure, survival, response rates,
quality of life, and relief of cancer-related symptoms. Time to
progression was significantly longer with vinorelbine than
with melphalan, with a median of 12 weeks versus 8 weeks,
respectively (P < .001). More importantly, vinorelbine had a
beneficial effect on survival, which reached statistical signifi-
cance. One-year survival rates were 35.7% with vinorelbine
and 21.7% for patients treated with melphalan (P = .034).

A recent phase II trial was performed to evaluate the 
efficacy, tolerance, and pharmacokinetic profiles of oral
vinorelbine.85 Sixty-four patients received oral vinorelbine on
a weekly basis for a total of 8 weeks unless progression or 
toxicity occurred. Oral vinorelbine was given at 60 mg/m2

weekly for the first three administrations and was increased 
to 80 mg/m2 for the subsequent administrations if there was 
no grade 4 neutropenia or no more than one episode of grade
3 neutropenia. Fifty-eight evaluable patients were included 
for front-line therapy. Four patients (6.9%) had complete
responses, and 14 (24.1%) had partial responses, for an 
overall response rate of 31% (95% confidence interval,
19%–43%). Median progression-free survival was 17.4 weeks.
The most common toxicity was neutropenia. Grades 3 and 4
nausea or vomiting was noted in less than 5% of the patients,
with no significant alterations in the baseline quality of
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life. This study shows promise for another oral therapy for
metastatic breast cancer patients. Additional studies are 
ongoing.

What is known about the optimal 
duration of chemotherapy?

The optimal duration of chemotherapy administration in the
management of metastatic breast cancer is poorly defined. A
meta-analysis of three trials including 666 women examining
chemotherapy duration suggested a survival advantage for
women randomized to longer durations of chemotherapy 
(P = .01).83–85 Coates and coworkers conducted a randomized
trial comparing continuous chemotherapy (administered
until disease progression) with intermittent therapy (treat-
ment was stopped after three cycles and then repeated for
three more cycles only when there was evidence of disease
progression).83 Each approach was tested with doxorubicin
combined with cyclophosphamide or with cyclophosphamide
combined with methotrexate, fluorouracil, and prednisone.
Intermittent therapy resulted in a significantly worse response
(P = .02 by Mann-Whitney test), a significantly shorter time
to disease progression (relative risk based on proportional-
hazards model, 1.8; 95% confidence interval, 1.4%–2.4%),
and a trend toward shorter survival. Quality of life was
expressed as linear-analogue self-assessment scores for physi-
cal well-being, mood, pain, and appetite. It improved signifi-
cantly during the first three cycles, when all patients received
treatment. Thereafter, intermittent therapy was associated
with worse scores for physical well-being, appetite, and 
overall quality-of-life index as indicated by the patient and 
the physician. The authors concluded that, as tested in this
study, continuous chemotherapy is better than intermittent
chemotherapy for advanced breast cancer.

Ejlertson and associates asked a related question by com-
paring FEC (fluorouracil, epirubicin, and cyclophosphamide)
for 24 cycles followed by tamoxifen with FEC for 8 cycles with
tamoxifen in 318 women with metastatic breast cancer.84

Median survival was higher in the longer-treatment group 
(23 vs. 18 months; P = .03).

Gregory and colleagues conducted a randomized trial to
assess the survival of patients receiving up to six extra courses
of chemotherapy compared with those who stopped after six
courses.85 The patients received VAC, VEC (vincristine, doxo-
rubicin or epirubicin, and cyclophosphamide), or MMM
(mitoxantrone, methotrexate, and mitomycin C) therapy.
Patients who had stable disease or were responding after six
courses of chemotherapy were randomized to either stop or
continue treatment for another six courses. Those patients
receiving maintenance therapy had a significantly longer
duration of response (P < .02) and a significantly longer 
progression-free survival (P < .01). There was, however, no
survival difference between the two groups in this study.
Furthermore, treatment toxicity, which was similar in the two
groups, persisted for longer in the maintenance group.

A fourth trial compared continuous mitoxantrone with
mitoxantrone for four cycles in 43 patients with metastatic
breast cancer and showed no statistically significant difference
in overall survival.86

Although survival benefits seen are modest, these incre-
ments may be valued highly by women with metastatic breast

cancer. Quality of life was also generally better for those who
received more cycles of chemotherapy than fewer cycles, sug-
gesting that the negative effects of ongoing chemotherapy 
may be offset by a reduction in cancer-related symptoms.87

The combined evidence supports a policy of continuing
chemotherapy in the absence of disease progression or pro-
hibitive toxicity. Of course, treatment decisions must be indi-
vidualized in practice.

What is the comparative efficacy 
of combination versus sequential 
or single-agent chemotherapy?

Goldie and Coldman hypothesized that the use of non–
cross-resistant alternating combination chemotherapy would
be a better way to eliminate the risk for drug resistance.88 They
also proposed that many drugs should be used early on, when
the tumor burden is small. A contrasting cytokinetic concept
is the Norton-Simon model, which takes into account multi-
ple populations of cells within a tumor that have variable sen-
sitivity to chemotherapy drugs, variable growth of these
populations, and variable response rates to application of
chemotherapy. This Norton-Simon model was the foundation
for the important hypothesis that using intensive chemother-
apy for a shorter time (for the fast-growing cellular popula-
tion), followed by a non–cross-resistant regimen over a longer
period for the slower-growing population, is the most effec-
tive approach to tumors.89 Sequential therapy allows for dose-
intense administration of individual cytotoxic agents and
avoids overlapping toxicities seen with combinations. Results
of studies in metastatic breast cancer have frequently shown
higher overall response rates with combinations, but it is
unusual to see an impact on survival in individual studies.

A meta-analysis by Fossati and colleagues reviewed ran-
domized clinical trials in metastatic breast cancer between
1975 and 1997 and showed an increase in overall survival
favoring combination chemotherapy over single-agent
chemotherapy.87 The absolute survival benefit was 9% at 1
year, 5% at 2 years, and 3% at 5 years and thereafter. Of note,
the regimens used in this study were not modern chemother-
apy drugs (Table 32–5).

Chlebowski and associates in 1989 randomized 222 
patients with advanced breast cancer in two separate trials 
of similar design to either concomitant combination treat-
ment or sequential use of the same drugs given as single
agents changed only at disease progression.90 Both trials 
used cyclophosphamide, methotrexate, 5-fluorouracil, and
prednisone—the Western Cancer Study Group (WCSG) using
triiodothyronine and the South Eastern Cancer Study Group
(SECSG) using vincristine as the remaining agent. A common
database was generated for these trials for combined analysis.
Combination treatment was associated with a significantly
increased response rate (46% vs. 26%; P < .05) but no survival
improvement, suggesting that sequential single-agent therapy
can result in survival comparable to combination treatment.

Joensuu and colleagues in 1998 compared epirubicin fol-
lowed by mitomycin at disease progression with FEC followed
by mitomycin and vinblastine (MiV).91 Response rates were
48% in the epirubicin plus mitomycin arm and 55% in the
FEC-MiV arm. There was no difference in overall survival or
time to disease progression. In this study, quality of life was
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assessed and was found to be better in the single-agent
sequential therapy group.

A landmark Eastern Cooperative Oncology Group (ECOG)
study published in 2003 randomized 739 patients to doxoru-
bicin (60 mg/m2), paclitaxel (175 mg/m2/24 h), or the combi-
nation of doxorubicin and paclitaxel (AT, 50 mg/m2 and 
150 mg/m2/24 h, plus granulocyte colony-stimulating factor,
5 mg/kg) as first-line therapy for metastatic breast cancer.92

Patients receiving single-agent doxorubicin or paclitaxel were
crossed over to the other single agent at the time of progres-
sion. Responses were seen in 36% of doxorubicin, 34% of
paclitaxel, and 47% of AT patients (P = .84 for doxorubicin vs.
paclitaxel; P = .007 for doxorubicin vs. AT, P = .004 for pacli-
taxel vs. AT). Median times to treatment failure were 5.8, 6.0,
and 8.0 months for doxorubicin, paclitaxel, and AT, respec-
tively (P = .68 for doxorubicin vs. paclitaxel; P = .003 for doxo-
rubicin vs. AT; P = .009 for paclitaxel vs. AT). Median survival
times were not significantly different: 18.9 months for patients
randomized to doxorubicin, 22.2 months for paclitaxel, and
22.0 months for AT. Responses were seen in 20% of patients
crossing from doxorubicin to paclitaxel and in 22% of patients
crossing from paclitaxel to doxorubicin.

In 1999, Bishop and coworkers reported a study in which
patients with previously untreated metastatic breast cancer
were randomized to receive either paclitaxel 200 mg/m2 intra-
venously over 3 hours for eight cycles (24 weeks) or standard
(CMFP) for six cycles (24 weeks) with epirubicin recom-
mended as second-line therapy.93 A total of 209 eligible
patients were randomized with a median survival duration of
17.3 months for paclitaxel and 13.9 months for CMFP (P =
.068). Paclitaxel produced significantly less severe leukopenia,
thrombocytopenia, mucositis, infections, nausea, or vomiting

but more alopecia, peripheral neuropathy, and myalgia or
arthralgia. Overall, quality of life was similar for both treat-
ments (P ≥ .07).

Heidemann and associates performed a study that evaluated
quality of life by using a modified Brunners score to measure
the effects of disease, quality of life, and toxicity.94 In this
study, FEC produced a slightly higher response rate than 
single-agent mitoxantrone, but again, no difference was
observed in time to disease progression or overall survival.
The single-agent group demonstrated better quality of life
using the modified Brunner score.

One of the few studies that did show a survival ad-
vantage for combination over single-agent chemotherapy was
the study of O’Shaughnessy94a comparing capecitabine and 
docetaxel with docetaxel alone. At this time, the compara-
tive efficacy of sequential use of docetaxel and capecitabine
versus combination is not known because only 27% of the
patients who received single-agent docetaxel crossed over to
capecitabine as subsequent therapy. Likewise, in the study of
Albain,68 only 14% of patients on the single-agent paclitaxel
arm went on to receive gemcitabine. This raises a similar 
question with regard to whether these drugs might have 
had the same benefit if given sequentially rather than in 
combination.

Taken together, evidence would support the use of sequen-
tial single-agent chemotherapy in an effort to optimize 
toxicity and tumor control. In most breast cancer patients,
sequential single-agent therapy can result in survival compa-
rable to combination treatment. In addition, sole considera-
tion of response frequency does not represent the optimal
criterion to compare therapeutic approaches in advanced
breast cancer. An exception to this might include patients with
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Table 32–5 Randomized Trials with Single-Agent Compared with Combination Chemotherapy

RR, response rate; MS, median survival; QoL, quality of life; P, prednisone; C, cytoxan; M, methotrexate; V, vincristine; F, 5-fluorouracil; E, epirubicin; Mi,
mitomycin; Vi, vinblastine; MN, mitoxantrone; G-CSF, growth factor; Dox, doxorubicin; Pac, paclitaxel.

Chemotherapy
Study n Regimen Response Rate (%) Survival

Chlebowski phase III90 129 CMFP ± V 68 MS not significant
93 F Æ M Æ P or V Æ C Æ P 55

Joensuu phase III91 153 E Æ Mi 48 Æ 16 MS not significant
150 FEC Æ MiVi 55 Æ 6

Bishop phase III93 107 CMFP 29 MS 17.3 for P vs. 13.9 for MN
102 Paclitaxel 35

Heidemann phase III94 119 FEC 36 QoL significant with Mi arm
119 MN 25

Norris et al. (2000), 151 Doxorubicin vs. 30 MS not significant
phase III95 149 Dox/vinorelbine 38

Nabholtz phase III 49 392 Docetaxel vs. 30 MS 11.4 vs. 8.7 MN (P < .001)
MN/vinblastine 11.5

Sjostrom et al. (1999), 283 Docetaxel vs. 42 MS not significant
phase III172 MF 21

Bonneterre, phase III173 176 Docetaxel vs. 43 MS not significant
F/vinorelbine 38.8

O’Shaughnessy, 511 Docetaxel vs. 29.7 MS 11.5 vs. 14.5 MN (P < .001)
phase III94a doce/capecitabine 41.6

Sledge phase III92 245 Doxorubicin 36 MS not significant
242 Paclitaxel 34
244 Dox + Pac + G-CSF 47



highly symptomatic metastatic breast cancer in whom imme-
diate response is an important end point. The choice of single-
agent versus combination chemotherapy needs to be analyzed
with respect to both efficacy and quality of life for an individ-
ual patient.51,95

What is the efficacy of high-dose 
chemotherapy with hematopoietic support?

Retrospective analyses initially suggested a clinical correlation
between dose of chemotherapy and outcome in patients with
metastatic breast cancer. The use of high-dose chemotherapy
with stem cell rescue is based on the hypothesis that major
dose escalations are needed to overcome drug resistance and
produce meaningful clinical outcomes. In the late 1980s and
early 1990s, several phase II trials of highly selected patients
reported promising results for high-dose chemotherapy in
metastatic breast cancer patients.96–110 We now have data from
seven randomized trials comparing high-dose chemotherapy
to standard chemotherapy in women with metastatic breast
cancer.111–117

In 1996, a study from Duke University was reported at
ASCO.111 This was a crossover trial in which 100 metastatic
breast cancer patients in complete response with conventional
dose of AFM (doxorubicin, 5-flourouracil, methotrexate)
were randomized to (1) immediate high-dose chemotherapy
with CPB (cyclophosphamide, cisplatin, carmustine) with
stem cell rescue or (2) high-dose chemotherapy at the time of
relapse. A significant disease-free survival benefit was demon-
strated in patients undergoing intensive therapy at first com-
plete remission, but there was no difference in overall survival.

In another study conducted at Duke, 69 patients with bone-
only disease received induction chemotherapy with a maxi-
mum of four cycles of AFM.112 Patients were then randomized
to receive immediate consolidation with CPB with stem cell
rescue or observation with CPB at the time of disease pro-
gression. Disease-free survival was again significantly better in
the immediate high-dose chemotherapy arm, but no differ-
ences were seen in survival.

In the Philadelphia Intergroup study, metastatic breast can-
cer patients received induction therapy with four to six cycles
of CAF or CMF and then were randomized to receive high-
dose chemotherapy using the STAMP V regimen (carboplatin,
800 mg/m2; cyclophosphamide, 6000 mg/m2; and thiotepa,
500 mg/m2) with stem cell rescue or maintenance CMF con-
tinued until progression or for up to 24 cycles.113 The median
overall survival times were 25.8 and 26.1 months for the 
high-dose chemotherapy and CMF groups, respectively, and
median times to progression were 9.6 months for high-dose
chemotherapy and 9.1 months for CMF.

In the PEGASE 04 study, patients responding to induction
chemotherapy were randomized to receive intensified-dose
cyclophosphamide, melphalan, and mitoxantrone with autol-
ogous stem cells or continuation of conventional treatment
(two to four cycles).114 There was no difference in time to 
progression and 5-year overall survival rates between the two
groups.

A phase III National Cancer Institute of Canada (NCIC)
trial was presented by Crump and colleagues at the ASCO 
in 2001.115 In this study, 219 patients with metastatic breast
cancer responding after four cycles of a first-line therapy 

were randomized to receive two to four additional cycles 
of standard chemotherapy or one or two cycles of standard
chemotherapy followed by high-dose chemotherapy
(cyclophosphamide, mitoxantrone, carboplatin) with stem
cells. Disease-free survival was significantly improved in the
high-dose chemotherapy arm, whereas no difference was seen
in 3-year survival between groups. There was a 20% dropout
rate, and transplant-related mortality was high in this study at
7.7%.

The PEGASE 03 study randomized 180 patients with
metastatic breast cancer with an objective response after four
cycles of FEC (5-FU, epirubicin, and cytoxan) to high-dose
chemotherapy (thiotepa, cyclophosphamide) with stem cells
versus no further treatment.116 The 1-year disease-free sur-
vival rates were 19% and 46%, favoring the high-dose arm;
but again, overall survival was not statistically different (38%
in the high-dose chemotherapy arm vs. 30% in the observa-
tion arm).

Schmidt and associates randomized 92 metastatic breast
cancer patients to six to nine courses of chemotherapy 
with doxorubicin and paclitaxel versus double high-dose
chemotherapy (cyclophosphamide, mitoxantrone, etoposide)
with stem cell rescue.117 Crossover high-dose chemotherapy
was planned at relapse for patients showing a complete
response to AT. In this study, high-dose chemotherapy was
associated with a significantly longer progression-free survival
(PFS). No difference was seen in overall survival between the
arms at 14 months of follow-up.

It is notable that in six of the seven trials, disease-free sur-
vival was improved in the high-dose chemotherapy group.
The delay in relapse for patients with metastatic disease may
represent an important end point because it is associated with
a longer off-therapy survival and a better quality of life during
that off-therapy period at the cost of the greater toxicity of the
high-dose therapy.

The lack of any positive impact on survival using this
approach would argue against a role for high-dose
chemotherapy as part of standard management for metastatic
breast cancer. Whether there is a role for the use of high-
dose chemotherapy as a platform on which novel molecular
targeted therapy can be added remains to be seen.

What is the role of biologic therapy in the 
management of metastatic breast cancer?

Trastuzumab
The HER-2/neu gene, which encodes the transmembrane
receptor p185HER-2/neu, has partial homology with the 
epidermal growth factor receptor, and both share the same
tyrosine kinase activity. HER-2 is amplified in 25% to 30% of
breast cancers, and women with HER-2-overexpressing breast
cancer have shortened relapse-free and overall survival.118,119

Trastuzumab is a humanized monoclonal antihuman epider-
mal growth factor receptor-2 (HER-2) antibody that has
proven efficacy in HER-2-overexpressing breast cancer.
Trastuzumab monotherapy has been evaluated in previously
treated and untreated patients with metastatic breast cancer,
with overall response rates of 15% to 26%.120,121 Although
patients were enrolled in initial trials based on their level of
HER-2 overexpression as assessed by immunohistochemistry,
subsequent retrospective analyses using fluorescence in situ
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hybridization (FISH) of archival tumor tissue from the same
patients showed that the efficacy was higher in patients who
tested positive on FISH for amplification of the HER-2/neu/
c-erbB-2 locus (19% to 34%) and was nonexistent to low in
patients who tested negative (0% to 7%).121,122 It has subse-
quently been shown that 3+ specimens by immunohisto-
chemistry provide reasonably good correlation with FISH.

In 1996, Baselga and colleagues published a trial on the use
of single-agent trastuzumab in a group of heavily pretreated
breast cancer patients and reported a response rate of
11.6%.123 Subsequently, two pivotal trials were undertaken to
further investigate the activity of trastuzumab.119,124 In the piv-
otal monotherapy study, 222 women with metastatic breast
cancer who had received two prior chemotherapy regimens
were treated with trastuzumab as a single agent.119 The re-
sponse rate was 22%, with a median duration of response of
9.1 months and median survival of 13 months. In the second
pivotal trial, trastuzumab was combined with chemotherapy.124

Patients were stratified into one of two chemotherapy regi-
mens based on preceding anthracycline adjuvant therapy.
Those without anthracycline exposure received doxorubicin
and cyclophosphamide given every 3 weeks with or without
trastuzumab, and those who had received prior anthracycline
therapy received paclitaxel every 3 weeks with or without
trastuzumab. A total of 469 patients were randomized. With a
median follow-up of 35 months, there was a statistically 
significant difference in time to progression, response rate,
median response duration, and, most importantly, increased
overall survival (25 months vs. 20 months; P < .001) for
patients who received chemotherapy and trastuzumab.

A first-line trastuzumab monotherapy trial was later per-
formed by Vogel and associates.121 A total of 114 patients were
randomized to receive a standard loading dose of 4 mg/kg fol-
lowed by 2 mg/kg or 8 mg/kg followed by 4 mg/kg weekly.
Response rates of 24% for the lower dose and 28% for the
double dose were seen, establishing the 4-mg/kg loading dose
followed by 2 mg/kg weekly as standard. A recent phase II
study evaluated trastuzumab, 8 mg/kg loading dose, with
paclitaxel, 175 mg/m2, and then trastuzumab, 6 mg/kg every 3
weeks, until disease progression in pretreated metastatic
breast cancer patients.125 Plasma trastuzumab trough levels
and clinical response rates compared favorably with those
achieved with the standard weekly trastuzumab regimen.

Trastuzumab is generally well tolerated, with the most sig-
nificant reported toxicities being hypersensitivity reactions
and cardiac toxicity. A retrospective review of trastuzumab
monotherapy trials estimated the incidence of cardiac 
dysfunction to be 0.8% for first-line monotherapy and 7% 
for second-line monotherapy.126 Trastuzumab-related cardiac
toxicity has most commonly manifested as asymptomatic
decreases in LVEF on multiple-gated acquisition scans.
The incidence of cardiac dysfunction is greatest in patients
receiving concomitant trastuzumab and anthracycline plus
cyclophosphamide (27%). The risk is substantially lower in
patients receiving paclitaxel and trastuzumab (13%) or
trastuzumab alone (3% to 7%); however, most of these
patients had received prior anthracycline therapy. In the 
pivotal randomized study,127 cardiac dysfunction was 
noted in 8% of patients receiving anthracycline plus
cyclophosphamide and 1% receiving paclitaxel alone. Most
trastuzumab-treated patients developing cardiac dysfunction
were symptomatic (75%), and most improved with standard

treatment for congestive heart failure (79%). Most reported
cardiac effects are mild to moderate, nonspecific, and med-
ically manageable. Signs and symptoms are similar to those
observed in patients who develop anthracycline-induced 
cardiomyopathy and include tachycardia, palpitations, and
exertional dyspnea, which may progress to congestive heart
failure. The pathogenesis and histologic changes responsible
for trastuzumab-associated cardiotoxicity are currently 
under investigation. Unlike anthracycline-induced toxicity,
trastuzumab-associated toxicity usually responds to standard
treatment or the discontinuation of trastuzumab, and there is
no evidence that the toxicity is dose related. Current methods
for the early detection of cardiotoxicity in trastuzumab-
treated patients are similar to those used in anthracycline-
treated patients. Cardiac function is established at baseline
and monitored regularly during treatment by physical exami-
nation and measurement of LVEF. Most patients improve with
proper treatment, and some are able to continue to receive
trastuzumab.

Trastuzumab and Anthracyclines
In the pivotal randomized study by Slamon and colleagues
comparing chemotherapy to chemotherapy in combination
with trastuzumab in patients with HER-2–overexpressing
tumors, the combination of AC with trastuzumab exhibited
significant improvements in response rate (56% vs. 42% with
chemotherapy alone), time to progression (7.8 months vs. 6.1
months; P < .001), time to treatment failure (7.2 months vs.
5.6 months; P < .001), and overall survival (median survival,
26.8 months vs. 21.4 months P = .16).124 In addition, in a sub-
sequent analysis of this trial, the combination exhibited a 
significant improvement in quality of life compared with
chemotherapy128 (Table 32–6).

Liposomal doxorubicin (TLC D-99) plus trastuzumab in
metastatic breast cancer resulted in a 57% response rate with
no reports of significant cardiotoxicity in patients receiving
first- or second-line therapy for advanced breast cancer.128

Trastuzumab and Taxanes
Paclitaxel-trastuzumab combinations produce overall
response rates of 36% to 70% as first-line therapy for metasta-
tic breast cancer124,129,130 (Table 32–7). Median duration of
response ranges from 7 to 11.6 months. In the pivotal trial,127

the combination of paclitaxel with trastuzumab exhibited a
significant improvement compared with paclitaxel alone with
regard to time to progression (6.9 months vs. 3.0 months; P <
.0001), time to treatment failure (5.8 months vs. 2.9 months;
P < .0001), and duration of response (10.5 months vs.
4.5 months; P < 0.01). Median survival was also increased in
the paclitaxel plus trastuzumab arm (25.1 months vs. 20.3
months; P = .046).

Docetaxel and trastuzumab combinations produced overall
response rates of 63% to 70% in clinical trials as first-line
therapy for metastatic breast cancer.131–134 Significant car-
diotoxicity was reported in 3% of the patients, and severe
fatigue occurred in more than 10% of patients on weekly
docetaxel (Taxotere). Hypersensitivity reactions were reported
in up to 62% of patients.

Trastuzumab and Platinum Combinations
Platinum compounds have exhibited synergistic activity with
trastuzumab in breast cancer cell lines. Slamon and associates,
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in a phase II trial of Herceptin combined with docetaxel and
carboplatin, showed an overall response of 64%, with fatigue
and febrile neutropenia in 11% of the patients.135 LVEF
decreases were reported in 4% of the patients142 (Table 32–8).

Robert and colleagues performed a randomized study of
trastuzumab and paclitaxel with and without carboplatin and
reported a 57% response rate with the triplet and a 38%
response rate in the paclitaxel-Herceptin arm.129 Time to pro-
gression was also higher in the platinum-containing arm (13
months vs. 7 months; P = .002), with no difference in overall
survival.

Yardley and colleagues studied weekly carboplatin-
paclitaxel-trastuzumab as first-line therapy for metastatic
breast cancer and showed an overall response rate of 66% with
a median survival of 29.3 months in patients who did not
progress during trastuzumab induction therapy.136

Trastuzumab and Vinorelbine
Vinorelbine has demonstrated the greatest antitumor synergy
with trastuzumab in preclinical studies. In addition, studies of
trastuzumab in combination with vinorelbine have generated
very consistent efficacy and tolerability profiles (Table 32–9).

Burstein and coworkers initially reported an overall response
rate of 75% for vinorelbine-trastuzumab therapy as first-line
therapy for metastatic breast cancer.137 Median time to treat-
ment failure was 5.6 months; 38% of patients were progression
free after 1 year. Two patients developed grade 1 cardiac toxic-
ity, and one patient developed congestive heart failure.

Jahanzeb and colleagues reported an overall response rate
of 78% with vinorelbine in combination with trastuzumab,
with a median time to progression of 17 months.138

Bernardo and colleagues139 and Bunnell and associates140

studied this combination as initial therapy for metastatic
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Table 32–6 Trials with Anthracycline/Trastuzumab*

*Herceptin was given as 4-mg/kg loading dose, followed by 2 mg/kg/wk.
†Median survival, 26.8 months.
LVEF, left ventricular ejection fraction; CHF, congestive heart failure.

Study N Treatment Arm Response Rate (%) Toxicity

Slamon et al. (2001), phase III124 143 Trastuzumab, doxorubicin, and 56† Grade 3 or 4 cardiac toxicity,
cyclophosphamide MS 26.8 mo 16%; fever, 11%; alopecia,

25%; leukopenia, 11%

Thomssen et al. (2002)128 26 Trastuzumab, epirubicin, and 62 Grade 3 or 4 LVEF decrease 
cyclophosphamide 33%; CHF 4%

Theodoulou et al. (2001), 20 Trastuzumab and TLC D-99 57 No significant cardiotoxicity
phase I/II174

Eidtmann et al. (2002)175 25 Trastuzumab, epirubicin, and 64 Grade 3 or 4 LVEF decrease 
cyclophosphamide > 10%

*Herceptin was given as 4-mg/kg loading dose, followed by 2 mg/kg/wk.
LVEF, left ventricular ejection fraction; MS, median survival; TTP, time to progression.

Table 32–7 Trials with Taxanes/Trastuzumab*

Study N Treatment Arm Response Rate (%) Toxicity

Slamon et al. (2001), phase III124 92 Trastuzumab and paclitaxel, 41; MS 22.1 mo Alopecia, 26% 
175 mg/m2 q3 wk by 3 hr Pain, 10%

Vomiting, 9% 
Cardiac toxicity, 2%

Robert et al. (2002), phase III129 95 Trastuzumab and paclitaxel, 36; MS 33.5 mo Hematologic, 36%
175 mg/m2 q3 wk by 3 hr Neuropathy, 6%

No reported cardiotoxicity

Seidman et al. (2001), phase II130 95 Trastuzumab and paclitaxel, 61; MS not reported Neuropathy, 29%
90 mg/m2/wk by 1 hr Asthenia, 7%

LVEF decreased >20%

Esteva et al. (2002), phase II131 30 Trastuzumab and docetaxel, 63 Granulocytopenia, 26%
35 mg/m2/wk Fatigue, 20%,

Grade 3 LVEF decreased 3%
Grade 2 LVEF decreased 16%

Uber et al. (2001), phase II132 21 Trastuzumab and docetaxel, 63; MS 18.3 mo Fatigue, 14%
35 mg/m2/wk Diarrhea, 14%

Cardiotoxicity, not reported

Montemurro et al. (2002), 25 Trastuzumab and docetaxel, 70 Neutropenia, 80% of cycles
phase II133 75 mg/m2 q3 wk Cardiotoxicity, 4%

Raab et al. (2002), phase II134 13 Trastuzumab and docetaxel, 63; TTP 8.3 mo Neutropenia, 92%
35 mg/m2/wk No cardiotoxicity



breast cancer patients and reported response rates of 84% and
69%, respectively. No severe cardiotoxicity was reported. The
most common grade 3/4 toxicity was neutropenia in both
studies.

Trastuzumab and Gemcitabine
A gemcitabine-trastuzumab combination in HER-2-
overexpressing metastatic breast cancer generated a response
rate of 37% as front-line therapy.

In a first-line study conducted by the Hoosier Oncology
Group, 27 patients received a triplet regimen consisting 
of paclitaxel, gemcitabine, and trastuzumab every 21 days.141

A partial response was achieved in 92% of 13 evaluable
patients. Treatment was well tolerated except for grade 4
myelosuppression.

O’Shaughnessy and coworkers studied gemcitabine with
trastuzumab as third-line therapy in 55 patients with metasta-
tic breast cancer and showed an objective partial response in

32% of patients with a median survival of 10.2 months and
median time to progression of 6.7 months.142 The primary
grade 3/4 toxicity was neutropenia, which occurred in 9
patients. The activity of this regimen and the absence of severe
toxicity in this pretreated population are encouraging.

Trastuzumab and Capecitabine
A preliminary analysis of an 18-patient trial of capecitabine
(1125 mg/m2 orally twice daily for 2 weeks) with trastuzumab
in extensively pretreated patients reported a 47% overall
response rate with a median response duration of 10.4
months and minimal side effects.143

Other Biologic Therapy

Tyrosine Kinase Inhibitors. Tyrosine kinase inhibitors are
small molecules that bind to the adenosine triphosphate
(ATP) binding site in the intracellular domain of receptors
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*Trastuzumab was given as 4-mg/kg loading dose, followed by 2 mg/kg/wk.
AUC, area under the curve; CHF, congestive heart failure; LVEF, left ventricular ejection fraction; MS, median survival; TTP, time to progression.

Table 32–8 Trials with Platinum/Trastuzumab

Study N Treatment Arm Response Rate (%) Toxicity

Pienkowski et al. (2001), 61 Trastuzumab plus docetaxel, 76 Fatigue, 18%
phase II176 75 mg/m2, with cisplatin, Nausea, 12%

75 mg/m2 Febrile neutropenia, 9%
CHF, 2%

Slamon et al. (2001), phase II135 57 Trastuzumab plus docetaxel, 64 Febrile neutropenia, 11%
75 mg/m2, with carboplatin, Fatigue, 11%
AUC = 6 Stomatitis, 11%

LVEF decreased 4%

Robert et al. (2002), phase III129 160 Trastuzumab plus paclitaxel, 57 vs. 38; TTP Hematologic, 79% vs. 38%
175 mg/m2, with 13 mo vs. 7 mo Neurologic, 16% vs. 11%
carboplatin, AUC = 6 Cardiovascular in both, 3%

Yardley et al. (2002)136 61 Trastuzumab plus paclitaxel, 66; MS 29.3 mo Leukopenia, 33%
70 mg/m2 weekly, with Fatigue, 7% 
carboplatin, AUC = 2 wk Asymp. LVEF decreased 7%

Nabholtz et al. (2000), 37 Trastuzumab plus docetaxel, 58; MS not reported Neutropenia, 35%
phase II171 75 mg/m2, with cisplatin, Mucositis, 3%

75 mg/m2, or carboplatin, No severe cardiotoxicity
AUC = 6

Pegram et al. (1998), phase II177 37 Trastuzumab with cisplatin, 24; MS not reported Cytopenia, 27%
75 mg/m2 No cardiotoxicity

*Herceptin was given as 4-mg/kg loading dose, followed by 2 mg/kg/wk.
CHF, congestive heart failure; LVEF, left ventricular ejection fraction; MS, median survival; TTP, time to progression.

Table 32–9 Trials with Vinorelbine/Trastuzumab*

Study N Treatment Arm Response Rate (%) Toxicity

Burstein et al. (2001), phase II137 40 Trastuzumab and vinorelbine, 75; MS 17.9 mo Neutropenia, 43%
25 mg/m2/wk Fatigue, 5%

No severe cardiotoxicity

Jahenzeb et al. (2002), phase II138 40 Trastuzumab and vinorelbine, 78; TTP 17 mo Neutropenia, 20% of cycles
30 mg/m2/wk Neuropathy, 8%

Grade 2 LVEF decreased 3%

Bernardo et al. (2002), phase II139 35 Trastuzumab and vinorelbine, 84; MS not reported Neutropenia, 8% grade 4
25 mg/m2/wk No severe cardiotoxicity

Bunnell et al. (2002), phase II140 54 Trastuzumab and vinorelbine, 69; MS not reported Neutropenia, 54%
25 mg/m2/wk CHF, 2%



and block tyrosine kinase activity either reversibly or irre-
versibly. The recently developed agents targeting epidermal
growth factor receptor (EGFR), ZD1839 (Iressa) and OSI-774
(Tarceva), are selective EGFR–tyrosine kinase inhibitors that
have been studied in metastatic breast cancer patients. Results
from a phase II study evaluating the safety and efficacy of
ZD1839 in metastatic breast cancer patients with ER-negative
and tamoxifen-resistant ER-positive tumors reported only
modest activity (two partial responses and 10 patients with
stable disease out of 17 evaluable patients) with manageable
toxicity.144 In a multicenter phase II trial, OSI-774 also showed
minimal activity in previously treated metastatic breast cancer
patients, with an acceptable toxicity profile.145

Recent data suggest that the HER-family signaling pathway
may be involved in hormone resistance. The role of combined
treatment with these agents with endocrine agents is currently
being evaluated.

Targeting the ras-raf-MAPK Pathway. Farnesylation,
performed by the enzyme farnesyl transferase, is a key step in
the activation of downstream proteins involved in intracellu-
lar signaling pathways, including the HER-2 pathway and
other pathways using the ras family of proteins. Therefore, one
of the ways of targeting the ras-raf-MAPK pathway is through
the use of farnesyl transferase inhibitors (FTIs). Results of a
single-agent phase II study of R115777 in metastatic breast
cancer (Zarnestra) revealed a response rate of 25% in previ-
ously treated patients, and studies are ongoing in combination
with other agents.146

CCI-779 is an mTOR (mammalian target of rapamycin)
inhibitor currently undergoing evaluation in metastatic breast
cancer, both as a single agent and in combination with
endocrine agents and chemotherapy. The ultimate effect of
inhibition of mTOR is an arrest of tumor cells in the G1 phase
of the cell cycle, resulting in inhibition of cell replication and
tumor growth.147–151 A phase II trial of CCI-779 was carried
out in 109 metastatic breast cancer patients previously treated
with taxane- or anthracycline-based chemotherapy in the
metastatic or adjuvant setting. Data for the first 85 patients
were recently reported.152 Stable disease for longer than 3
months or partial responses were seen in 17 of the 85 patients.
Grade 3 or 4 events occurring in more than 5% of patients
included infection, gamma-glutamyltranspeptidase elevation,
stomatitis, leukopenia, depression, and somnolence. A final
report is pending.

Anti-VEGF Therapy. Most of the angiogenesis inhibitors 
are in phase I/II trials as single agents or in combination 
with cytotoxic chemotherapy. Agents targeting the vascular
endothelial growth factor (VEGF) and its receptors have been
the most extensively studied in metastatic breast cancer. Rosen
and colleagues humanized the murine antibody A.4.6.1 by
placing its complementary determining region into a human
IgG1 constant-region framework and further modifying fur-
ther amino acid residues to optimize antigen binding.153 In the
resulting product, bevacizumab (or rhMAB-VEGF), 7% of the
amino acids are from the murine antibody. Several phase I tri-
als demonstrated a low-toxicity profile and did not show anti-
body development to bevacizumab. Severe toxic effects that
occurred in the phase I trials were infrequent intratumoral
bleeding (including fatal hemoptysis), pulmonary emboli, and
peripheral venous thrombosis.154,155

Cobleigh and associates evaluated bevacizumab in a phase
I/II dose-escalation study. Seventy-five women with pre-
viously treated metastatic breast cancer were treated with
bevacizumab at 3 mg/kg (n = 18), 10 mg/kg (n = 41), or 20 mg/
kg (n = 16) given intravenously every 2 weeks until progres-
sion.156 The end points of the trial were safety, best objective
response rate, and pharmacokinetic profile. The median dura-
tion of treatment was 10 weeks. Dose-limiting toxicity was
headache associated with nausea and vomiting in patients
treated at the 20-mg/kg dose level. Ten percent of patients had
an objective response, including one complete response in a
supraclavicular node at 10 mg/kg and six partial responses.
Median duration of confirmed response was 5.6 months.
Twelve of 75 patients had ongoing response or stable disease
at the last tumor assessment at 5 months, and three patients
were treated for 1 year or longer without disease progression.
Median survival was 10.2 months.

A phase III trial of bevacizumab and capecitabine versus
capecitabine alone in previously treated metastatic breast can-
cer patients was recently reported.157 Patients randomized to
the combination arm were eligible to continue bevacizumab
therapy after progression either alone or in combination with
other therapies. The primary end point of the trial was time 
to progression. Secondary end points were safety, objective
response rate, duration, and survival. Study results showed no
improvement in progression-free survival, although there was
a statistically significant improvement in response rate with
the combination (9.1% vs. 19.8% by independent review).
The response rate using capecitabine and bevacizumab was
not higher in VEGF-overexpressing subjects. The response rate
using capecitabine alone was lower in VEGF-overexpressing
subjects, although the sample size was too small for definitive
conclusion.

ECOG-2100 is an ongoing phase III trial of paclitaxel 
with or without bevacizumab in patients with metastatic
breast cancer as front-line therapy.158 Patients are randomized
to weekly paclitaxel with bevacizumab or weekly paclitaxel
alone. The primary end point of this study is time to progres-
sion. A total of 685 patients will be enrolled. This study was
activated in late December 2001 and completed accrual in
April 2004.

BISPHOSPHONATES

Bisphosphonates are osteoclast inhibitors that have an affinity
for bone and are preferentially delivered to sites of increased
bone formation or resorption. Once deposited on the surface
of bone, bisphosphonates are ingested by osteoclasts that are
engaged in bone resorption.159 Bisphosphonates are potent
inhibitors of osteoclastic bone resorption and are effective 
in treating cancer-induced hypercalcemia, Paget’s disease 
of bone, and postmenopausal osteoporosis. Pamidronate, a
second-generation bisphosphonate, and zoledronate, a third-
generation bisphosphonate, are approved for metastatic breast
cancer.160,161 Clodronate is available in oral form and is cur-
rently investigational.

When bisphosphonates are administered intravenously,
clearance from the plasma is rapid, and most of the drug is
taken up by the skeleton, where it remains for a prolonged
period of time.162,163
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Bony Metastasis

Bony metastases are seen in 30% to 40% of metastatic breast
cancer patients. Median survival with bone-only disease is
longer than for those patients with visceral metastases. Bony
metastases can cause pain, pathologic fractures, hypercal-
cemia, and spinal cord compression.

Hortobagyi and colleagues randomized 382 women receiv-
ing chemotherapy for metastatic breast cancer with bony
lesions to receive either pamidronate, 90 mg, or placebo IV
over 2 hours on a monthly basis for 12 months.164 The overall
reduction in skeletal related events was 43% versus 56% (P =
.008), and the median time to a skeletal event was 14 versus 7
months (P < .001) for the pamidronate- and placebo-treated
groups, respectively. Hortobagyi and coworkers randomized
374 patients receiving hormonal therapy for metastatic breast
cancer with bony lesions to receive either pamidronate, 90 mg
monthly, or IV placebo over 2 hours for 2 years.165 Similarly,
the overall reduction in skeletal related events was 56% versus
67% (P = .03), and the median time until the first skeletal
event was 10 versus 7 months (P = .05) for the pamidronate
and placebo groups, respectively. Overall survival did not
change in either of these studies.

Rosen and colleagues in 2001 compared zoledronate at 4 or
8 mg IV to pamidronate at 90 mg IV.166 There was no statisti-
cally significant difference seen in terms of skeletal-related
events or time to the first skeletal event. Zoledronate was asso-
ciated with an elevation in serum creatinine at the 8-mg dose
and with a 5-minute bolus infusion. With the recommended
dose of 4 mg over a 15-minute bolus, no change was noticed
in serum creatinine. The shorter infusion time of zoledronate
and equivalent therapeutic efficacy relative to pamidronate
makes zoledronate more convenient for many patients.

Ibandronate, a highly potent third-generation bisphospho-
nate, has been studied in three multicenter randomized trials
as intravenous and oral forms.167,168 In the intravenous study,
patients were randomized to 6 mg ibandronate or placebo
infused over 1 to 2 hours every 3 to 4 weeks. In the other two
trials, an oral formulation of 50 mg of ibandronate was used.
The intravenous form resulted in a 40% reduction in the 
risk for a skeletal-related event as compared with placebo 
(P = .0033). Oral ibandronate provided a similar reduction 
in skeleton-related events 38% (P < .0001) compared with
placebo.

Duration

The optimal duration of bisphosphonate use is unknown
because this issue has never been the focus of a clinical trial.
In the previously described trials of pamidronate in women
with osteolytic disease, pamidronate (or placebo) was given
for 2 years or until patient refusal, physician- or patient-
defined unacceptable toxicity, or death. In the metastatic set-
ting, this question is not currently being studied, although
many clinicians continue bisphosphonate therapy indefinitely
as performance status allows.

Safety and Adverse Effects

In a randomized comparison of pamidronate (90 mg as 
a 2-hour infusion) versus zoledronic acid (4 mg as a 15-
minute infusion), 6% to 8% of patients with breast cancer

experienced deterioration of renal function during the first 12
months of bisphosphonate therapy.169 In that study, deteriora-
tion of renal function was defined as a change in baseline
serum creatinine of 0.5 mg/dL or two times baseline value in
patients with normal baseline serum creatinine (<1.4 mg/dL),
or a change from baseline serum creatinine of 1.0 mg/dL or
two times baseline value in patients with abnormal baseline
serum creatinine (1.4 mg/dL).

There are limited data on the long-term renal safety of bis-
phosphonates. In an uncontrolled study of 22 patients treated
with pamidronate (n = 18) or zoledronic acid (n = 4) for more
than 2 years (median, 3.6 years), the last serum creatinine level
was significantly higher than baseline values.162 Shorter infu-
sion times have been associated with a higher risk for renal
toxicity. Intravenous infusions of pamidronate over less than
2 hours, especially those less than 1 hour given on a long-term
basis (more than 1 year), have occasionally been associated
with renal toxicity, including albuminuria followed by
azotemia. More serious renal toxicity has also been reported
with long-term use of higher doses or more frequent dosing of
pamidronate. The safety and frequency of nonrenal side
effects are similar for pamidronate and zoledronate. In ran-
domized controlled trials, the incidence of most adverse
effects in women treated with pamidronate was similar to 
that observed in the placebo group. Transient myalgias,
arthralgias, and flulike symptoms with fever tend to occur
more often in women treated with pamidronate. Mild 
infusion-site reactions have also been reported. Uveitis and
other ocular adverse effects are rare but well described.169,170

Women have rarely discontinued pamidronate therapy
because of adverse effects.
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Estrogen is the principal growth promoter for breast cancer
cells that express its receptor (ER positive). The circulating
estrogens are estrone and estradiol. There are two fundamen-
tal ways to interfere with estrogen’s action as a promoter of
cancer cell growth: estrogen antagonism and estrogen depri-
vation. Estrogen antagonism uses drugs that compete with
estrogen for its binding to the ER, thereby interrupting the
signal for cell proliferation. Estrogen antagonism treatments
include selective ER modulators (SERMs), such as tamoxifen,
or antiestrogens, such as fulvestrant. Estrogen deprivation
reduces circulating levels of estrogen by interfering with estro-
gen production by the ovaries, adrenal glands, or peripheral
tissues. Estrogen deprivation treatments include luteinizing
hormone–releasing hormone (LHRH) or gonadotropin-
releasing hormone (GnRH) agonists in premenopausal
women and antiaromatase agents in postmenopausal women
(Table 32–10).

Are the considerations different in 
premenopausal and postmenopausal women?

In selecting the appropriate hormonal therapy, it is important
to understand the differences between premenopausal and
postmenopausal patients. In premenopausal women, there 
are high levels of circulating estrogen. Estrogen in younger
women is produced primarily in the ovaries under control by
the hypothalamic–pituitary axis. The hypothalamus produces
LHRH, which stimulates the anterior pituitary. In pre-
menopausal women, the anterior pituitary then releases 
follicle-stimulating hormone (FSH) and luteinizing hormone
(LH). FSH and LH control ovarian estrogen production.
The most effective hormonal therapies in premenopausal
women are therefore either those that compete with estrogen
for its receptor (antiestrogens or SERMs) or those that 
eliminate the hypothalamic–pituitary signal to the ovary for
estrogen production (LHRH antagonists). Oophorectomy is
also effective.

In postmenopausal women, circulating estrogen levels 
are significantly lower. The ovaries are not the primary site of
estrogen production. Rather, estrogen is synthesized in the
adrenal gland and in peripheral tissues. The enzyme aro-
matase controls the final step in the metabolic conversion
from their precursors to estradiol and estrone. Inhibition of
the aromatase enzyme results in significantly decreased
amounts of estrogen and therefore is an effective hormonal
therapy in postmenopausal women. Antiestrogens or SERMs
are also useful in postmenopausal patients. Pure antiestrogens
may have a role in treatment for both premenopausal and
postmenopausal women, but to date they have been used only
in postmenopausal patients.

When is hormonal therapy appropriate in the 
treatment of metastatic breast cancer?

Overall, hormonal therapy may result in significant clinical
responses in 30% to 50% of patients in whom the tumor is ER
positive. The more strongly expressed the ER and PR, the
more likely a clinical response is to be observed. Hormonal
therapy should always be considered for patients with ER- or
PR-positive tumors. Strong ER or PR expression by the tumor
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HISTORICAL BACKGROUND

Hormonal therapy for breast cancer dates to the 19th century
when Beatson1 observed that bilateral oophorectomy resulted
in tumor regression in premenopausal patients with advanced
disease. It was postulated that ovarian function caused tumor
growth. In the early 20th century, surgical removal of the
ovaries was performed, as well as photon irradiation to the
ovaries, hypophysectomy, and surgical adrenalectomy, as
means of reducing stimulation of tumor growth. Response
rates following these procedures ranged between 30% and
40%, but morbidity and operative mortality were significant.2,3

Estrogen preparations were then studied, including diethyl-
stilbestrol (DES), ethinyl estradiol, and conjugated estrogens.1

These agents produced antitumor responses in the 30% range,
but toxicity included nausea, vomiting, uterine bleeding, fluid
retention, increased thromboembolic phenomena, and con-
gestive heart failure. In addition, there was the potential risk
that estrogen would cause increased tumor growth.

Once the assays for quantifying estrogen receptor (ER) 
and progesterone receptor (PR) were standardized, clinical
responses to hormonal therapy could be correlated with
receptor status.4,5 For patients with ER- or PR-positive tumors,
initial response rates are in excess of 60%, whereas for patients
with receptor-negative tumors, response rates to hormonal
therapy are less than 10%, In patients whose tumors had
mixed hormone receptor status (ER positive and PR negative
or vice versa), intermediate responses in the range of 20% to
45% have been reported.6–10

What are the mechanisms of action 
of endocrine therapies?

As the biochemical mechanisms by which estrogen stimulates
cancer cell growth, the role of the ER and coactivators in sig-
naling intracellular pathways, and the physiology of estrogen
production have become more clearly elucidated, better hor-
monal therapies targeted to these mechanisms have been
developed. The different classes of hormonal agents act at var-
ious points in the estrogen–tumor cell interaction.



is more common in postmenopausal than in premenopausal
women. However, even premenopausal patients may have ER-
positive cancers and should be considered candidates for hor-
monal therapy. Up to one third of women who have tumors of
unknown ER status may respond to first-line hormonal ther-
apy. It is reasonable to consider a trial of hormonal treatment
in such patients also.

Responses to endocrine therapy are more often seen in soft
tissue and bone metastases than in visceral metastases.
However, patients with multiple sites of involvement or vis-
ceral disease have also benefited from hormonal treatment.
Other factors that may predict response to hormonal manip-
ulation include older age, longer disease-free interval (from
time of initial diagnosis to development of metastatic dis-
ease), and indolent disease progression11 (Table 32–11).

The risk-to-benefit ratio is often more favorable for hor-
monal therapy than for chemotherapy, making these agents
particularly valuable in patients who would not be able to 
tolerate chemotherapy because of other medical conditions 
or poor performance status. Hormonal agents may be useful
in achieving remissions (partial or complete), maintaining
stable disease, and prolonging response following chem-
otherapy. Often, if a patient has responded to an initial 
hormonal maneuver and then her cancer progresses, she 
may respond again to a second- or even third-line hormonal
treatment.

ANTIESTROGENS

Tamoxifen

What types of hormonal therapies 
are in clinical use?

Tamoxifen is a nonsteroidal antiestrogen that was first
described in the early 1970s. Its mechanism of action is com-
petitive binding of the ER. The half-life of the drug is 7 days.
Response rates in ER-positive tumors range from 16% to
52%.5,12,13 Tamoxifen may also exert non–hormone recep-
tor–mediated actions through growth hormone–mediated
pathways, protein kinase C pathways, or calmodulin antago-
nism. These mechanisms of action may account for activity
seen in up to 15% of patients with ER-negative tumors.

Clinical trials with tamoxifen have been conducted in both
the advanced disease and adjuvant settings. In advanced
metastatic disease, several trials were designed to address the
question of dose intensity.14 In a comparative study of 10 mg
and 20 mg daily of tamoxifen, the response rates were 51% and
60%, respectively.14 In a randomized trial of tamoxifen or
tamoxifen plus fluoxymesterone, the tamoxifen dosage was
increased sequentially, and the fluoxymesterone dose remained
constant.15 The tamoxifen dose reached as high as 100 mg/m2

orally twice a day. Higher response rates were seen as the dose
of tamoxifen was increased, but there was no overall or disease-
free survival benefit. Toxicity also increased with increasing
dosages. It has therefore been recommended that 20 mg daily
given orally be the standard therapeutic dosage for tamoxifen.

What are the most common side 
effects of tamoxifen?

The most commonly reported side effects of tamoxifen 
are hot flashes and vaginal discharge in about 50% and 25%
of patients, respectively16 (Table 32–12). Other toxicities 
are thromboembolic phenomena, such as phlebitis and
thrombosis. These have been observed in about 1% to 2% 
of cases overall and are rarely associated with death.16–18

Ophthalmologic complications include corneal and retinal
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LH-RH, luteinizing hormone–releasing hormone.

Table 32–10 Hormonal Therapy in Metastatic Breast Cancer

Agent Mechanism Response Rate (%) References

Tamoxifen Antiestrogen 16–62 2, 9–11

Toremifine Antiestrogen 48–68 43–46

Megestrol acetate Progestin 25–45 47–51

Mifepristone Antiprogestin 10–18 52, 53

Aminoglutethimide Aromatase inhibitor 20–40 54, 55

Anastrozole Aromatase inhibitor 10–20 123–125

Goserelin LH-RH agonist 30–45 126–128

Leuprolide LH-RH agonist 44 61, 129

Danazol Androgen 20 62

Table 32–11 Predictors of Response to Chemotherapy and
Hormonal Therapy

Chemotherapy Hormonal Therapy

Estrogen receptor–negative Estrogen receptor–positive

Progesterone receptor–negative Progesterone receptor–positive

Visceral and multiple metastatic Bone or soft tissue metastases
sites

Long disease-free interval Long disease-free interval

High proliferative rate of tumor Postmenopausal status

Premenopausal status Prior response to endocrine
therapy

Good performance status



changes; however, these are usually associated with higher
doses than are conventionally used.19–31 In rats, tamoxifen has
been shown to cause liver cancer,32,33 but this problem has not
emerged as a meaningful toxicity in the very large number of
women who have received the drug and have been carefully
followed over long periods of time.

Because tamoxifen binds the ER, it has some properties that
are estrogen agonist as well as estrogen antagonist. As an estro-
gen antagonist, it might be predicted that tamoxifen would
cause loss of bone mineral, thereby increasing the risk for
osteoporosis, whereas its estrogen-agonist effects might pre-
dict enhanced protection against bone mineral loss. A number
of clinical studies have addressed this issue. In two randomized
placebo-controlled studies, tamoxifen was shown in post-
menopausal women to be associated with an increase in bone
mineral density. This is believed related to the estrogenic effect
on cancellous bone.18,28 In contrast, in premenopausal women,
tamoxifen causes a decrease in bone density.

Tamoxifen causes changes in the serum lipid profile that are
similar to those seen with estrogen replacement therapy.
There may be reductions in total cholesterol and low-density
lipoprotein (LDL) and relative increases in high-density
lipoprotein (HDL).31,33 This effect may contribute to the
observation that tamoxifen treatment reduces the risk for
mortality from coronary artery disease. Reduced rates of fatal
myocardial infarctions have been recorded in patients receiv-
ing tamoxifen compared with control patients in randomized
studies of postmenopausal women.34

Another proestrogenic effect of tamoxifen is its influence in
causing endometrial proliferation and endometrial carcino-
ma. A possible link between tamoxifen and endometrial can-
cer was first reported in 1985.35 Since then, between 100 and
150 cases of tamoxifen-associated endometrial carcinoma
have been reported.36 Two important randomized studies
yielded data relating to this. Both were trials in which patients
were receiving adjuvant therapy and were randomized to
either tamoxifen or placebo. In one study, 1846 women were
randomly assigned to tamoxifen or placebo. A 6.4-fold
increased relative risk for endometrial carcinoma was seen in
the 931 tamoxifen-treated patients compared with the 915
control patients. The greatest risk was seen in those women
taking tamoxifen for longer than 5 years. The dose was 40 mg
daily given orally, twice the standard recommended dose.37 In
another adjuvant trial, data linking tamoxifen to endometrial
cancer were noted.38 In this trial and its accompanying reg-
istry, 15 of 1419 women randomized to treatment with
tamoxifen, 20 mg given orally four times a day, developed
endometrial cancer. (Of note, one of these patients was 
randomized to this arm but never received tamoxifen.) An

additional 8 of 1220 tamoxifen-treated patients in the registry
also developed endometrial carcinoma. This compares with 2 
of 1424 patients randomized to placebo. The absolute risk 
for endometrial cancer was one or two cases per year per 
1000 treated women (0.2% per year). The relative risk in 
the tamoxifen-treated group was 7.5 in this study.38 In all
cases, the risk increased with longer duration of therapy.
Cumulatively, in all randomized adjuvant studies, the 
incidence of endometrial carcinoma has been 0.9% for
tamoxifen-treated women versus 0.2% for the control groups.
Other endometrial abnormalities associated with tamoxifen
use include endometrial hyperplasia, proliferation, and polyps.

Tamoxifen remains an important hormonal treatment for
premenopausal and postmenopausal women with ER-positive
tumors. All women with breast cancer receiving tamoxifen
should be encouraged to have routine annual or semiannual
gynecologic examinations. Whether ultrasound or endome-
trial sampling should be routinely recommended requires 
further study. Careful evaluation of clinical presentations of
abnormal vaginal bleeding should be undertaken.39,40

In premenopausal patients, tamoxifen does not always
induce menopause or amenorrhea. To the contrary, most
menstruating women treated with tamoxifen maintain
menses.41 Tamoxifen has no definite effect on either FSH or LH
in premenopausal patients and may even result in elevations of
both serum estradiol and estrone levels. Premenopausal
patients taking tamoxifen, therefore, continue to ovulate and
may get pregnant. Contraception must be advised because the
risk for pregnancy may be increased, and the risk to the fetus
of exposure to this antiestrogen may be significant. The eleva-
tions in circulating native estrogens may theoretically abrogate
the efficacy of tamoxifen in this patient population, although
this has not been demonstrated clinically.41,42 Nonetheless,
responses to tamoxifen have been documented in pre-
menopausal patients.43–45 Tamoxifen remains a therapeutic
option for young patients with metastatic breast cancer.

Other Antiestrogens

Tamoxifen has proved to be a highly useful agent in the treat-
ment of metastatic breast cancer. Ideally, novel antiestrogens
could take advantage of the beneficial properties of tamoxifen
while improving the toxicity profile and providing clinical
options. One approach would be the development of anti-
estrogens that are not cross-resistant with tamoxifen. Another
would be to define new agents that do not have the stimula-
tory effects on the endometrium and do not cause the
unpleasant side effects of hot flashes and menopausal symp-
toms. Finally, enhancing the activity of these agents with
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Table 32–12 Effects of Tamoxifen

Favorable Effects Unfavorable Effects

Antitumor activity Hot flashes

Decreased incidence of new primary breast cancer Vaginal discharge

Lower serum cholesterol Increased incidence of thromboembolic phenomena (venous thrombosis)

Lower serum low-density lipoprotein Ophthalmologic complications (corneal and retinal changes)

Decreased incidence of myocardial infarction Decreased bone density in premenopausal women

Increased bone density in postmenopausal women Endometrial proliferation, endometrial carcinoma



respect to the effects on lipids and bones would be beneficial.
A number of other antiestrogen compounds have been devel-
oped in response to these objectives.

Toremifene (Fareston), an analogue of tamoxifen, is a more
specific and more potent blocker of the ER. At low concentra-
tions toremifene is an estrogen antagonist, but at higher con-
centrations it is cytolytic, and the effects cannot be reversed by
estrogen.46 It is also a partial estrogen agonist, causing some
stimulation of the uterus in experimental animal models.
It was hoped that toremifene would provide equal if not
increased clinical efficacy compared with tamoxifen and have
fewer side effects. In early phase II studies, toremifene used in
doses greater than 60 mg resulted in response rates of 48% to
68%.47,48 Three small randomized studies were performed
comparing toremifene and tamoxifen. Similar response rates
and time to progression were observed in all arms.49–51

Subsequent studies showed activity, but not significant bene-
fit, when compared with tamoxifen.48–54

Other antiestrogens, including droloxifene, idoxifene, and
TAT-59, are undergoing preclinical and clinical evaluation. To
date, none of these agents has been demonstrated to be supe-
rior to tamoxifen, and they are not available for general use.55

AROMATASE INHIBITION

What is the role of aromatase 
in estrogen production?

In all women, cholesterol is metabolized through a series of
intermediate steps to androstenedione and testosterone. These
hormones are in turn converted to estrone and estradiol,
respectively. This final conversion to circulating estrogens is
catalyzed by the enzyme aromatase. In postmenopausal
women, the ovaries are no longer the primary site of estrogen
production. They become devoid of aromatase, the enzyme
required for the final step in the metabolic conversion of pre-
cursors to estrone and estradiol. Aromatase is present in the

adrenal cortex and in peripheral tissues such as skin, fat,
muscle, and breast tissue. Estrogen is synthesized in these
peripheral sites in postmenopausal women and is present in
sufficient levels to stimulate the growth of ER-positive breast
cancer cells. Inhibition of peripheral aromatase results in 
significantly diminished circulating estrogen levels in post-
menopausal women. Treatment with aromatase inhibitors
results in nearly undetectable serum levels of circulating
estrogen.56,57 This decrease in estrogen translates into objective
antitumor activity in women with ER-positive metastatic
breast cancer (Fig. 32–1).

What is the mechanism of aromatase 
inhibition, and how do aromatase 
inhibitors work?

Several drugs have been developed to interfere with peripheral
estrogen synthesis (Fig. 32–2). There are nonspecific,
nonselective aromatase inhibitors and selective aromatase
inhibitors. Aminoglutethimide is a nonspecific enzyme
inhibitor and is no longer a preferred treatment, although it
may have a role in treating a small percentage of patients.
Newer generation specific aromatase inhibitors have been
developed. Three of these are now in widespread use and are
approved for treatment of metastatic breast cancer: anastro-
zole, letrozole, and exemestane.58 Other agents not in use in
the United States and Europe include fadrozole, vorozole, and
formestane.59

Selective aromatase inhibitors only affect the aromatization
of androstenedione to estrone and testosterone to estradiol.
They do not affect the other metabolic pathways in the adre-
nal cortex. Unlike aminoglutethimide, this class of agents does
not inhibit production of cortisol or aldosterone. This selec-
tive activity is specific in reducing estrogen levels, leaving the
other adrenal cortical hormone pathways intact. Selective aro-
matase inhibitors are better tolerated, are more potent, and
have a more favorable safety profile than aminoglutethimide.

There are two classes of selective aromatase inhibitors:
competitive and noncompetitive. The competitive aromatase
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Figure 32–1 Hormone metabolism. FSH, follicle-
stimulating hormone; LH, luteinizing hormone. (Data
from Buzdar AU [ed]. Aromatase Inhibition in the Treatment of
Breast Cancer. Deerfield, IL, Discover International, 2000.)



inhibitors are steroidal or nonsteroidal compounds that
reversibly bind to the active enzyme-binding site of aro-
matase. Nonsteroidal competitive inhibitors include fadro-
zole, anastrozole, letrozole, and vorozole (Fig. 32–3). These
agents compete with endogenous substrates (androstenedione
and testosterone) for the binding site on the aromatase
enzyme. This binding is strong but reversible. Because this
binding is reversible, the efficacy of these drugs relates to 
the concentration of aromatase inhibitor versus the natural
ligand. Enzyme activity can be recovered if the inhibitor is
removed. Anastrozole and letrozole are available in the United
States and Europe. Fadrozole is available only in Japan.
Vorozole is not in clinical use at this time.

The noncompetitive aromatase inhibitors are by contrast
steroidal compounds that bind covalently and irreversibly to
the aromatase enzyme itself. Exemestane (see Fig. 32–3) and
formestane are steroidal, noncompetitive inhibitors. This

nonreversible binding is sometimes referred to as “suicide”
binding because the bound enzyme is never active again.
Aromatase activity is restored only when new enzyme is pro-
duced by the body. These agents may have some intrinsic,
albeit weak, hormonal androgenic effects. Exemestane is 
available in the United States and Europe, and formestane is
available outside of the United States. These compounds 
are discussed in more detail subsequently.

Although there are differences in the mode of action, both
classes of aromatase inhibitors lead to potent suppression of
aromatase activity, and both have significant clinical benefit.
The enzyme is rapidly regenerated, and it is therefore not clear
that either type of inhibition (reversible or irreversible) is clin-
ically superior or relevant. There are currently no clinical data
that directly compare these different agents. However, the dif-
ferent modes of action may allow for the possibility of sequen-
tial use in selected patients.59,60
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How are aromatase inhibitors used 
in clinical practice?

Both the competitive and noncompetitive aromatase
inhibitors are used in treating postmenopausal patients with
ER-positive metastatic breast cancer. All of these agents have
significant antitumor activity and are well tolerated. Initially,
the aromatase inhibitors were tested as second-line therapies,
compared with megestrol acetate in women whose disease
progressed on tamoxifen. Subsequent clinical trials have
demonstrated significant activity as first-line agents for
advanced disease. These agents have replaced megestrol
acetate in second-line therapy and are challenging tamoxifen
in the first-line setting. Anastrozole, letrozole, and exemestane
are all oral agents with once-daily uniform dosing and favor-
able therapeutic index. Their efficacy and ease of administra-
tion have led to high levels of physician and patient
satisfaction. Quality of life is an important consideration for
women with metastatic disease. These agents offer meaningful
clinical benefit with few side effects and little intrusion on the
activities of daily living. Few clinic visits and little monitoring
and management of toxicity are required. They do not cause
the more troubling side effects often seen with chemotherapy,
such as severe nausea and vomiting, alopecia, neutropenia, or
skin rash. Aromatase inhibitors have gained an important
place in the management of advanced breast cancer. They
epitomize rational, targeted antitumor therapy.

Aminoglutethimide
Aminoglutethimide is an aromatase inhibitor that has been in
clinical use for many years. It acts principally at the adrenal
gland to block the conversion of cholesterol to pregnenolone.
Pregnenolone is the direct precursor of androstenedione.
Androstenedione is then converted by aromatase to estrone.
Aminoglutethimide blocks aromatase, but it also blocks the
activity of the hydroxylase enzymes that lead to the produc-
tion of cortisol and desoxycortisol by the adrenal gland.
Initially, aminoglutethimide was used as a chemical means of
adrenalectomy.61 When used as an anticancer agent, it results
in decreased levels of circulating estrogen, but it also results in
decreased levels of aldosterone and cortisol. Therefore, hydro-
cortisone must be administered with aminoglutethimide in
order not to render patients cortisol deficient. In addition,
careful attention to fluid and electrolyte balance is required.

The standard dosing recommendations for amino-
glutethimide are to initiate treatment at 250 mg/day orally
and then to escalate to 250 mg orally four times a day.
Cortisone replacement should be initiated simultaneously and
may be given as hydrocortisone, 10 mg orally four times a day.
When both drugs are given together, the toxicity is more man-
ageable. The major side effects of aminoglutethimide are
fatigue (in as many as 35% of patients); rash (22%); and nau-
sea, vomiting, and dizziness (15%). The response rates range
between 20% and 40%, with a median duration of response of
11 months.46,62

Anastrozole
Anastrozole (Arimidex), an achiral triazole derivative, is a
selective, competitive aromatase inhibitor that is approved for
use in the treatment of metastatic breast cancer. The half-life
of anastrozole is 50 hours; steady state is reached in 7 to 10

days. The drug is predominantly metabolized in the liver.
Once-daily dosing is appropriate, and the recommended
dosage is 1 mg daily given orally.63

Two well-defined randomized clinical trials have demon-
strated the efficacy of anastrozole in postmenopausal women
with metastatic breast cancer who showed progression while
taking tamoxifen. Most of these patients had tumors that were
ER positive, but a small number had unknown or ER-negative
status. The patients who were ER negative were required to
demonstrate response to tamoxifen. The overall response rates
were about 10%, with an additional 25% of patients main-
taining stable disease for more than 6 months. A few complete
responses were noted. There was no improvement in response
when the dose was escalated to 10 mg/day from 1 mg/day.
This treatment is well tolerated, with few side effects reported.
About 15% of patients had mild nausea, headache, hot 
flashes, and weakness. About 10% of patients reported
pain.64,65 Compared with megestrol acetate, anastrozole re-
sulted in a statistically significant survival advantage and had
fewer side effects. A major advantage for anastrozole is a
decrease in the incidence of peripheral edema, weight gain,
and thromboembolic events. Response rates and disease 
stabilization rates were not statistically different. Based on
these data, anastrozole was approved for use in second-line
treatment.63,66–68

In the first-line setting, anastrozole has been compared with
tamoxifen in two phase III trials, one conducted in North
America and the other internationally. In both trials, the anas-
trozole dose was 1 mg/day orally, and the tamoxifen dose 
was 20 mg/day orally. Both studies treated postmenopausal
patients with metastatic and locally advanced breast cancer
that was either ER positive, PR positive, or of unknown re-
ceptor status. In both trials, anastrozole was equivalent to
tamoxifen in overall response rates. A statistically significant
advantage in time to progression and overall clinical benefit
was noted for anastrozole in the North American study.
Clinical benefit is defined as complete responses plus partial
responses plus stable disease for at least 24 weeks. This advan-
tage for anastrozole was not seen in the international study.
One explanation may be that the North American study had 
a higher rate of known ER-positive, PR-positive patients 
than the international study, in which a higher percentage of
patients had tumors with unknown receptor status. It might
be hypothesized that more of these patients had ER-negative
tumors and therefore might not have benefited as much from
hormonal therapy, Anastrozole caused fewer thromboembolic
events and less vaginal bleeding than tamoxifen.69,70

Letrozole
Letrozole (Femara) is a potent selective, nonsteroidal, com-
petitive aromatase inhibitor. It is a benzhydryltriazole deriva-
tive with a half-life of about 48 hours. Plasma concentrations
reach steady state in about 2 to 6 weeks. Clearance is predom-
inantly renal. In postmenopausal women with metastatic
breast cancer, daily doses of letrozole from 0.1 to 5 mg cause
significant suppression of plasma estrogen levels (75% to 95%
suppression). Other hormones, including glucocorticoids,
mineralocorticoids, and thyroid hormones, are not clinically
affected.71–75 The recommended dose is 2.5 mg/day.

In clinical trials, letrozole has also been shown to be 
active in the treatment of breast cancer. In the second-line 
setting, studies comparing letrozole to megestrol acetate
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demonstrated statistically significant higher response rates for 
letrozole, longer duration of responses, and longer time to
treatment failure. The overall response rate for 2.5 mg/day of
letrozole was 24% and that for 40 mg four times per day 
of megestrol acetate 40 was 16%. The median duration of
response was 33 months versus 18 months.76,77 Another large
study comparing letrozole to megestrol acetate showed that
these two agents were equivalent in clinical activity. The toxi-
city profile of letrozole was much more favorable than that of
megestrol acetate.71 There was less weight gain and fewer car-
diovascular events, including thrombophlebitis, myocardial
infarction, cerebrovascular accidents, and pulmonary emboli,
in the patients treated with the aromatase inhibitor.

Letrozole has also been tested in the first-line metastatic
setting. In a large international trial, women with locally
advanced, locoregionally recurrent, or metastatic breast can-
cer were randomly assigned to treatment with either letrozole
(2,5 mg/day) or tamoxifen (20 mg/day). In this study,
letrozole treatment resulted in statistically significant higher
response rates (30% vs. 20%) and greater overall clinical ben-
efit (49% vs.3 8%). Time to progression and time to treatment
failure were longer in the letrozole group. The rate of adverse
events was similar in both treatment arms, although the 
pattern of toxicity was somewhat different, consistent with
observations in other studies.78,79

Fadrozole
Fadrozole is presently available only in Japan and is not used
in the United States or Europe. It has also been studied 
as second-line therapy in postmenopausal women with
advanced breast cancer compared with megestrol acetate. In
two randomized, double-blind studies, there were no differ-
ences in response rates.80 There was no definitive difference in
median survival time. It was concluded that fadrozole and
megestrol acetate were equivalent. The dose of fadrozole is 
1 mg twice daily.

In the first-line metastatic setting, fadrozole (1 mg twice
daily) has been compared in a phase III randomized study
with tamoxifen (20 mg/day orally).81 This study was not 
double-blind. Patients were crossed over when there was 
disease progression or toxicity. No significant differences in
response rates were noted. The tamoxifen-treated patients had
longer time to treatment failure (8.5 months) compared with
the fadrozole-treated patients (6.1 months). Duration of
response and overall survival were similar in both treatment
arms.81

Vorozole
Vorozole is also a selective, nonsteroidal aromatase inhibitor.
It has been shown to suppress aromatase enzyme activity in
doses of 2.5 and 5 mg once daily.82,83 In one study of patients
with advanced breast cancer failing on tamoxifen, women
were randomly assigned to treatment with either vorozole 
(2.5 mg once daily) or megestrol acetate (40 mg four times
daily). This was not a double-blind study. There were no sig-
nificant differences between the groups in overall response
rate, clinical benefit, time to progression, or survival. Vorozole
was determined to be equivalent in efficacy to megestrol
acetate.84 In two other open-label studies of patients with
advanced breast cancer, vorozole was compared with amino-
glutethimide.85,86 In both studies, vorozole was superior to

aminoglutethimide in overall response rates and overall clini-
cal benefit. However, duration of response, time to treatment
failure, time to progression, and overall survival were similar
for both agents. Therefore, it was concluded that vorozole
offered no significant advantages over megestrol acetate or
aminoglutethimide. It is no longer in clinical development or
clinical use.

Exemestane
Exemestane (Aromasin) is a potent steroidal aromatase
inhibitor that partially lacks cross-resistance with non-
steroidal aromatase inhibitors. Exemestane is a derivative of
androstenedione and competes with this natural ligand for
the binding site on the aromatase enzyme. Its binding with
aromatase is irreversible; therefore, this agent is sometimes
called a “suicide” inhibitor. The dose of exemestane is 
25 mg/day, and the half-life of the drug is 24 hours.

Exemestane was first studied in the third-line setting in
patients whose metastatic breast cancer progressed after two
endocrine therapies. In these third-line studies, activity was
seen with exemestane. Response rates ranged from 7% to
13%, and overall clinical benefit was seen in 24% to 30% of
treated patients.87,88 These studies demonstrated that women
treated with nonsteroidal aromatase inhibitors may still derive
benefit from further hormonal therapy with the steroidal
agent exemestane. This observation has implications for
sequencing of hormonal therapy.

In the second-line setting, exemestane (25 mg/day) was also
compared with megestrol acetate (40 mg four times daily). A
phase III randomized trial was conducted in women whose
advanced breast cancer progressed while taking tamoxifen.
Although not statistically significant, objective response rates
were slightly better for exemestane than for megestrol acetate
(15% and 12.4%, respectively). Statistically significant advan-
tages in mediation duration of survival, overall survival, time
to tumor progression, and time to treatment failure were
noted in favor of exemestane.89 Exemestane-related toxicity is
similar to that of other aromatase inhibitors. All of these
agents are better tolerated than megestrol acetate.

Exemestane has not yet been compared with tamoxifen as
first-line therapy in a large randomized phase III trial, but
phase III studies are ongoing. In a small randomized phase II
trial of exemestane versus tamoxifen, there was a suggestion of
superiority of exemestane in response rate, overall clinical
benefit, and time to progression.90 However, it may be reason-
able to extrapolate from the experience with the other aro-
matase inhibitors that this agent will also be at least equivalent
to if not superior to tamoxifen.

Formestane
Formestane, like exemestane, is a steroidal, noncompetitive
aromatase inhibitor. Formestane suppresses serum estrogen
concentrations significantly but is less effective than anastro-
zole in this regard.91 Its antiaromatase activity is less consistent
than other aromatase inhibitors.91,92 It has been tested in 
second- and third-line therapy and in first-line therapy of
advanced breast cancer. Unlike the other aromatase inhibitors,
formestane is not available in oral formulation and is admin-
istered as an intramuscular injection, 250 mg every 14 days. In
comparison with megestrol acetate, formestane showed no
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advantages in either time to treatment failure or overall 
survival. Formestane was considered equivalent to megestrol
acetate in efficacy and safety and offered a suitable alternative
to progestin for the treatment of women with metastatic
breast cancer.93,94 Formestane was also tested against tamox-
ifen in the first-line setting. It was found to be comparable to
tamoxifen in efficacy and tolerability, with no statistically sig-
nificant differences in response rates, duration of response, or
survival. Tamoxifen was superior in time to treatment failure
(9.7 months vs. 6.5 months) and time to progression (9.7
months vs. 7.0 months)95 (Table 32–13).

Should aromatase inhibitors be 
first-line therapy?

Data from first-line trials comparing aromatase inhibitors to
tamoxifen have established the efficacy of anastrozole and
letrozole in this setting. Preliminary studies of exemestane in
this setting indicate that this agent will also most likely have a
role in first-line therapy. Data from large, randomized trials is
pending. Compared with tamoxifen, antiaromatase agents
result in fewer hot flashes; less vaginal bleeding, discharge,
and endometrial abnormalities; and fewer thromboembolic
events. However, a serious concern is the increased rate 
of bone mineral density loss with antiaromatase agents,
associated with a higher rate of fractures and increased 
musculoskeletal complaints.

In summary, several aromatase inhibitors have been tested
in the treatment of advanced breast cancer. Arimidex, letro-
zole, and exemestane have all demonstrated superiority over
megestrol acetate in the second-line treatment of post-
menopausal women with advanced breast cancer. All three of
these agents are available in the United States and Europe and
are approved for this indication. These agents have replaced
megestrol acetate in the second-line setting. Fadrozole, voro-
zole, and formestane are active agents but not superior to
megestrol acetate. Fadrozole is available in Japan. The other
two agents are not in clinical use at this time. The antiaro-
matase agents are better tolerated than megestrol acetate.
Major toxicities include hot flashes (5% to 13%); headache
(<10%); and nausea (5% to 30%). There is significantly less
weight gain, edema, thromboembolic events, and cardiovas-
cular events compared with megestrol acetate.

Are there differences between the 
antiaromatase agents?

Although there are some differences in mechanism of action
among these agents and therefore theoretically some potential
differences in efficacy, clinical data do not demonstrate signif-
icant differences in response rates, duration of responses, or
time to treatment failure. In vitro data point out some differ-
ences in suppression of aromatase activity, levels of aromatase
protein, and levels of circulation serum estrogens. However,
the clinical significance of these differences is not yet appar-
ent.96,97 These observations are drawn from similar but not
identically designed studies comparing the single agents either
to megestrol acetate or to tamoxifen. A recently completed
randomized phase III head-to-head comparison of letrozole
and anastrozole in the second-line setting has been published.
This study demonstrated superiority of letrozole over anas-
trozole in objective response rate (19% vs. 12%, respectively).
There were, however, no differences in time to progression,
overall clinical benefit, duration of response, or overall sur-
vival. Adverse events were comparable for both drugs.98 A
head-to-head comparison of anastrozole and exemestane is
ongoing.

How can these agents be used sequentially?

With several agents now available for endocrine therapy of
metastatic breast cancer, the optimal sequence of administra-
tion is yet to be determined. Several trials have examined dif-
ferent sequences of antiaromatase agents. In one phase II trial,
exemestane was administered to postmenopausal women with
metastatic breast cancer that had progressed during treatment
with a nonsteroidal aromatase inhibitor (including amino-
glutethimide, anastrozole, letrozole, and vorozole). Objective
responses were seen in 6% of patients, but overall clinical 
benefit was observed in 24% of patients. Furthermore, the
median duration of response on exemestane was 58.4 weeks,
and median duration of overall success was 37 weeks—a 
very meaningful and impressive observation. One fourth of
patients derived a significant benefit from exemestane therapy
after failing on a nonsteroidal aromatase inhibitor.99

Another smaller study examined two different sequences of
therapy: (1) exemestane followed by either anastrozole or
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Table 32–13 Indirect Comparisons of Antiaromatase Agents versus Megestrol Acetate as Second-Line Therapy

EXE, 25 mg MA ANA, 1 mg MA* LET, 2.5 mg MA

No. of patients 366 403 263 253 174 189

CR + PR (%) 15 12.4 12.4 12.2 23.6 16.4

CR + PR + SD ≥ 24 wk (%) 37.4 34.6 42.2 40.3 34.5 31.7

Median TTP (mo) 4.7 3.9† 4.8 4.6 5.6 5.5

Median survival (mo) NR 26.7† 26.7 22.5† 25.3 21.5

*Pooled data.
†Statistical significance.
ANA, anastrozole; CR, complete response; EXE, exemestane; LET, letrozole; MA, megestrol acetate; NR, not reported; PR, partial response; TTP, time to

progression.
From Kaulmann M, et al. Proc Am Soc Clin Oncol 1999;18:109a; Buzdar A, et al. Cancer 1998;83:1142–1152; and Dombernowsky P, et al. J Clin Oncol

1998;16:453–461.



letrozole, and (2) letrozole or anastrozole followed by exemes-
tane.100 In this trial, the clinical benefit rate for patients 
treated initially with exemestane was 40%, and it was 25% for
the other sequence. These results also suggest lack of cross-
resistance between the steroidal and nonsteroidal antiaro-
matase agents. Activity appears to be independent of the
sequence of use.

At the present time, there is no standard recommendation
regarding the proper sequencing of antiaromatase agents.
They may be used in first-line therapy or second-line follow-
ing tamoxifen; crossover from one type of aromatase inhibitor
to another may result in additional benefit.101

What are the side effects and long-term 
risks of aromatase inhibitors?

In general, the aromatase inhibitors are well tolerated with 
few side effects. The most common side effects are hot 
flashes, vaginal dryness, musculoskeletal pain, and head-
ache. These are mild and not dose limiting. Compared 
with megestrol acetate and tamoxifen, the aromatase
inhibitors have significantly lower incidences of hot flashes,
vaginal bleeding, vaginal discharge, and thromboembolic
phenomena.

Musculoskeletal Effects
Aromatase inhibitors are associated with a higher incidence of
musculoskeletal symptoms and fractures.102–106 The long-term
implications of these skeletal problems, including osteoporo-
sis and fractures, are not fully defined. Bone mineral density
depends on estrogen. Tamoxifen has some estrogen agonist
action on bone and helps prevent bone demineralization in
postmenopausal women.107,108 Aromatase inhibitors accelerate
bone demineralization and result in a higher fracture rate.
Concomitant use of bisphosphonates may help ameliorate
this side effect.109 Exemestane, because of its mild androgenic
effect, may have fewer skeletal complications than the other
aromatase inhibitors. In an ovariectomized rat model,
exemestane was shown to prevent bone loss.110 This effect was
also noted in a short-term study of healthy postmenopausal
women, in which markers of bone turnover were measured
after estrogen suppression.111,112

Cardiovascular Effects
The long-term cardiovascular effects of the antiaromatase
agents are not well defined. The estrogen-lowering properties
of aromatase inhibitors may result in an unfavorable effect on
blood lipids. One study in postmenopausal women taking
letrozole for breast cancer showed increases in total serum
cholesterol, apolipoprotein B, and serum-to-lipid risk ratios
for cardiovascular disease.113 In another study comparing
anastrozole and tamoxifen in the adjuvant setting, tamoxifen
was shown to reduce serum levels of total cholesterol but to
increase serum triglycerides. Anastrozole had no detrimental
impact on the lipid profile, with stable levels of total choles-
terol and LDL before and after treatment. Furthermore,
anastrozole treatment resulted in beneficial changes in serum
triglycerides and HDL.114

Endometrial Effects
The aromatase inhibitors, unlike tamoxifen, do not have a
proliferative effect on the endometrium and are not associated
with an increased risk for uterine carcinoma.115

What is the role of estrogen-receptor 
regulators in clinical practice?

Fulvestrant (Faslodex) is the first agent in a new class of
ER down-regulators to be available for clinical use. ER down-
regulators bind the estrogen receptor in such a manner as to
inhibit the activation functions of the receptor and also to dis-
rupt the dimerization and nuclear localization of the ER. This
is in contrast to SERMs (such as tamoxifen), which only
inhibit but do not completely inactivate the activation func-
tions of the ER. Therefore, fulvestrant theoretically results in
more effective blockade of the ER. In animal models, fulves-
trant demonstrated longer suppression of breast cancer tumor
growth than tamoxifen.116–118

In phase II clinical trials in patients with advanced 
hormone-sensitive breast cancer, fulvestrant showed a signifi-
cant clinical benefit in 69% of patients. This included com-
plete responses, partial responses, and stable disease.119 When
compared with megestrol acetate in a historical, retrospective
analysis, fulvestrant treatment was associated with longer
median survival (54 months vs. 30 months).120 Two random-
ized phase II trials were conducted to evaluate fulvestrant as
second-line therapy. Randomization was between fulvestrant
and anastrozole following tamoxifen failure. Preliminary
results showed no significant differences between the treat-
ments in time to progression (about 5 months) objective
response rates (about 17%), or median duration of clinical
benefit (about 11 months). Fulvestrant is a safe and effective
agent that is at least as effective as aromatase inhibition in 
second-line therapy of postmenopausal women with ad-
vanced breast cancer. There are no efficacy data for fulvestrant
in premenopausal women. It has been approved for use in 
the United States and Europe.

Fulvestrant is an injectable agent. The recommended 
dose is 250 mg/month injected intramuscularly. The pharma-
cokinetics reveal a serum half-life of about 40 days, with 
plasma levels approaching steady state after three to six 
doses. Fulvestrant is rapidly cleared by the liver and is 
metabolized through a number of different possible biotrans-
formation pathways analogous to those of endogenous
steroids.121

How are progestins used in treating 
metastatic breast cancer?

Progestins, as well as estrogens, have been shown to induce
responses in breast cancer. They may interact directly with 
the PR or may indirectly affect the ER. Progestational agents
have been used as second-line hormonal treatment after
tamoxifen.122

The most commonly used progestin is megestrol acetate.
The standard dose is 40 mg given orally four times a day.
Doses of up to 1000 mg/day have been studied, but there is no
clearcut benefit in either response rate or overall survival to
higher doses, and toxicity increases as the dose increases.123,124
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Response rates in patients who have previously responded to
tamoxifen range from 25% to 45%.125,126 The median duration
of response is 7 months.

Toxicities related to megestrol acetate include weight gain,
fluid retention, glucose intolerance, increased blood pressure,
thromboembolic effects, and mild nausea. Weight gain is a
particularly unpleasant side effect. Many women may gain
more than 10% of body weight; in some studies, this was a
median weight gain of 2 to 5 kg.122,125,126 Vaginal bleeding may
also be seen, most often when the drug is discontinued, as 
a result of progestin withdrawal after exposure of the
endometrium.

Recently, synthetic antiprogestins that act by binding to the
PR have been produced. Mifepristone was originally devel-
oped as an abortifacient and was approved for this use in
France. The compound has a direct antiproliferative effect on
PR-positive breast cancer cells and has been shown to have
activity in a number of clinical trials. The doses range from
200 to 400 mg/day in a divided administration schedule.
Response rates are about 10% to 18%.127,128 The drug is gener-
ally well tolerated with mild toxicity. The most common side
effects are hot flashes, nausea, and dizziness in up to 18% of
patients.

What is the role of LHRH agonists in the 
treatment of advanced disease?

Another category of agents with efficacy in the hormonal
treatment of metastatic breast cancer are the LHRH agonists.
These drugs act to suppress ovarian production of estradiol by
blocking release of both FSH and LH by the pituitary.
Complete endocrine blockade results, and patients become
amenorrheic. These agents are most effective in pre-
menopausal patients and have little efficacy in post-
menopausal women.5,129

Goserelin (Zoladex) is a commonly used LHRH agonist. It
is administered by monthly deep subcutaneous injection. The
response rate is about 30% to 45%. Toxicity is notable for 
hot flashes in 80% of patients and medical menopause in all
patients. In postmenopausal ER-positive patients, goserelin
did demonstrate a modest degree of activity, suggesting the
possibility of other mechanisms of action.130,131

Leuprolide (Lupron) is another LHRH agonist that has
been clinically useful. This drug demonstrated a 44% response
rate in one study of premenopausal patients.132

Are androgens effective hormonal agents?

Androgens have also been used for the hormonal manipula-
tion of breast cancer. These agents may be considered for ther-
apy after antiestrogens, aromatase inhibitors, progestins, and
LHRH agonists. The proposed mechanism of action of the
androgens is as antiprogestational agents. Although response
rates may approach 20%, the toxicity of the androgens renders
them less useful than other hormonal modalities in women
with metastatic breast cancer. These agents are virilizing and
cause hirsutism, deepening of the voice, hair loss, acne, and
increased libido in 60% to70% of patients. The most com-
monly used agents in this category are danazol, testosterone,
and fluoxymesterone.133,134

SURGERY

What is the role of surgical hormonal 
manipulation?

There are three surgical interventions that may offer effective
hormonal treatment of metastatic breast cancer: (1)
oophorectomy, (2) adrenalectomy, and (3) hypophysectomy.
Oophorectomy has been used for more than 100 years as a
means of inducing responses in premenopausal patients with
advanced breast cancer.135 Complete ablation of ovarian func-
tion may be achieved by surgical removal of the ovaries or 
by radiation therapy. Surgical oophorectomy has produced
response rates of 27% to 37% in premenopausal patients.135,136

Adrenalectomy may be useful as an alternative means of hor-
mone ablation. After menopause and cessation of ovarian
function, the adrenal gland is the primary source of endoge-
nous estrogen production. Surgical adrenalectomy produces
antitumor responses in about 20% to 30% of treated patients.
In addition to the risks of surgery and general anesthesia,
patients are subjected to the need for permanent steroid
replacement therapy.137 Hypophysectomy may also result in
some antitumor responses. However, this intervention is
rarely indicated given the broad range of other hormonal
manipulations available.

THERAPEUTIC CONSIDERATIONS

What is the appropriate sequencing 
of hormonal therapies?

In choosing hormonal therapy, the treating physician should
consider efficacy, potential toxicity, ease of administration,
and patient compliance. Tamoxifen remains an important
first-line hormonal treatment for metastatic disease. It is well
tolerated and has excellent response rates and an acceptable
toxicity profile. It should be noted that “tamoxifen with-
drawal” may in and of itself result in benefit for patients who
have responded to tamoxifen and then experience disease pro-
gression. The theoretical explanation is that prolonged expo-
sure of the ER to tamoxifen results in an adaptation of the ER
to respond to the mild agonist properties of tamoxifen (a
SERM) as a growth factor rather than as a growth inhibitor.
Therefore, removing this stimulation may result in some
tumor regression. The frequency and duration of response to
this manipulation are difficult to quantify, but they should be
considered in clinical practice.

Aromatase inhibitors have become important in first-line
treatment of metastatic hormone-sensitive breast cancer
because an increasing number of patients will have received
tamoxifen as part of adjuvant therapy. Anastrozole, letrozole,
and exemestane have all shown activity, are superior to meges-
trol acetate, and are well tolerated. There is the theoretical
option of sequencing the competitive (anastrozole and 
letrozole) and noncompetitive (exemestane) antiaromatase
agents, with responses seen in either direction of sequence.
Fulvestrant is an option for either second- or third-line 
hormonal therapy.
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Additional hormonal manipulations may continue to pro-
duce meaningful clinical responses in patients with hormone-
sensitive disease that is following a relatively indolent course.
The other agents discussed earlier (megestrol acetate, amino-
glutethimide, LHRH agonists, androgens, surgery) may be
considered for these therapeutic endocrinologic options.

After disease progresses and becomes refractory to all 
hormonal treatments, chemotherapy should be considered.
Hypothetically, hormone refractoriness develops because 
sensitive tumor cell populations are selectively killed, leaving
behind resistant ER- and PR-negative cells. Cytotoxic
chemotherapy may produce responses in this setting.

What is tumor flare in response 
to hormonal treatment?

The syndrome of hormone-induced tumor flare is not
uncommonly reported and may be seen in up to 3% of
patients started on tamoxifen, estrogens, or other endocrine
therapy.138,139 Bone pain is the most common complaint and
may be associated with diffuse increased uptake on bone 
scan. Erythema of cutaneous nodules may also develop.
Hypercalcemia may occur, especially in patients with multiple
osseous metastases. The mechanism of tumor flare is probably
a reactive process to hormonal therapy and may represent
increased osteoblastic activity in the case of bone metas-
tases.140 Patients should be forewarned that pain may increase
initially during the early weeks of hormonal treatment.
Usually, the flare syndrome subsides spontaneously and
requires no special intervention. Analgesics should be pre-
scribed for comfort. The serum calcium level should be mon-
itored if there is clinical suspicion of hypercalcemia and then
treated appropriately if detected. Tumor flare may actually
predict a better outcome to endocrine therapy.141

Is there a role for combining 
hormonal therapies?

Combination regimens of multiple chemotherapeutic 
agents have definitely resulted in higher response rates and
prolonged survival than have single-agent regimens. It was
therefore reasonable to question whether combinations of
hormonal agents would also produce better clinical results
than single-agent endocrine treatments. Several clinical trials
have addressed this question.

Two randomized trials, conducted by the National Cancer
Institute (NCI) and the North Central Cancer Treatment
Group (NCCTG), compared tamoxifen alone with the combi-
nation of tamoxifen plus fluoxymesterone. In both studies,
there was a slightly higher response rate for the combination
arm, but this was not significantly different, and there was no
survival difference. Toxicity was greater for patients receiving
the combination and included alopecia, skin changes, and
voice changes, which were not noted in the tamoxifen-only
group.142,143 In trials comparing tamoxifen alone with tamox-
ifen plus medroxyprogesterone acetate143 and tamoxifen alone
with tamoxifen plus aminoglutethimide,144–146 no advantage
was seen for the combination in response rate, duration 
of response, or overall survival. Based on these data,
current recommendations are for sequencing single-agent 

hormonal treatments rather than combining multiple agents
simultaneously.

Is there a role for combining 
chemotherapy and hormonal therapy?

Theoretically, there may be a rationale for combining
chemotherapy and hormonal therapy. Tumors are made up of
heterogeneous populations of cells that are hormone depend-
ent and hormone independent. It may be postulated that
combinations of both cytotoxic agents and endocrine treat-
ments would result in greater cell kill and increased clinical
responses. A series of clinical trials were conducted to study
this hypothesis. In summary, although some increases in
response rates were noted, no survival benefit was observed,
and toxicity was greater. Two randomized studies147,148 com-
pared the CMF (cyclophosphamide, methotrexate, and 5-
fluorouracil) regimen with the combination of CMF plus
tamoxifen. The response rates were 74% and 75% for the
combination arms and 51% and 49% for the CMF-alone
arms. This increase in response rate, however, did not trans-
late into survival or progression-free survival benefits.147,148

Another trial compared treatment with CAF (cyclophos-
phamide, doxorubicin [Adriamycin], and 5-fluorouracil)
with CAF plus tamoxifen. No advantage was seen for the 
combination over chemotherapy alone.149 AC (doxorubicin,
cyclophosphamide) chemotherapy was compared with AC
plus tamoxifen in another study.150 Again, no survival advan-
tage or difference in response rate was detected. At the present
time, there are no data to support combining chemotherapy
and hormonal therapy simultaneously in the treatment of
metastatic breast cancer.
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the absence of significant bone metastases, PTH-like factors
secreted by the tumor mediate bone resorption and release of
calcium.5–7

How is hypercalcemia treated?

Treatment of hypercalcemia is most effectively managed by
reducing the underlying tumor burden. Other therapeutic
measures include restoring adequate hydration and instituting
antihypercalcemic agents. Vigorous hydration with normal
saline helps to lower the serum calcium concentration, correct
intravascular volume depletion, and enhance urinary calcium
excretion. Hydration alone will not result in long-term remis-
sion of hypercalcemia, however.

The bisphosphonates are stable analogues of pyrophos-
phate and act by inhibiting osteoclast activity. A number of
these agents are useful in the clinical setting.8–12 Etidronate,
pamidronate, and zoledronate are the most commonly used of
these drugs and require intravenous infusion. Infusion time
varies from 90 minutes to 24 hours depending on the agent.
They are extremely effective in lowering serum calcium 
and are active in more than two thirds of patients. The 
bisphosphonates are generally well tolerated with few side
effects, including fever, mild renal insufficiency, and
hypophosphatemia or hyperphosphatemia. Dosing is adjusted
for both the serum calcium concentration and serum creati-
nine. Electrolytes should be carefully monitored during
administration. These agents should be considered as first-
line therapy for hypercalcemia, particularly when multiple
osseous metastases are present.

There are additional data that bisphosphonates may also
contribute to bone healing in skeletal metastases and may help
alleviate bone pain, reduce the incidence of pathologic frac-
tures, and lower analgesic requirements.7,11 The bisphospho-
nates are therefore indicated in the presence of bone disease as
evidenced by radiographic imaging and as prophylactic ther-
apy in women with extraskeletal metastases without evidence
of bone metastases.

Gallium nitrate is another useful antihypercalcemic 
agent. Its mechanism of action is the inhibition of calcium
resorption from bone. Randomized double-blind studies have
shown that gallium nitrate is more effective in inducing 
normocalcemia and maintaining duration of response than
calcitonin. The median duration of normocalcemia follow-
ing treatment with gallium nitrate is 7.5 days, whereas it is 
1 day after calcitonin treatment. Gallium nitrate is also given
by continuous intravenous infusion and is administered 
over 5 days. It may be nephrotoxic and should not be 
administered with other nephrotoxic agents such as 
aminoglycosides.13

Calcitonin is normally secreted by the parafollicular cells of
the thyroid gland and modulates serum calcium by inhibiting
osteoclastic bone resorption and enhancing renal excretion of
calcium in the distal tubule.14 It is therefore useful as a treat-
ment for malignant hypercalcemia. Although calcitonin will
induce a hypocalcemic response in up to 80% of treated
patients, the duration of response is short, and tachyphylaxis
limits its usefulness. Salmon calcitonin is the most potent
form of the hormone and is given by subcutaneous injection
every 12 hours. Side effects include nausea, vomiting, and
allergic reactions.14

Hypercalcemia 
from Metastatic
Breast Cancer
Ruth Oratz

IV

How is hypercalcemia defined, and what is its 
presentation in metastatic breast cancer?

Hypercalcemia is a common metabolic complication of
malignancy. It is seen in breast cancer, lung cancer, and gas-
trointestinal and gynecologic malignancies. Up to one third of
breast cancer patients may develop hypercalcemia at some
point during the course of the illness. The mean survival fol-
lowing the development of hypercalcemia is 3 months.1–3

Hypercalcemia is defined as elevation of the corrected serum
calcium to greater than 10.5 mg/dL. Patients usually become
symptomatic at levels greater than 14 mg/dL. The clinical
presentation includes symptoms of fatigue, anorexia, consti-
pation, and nausea. At first, these may be subtle and difficult
to distinguish from the symptoms of advanced metastatic 
disease or the treatments used to palliate metastatic disease
(chemotherapy and radiation therapy). As the hypercalcemia
progresses, patients may become dehydrated, confused,
lethargic, or stuporous. Seizures may occur. Slowed cardiac
conduction may become evident on the electrocardiogram, and
ultimately bradyarrhythmias and complete heart block may
ensue. If left untreated, hypercalcemia is potentially fatal.4

The differential diagnosis of the clinical presentation 
of hypercalcemia includes central nervous system (CNS)
metastases (particularly carcinomatous meningitis), other
metabolic disorders (hyponatremia, hypernatremia, hypo-
glycemia, hyperglycemia), infection, subdural hematoma,
subarachnoid hemorrhage, and oversedation from narcotic
analgesics. The differential diagnosis of the finding of elevat-
ed serum calcium is primary hyperparathyroidism.

What is the cause of hypercalcemia 
in patients with metastatic breast cancer?

There are two physiologic explanations for the development
of serum hypercalcemia in patients with metastatic breast
cancer: (1) increased release of calcium into the serum by
osteolytic bone destruction from metastatic lesions and (2)
humorally mediated hypercalcemia by parathyroid hormone
(PTH)-like factors. In metastatic breast cancer, bone destruc-
tion by osteolytic metastases is the more common cause of
hypercalcemia. Bone destruction by tumor cells leads to acti-
vation of osteoclasts, and this may lead to hypercalcemia.3 In



Mithramycin has also been used to treat malignant hyper-
calcemia in patients with metastatic breast cancer. This anti-
neoplastic agent was shown to cause hypocalcemia—possibly
by its toxic effects on osteoclasts. It is administered by intra-
venous bolus and results in lowering of the serum calcium
within 3 to 4 days after administration. Its duration of
response is unpredictable, and the main side effects are 
nausea, myelosuppression, and nephrotoxicity. It is not rec-
ommended for first-line therapy.15 Other agents, including
glucocorticoids and loop diuretics, have been used in manag-
ing malignant hypercalcemia, but their effects are neither sig-
nificant nor long lasting, and they should be reserved for use
as adjunctive agents.16
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V

What is the scope of the problem?

Even though metastases to organs other than the brain are
more common, brain metastases are more debilitating and
more rapidly fatal if untreated than metastases to other organ
systems. Twenty-five percent (or 131,000) of the 527,000 can-
cer patients expected to die each year in the United States ulti-
mately develop intracranial metastases.1 Brain metastases
from solid tumors are solitary in about 50% to 65% of the
cases when the diagnosis is made during life.2 In 9% of the
patients, the brain metastasis may be the only apparent site of
the cancer.3 Statistics indicate that patients treated by opera-
tion and irradiation4,5 survive longer with a higher quality of
life than those who undergo radiation therapy alone.4,6–8

Surprisingly, only a small percentage of these patients are ever
offered a surgical procedure.

Other than lung cancer, breast cancer is the most common
source of metastases to the central nervous system (CNS).
In contrast to most other cancers, breast cancer more 
commonly tends to involve all intracranial and intraspinal
compartments—bone, meninges, parenchyma—and can
involve two or more compartments simultaneously. Breast
cancer metastases are frequently more slowly growing and
more sensitive to radiation and chemotherapy than metastat-
ic cancers from other organ systems. The goal of surgical
intervention is to decompress brain and spinal cord to pre-
serve neurologic function and provide the time necessary for
chemotherapy and radiation therapy to exert their efficacy.

The following paragraphs describe the patterns of breast
cancer metastases to the CNS and the symptoms and signs
associated with these lesions. The various elements of the
diagnostic workup are outlined, and the therapeutic options
for CNS metastases from breast cancer are discussed.

CLINICAL PRESENTATIONS

What are the anatomic patterns of 
central nervous system involvement?

Metastatic tumors in general, and tumors from the breast 
in particular, reach the CNS primarily by the intravascular
route. Tumor cells from the primary site or from a non-CNS
metastatic deposit, notably the lung, enter the bloodstream



and are carried to capillary networks in the CNS. These
blood-borne metastatic tumor cells are deposited there and
continue to grow in this new location. In addition, tumor cells
can enter the veins and be carried to other venous plexuses
located within the vertebral bodies of the spine or within the
spinal canal, where the deposited tumor cells can then grow as
an enlarging solid mass.

Blood-borne metastatic tumors can reach and grow in any
tissue supplied by blood vessels: bone, meninges (coverings 
of the brain), and within the substance of the brain itself or
within the spinal cord. Breast metastases seem to exploit these
opportunities more than most metastatic tumors. In general,
breast cancer metastatic to the CNS is classified into three
broad categories: (1) intra-axial (within the substance of the
brain), (2) extra-axial (outside the substance of the brain),
and (3) diffuse cerebrospinal fluid (CSF) dissemination.

What is the presentation of intra-axial lesions?

The most common site of metastatic tumor deposits is at the
junction of the gray and white matter of the cerebral hemi-
spheres. Thus, most of these lesions are just beneath the corti-
cal layer on the “surface” of the brain. However, the cortical
surface is made up of the hills and valleys of the gyri and con-
volutions and the sulci and fissures, respectively. A metastatic
tumor located at the gray–white junction in the crown of a
gyrus can seem very superficial and just beneath the skull on
contrast-enhanced CT. In contrast, a metastatic tumor at the
gray–white junction at the depths of a deep sulcus or fissure
may appear to be 4 to 5 cm below the surface of the brain (Fig.
32–4).

Occasional breast metastatic tumors, however, can be found
deep within the substance of the cerebral hemispheres in deep
gray matter masses such as the basal ganglia or the thalamus.
Metastases can also occur to the choroid plexus, which is
located in the lateral, third, and fourth ventricles. Additionally,
15% of metastatic tumors can be found in the cerebellum.

Probably because the brain stem receives 10% of the blood
supply to the CNS, about 10% of all metastatic tumors can be
found in the brain stem.

What is the presentation of 
extra-axial metastases?

A small percentage of metastatic breast tumors target the
dural covering of the brain or diploic layer of the skull. These
usually grow intracranially and compress the surface of the
brain (Fig. 32–5). Metastases to the dura or bone at the base of
the skull compress the base of the brain or the cranial nerves
located there. On occasion, skull metastases can grow outward
as well as internally, causing a protrusion or deformity of the
skull in this region. In these cases, patients will complain of a
firm, enlarging “bump” on the head.

Dural metastases can grow along the surface of the brain
and present as an extensive sheet of tumor covering a large
portion of the cerebral cortex. More usually, however, the
dural-based lesion grows as a defined mass and locally com-
presses the cerebral cortex. This pattern is similar to the
growth pattern of meningiomas, benign primary tumors of
the dura, which are not metastatic. Nevertheless, metastatic
breast tumors growing in this fashion can occasionally be con-
fused with meningiomas and will not infrequently invade the
arachnoid sac and pial covering of the brain to invade and
derive blood supply from the brain itself.

Metastatic tumors can grow into the spinal canal directly
from a metastatic deposit to some element of the vertebra
(usually the vertebral body), narrow the spinal canal, and
compress the spinal cord. In addition, metastatic tumor cells
carried to the spinal canal through the vertebral venous
(Batson’s) plexus and deposited in the epidural fat surround-
ing the spinal cord can grow, restrict the diameter of the spinal
canal, and compress the spinal cord in the absence of any
obvious bone involvement.
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Figure 32–4 Preoperative (left)
and postoperative (right) con-
trast-enhanced CT scans show-
ing an intra-axial metastatic
tumor from breast in a 48-
year-old woman. Note the sub-
cortical location, which appears
deep below the surface of the
brain but which is, in fact, just
beneath the interhemispheric 
fissure. Note also the significant
degree of white matter edema.
The postoperative contrast-
enhanced CT scan confirms
complete excision of the tumor.
The white matter edema may
require weeks to resolve.



How does metastatic breast cancer 
disseminate through the cerebrospinal fluid?

Metastatic breast tumor cells can enter the CSF in three major
ways. First, tumor cells transmitted to blood vessels that tra-
verse the subarachnoid space or are located in the thin pial
surface can rupture through the wall of the vessel and seed the
CSF. Second, and more frequently, large or small tumor
metastatic deposits can grow through the cortex and pial sur-
face and thus be in contact with the CSF, which bathes the sur-
face of the brain. These cells then break off the main tumor
mass and are carried by the CSF to distant locations. Finally,
tumor cells can be deposited and grow in tufts of choroid
plexus, a structure composed of fine blood vessels that manu-
factures most of the CSF. Choroid plexus is located within
each of the components of the ventricular system (cavities of
the brain). Tumor cells can break off the metastatic tumor
mass growing from the choroid plexus and seed the CSF.

CSF is produced in the ventricles and exits at the base of the
brain. In its flow pattern, CSF then bathes the entire surface 
of the brain, spinal cord, cranial nerves, and spinal nerves;
passes along the base of the brain; and then passes over the
surface of the brain to absorption sites, most of which are
located along the large dural sinuses (veins). Tumor cells 
that enter the CSF can survive and be transported to and

deposited on any structure bathed by CSF. Tumor cells trans-
ported in this way frequently grow as a sheet of cells within the
arachnoid space and cover the brain surface, surrounding and
not infrequently invading cranial and spinal nerves.

What is the clinical presentation of 
carcinomatous meningitis?

Interference with the flow of CSF causing hydrocephalus 
is the most frequent result of CSF dissemination by most
metastatic tumors. Occasionally, metastatic tumor cells dis-
seminated through the CSF and subarachnoid space can
induce an inflammatory reaction and produce symptoms
similar to bacterial or viral meningitis; this is more commonly
associated with metastatic breast cancer than with other solid
metastatic tumors.

How do metastatic brain tumors 
cause symptoms?

In general, metastatic tumors produce symptoms in three
ways: (1) by impairing the function of, or destroying, brain or
cranial nerve tissue; (2) by producing seizures; and (3) by
causing increased intracranial pressure (Table 32–14).
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Figure 32–5 A, A preoperative
gadolinium-enhanced MRI scan
showing a breast carcinoma
metastasis to the skull. This has
eroded through the dura in 
the right frontal region and in-
vaded the frontal lobe. Note the
edema and mass effect in the
brain as evidenced by the 
compression of the ventricu-
lar system. B, Postoperative 
contrast-enhanced CT scan after
resection of the tumor and cran-
ioplasty. Note the absence of
mass effect and that the ventric-
ular system has now resumed a
normal configuration.



Impaired Function or Destruction of Brain 
or Cranial Nerve Tissue
Breast tumors metastatic to the substance of the brain are
growing masses that compress adjacent normal tissue. In
addition, many of these tumors parasitize the blood supply to
the brain and thus reduce the supply of oxygen and nutrients
to brain tissue. Finally, some tumors cause chemical abnor-
malities around them that poison the surrounding normal
cells and cause dysfunction of the neurons and swelling. These
factors, alone or in combination, impair or inhibit the func-
tion of that part of the brain.

The symptoms that result depend on what part of the brain
is involved. A metastatic tumor in the motor strip will cause
weakness of the lower part of the face, arm, or leg, singly or
severally, on the opposite side of the body. A tumor in the
occipital lobe may cause loss of some or all of the visual field
on the side opposite the tumor. Destruction of large parts of
the dominant frontal lobe (the left frontal lobe in most per-
sons) or of the connections between the frontal lobes may
cause personality changes.

However, there are parts of the brain that can be destroyed
with no noticeable change in the patient’s neurologic function
or behavior. Large regions of the right frontal lobe and some
of the right temporal lobe can be destroyed without noticeable
effects. Metastatic tumors in these “silent” regions produce
symptoms by the mechanisms listed below.

At the base of the skull, metastatic tumors can compress
cranial nerves such as the optic nerves and chiasm, the fifth
cranial nerve (which transmits sensation from the face), or the
lower cranial nerves (which control important functions such
as swallowing).

Seizures
Tumors in functional brain regions can cause electrical dys-
function (irritation). This is due to chemical abnormalities
produced by the tumor in the local environment of the neu-
ronal elements. In addition, loss of oxygen and nutrients
owing to the tumor’s parasitizing the blood supply of the neu-
rons can cause cortical irritation. Finally, destruction of
inhibitory neurons by the tumor can “disinhibit” other neu-
rons, allowing them to discharge with a higher frequency than
usual. Any or all of these factors can result in abnormal brain
electrical phenomena that clinically manifest as seizures (also
called “fits,” convulsions, or epilepsy). The actual clinical pres-
entation of the seizures frequently depends on the region of
the brain involved. Seizures can be focal or generalized.

Focal Seizures. Focal seizures are not associated with a loss
of consciousness and can be sensory or motor. For example,
metastatic tumors in or near the motor strip can produce
focal motor seizures, which present as twitching of the face,
arm, or leg, or all three. Tumors in the sensory areas of the

brain can cause sensory seizures: episodic paresthesia (pins-
and-needles sensations) on the opposite side of the body.
Lesions located in the occipital regions in or near the visual
areas can cause abnormal visual phenomena—formed or
nonformed hallucinations such as flashing lights in the oppo-
site (contralateral) visual field.

Generalized Seizures
Partial Complex Seizures. These are usually associated with
lesions of the deep temporal area (mesial or hippocampal
regions) or base (orbital surface) of the frontal lobe. Brief
episodes in which the patient loses consciousness and will 
not respond to those around him or her (absence attacks) 
and episodes in which the patient in this brief unresponsive
period exhibits a programmed and stereotypic movement
(automatism) are referred to as partial complex seizures. In
addition, an olfactory hallucination in which the patient expe-
riences an unpleasant odor (frequently the smell of burning
rubber) is called an uncinate fit and is characteristic of mesial
temporal or basal frontal lesions.

Grand Mal Seizures. Grand mal seizures can occur with any
intracranial tumor in any location. These generalized seizures
are familiar to most medical practitioners and nonmedical
people alike. In these spells, the patient loses consciousness,
extends head, arms, and legs (tonic phase), and then “shakes”
(clonic phase). The jaw muscles clamp shut, the tongue or the
inside of the mouth is frequently bitten, and the patient’s air-
way can become compromised. Patients may also lose bladder
control. Occasionally, the seizure may be preceded by focal
components, such as twitching of the face or arm or a loss of
the ability to speak, before the electrical disturbance spreads
to both sides of the brain to produce the grand mal seizure.

Increased Intracranial Pressure
The inside of the skull can be considered a nonexpandable
closed box. There is room within for only the brain, its blood
supply, and spinal fluid. The mass of a metastatic tumor with-
in the cranial cavity takes up space. In addition, swelling of
brain tissue around the tumor adds to the mass effect. As the
mass grows, blood vessels and spinal fluid spaces can be com-
pressed, which accommodates the growing mass for a time.
The brain can re-form around the growing mass as water
between the cells of the brain and within the cells is redistrib-
uted. Finally, no further shifts of blood or water are possible,
and pressure inside the skull begins to increase.

There is another mechanism for increased intracranial
pressure: hydrocephalus. As explained earlier, most of the CSF
is produced by the choroid plexus located within each of
the ventricles of the brain. It flows to the base of the brain 
and then around the surface of the brain, where it is finally
absorbed. All elements of the ventricular system are normally
in communication. Fluid produced in the two lateral ventri-
cles passes to the midline third ventricle by means of the
foramina of Monro. This fluid, as well as fluid produced by 
the choroid plexus of the third ventricle, passes through the
narrow aqueduct of Sylvius to the fourth ventricle, located
between the brain stem and the cerebellum, and from there to
the basilar cisterns around the brain stem (cisterna magna and
cerebellopontine angle cisterns).

A tumor mass that compresses any component of this fluid
pathway can cause the buildup of fluid upstream from that
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Abnormal gait
Aphasia
Headache
Focal weakness
Mental status change
Seizure
Visual field deficit

Table 32–14 Signs and Symptoms of Brain Metastases



obstruction. The ventricles of the brain enlarge, and this is
called obstructive hydrocephalus. Obstructive hydrocephalus is
most frequently noted in patients with metastatic lesions in
the posterior fossa, brain stem, or cerebellum. Here the tumor
mass and associated swelling (edema) deform and ultimately
obliterate the fourth ventricle, the aqueduct of Sylvius, or
both.

Hydrocephalus can also result from subarachnoid metas-
tases that obstruct the flow of spinal fluid along the base 
or surface of the brain (communicating hydrocephalus).
Obstructive and communicating hydrocephalus results in
retention of an increased amount of CSF inside the “closed
box” of the intracranial cavity. This results in increased
intracranial pressure.

As increased intracranial pressure becomes symptomatic,
patients initially complain of a dull headache. Char-
acteristically, the headache occurs in the morning but persists
throughout the day and night. It can awaken the patient from
sleep; not infrequently it is associated with nausea and, in
some instances, vomiting. As pressure increases, blood deliv-
ery to the brain decreases, and this results in nonspecific
symptoms such as mental sluggishness and recent memory
dysfunction.

The intracranial cavity is divided into three separate com-
partments by membranes formed by the dura mater. These
include the supratentorial and infratentorial compartments
separated from each other by the tentorium, and the right and
left supratentorial compartments separated by the falx cerebri.
The cerebral hemispheres occupy the right and left supraten-
torial compartments; the brain stem and cerebellum occupy
the infratentorial compartment (posterior fossa). As intracra-
nial pressure continues to increase, part of the brain itself is
shifted into another compartment of the intracranial cavity.
This is called herniation, which causes its own set of symp-
toms and signs.

What are the signs and symptoms 
of herniation?

In transfalcine herniation, a large mass in one hemisphere
pushes the medial aspect of that hemisphere across the falx
into the other supratentorial compartment. When this hap-
pens, patients can become confused, are occasionally disori-
ented, and lose control of bowel and bladder function.

Herniation of the medial temporal lobe across the tentori-
um into the infratentorial space results in compression of the
midbrain—a component of the brain stem that controls con-
sciousness and eye movements and transmits motor control
from the cerebral hemispheres to the lower brain stem, spinal
cord, and eventually the spinal nerves that activate the muscles
of the face, arms, and legs. Compression of the midbrain
results in papillary abnormalities, then paralysis and abnor-
mal motor reflexes (decerebrate and decorticate posturing),
and finally coma. The prognosis is very poor once this sce-
nario has occurred, and the probability of useful survival is
low, despite aggressive therapy delivered at this late stage.

The goal of our efforts in the management of CNS metas-
tases from breast cancer is early diagnosis and treatment to
prevent neurologic progression due to tumor mass effect and
increased intracranial pressure. Treatment must be instituted
long before herniation becomes a possibility.

How do calvarial metastases present?

These lesions frequently deform the skull as the inner and
outer tables of the calvarium are pushed apart by the expand-
ing mass in the diploë. The protruding outer table can result
in a cosmetic deformity if located in front of the hairline or in
a painful hard or firm protrusion of the skull beneath the
scalp when located behind the hairline. Breast metastatic
tumors that break through the inner table of the skull and
grow intracranially frequently invade the dura and cross the
arachnoid space to compress and usually invade the underly-
ing brain tissue. In this case, and depending on the anatomic
location of the lesion, patients can experience seizures or neu-
rologic deficit similar to the situation noted with intra-axial
tumor masses. A large mass growing from the skull intracra-
nially will eventually raise intracranial pressure.

How does breast cancer affect 
the spinal cord?

Patients with metastatic lesions that compress the spinal cord
usually present with localized pain that corresponds to the
level of cord compression. Percussion over this area will evoke
or worsen the pain. Patients with bone involvement may com-
plain of pain for many weeks before the onset of neurologic
deficit as a result of spinal cord compression.

As the spinal cord compression continues, neurologic
deficit progresses over the next few hours or days. The patient
complains of numbness of the body and legs below the region
of cord compression and difficulty walking, due at first to a
proprioceptive gait disturbance and then to weakness.
Eventually, the weakness in the legs (for thoracic lesions) and
arms and legs (for upper and mid-cervical regions) becomes
noticeable and progresses to complete flaccid paralysis in
hours or days if not treated. Not infrequently, when the
expanding mass is located lateral to the spinal cord, the 
sensory loss to pain and temperature is noted on one side of
the body, and the muscle weakness is noted on the opposite
side. If untreated, the sensory and motor deficit will progress
to bilateral involvement. Bowel and bladder control is lost as
the neurologic deficit progresses.

Cauda equina (lumbar and sacral) metastases produce back
pain and occasionally radicular pain in the legs. The neuro-
logic deficit may involve only one nerve root initially but then
progresses over the next several days to involve several nerve
roots and then the entire cauda equina. Neurologic examina-
tion will reveal percussion tenderness, flaccid paraplegia, are-
flexia, and sensory loss below the level of the lesion involving
the sacral dermatomes.

How does breast cancer affect 
the pituitary gland?

Metastases to the pituitary gland are not common in most
cancers. However, in series of breast cancer patients, pituitary
metastases can account for as much as 20% of all intracranial
metastases.8 A growing mass lesion in the pituitary fossa can
cause endocrine dysfunction, headaches, and ultimately 
visual field impairment as the lesion enlarges.
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What is carcinomatous meningitis?

The symptoms of carcinomatous meningitis are similar to
those of any meningitis: headache, photophobia, stiff neck,
and low-grade fever. Elevation of the supine patient’s legs off
the bed will frequently result in pain in the back and in a sci-
atic distribution. Sometimes, the pain is referred also to the
occipital region. These patients are frequently lethargic and
occasionally confused. Elevation of intracranial pressure can
also be noted if the meningeal process impedes the flow of
CSF.

How is central nervous system 
metastasis diagnosed?

A history of breast cancer months or even several years in the
past should raise suspicion of a CNS metastasis in a patient
presenting with headaches, diplopia, sensory abnormalities,
focal weakness, neck or back pain, or seizures. In fact, the exis-
tence of any of these symptoms should prompt a CT or mag-
netic resonance imaging (MRI) examination of the head or
spine, depending on the symptoms. The clinician should
record the histologic subtype of the breast tumor and ques-
tion the patient on how it was found as well as how and how
soon it was treated. Was the tumor treated by biopsy and radi-
ation, chemotherapy, or both; by lumpectomy; or by radical
mastectomy? Were any lymph nodes positive for tumor? The
patient should be questioned about symptoms that could
reflect pulmonary, liver, or bone metastases. A nonaggres-
sively treated primary tumor or the presence of positive nodes
or distant metastases increases the likelihood of future CNS
metastases. The clinician should carefully record the duration
of the neurologic symptoms and their mode of onset. The
clinical manifestations of seizures, especially focality of onset,
can provide important information regarding the anatomic
localization of the CNS lesion.

A general physical examination is important to investigat-
ing the presence of non-CNS disease, which may increase sus-
picion of the existence of CNS metastases, and assessing 
the risk-to-benefit ratio of any therapeutic interventions 
for CNS metastases, if found. Each breast should be examined
for recurrent disease or metastases to the other breast.
Auscultation of the lungs may reveal evidence of pulmonary
metastases.

DIAGNOSTIC MODALITIES

What are the roles of computed tomography 
and magnetic resonance imaging?

The introduction of CT in the early 1970s revolutionized the
evaluation of cancer patients for the existence of CNS
metastatic disease. With CT, clinicians could actually see
metastatic tumors directly instead of having to infer their
presence and location indirectly from intracranial shifts of
blood vessels and parts of the ventricular system from their
normal positions on cerebral angiography and ventriculogra-
phy. Additionally, CT scanning allowed the discovery of

tumors before they became symptomatic. Because of these
advantages, CT rapidly became the standard diagnostic proce-
dure for the detection and localization of metastases.

Metastatic tumors produce swelling (edema) of the sur-
rounding brain tissue. This is easily detected on CT because it
is hypodense in comparison with normal brain tissue. More
importantly, metastatic tumor masses in general, and breast
cancer metastatic lesions in particular, accept contrast on the
contrast-enhanced CT series and appear as a white circum-
scribed mass with hypodense (edematous) brain tissue sur-
rounding the lesion. In addition, multiple metastatic lesions
can be noted. This is important information if surgery is a
consideration.

CT scanning also provides information on the degree of the
mass effect produced by the lesion and surrounding edema.
The midline of the brain, some of the more prominent sulci
and fissures, and the ventricular system are usually seen very
well on CT scanning. Enlargement of the ventricular system
owing to hydrocephalus is easily detected.

MRI provides many of the same benefits of CT scanning
while offering several advantages. MRI provides exquisite
anatomic detail of the normal structures of the brain and
spinal cord. It is also much more sensitive than CT and has
become the imaging modality of choice in the detection of
small intracranial metastases. These lesions are characterized
by edema (prolonged signal on T2-weighted images) and by
contrast enhancement, which shows the metastatic tumor
deposit. The contrast agent used with MRI, gadolinium, has a
much lower potential for toxicity than traditional contrast
agents used during CT scanning. Recent studies have estab-
lished the utility of triple-dose gadolinium administration 
in demonstrating smaller metastatic lesions, especially in
patients with a single known metastasis or equivocal findings
on previous MRI examination.9,10 MRI also provides a safe,
effective, and noninvasive method of evaluating the spinal
cord when spinal metastases are suspected.

MRI can be used to provide additional diagnostic informa-
tion about the characteristics of a lesion. Radiation-induced
necrosis, an infrequent complication of brain irradiation, can
be indistinguishable from tumor progression using conven-
tional CT and MRI techniques. When the clinical situation
warrants further investigation, magnetic resonance spec-
troscopy may be useful. This technique, which provides infor-
mation on the relative concentration of various compounds
in a given volume of tissue, can be used to differentiate
between tumor progression and radiation necrosis as well as
other lesions of similar appearance such as cerebral abscess
and demyelinating disease.11,12

An area in which CT scanning remains the most useful
modality is imaging of bony structures because it provides
exquisite bone detail. This is an important consideration in
the evaluation of metastatic breast cancer, which can metasta-
size to the skull. The clinician should request bone windows,
which allow improved visualization of the bony structures
including the skull base and calvarium. In addition, CT is also
useful in the evaluation of spinal metastases, especially when
the vertebrae are involved.

With MRI’s ever-increasing availability and its inherent
advantages, it has become the screening tool of choice for
evaluating the CNS in patients with metastatic cancer (Fig.
32–6). CT scanning remains useful, however, because it is bet-
ter tolerated by many patients, provides superior imaging of
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bony structures, and is quick and inexpensive. Additionally, it
may be used with patients for whom MRI is contraindicated
because of the presence of a pacemaker or some other
implanted medical device.

When is lumbar puncture useful in diagnosing 
central nervous system metastases?

Examination of spinal fluid obtained by lumbar puncture,
C1-2 puncture, or cisterna magna puncture is necessary to
establish the presence of carcinomatous meningitis and in sit-
uations in which there is suspicion of tumor cell seeding of the
CSF. Lumbar puncture should not be performed without CT
or MRI to exclude an intracranial mass lesion. Lumbar punc-
ture should not be done if there is evidence of increased
intracranial pressure, a midline shift on CT or MRI, or evi-
dence of other significant mass effect.

THERAPEUTIC OPTIONS

When is surgery indicated?

The decision to remove an intracranial metastasis depends on
a careful analysis of the risks and benefits of the surgery.

Obviously, no surgeon is ever going to cure cancer by remov-
ing a distant metastasis. However, as a baseline, it is good to
consider that the mean survival of a patient with metastatic
disease to the CNS treated without surgery is about 3 months.
Removing metastatic tumor masses from the brain prolongs
survival. The degree of prolongation will depend on many fac-
tors, including the biology of the original tumor, the presence
of extra-CNS metastases, and the age and general medical
condition of the patient.

There is a great deal of benefit in resecting a solitary brain
metastasis in a patient with a past history of breast cancer, no
other evidence of disease, and a long tumor-free interval
between the initial primary and the discovery of the CNS
metastasis. In contrast, there is only modest benefit in resect-
ing a metastasis in a patient recently diagnosed with breast
cancer with multiple metastases in other organ systems.

Surgical risk relates to the anatomic location of the
metastatic tumor and its depth below the surface of the brain.
A metastasis can be removed from the nondominant frontal
lobe with very low risk. The risk of removing a lesion in 
the brain stem is high and usually unacceptable. In the past,
clinicians were pessimistic about the benefit derived from the
surgical resection of a solitary metastatic brain tumor because
the benefit of resection did not outweigh the risk of classic
procedures to resect them. However, improvements in 
surgical techniques and perioperative management have
resulted in significant reductions in surgical mortality and
morbidity.1,5,6,13,14 It has for some time been generally agreed
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Figure 32–6. A, A preoperative gadolinium-enhanced MRI scan reveals multiple ring-enhancing lesions. The largest of these lesions 
is located in the left parietal lobe and is exerting mass effect on the ventricular system and surrounding brain parenchyma. Multiple 
smaller metastases are present and involve both hemispheres. The location of these lesions at the gray–white junction is typical of
metastatic lesions. B, A postoperative MRI reveals complete excision of the left parietal lesion with resolution of mass effect. The remain-
ing lesions will be treated with radiation therapy.



that surgical excision is indicated in a medically stable patient
harboring a “surgically accessible” solitary intracranial metas-
tasis.14,15 Randomized prospective trials have demonstrated
significantly improved length of survival for patients under-
going resection of single metastases followed by whole-brain
irradiation as compared with those receiving radiation alone.
One such study demonstrated an increase in length of survival
from 15 to 40 weeks and duration of functional independence
from 8 to 38 weeks.16 Another trial had similar findings, with
survival increased from 24 to 40 weeks and independence
from 14 to 30 weeks.17

Aggressive surgical treatment is becoming more accepted in
the setting of multiple or recurrent metastatic brain tumors.
A retrospective study compared the outcomes of matched
patients with either single or multiple brain metastases.
Patients with multiple lesions undergoing resection of all
lesions displayed results similar to those undergoing resection
of a solitary metastasis. Those with multiple tumors who
underwent surgery in which all known lesions were not
resected, however, had a significantly shorter median postop-
erative survival and lower rates of symptomatic improvement.
Operative morbidity and mortality were not significantly dif-
ferent among the three groups. These findings led the authors
of this study to conclude that patients with limited systemic
disease and more than one accessible metastatic brain tumor
should be considered for surgical resection of all such
lesions.18 Similarly, reoperation for recurrent intracranial
metastases is becoming more frequently advocated. It has
been demonstrated that in younger patients with controlled
systemic disease and a high functional status, repeat resection
of these lesions can improve outcome. When properly 
selected, patients undergoing second and even third opera-
tions may enjoy prolonged survival and improved quality of
life.19

Many metastatic lesions lie close to the cortical surface, are
macroscopically circumscribed, and can be resected by con-
ventional craniotomy with acceptable levels of mortality and
morbidity. Some neurosurgeons recommend not operating
on more deeply seated tumors, however, especially in the
dominant hemisphere, where the risk is higher and the bene-
fit is not as clear.5 The use of stereotaxis is often of benefit in
cases involving surgically complex tumor locations.

What is nonstereotactic craniotomy?

Traditional approaches to the removal of any brain lesion
(including metastatic tumors) involve opening the scalp, skull,
and dural coverings of the brain. These techniques have
evolved over the past 100 years. With the exception of stereo-
tactic guidance and the operating microscope, they have
changed little in the past 50 years. Classic craniotomy still has
a place in the resection of skull- and dural-based lesions and
skull-based metastases. There is rarely a problem in finding
these superficial lesions and their borders. In addition, these
lesions must be dissected away from invaded brain tissue in
many cases, and adequate exposure is necessary.

Classic craniotomy for intra-axial metastatic tumors
employed large scalp flaps and craniotomy openings that
exposed much normal brain tissue to unnecessary injury.
Localization methods for metastatic tumors were qualitative
and imprecise, and in some cases surgeons could actually miss

the metastatic tumor—especially when the lesions were small
or deep below the surface of the brain. The incorporation of
surgical ultrasonographic imaging increased the number of
cases in which a surgeon could locate and completely resect
the lesion.

What is stereotactic resection?

With the advent of CT and MRI, surgeons began rethinking
their surgical approaches to common intracranial tumors.
These computer-based imaging modalities provide precise
information on the anatomic localization and extent of
intracranial tumors. In addition, CT and MRI provide a three-
dimensionally-precise database that can be transported to a
stereotactically defined surgical field. Imaging-based stereo-
taxis improves the accuracy with which CT and MRI infor-
mation can be used in surgical planning for the removal of
metastatic tumors and also makes minimally invasive resec-
tion techniques for metastatic tumors possible.15,20

During the past 2 decades, we have developed and refined
the technology of computer-assisted volumetric stereotactic
removal of a wide variety of intra-axial lesions, including
metastatic tumors.15,20–22 The technique has proved especially
useful in the safe resection of metastatic tumors from im-
portant subcortical areas. The technique provides a safe,
minimally invasive method of removing solitary metastatic
tumors. We are now evaluating the benefit of removing two or
more lesions in selected cases.

When using frame-based stereotaxis, computer simulation
of the operation is carried out from a preoperative database
comprising stereotactic CT, MRI, and digital angiography
(DA). This information is acquired with the patient’s head
held in a CT- or MRI-compatible stereotactic head frame,
placed under local anesthesia. The tumor volume is recon-
structed from the imaging studies.15,23 The surgeon chooses a
surgical approach, and the surgical procedure is simulated on
a computer display terminal.

The actual procedure is done under general anesthesia. The
stereotactic head frame is reapplied, and the surgery is done
through a 2- to 3-inch incision and a circular bone opening. A
computer display shows the relationship of the CT- and MRI-
defined tumor volume to the three-dimensionally-defined
surgical field. These computer-generated images allow the
surgeon to find not only the tumor but also the interface
between tumor and surrounding brain tissue (Fig. 32–7).
Thus, the surgical approach is preplanned, is direct, and
exposes no more brain tissue than absolutely necessary to
remove the tumor.

A more recently developed technology, which has become
very widespread over the past few years, is frameless stereo-
taxis. This system, although less precise and therefore less well
suited to deeply located tumors, does not require the place-
ment of a head frame during the data acquisition phase.
Instead, fiducials, markers that are visible on CT and MRI
scans, are placed on the patient’s head before obtaining pre-
operative imaging studies. These fiducials remain in place
until the time of the operation. When the patient is under
general anesthesia and the head has been secured in place, the
fiducials are used to register the patient’s current position in
space relative to some fixed reference point. A computer 
that has been loaded with the CT or MRI information then
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correlates the three-dimensional imaging data to the location
and orientation of the patient’s head. The system can then be
used intraoperatively to view the location of a pointer or some
other specialized surgical instrument on a three-dimensional
representation of the imaging data. Although this type of
stereotaxis is less well suited to cases in which a high degree of
precision is required, it can be very useful for placing a skin
incision and underlying bone flap for routine tumor resec-
tions (Fig. 32–8). This type of approach also has some advan-
tages over frame-based stereotaxis. It avoids the need for a
second procedure (placement of the head frame before
obtaining the imaging studies), is better tolerated by most

patients, and is cost-effective because the fiducials can be
placed and studies can be obtained before the patient is
admitted, allowing admission on the morning of surgery.
Each case must be evaluated independently in order to select
the most appropriate form of stereotaxis (if any) for the given
resection.

What is stereotactic radiosurgery?

Stereotactic radiosurgery is based on many beams of radiation
intersecting at a precise point. At this point, the radiation dose
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Figure 32–7. Frame-based,
computer-assisted stereotactic
craniotomy with volumetric
excision of a metastatic tumor.
The reformatted CT- and MRI-
defined limits of the tumor are
presented to the surgeon on a
computer display screen as well
as into a heads-up display unit
on the operating microscope
(A). The surgeon exposes 
the tumor by a stereotactically
placed circular bone opening.
The computer display helps 
the surgeon know where the
tumor stops and normal brain
tissue begins. (From Kelly PJ, Kall
BA, Goerss SJ, et al. Results of 
computer-assisted stereotactic laser
resection of deep-seated intracranial
lesions. Mayo Clin Proc 1986;61:
20–27.)

Figure 32–8. An example of
use of a frameless stereotactic
system. In this case, the Cygnus
system (Compass International
Inc., Rochester, MN) is being
used in planning the resection
of a metastatic tumor. Follow-
ing registration of the system,
the location of a pointer placed
into the operative field is dis-
played in real time on the com-
puter screen. This location is
indicated by cross-hairs, which
are superimposed over sagittal,
coronal, and axial images as
well as a three-dimensional
reconstruction of the MRI data.
Although not as precise as
frame-based stereotaxis, this
allows very accurate placement
of scalp and bone flaps and can
be used during the operation 
to aid in tumor resection and
maintain spatial orientation.



is additive so that the radiation delivered to the location is
very high. The patient’s head, held in a stereotactic frame, is
positioned so that a target, often a metastatic tumor, is in the
center of all of these intersecting beams of radiation; the
tumor receives a lethal dose of radiation, while the surround-
ing brain tissue receives a much smaller dose of radiation.
Typically, stereotactic radiosurgery is done in a single treat-
ment session. If the therapy is effective, the tumor stops grow-
ing, and its cells die within several weeks or months. The dead
tissue is eventually cleared from the brain tissue after an
inflammatory reaction.

There are two general methods of delivering stereotactic
radiosurgery: the Leksell gamma knife and a stereotactic 
linear accelerator. With the gamma knife, radiation from
cobalt 201 sources arranged in a spherical pattern is colli-
mated into narrow beams directed toward the center of the
sphere24 (Fig. 32–9). In stereotactic linear accelerator radio-
surgery, a radiation generator tube is rotated around the
patient’s head, directing the constant beam toward a present
center (isocenter) point.25 Both of these modalities use
gamma radiation. The gamma knife beams project toward the
center of a sphere; the linear accelerator directs the beam
toward a central target as the linear accelerator tube rotates.

There is an important appeal in using stereotactic radio-
surgery: it is totally noninvasive. There is no skin incision or
bone opening and no brain manipulation, and the procedure
can be accomplished during a 1-day hospitalization. Indeed,
many centers offer this form of treatment on an outpatient
basis. These factors make radiosurgery a cost-effective alterna-
tive for the treatment of brain metastases.26

Radiosurgery is appropriate for small (<3 cm in diameter)
tumors. Larger tumors and those associated with significant
swelling around the tumor are not good candidates for stereo-
tactic radiosurgery because more swelling of the surrounding
brain parenchyma will occur after radiosurgery in the weeks

and months following treatment. This could result in
increased intracranial pressure and mass effect, neurologic
deficit, and risk for herniation.

Stereotactic radiosurgery may be useful when other forms
of therapy are not appropriate or are of little benefit. An
example is a metastatic tumor located in the brain stem. Such
tumors are usually associated with a very poor prognosis. In
these cases, surgical resection may be contraindicated because
of excessive risk for neurologic deficit, and whole-brain radi-
ation therapy is of questionable benefit. Radiosurgery has
been shown to be an effective palliative treatment option for
this group, with survival times approaching those of patients
with metastatic tumors in other parts of the brain.27

Radiosurgery may also be used to treat patients harboring
multiple tumors with good results.28

When is radiation therapy indicated?

Even though an apparent gross total excision of metastatic
tumor may have been achieved, local postoperative external-
beam radiation therapy is usually recommended. This is
because microscopic residual tumor may remain following
surgical resection and will continue to grow if not treated.
Whole-brain irradiation is more controversial. This practice 
is based on the assumption that other microscopic meta-
static tumors, not yet visualized on CT or MRI, may exist
throughout the brain. In cases in which surgery or radiosurgery
is not an option and whole-brain radiation therapy is used as
the primary treatment modality, its efficacy is well docu-
mented; median survival time is increased to 4 months, as com-
pared with 1 month for patients treated with steroids alone.29

The utility of whole-brain radiation following successful
removal of a single brain metastasis is less certain. A prospec-
tive trial examined patients who had undergone complete sur-
gical resection of a solitary brain metastasis. Patients were
randomized into groups receiving postoperative whole-brain
radiotherapy and those receiving no further treatment. Not
surprisingly, the patients treated with radiation had lower rates
of tumor recurrence or appearance of new metastases. Like-
wise, they were less likely to die of neurologic causes than those
who were not irradiated. However, when survival and length of
functional independence were compared, there was no signifi-
cant difference between the two groups.30 Similarly, adjuvant
whole-brain radiation conferred no improvement in length of
survival in patients treated with stereotactic radiosurgery.28

Whole-brain radiation is not without complications; most
notably, it has been found to be associated with a significant
risk for the development of a progressive dementia.31 Because
of concerns about cognitive decline, there is a growing trend
toward avoiding postoperative radiation in patients with com-
pletely resected tumors, particularly the elderly. With the
widespread availability of high-resolution MRI, which is very
sensitive for metastatic disease, the use of routine postopera-
tive radiation is now being called into question, and there is
ongoing investigation into its role in the treatment of CNS
metastatic cancer.

When is intrathecal chemotherapy indicated?

Intrathecal chemotherapy is considered when there has 
been documented CSF seeding and in the treatment of
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Figure 32–9. In this photograph, a patient is preparing to
undergo gamma knife radiosurgery. The patient has been placed
in a head frame that has then been attached to the collimator. This
collimator directs 201 separate beams of radiation toward the tar-
get. This target has been defined during the planning stage of 
the procedure based on imaging data (usually MRI) obtained with
the head frame in place. (Photo courtesy of Elekta, Stockholm,
Sweden.)



carcinomatous meningitis. The chemotherapeutic agents can
be administered by repeated lumbar punctures. A more toler-
able alternative to many lumbar punctures, however, is the
insertion of an Ommaya reservoir. The Ommaya reservoir
consists of a medical-grade plastic bubble, which sits perma-
nently under the scalp, connected to a catheter directed
through a small hole in the skull into the lateral ventricle of
the brain. The bubble (reservoir) may be tapped through the
scalp with a thin needle. The chemotherapeutic agent is then
instilled into the reservoir and on into the ventricular fluid,
which then bathes the entire brain and spinal cord surface
with the chemotherapeutic agent as the CSF circulates.

What are the expected results of treatment?

Average survival following resection of a solitary brain metas-
tasis followed by radiation therapy is about 1 year when all
types of cancer are considered as a group and for breast can-
cer in general. Postoperative mean survival in CNS metastatic
breast cancer is 11.5 months, 2-year survival is 18%, and 3-
year survival is 16%. However, there is wide variation in post-
operative survival in breast cancer patients undergoing
resection procedures for CNS metastases. This is usually 
related to the basic malignancy, its degree of local control at
the primary site, and metastatic disease in other organ sys-
tems. A long tumor-free interval between initial diagnosis and
CNS metastasis indicates prolonged survival following
removal of the brain metastasis; shorter duration of survival is
expected for older patients and those with a poorer preopera-
tive functional status.

Comparison of results between definitive modalities of
treatment of brain metastases can be difficult. In the absence
of prospective randomized studies, selection bias and other
factors can obscure differences in outcome. Although it is
clear that most patients treated with either radiosurgery or
surgical resection will live longer than those treated with radi-
ation alone, there is a less dramatic difference between these
two modes of therapy. Some studies have found that patients
treated with surgery have better local control and longer sur-
vival than those treated with stereotactic radiosurgery.32

Others, however, have suggested that there is no benefit to sur-
gery over radiosurgery in selected patients.33

Surgical morbidity is directly related to the anatomic loca-
tion of the lesion and the surgical approach employed.
Stortenbecker,2,34 in 1954, reported a 30-day operative mortal-
ity of 24%. Ransohoff,5 in 1975, reported a 10% mortality
(morbidity not available). Haar and Patterson,13 in their 1972
series, found and 11% mortality and 24% morbidity. Kelly
and colleagues,14 in 1988, reporting on a series of stereotacti-
cally resected, centrally located, and deep-seated tumors,
found no mortality and 9% morbidity. Postoperative results
have improved: postoperative morbidity following stereotac-
tic resection is now less than 6% (unpublished data).

What are the future directions for 
diagnosis and treatment of central 
nervous system metastases?

In the future, patient empowerment by information technol-
ogy and cost consciousness will emphasize quality-of-life
issues, reduction of length of hospital stays, and the avoidance
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of costly rehabilitation and nursing care made necessary by
neurologic deficits. Physicians will therefore stress early detec-
tion of CNS metastases and low-morbidity, minimally inva-
sive, cost-effective procedures to treat them.

In the past, brain surgery in patients with metastatic disease
was considered risky and futile. Spatial errors in locating
metastatic tumors by subcortical incision into important
brain tissue and large craniotomies to resect large and symp-
tomatic metastatic tumors could result in the disruption of
more brain parenchyma than intended, causing postoperative
neurologic deficit and an unacceptable quality of life.

Stereotactic techniques have greatly reduced the risk of
metastatic tumor resection procedures. Oncologists, who once
submitted their patients for brain surgery only as a last resort
after radiation therapy had failed to control the CNS metasta-
sis, are now considering surgical resection of the lesion as a
first option. This course of action is now considered preferable
to external-beam radiation therapy alone, in which a signifi-
cant risk for dementia exists if survival is prolonged.

Modern, minimally invasive, low-risk surgical options that
provide prolonged life expectancy and maintain quality of life
from a neurologic standpoint now exist. A recently developed
and much promoted method of tumor resection, the use of
intraoperative MRI, may prove to be useful. As yet, however,
the technology is cumbersome and expensive and has not
been shown to provide improved outcomes or reduced 
morbidity in the treatment of metastatic brain tumors.
Development of endoscopic or robotic techniques using
frameless stereotactic control may reduce the risk and the cost
of removing small CNS metastases.

The detection of CNS metastatic disease is now very
straightforward with modern imaging methods such as high-
resolution CT and MRI. Intracranial and intraspinal metasta-
tic lesions are detected earlier than in the past and before the
patient has developed neurologic deficit. Magnetic resonance
perfusion scans and spectroscopy will further increase the
sensitivity for the detection of intracranial brain metastases. It
is clear that breast cancer patients with good local control of
their primary disease can derive significant benefit from sur-
gical resection of metastatic lesions. In the future, surgery will
stress minimally invasive techniques that provide maximum
tumor removal with much less risk than that associated with
neurosurgery in the past. With early detection methods, we
will be resecting smaller and smaller lesions from neurologi-
cally normal patients.

As the risk of resecting these lesions declines, the employ-
ment of surgical and radiosurgical procedures for the treat-
ment of patients with multiple metastases is becoming more
commonplace. In addition, as new metastatic lesions to the
CNS are discovered, repeat minimally invasive and radiosur-
gical procedures may prolong quality of life. Future research
should be directed toward defining strategies that direct the
use of currently available treatment modalities to maximize
survival while optimizing quality of life.
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VI

Carcinoma of the breast that metastasizes to the spine can
adversely affect the patient’s quality of life by producing
intractable pain and motor, sensory, and sphincter deficits
that prevent normal functioning. Prevention of paraplegia
and sphincter deficit results in an improved quality of life.
Restorative surgery may result in longer survival as well, but
available data have failed to make this clear.1–3

Advances in imaging of the spine with MRI and high-
resolution CT provide heretofore unobtainable information
regarding the anatomy of bone involvement and neural com-
pression. These improvements in imaging, along with techni-
cal and conceptual advances in surgical management, have
resulted in improvement in neurologic outcome and quality
of life for patients with metastatic breast tumors to the spine.

Nonetheless, there still exists a certain reluctance on the
part of medical and radiation oncologists to integrate surgery
into an overall management strategy. Frequently, when surgi-
cal therapy is considered, patients have a severe neurologic
deficit that is unlikely to respond to treatment. It is worth-
while, then, to review the evolution in management of this
entity that has occurred during the past 15 to 20 years.

What are the clinical presentations 
of breast cancer metastases to the spine?

Eighty-five to 90% of patients with breast cancer who present
with spinal metastases already have a known primary lesion,
and most already have documented metastatic disease in other
locations.
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involvement or compression of a single nerve root within a
neural foramen will result in decreased deep tendon reflexes.
For the most part, assessment of the deep tendon reflexes is
not helpful in localizing a lesion unless the reflexes are clearly
asymmetrical. However, the presence of a Babinski reflex is a
generally reliable sign of spinal cord (or brain) dysfunction.

What are the components of an 
appropriate imaging evaluation of 
known or suspected spinal metastases?

The goal of the imaging evaluation of a patient with known 
or suspected metastatic disease of the spine is localization of
the lesion, documentation of the presence of neural com-
pression, evaluation of the three-dimensional anatomy of
bony destruction, and determination of spinal alignment and
stability. No single imaging modality is capable of achieving
all of these goals. In patients with suspected metastatic spinal
involvement, we routinely use a combination of plain films,
MRI, and CT.

Plain Films
Plain films are an essential first study in all patients with
known or suspected metastatic disease of the spine. The level
to be examined is determined by the patient’s signs and symp-
toms. Lateral plain films will show vertebral body destruction
and are the best study for the assessment of spinal alignment.
Films done in the frontal projection are useful for demon-
stration of destruction of the pedicles and delineation of
paraspinal soft tissue masses (Fig. 32–10). Dynamic lateral
views of the spine in flexion and extension are also useful in
determining spinal instability that may result from bony
destruction.4

Magnetic Resonance Imaging
MRI is the imaging modality of choice for the assessment of
neural compression by bone or soft tissue. Sagittal and axial
images will show the level and exact configuration of neoplas-
tic involvement and compression. Sagittal images will also
provide a useful assessment of alignment, in addition to show-
ing displacement of the spinal cord by bone or metastases
(Fig. 32–11). An altered signal within bone will define the
presence and extent of metastases, although CT images 
provide superior definition of bony anatomy. Contrast
enhancement of metastases using intravenous gadolinium is
unnecessary because the contrast may alter the abnormal
marrow signal typically observed with bony metastatic dis-
ease, causing the lesion to appear normal in comparison to
other vertebral levels.

Because the presence of central nervous system metastases
has such a profound effect on prognosis and therapeutic deci-
sion making, it is essential that the brain be studied with MRI
with and without gadolinium enhancement at the same time
that evaluation of the spine is being carried out.

Computed Tomography
Ideally, axial CT is performed after the metastatic lesion is
localized by plain films or MRI. CT provides superior defini-
tion of bony anatomy and is a particularly valuable aid to the
surgeon in determining spinal stability, the need for internal
fixation, and the type of operative approach based on the

Pain
Pain is the most common first symptom of spinal metastases;
even in patients who present with neurologic deficit, careful
questioning will reveal that pain preceded the onset of neuro-
logic symptoms by days or weeks. The pain may be constant
or exacerbated by changes in position. It may be localized to
the site of the spinal metastasis, or it may be radicular and fol-
low a dermatomal pattern from compression of a nerve root
within the spinal canal or as it exits the spinal canal in one of
the bony neural foramina.

In the cervical spine, pain will characteristically radiate
from the neck to the shoulder, arm, or hand. Thoracic pain
may be localized to the spine or follow a dermatomal pattern,
unilaterally or bilaterally. In the lumbar region, metastases
commonly produce lower back pain; when radicular pain is
present, it involves the buttock, leg, and foot, and the patient’s
symptoms may be mistakenly ascribed to a lumbar disc herni-
ation. This is particularly true when spinal involvement is the
first presentation of metastatic disease.

Sensory Deficit
Loss or diminution of pinprick or light-touch perception in
the trunk may provide a general idea of the level of spinal cord
compression in the thoracic spine. Cervical spinal cord 
compression frequently does not produce upper extremity
sensory loss and results in an upper thoracic sensory level.
However, the presence of sensory loss or pain in a dermatomal
distribution involving an upper extremity may provide 
reliable localization of the site of the lesion.

Motor Deficit
Motor deficit may result from compression of the spinal cord,
nerve roots exiting from the spinal canal, or the nerves of the
cauda equina within the spinal canal. When the spinal cord 
is compressed, the motor deficit will usually be bilateral,
although it may be more pronounced on one side or the other.
Weakness of the upper extremities is evidence of compression
of the cervical spinal cord. Laterally placed cervical lesions
may compress a single root and produce unilateral motor
deficit confined to one or two muscle groups. Sphincteric dys-
function with urinary retention and loss of voluntary control
of the rectal sphincter resulting from cervical or thoracic
spinal cord compression is a late sign and is usually present
only when motor deficit is profound. However, with compres-
sion of the conus medullaris at the T11 through L1 levels,
bladder and bowel dysfunction tend to be among the first
symptoms.

With metastases at the L1 level and below, motor deficit will
result from compression of the peripheral nerves of the cauda
equina, and weakness is more likely to be unilateral or more
marked on one side than is the case when deficit results from
spinal cord compression. When compression at these levels is
severe or located centrally within the spinal canal, involve-
ment of the sacral nerve roots will produce sphincter dysfunc-
tion. With compression at lower lumbar levels, sphincteric
dysfunction may be severe, with simultaneous preservation of
proximal motor function in the legs.

Reflex Changes
Compression of the upper motor neurons contained within
the spinal cord may produce increased deep tendon reflexes.
Lower motor neuron dysfunction caused by cauda equina



exact extent and location of bone destruction. Axial images
taken at 1-mm intervals can be reformatted in the sagittal and
coronal planes to provide accurate delineation of the three-
dimensional bony anatomy of the lesion and to assess spinal
alignment (see Fig. 32–11C). This technique is particularly
valuable at the cervicothoracic junction or other regions that
are difficult to image on plain films.

In distinction to MRI, the intravenous administration of
iodinated contrast agents in CT will result in enhancement of
tumor and provide clearer definition of neural compression
within the spinal canal. Contrast administration may be help-
ful in defining the location of tumor when MRI is unavailable
or cannot be performed because of patient refusal or the pres-
ence of implanted cardiac pacemakers, or when metallic inter-
nal fixation devices from prior spinal surgery are likely to
preclude useful MRI examination.

Computed Tomographic Myelography
Myelography using iodinated contrast material placed in the
subarachnoid space followed by CT scanning has been used
infrequently since the advent of high-resolution MRI. Even
when MRI is unavailable or cannot be used, plain CT after
intravenous contrast administration is usually sufficient to
define the presence and extent of metastases. Myelography is

probably most useful in patients with internal fixation devices
who are suspected of having recurrent tumor. Because the
metallic implants will produce extensive artifact on MRI, CT
myelography may be the only imaging modality that can
define the extent of neural compression.

Spinal Angiography and Embolization
In the past, spinal angiography was performed preoperatively
in all patients before transthoracic or lumbar retroperitoneal
resection of spinal tumors. Because these approaches necessi-
tate ligation of radicular vessels supplying the vasculature to
the spinal cord, it was formerly believed that definition of the
arterial supply of the anterior spinal artery was essential to
avoid spinal cord ischemia and infarction. In practice, unilat-
eral ligation of three or even four adjacent radicular vessels is
safe, and spinal angiography is unnecessary except in reoper-
ations in which an approach is contemplated that is contralat-
eral to previously ligated radicular vessels. Additional ligation
of radicular vessels in this situation can result in spinal cord
ischemia and exacerbation of neurologic deficit.

Embolization of tumor vessels may be carried out at the
time of spinal arteriography. This technique may be helpful
for tumors that are known to be highly vascular such as
metastatic hypernephroma, melanoma, or thyroid tumors.
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BA
Figure 32–10 A, This anteroposterior projection plain film of the thoracolumbar junction shows loss of definition of the right pedicle of
L1 (arrow points to destroyed pedicle). B, In the lateral projection of the same patient, loss in height of the involved spinal level second-
ary to a pathologic compression fracture is notable. The relative preservation of the disc spaces adjacent to the metastatic lesion is an
important finding distinguishing this entity from osteomyelitis of the spine.



Metastatic breast neoplasms are infrequently highly vascular
and embolization is rarely necessary.

What considerations are most important 
in therapeutic decision making for 
spinal metastases?

Surgical resection of spinal metastases of carcinoma of the
breast is an important treatment option for palliation of pain

and prevention of irreversible neurologic deficit. Surgeons
have become increasingly aggressive in selecting patients for
operative resection and more radical in their choice of opera-
tive approaches.5–12 However, there has been a reluctance on
the part of some medical oncologists to refer their patients for
resection of spinal metastases because operative resection is
rarely curative, patients are frequently debilitated from their
systemic disease and prior treatments, and historically the
neurologic outcome after laminectomy was little or no better
than radiation and chemotherapy.6,13–18 It is now clear that
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Figure 32–11 A, Sagittal T1-weighted MRI of a metasta-
tic lesion confined to a single level at the thoracolumbar
junction. There is obvious compression of the subarach-
noid space by the epidural extension of the metastatic
tumor, which occupies about half of the spinal canal at
that level. B, Axial T2-weighted MRI of the same patient
shows the involvement of the entire vertebral body by the
tumor with right-sided extension into the spinal canal. C,
The sagittally reconstructed CT image confirms the com-
pression fracture caused by the metastatic tumor but also
confirms that the spinal canal encroachment is caused by
tumor and not destroyed bone.



properly timed resection of spinal metastases in selected
patients has an important role to play in their overall man-
agement.19–25

Indications for Nonoperative Management
The indications for radiation therapy and other forms of non-
operative management are listed in Table 32–15 and discussed
in detail in this section.

Patients who are found to have small metastatic lesions 
of the vertebral bodies without extension into the spinal canal
in the course of a routine evaluation for clinical staging 
are appropriate candidates for radiation therapy. Similarly,
patients who present with spinal pain and are neurologically
intact without imaging or clinical evidence of spinal cord or
cauda equina compression by tumor or spinal instability and
deformity may be managed initially with radiation therapy.
Patients with an expected survival of less than 3 to 4 months
are usually not candidates for spinal surgery, nor are those
who are so debilitated that they are unlikely to tolerate surgi-
cal intervention. If any of these patients has any evidence of
kyphotic deformity, then thoracolumbosacral orthotic brac-
ing or rigid cervical collars should be used, and bedrest should
be encouraged.

Patients with a complete neurologic deficit will not regain
useful motor function even if decompressed; thus, operative
decompression makes little sense. Even in patients with
preservation of sensation but absent motor function, return of
sufficient motor function to permit ambulation is exception-
al, and operative decompression must be approached with a
good deal of skepticism.

The patient with mild deficit (e.g., ambulatory but with less
than normal strength) may be a candidate for radiation ther-
apy provided that the total amount of tumor mass (and par-
ticularly that within the spinal canal) is small. Such patients
must be examined at least twice daily, and surgical consulta-
tion must be obtained at the moment that there is progression
of neurologic dysfunction. Patients with mild deficit should
be placed on corticosteroids, which are useful for pain pallia-
tion and may ameliorate neurologic deficits while radiation
therapy is being carried out.

Indications for Operative Management
The indications for operative management as the primary
treatment modality are listed in Table 32–16 and are discussed
in detail subsequently.

Patients who present with rapidly progressive neurologic
deterioration are unlikely to have amelioration of their deficit
with radiation or chemotherapy. Although administration of
high-dose corticosteroids (methylprednisolone, 250 mg every
6 hours) may result in temporary improvement of neurologic

function, recurrent deterioration is the rule, and such patients
are best referred for early surgical consultation. Although
patients who present with slowly progressive but severe deficit
(nonambulatory but with movement of the lower extremities)
may sometimes respond to radiation therapy, reversal of
deficit is more rapid, more complete, and more certain with
operative decompression. Moreover, operative intervention
removes the risk for deterioration during or after radiation
therapy.

In patients with neural compression, it is important to use
imaging studies to determine whether compression is caused
by a soft tissue tumor or partially destroyed vertebral body
that has retropulsed into the spinal canal. This distinction is of
great importance and frequently difficult to make on MRI
alone. Axial or sagittal CT scans will readily distinguish bone
from soft tissue tumor (see Fig. 32–11C). If there is bone in
the spinal canal, surgical decompression is indicated; radia-
tion therapy as the primary treatment in this situation is 
futile and will not prevent further neurologic deterioration.
Similarly, surgical therapy is also indicated when compression
is caused by spinal instability, subluxation, or kyphotic defor-
mity resulting from bony destruction.

Neurologic deterioration in patients who have been man-
aged with radiation therapy or chemotherapy as the primary
treatment is an indication for surgery. It is inexcusable for
patients who present intact or who have mildly impaired
motor function to be observed, because they deteriorate while
receiving radiation therapy. Although systemic chemotherapy
may decrease the size or slow the growth of metastatic lesions,
it has been our experience that chemotherapy is rarely effec-
tive in reversing neurologic deficit caused by spinal cord or
cauda equina compression from metastatic carcinoma of the
breast.

Patients with metastatic disease with a solitary spinal
metastasis and pain alone or pain with neurologic deficit have
received attention recently as a unique group with respect to
the indications for surgery. This group of patients is thought
to be among those who would reap the greatest benefit from
en bloc surgical resection of their tumor; en bloc resection
may be oncologically superior in reducing local tumor recur-
rence compared with traditional piecemeal resection.7,11,12,24

Adjunctive postoperative radiation therapy is recommended
in this group, but recent studies have suggested that preoper-
ative radiation leads to higher surgical complication rates
because of scarring and an increased incidence of wound
breakdown and infection.8,26,27,28 It must be emphasized, how-
ever, that a single metastasis to the spine without other sys-
temic disease is an exceedingly unusual phenomenon. Even in
patients without initial evidence of systemic metastases, dif-
fuse disease is usually present and will become manifest with
the passage of time.
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Neural compression secondary to retropulsed bone
Neural compression from spinal deformity
Spinal instability resulting from ligamentous and bony

destruction by tumor
Rapid progression of neurologic deficit
Failure of radiation therapy (after prior therapy or progression of

deficit during treatment)
Occult primary tumor

Table 32–16 Clinical Criteria Favoring Surgical Intervention as
Primary Treatment Modality

Radiation-responsive tumor
Moderately radiation-responsive tumor in a patient with little or

no neurologic deficit
Neural compression from soft tissue only
Expected survival less than 3–4 mo
Patient unlikely to tolerate surgical intervention
Complete neurologic deficit below the level of compression
Multiple vertebral body lesions at multiple spinal levels

Table 32–15 Clinical Criteria Favoring Radiation Therapy as
Primary Treatment Modality



What are the surgical approaches 
to spinal metastases?

More than 25 years ago, the reported results of surgical treat-
ment of metastatic disease of the spine followed by radiation
therapy were no better than radiation alone. In 1978, Gilbert
and colleagues,16 in a widely cited study, could find no differ-
ence in outcome when patients with metastatic spinal tumors
who had been treated with radiation therapy or surgery were
compared. Other authors who performed meta-analyses of
results reported in the literature reached similar conclu-
sions.6,13,14 The failure of surgery to improve on the results of
radiation therapy led Black29 in 1979 to state that “radio-
therapy alone should, in general, be the primary form of
treatment for spinal metastasis. Radiotherapy seems to be
superior to surgical decompression alone, and it is equally as
effective as a combination of operation and radiotherapy.”

In retrospect, the reasons for the unsatisfactory results 
of surgery are now clear. Surgical treatment at the time 
that Black and others did their reviews consisted almost 
exclusively of laminectomy, regardless of the location of the
tumor, extent of bony destruction, or presence of spinal de-
formity.6,30–35 Because most epidural metastatic lesions origi-
nate from the vertebral body, compression usually originates
anterior to the spinal cord or cauda equina. Laminectomy
with posterior decompression does little to relieve the ventral
pressure on the spinal cord. Attempts to remove anterior
tumor through a posterior approach usually result in manip-
ulation of the spinal cord and failure to remove the large bulk
of ventral tumor. In addition, the resected laminae are fre-
quently the only bony elements providing stability, and their
removal may lead to kyphosis with subsequent compression
of the spinal cord as the spine deforms further following the
operation.

The development of anterior approaches to the spine by a
number of groups23,36–40 revolutionized the ability of surgeons
to prevent or reverse neurologic deficit. An understanding of
spinal biomechanics and the application of internal fixation
techniques have enabled spinal surgeons to perform radical
resection of spinal tumors and vertebral elements while
retaining stability, preventing spinal deformity, and minimiz-
ing local recurrence. Although quality of survival is clearly
improved, it is not yet clear whether the length of survival is
affected.1,27,41,42

A detailed description of the operative techniques currently
used is beyond the scope of this discussion; however, the indi-
cations for various procedures and the general nature of the
approaches and the techniques available are informative and
aid the medical oncologist in understanding why particular
operative treatments are chosen by the spinal surgeon.

Thoracic Spine
The thoracic region is the most common location for spinal
metastases. Because the thoracic spine is stabilized by the rib
cage, even extensive bony destruction by vertebral metastases
may not compromise spinal stability or alignment. However,
the thoracic spinal canal is small in relation to the size of the
spinal cord, and relatively small volumes of intraspinal tumor
may result in profound neurologic deficit.

Because most thoracic metastases originate in the vertebral
body, decompression is most safely and effectively carried out

through anterior or anterolateral approaches. We prefer to use
a thoracotomy approach to the thoracic vertebral bodies.43

The vertebral body is resected along with epidural tumor. The
vertebral body is replaced with methylmethacrylate, which 
is molded to the contours of the bony defect.44 The strength 
of the methylmethacrylate fixation may be enhanced by
Steinmann pins or a stent of Silastic tubing filled with methyl-
methacrylate placed within the liquid cement before it hard-
ens, or with the use of plates or rods secured to the adjacent
vertebral bodies by intravertebral screws (Fig. 32–12). We usu-
ally avoid the use of bone grafts because of the limited life
expectancy of most patients and the high incidence of failed
fusion in patients who have been or will be treated with radi-
ation therapy.

Above the T11 level, resection of a single vertebral body
with acrylic vertebral body replacement will generally not
result in spinal instability, and no further treatment is indi-
cated provided that the posterior vertebral elements (laminae
and facets) remain intact. If two or more contiguous vertebral
bodies must be resected or if there is involvement of the pos-
terior vertebral elements, a second posterior incision is made,
and supplemental posterior fixation is used, usually during
the same anesthetic period. At T11 and T12, the point of tran-
sition from the relatively stable thoracic spine to the more
mobile lumbar spine junction, anterior instrumentation 
must be used or consideration given to the use of additional
posterior fixation devices (Fig. 32–13).

The lateral parascapular approach has been described and
may be used to achieve both anterior and posterior decom-
pression of the spinal cord with one incision through an
extrapleural approach.45 It has the disadvantage of providing
less direct access to the anterior aspect of the spinal cord; in
addition, it is difficult to place anterior fixation devices using
this technique. Other posterolateral approaches with resection
of the pedicle have been described, but these have disadvan-
tages similar to  those of the lateral parascapular approach.

Although laminectomy is contraindicated in patients who
have ventral compression of the spinal cord, its use is still
appropriate and effective in certain circumstances.42 In 15% 
to 20% of patients with spinal metastases, compression is
located only dorsally and may be effectively relieved with
laminectomy. If the vertebral body is not involved by tumor,
no additional surgical treatment is required. If the vertebral
body is involved but there is no anterior spinal cord compres-
sion, posterior fixation would be indicated.

If there is circumferential compression of the spinal 
cord, both anterior and posterior decompressive procedures
may be used.5,6,9,11,12,24,26 The anterior compressive lesion
would usually be treated first. Combined anterior and poste-
rior decompressive procedures (vertebral body resection and
laminectomy) will usually require the use of posterior 
fixation.

Lumbar Spine
The lumbar region is the second most common site of spinal
metastases. The spinal cord ends at about L1, and metastatic
spinal lesions below this level will affect the lumbar and sacral
nerve roots of the cauda equina. Anterior compression of neu-
ral elements in the lumbar spine may be treated with vertebral
body resection through a retroperitoneal approach. Because
of the greater mobility of the lumbar spine, anterior instru-
mentation is usually indicated after vertebral body resection
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Figure 32–12 A, Preoperative T2-weighted sagittal MRI of a T6 metastatic lesion with epidural extension of the tumor with associated
kyphotic deformity of the thoracic spine at that level secondary to pathologic compression fracture of the vertebral body. B, Lateral radio-
graph following transthoracic vertebral body resection, acrylic vertebral body replacement, and stabilization using Steinmann pins and
anterior thoracic rod, with supplemental posterior stabilization with a hook-and-rod construct.

A B
Figure 32–13 A, Postoperative lateral radiograph of a patient with a metastasis at the thoracolumbar junction. After resection of the
T11-L1 vertebral bodies through an anterior thoracolumbar approach, the vertebral bodies were replaced with methylmethacrylate, and
an anterior fixation device was placed. A second incision was then made to place a rod-and-hook construct posteriorly to provide addi-
tional stabilization. B, A postoperative anteroposterior radiograph of the same patient.
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and replacement with methylmethacrylate. If there is involve-
ment of the posterior vertebral elements or laminectomy is
indicated, supplemental posterior fixation will be necessary.

As is the case for the thoracic spine, laminectomy is indi-
cated when there is posterior compression of the dural tube.
Because the nerve roots of the cauda equina are much more
tolerant of manipulation than the spinal cord, laminectomy
may sometimes be appropriate and effective below the L1 level
to resect a tumor or tumor-involved vertebral body anterior to
the spinal cord. If the vertebral body is involved, placement of
posterior instrumentation will be necessary.

Cervical Spine
The cervical vertebrae are the least commonly affected region
of the spine with metastatic disease. Compression almost
always results from tumor extending out of an involved verte-
bral body or from the bone of a partially destroyed vertebral
body retropulsed into the spinal canal. Because the cervical
region is the most mobile segment of the spinal axis, vertebral
body involvement commonly results in kyphotic deformity.

Anterior compression is managed from the same anterior
approach used for spinal cord compression caused by cervical
disc herniations or degenerative disease. The vertebral body is
resected down to the dura, although extensive lateral resection
of tumor is limited by the vertebral arteries. If kyphotic defor-
mity is present, it may be corrected at the time of resection.
Steinmann pins may be placed in the vertebral bodies above

and below the one resected to secure the methylmethacrylate.
Alternatively, anterior cervical plates may be screwed to the
vertebral bodies adjacent to the one resected, stabilizing the
spine and preventing the acrylic from displacing. If there is a
kyphotic deformity or if laminectomy is also necessary for
decompression of posterior tumor, supplemental posterior
instrumentation may be appropriate (Fig. 32–14).

What are the outcomes of spinal 
surgery for breast cancer metastases?

There have been no large series in which the results of spinal
surgery for the treatment of breast metastases have been
specifically examined; however, 94% of our own patients with
a variety of metastatic tumors had improvement or stabiliza-
tion of their motor deficits after operation, and more than
90% were ambulatory.19 Other authors have reported similar
satisfactory neurologic results.3,11,22,25,28,46 Although the proce-
dures necessary to relieve neural compression are often exten-
sive, we had no mortality within 30 days of surgery in our
series.19

With increased length of survival as a result of aggressive
chemotherapy of systemic disease, a major problem has been
recurrence of local spinal disease in patients whose systemic
disease is otherwise well controlled. Although surgical resec-
tion of spinal metastases is not curative, it is now clear that

BA
Figure 32–14 A, Preoperative sagittally reconstructed CT view of the cervical spine showing the destruction of the vertebral body of C3
by tumor with a notable kyphotic deformity. B, Postoperative lateral cervical radiograph showing radiopaque acrylic vertebral body
replacement of C5 reinforced by an anterior cervical plate and supplemented by posterior cervical lateral mass plates spanning the level
of the anterior fusion.



aggressive reduction of tumor bulk will minimize the inci-
dence of local recurrence in patients with extended survival.
Our goal in patients with a single metastasis or well-
controlled systemic disease is removal of all grossly visible
tumor and all bone that is involved with tumor on imaging
studies. This may frequently entail total resection of all verte-
bral elements (spondylectomy) using combined anterior and
posterior surgery.7,9–11 This has been generally well tolerated
and appears to have minimized local recurrence.

Because neurologic outcome after surgery is closely related
to the patient’s preoperative deficit, it is essential that patients
be decompressed early before severe neurologic dysfunction is
present. It is therefore important that spinal surgeons share,
along with medical and radiation oncologists, in the formula-
tion of management strategies at the time of presentation.
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uveal metastases in a textbook and three atlases on ocular
tumors.22–26

What are the most common sites 
of ocular metastasis?

Metastatic tumors generally spread to the ocular region
through hematogenous dissemination. Metastases can occur
in the intraocular structures such as the uvea, retina, optic
disc, or vitreous cavity, and they can manifest in the adnexal
structures like the eyelid, conjunctiva, or orbit.11,27–33 Most
ocular metastases are detected in the uvea. The uvea is a vas-
cular bed located between the retina and sclera. It is composed
of melanocytes, sensory nerves, and a high-flow network of
blood vessels that provide nutrition to the outer layers of the
retina. The uvea is divided into the iris, ciliary body, and
choroid. In an analysis of 950 individual uveal metastases,
metastatic tumors occurred most often in the choroid (88%)
and less frequently in the iris (9%) or ciliary body (2%)11 (Fig.
32–15). Occasionally, metastases are located in the orbit.27–29

Rarely, ocular metastases are found in the eyelid, conjunctiva,
optic disc, or other structures.30–33

Uveal metastases most commonly originate from primary
cancers in the breast (47%), lung (21%), gastrointestinal tract
(4%), kidney (2%), skin (melanoma) (2%), prostate gland
(2%), and other sites (4%)11 (Table 32–17; Fig. 32–16). In
about 17% of all patients, the primary tumor site remains
unknown. Orbital metastases most frequently originate from
primary cancers in the breast (53%), prostate gland (12%),
lung (8%), skin (melanoma) (6%), kidney (5%), gastroin-
testinal tract (5%), and others (4%).27,28 In 7% of patients, the
primary site remains unknown.

At the time of presentation with a uveal metastasis, about
30% of patients had no known history of primary cancer.11

Subsequent evaluation of these patients revealed a primary
tumor most commonly in the lung (35%) and less frequently
in the breast (7%) and other sites (6%) (Figs. 32–17 and
32–18) Despite repeated evaluation, the primary site in these
select patients who present without a history of cancer
remains unknown in 51% of patients. Nearly half of such
patients with no detectable primary site died of diffuse
metastatic disease shortly after the ocular diagnosis.11

PATIENT FEATURES

Breast cancer is the most common malignancy to metasta-
size to the uvea, accounting for 39% to 49% of all uveal 
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How common are ocular metastases?

Historically, metastatic tumors to the eye were believed to be
rare. A classic ophthalmic textbook in 1966 stated that few
surgeons had observed more than one case of ocular metasta-
sis.1 It was later realized that ocular metastases were more
common, and over the past 43 years there have been several
reports on the incidence and prognosis of patients with
metastatic tumors to the eye.2–11 Albert and associates found
that 2% of 213 patients with known systemic cancer and
metastases had choroidal metastases.3 Bloch and Gartner
reported that 8% of eyes in 230 patients with autopsy-proven
carcinomas had histologically confirmed uveal metastatic
foci.5 Nelson and coworkers found in an autopsy study 
that 4% of patients dying of carcinoma had ocular metas-
tases.8 They estimated that in the year 1983, 22,000 patients
who died of cancer had ocular metastatic disease.8 As the life
expectancy of patients with cancer improves, it is expected
that the number of patients with ocular metastases will rise
accordingly.

Most reports on ocular metastases come from pathology
laboratories or from general cancer centers where patients
have had known primary cancers or metastatic disease and the
eyes were subsequently examined. These studies have focused
on the source of the primary tumor as well as on general clin-
ical and histopathologic features of the tumor (derived from
autopsy or pathology reports in some instances).2–6,8 Ocular
metastases on file at the Armed Forces Institute of Pathology
were reviewed by Hart in 19622 and Ferry and Font in 1974.6

There are only a few comprehensive reports on the clinical
features of ocular metastases from an ophthalmologic point of
view. In 1979, Stephens and Shields reviewed 70 cases of uveal
metastases and provided general details on the clinical find-
ings of these tumors.7 In 1997, Shields and coworkers report-
ed extensive detail on the clinical features and management of
uveal metastases in a large group of 420 consecutive patients.11

Others have focused on the features of uveal metastases from
specific primary sites such as breast,12–16 prostate,17 and
skin18–20 and carcinoid tumors.21 In 1987, Freedman and Folk
reported on the clinical aspects of metastatic tumors to the
choroid in 61 patients, and they addressed specifically the fac-
tors affecting the median survival time after ocular diagnosis.9

Later, Shields and Shields summarized their experience with
clinical features, diagnostic techniques, and management of

Ocular Metastases
from Breast Cancer
Carol L. Shields, 
Hakan Demirci, and 
Jerry A. Shields

VII
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88%

Figure 32–15 Anatomic location of 950 consecutive uveal
metastases.
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Uveal metastases are more commonly found in women,
primarily owing to the high frequency of breast cancer
metastatic to the eye. In an analysis of 450 patients with uveal
metastases from all primary cancer sites, the tumor was found
in men in 33% and women in 67%.11 Uveal metastases in men
originated from cancer of the lung (40%), gastrointestinal
tract (9%), kidney (6%), skin (melanoma) (4%), prostate
gland (6%), breast (1%), others (4%), and unknown primary
site (29%). Single cases of breast cancer metastatic to the eye
in men have been published.35 Uveal metastases in women

metastasis.3–11 In a review of 3802 breast cancer patients,
Kamby and coworkers reported that the five most common
sites of metastasis from breast cancer were the lung (71%),
bone (71%), lymph nodes (67%), liver (62%), and pleura
(50%).34 Ocular metastasis from breast cancer occurs in 
9% to 37% of patients, depending on the source of the
study.5,8,14 Uveal metastases represent the smallest detectable
lesions of systemic dissemination of breast cancer and occur
at a median of 3 years following diagnosis of the primary
tumor.14

Table 32–17 Uveal Metastases Related to Site of Primary Cancer in 520 Eyes of 420 Patients

*Mean.
GI, gastrointestinal.
Data from Shields CL, Shields JA, Gross NE, et al. Survey of 520 eyes with uveal metastases. Ophthalmology 1997;104:1265–1276.

Primary Site of Tumor

Breast Lung Kidney GI Skin Prostate Other Unknown

Eyes (n = 520) 260 108 19 10 11 11 20 81 

Patients (n = 420) 196 90 18 9 9 9 16 73

Age* (yr) (n = 420) 56 57 60 65 50 67 57 64

Race (n = 420)
White 175 80 17 9 9 8 15 67
African American 17 10 1 0 0 0 1 5
Other 4 0 0 0 0 1 0 1

Sex (n = 420)
Male 2 55 13 8 5 9 5 40
Female 194 35 5 1 4 0 11 33

Laterality (n = 420)
Unilateral 132 72 17 8 7 7 12 65
Bilateral 64 18 1 1 2 2 4 8

Symptoms (n = 520)
None 28 12 4 1 1 3 2 8
Blurred vision 192 68 14 5 4 7 12 59
Flashes, floaters 35 14 0 2 2 0 6 6
Pain 5 14 1 2 4 1 0 8

Other ocular metastases
Eyelid 1 0 0 0 1 0 1 0
Orbit 2 1 0 1 0 1 0 2
Conjunctiva 2 1 0 0 2 0 1 2
Retina 2 1 0 0 0 0 0 2
Optic disc 10 1 1 0 0 0 2 10

Location of uveal metastases
Iris (n = 43) 17 8 2 1 4 1 2 8
Ciliary body (n = 21) 4 2 2 1 3 1 1 7
Choroid (n = 479) 252 98 18 8 5 10 17 71

Number* of uveal metastases/location
If iris 2 1 1 2 1 1 7 1
If ciliary body 1 1 1 1 1 1 1 1
If choroid 2 1 1 1 2 1 1 2

Choroidal metastasis
Base (mm)* 8 9 9 8 7 9 10 8
Thickness (mm)* 2 3 4 4 1 3 2 3

Color (n = 479)
Yellow 249 90 17 5 0 9 12 66
Brown/gray 2 1 1 0 5 0 5 3
Orange 1 7 0 3 0 1 0 2

Shape (n = 479) 
Plateau 197 55 7 1 3 5 12 45
Dome 55 43 11 7 2 5 5 24
Mushroom 0 0 0 0 0 0 0 2



were from cancer of the breast (68%), lung (12%), gastroin-
testinal tract (2%), kidney (<1%), skin (melanoma) (1%),
prostate gland (0%), others (4%), and unknown (12%). In an
analysis of 264 patients with uveal metastases from breast can-
cer, the primary tumor was found in women in 99% and men
in 1%.15

What patient characteristics increase 
the risk for ocular metastases?

Ocular metastases from any primary site typically occur in the
sixth to seventh decades of life at a mean age at 58 years
(median, 58 years; range, 10 to 85 years).11 For breast cancer
metastasis, the mean age at diagnosis of the ocular metastasis
was 56 years (median, 57 years; range, 23 to 84 years).15

Most patients with ocular metastases from breast cancer
have a known history of breast cancer and previous nonocu-
lar metastases. Of 264 patients with uveal metastasis from
breast cancer, the eye finding was the first manifestation of
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breast cancer in 3%.15 In 14% of patients, the ocular metasta-
sis was the first metastatic site. The locations of systemic
nonocular metastases before and after the detection of ocular
metastasis are listed in Table 32–17.

Of those patients who develop ocular metastases, the mean
age at diagnosis of the primary breast cancer was 56 years
(median, 57 years; range, 23 to 84 years).15 The initial treatment
of breast cancer was radical or modified mastectomy (83%),
systemic chemotherapy (42%), external-beam radiotherapy
(27%), lumpectomy with or without lymph node dissection
(14%), and hormone therapy (4%). The axillary lymph nodes
were involved in 46% of patients who developed eventual uveal
metastases. At the time of diagnosis of the ocular metastases,
52% of patients were on systemic therapy, including
chemotherapeutic agents (36%), hormone therapy (20%), and
immunotherapeutic agents (2%). Uveal metastases developed
a mean of 65 months after the diagnosis of the primary breast
cancer (median, 48 months; range, 0 to 300 months).15

Intraocular metastases show a strong tendency to involve
the posterior uvea (choroid). Less commonly, the tumor
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Figure 32–16 Location of primary cancer in 420 patients
with uveal metastases.
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the initial manifestation. Ophthalmoscopic examination of a
choroidal metastasis characteristically reveals a homogeneous,
creamy yellow placoid lesion in the posterior choroid (Fig.
32–19; see also Fig. 32–18). Tumors that are slightly more 
elevated can produce a serous detachment of the retina and
alterations in the retinal pigment epithelium (RPE). The RPE
changes can be marked, appearing as well-delineated clumps
of golden-brown pigment on the surface of the tumor. In
some instances, the tumor may appear multinodular.

In some cases, a choroidal metastasis can be highly elevated
and have a dome shape, similar to a primary amelanotic
melanoma.36 The finding of multiple choroidal tumors in
such a case, however, is strong evidence for a metastatic tumor
rather than a primary melanoma, which is usually solitary.

Serous detachment of the sensory retina is associated with
choroidal metastases from breast cancer in 64% of cases.15 In
some instances the detachment involves only the fovea adja-
cent to the tumor, whereas in other cases it may be bullous.
When the detachment is extensive, dramatic shifting of the
subretinal fluid can be demonstrated with movements of the
patient’s head.

Several conditions can clinically simulate a metastatic can-
cer to the choroid and should be considered in the differential
diagnosis.37 These include amelanotic nevus, amelanotic
melanoma, hemangioma, osteoma, posterior scleritis,
retinitis and choroiditis, rhegmatogenous retinal detachment,
Harada’s disease, uveal effusion syndrome, and central serous
chorioretinopathy.23–26,37–39 A detailed history is often helpful
in making the differentiation, but the ophthalmoscopic differ-
ences are also very important. The specific clinical features of
the various tumors and pseudotumors are illustrated in text-
books.22–26 With some experience, the clinician can differenti-
ate simulating lesions from metastatic tumors by their typical
ophthalmoscopic features and by using ancillary diagnostic
procedures, to be discussed subsequently.

affects the iris or ciliary body. Rarely do metastases involve the
optic disc or retina. Of 361 eyes with uveal metastases, the
tumor was located in the choroid in 349 eyes, iris in 23 eyes,
and ciliary body in 2 eyes.15 Some patients had metastatic
tumors in more than one intraocular location.

In general, intraocular metastases commonly show multifo-
cality, bilaterality, or both. In an analysis of 520 eyes with uveal
metastases from all primary sites, the median number of
metastatic tumors per eye was 1, and the mean was 1.6.11

Furthermore, 370 eyes (71%) had 1 focus, 63 (12%) had 2
foci, and 87 (17%) had 3 or more foci, up to a maximum
number of 13 metastatic foci in one eye.11 The tumor was uni-
lateral in 76% and bilateral in 24% of patients. With regard to
ocular metastases from breast cancer, the tumor was uni-
lateral in 62% and bilateral in 38%.15 Of 99 patients (38%)
with bilateral uveal metastases from breast cancer, 85 (32%)
had bilateral involvement at the time of diagnosis, and 14
(5%) developed the second eye involvement after a mean 
follow-up of 10 months (median, 7 months; range, 2 to 33
months). The mean number of the uveal metastatic tumors
(from breast cancer) per eye was 2 (median, 1; range, 1 to 19),
and more than one metastatic focus was detected in 48%.15

What are the clinical features of 
ocular metastases?

The clinical features of metastatic tumors to the eye vary with
the location of the ocular tumor.23–26

Choroidal Metastases
The patient with a metastatic tumor to the choroid may be
asymptomatic or may experience painless blurred vision.
In rare instances, pain caused by secondary glaucoma can be

SECTION VI. MANAGEMENT OF METASTATIC BREAST CANCER656

Figure 32–18 Choroidal metastasis from lung cancer. The amel-
anotic choroidal mass was discovered in a patient with no known
cancer. Subsequent systemic evaluation revealed a primary lung
cancer.

Figure 32–19 Choroidal metastasis from breast cancer. The well-
circumscribed choroidal metastasis in the posterior pole of the eye
was discovered in a patient with breast cancer.



A choroidal melanoma is the most important lesion to dif-
ferentiate from a metastatic tumor.36 The melanoma is char-
acteristically pigmented but can be completely amelanotic
and closely resemble the color of a metastasis. The melanoma
is typically unilateral, solitary, and more elevated. An amelan-
otic melanoma frequently has large visible intrinsic blood ves-
sels and often assumes a mushroom shape from herniation
through Bruch’s membrane; these findings rarely occur with a
metastatic tumor.

A choroidal hemangioma can also resemble a metastatic
tumor in size, shape, and location.38 The distinct red-orange
color of most hemangiomas differentiates them from the yel-
low color of a metastatic tumor. A choroidal hemangioma is
classically unilateral and unifocal.

A choroidal osteoma characteristically appears as an amel-
anotic choroidal mass.39 Like a metastatic tumor, it is more
common in women. In contrast to a metastatic tumor, it has
an irregular but well-defined border and can show subretinal
neovascularization on the surface. We have seen one patient
who underwent three breast biopsies elsewhere because a
choroidal osteoma was suspected to be a metastatic cancer,
before the correct diagnosis was eventually established.
Ultrasonography and CT of a choroidal osteoma reveal echoes
characteristic of a calcified plaque.

A number of inflammatory processes of the fundus can sim-
ulate a choroidal metastasis. Certain viral and mycotic infec-
tions are more commonly seen in patients with systemic
cancer, thus making the differentiation even more difficult.
Patients with cytomegalovirus (CMV) retinitis often have a
history of cancer and are on chemotherapy. The yellow-white
areas of retinal necrosis may be bilateral and multiple. In 
contrast to metastatic tumors, they involve the retina rather
than the choroid, have an irregular border, and frequently
show surrounding and overlying retinal hemorrhages. Mycotic
retinitis or choroiditis also can resemble a choroidal metasta-
sis but is more likely to be associated with inflammatory signs.

Ciliary Body Metastases
Ciliary body metastases are often difficult to detect clinically.
They can masquerade as a chronic uveitis or secondary glau-
coma, and the affected patient may be treated with topical 
or systemic corticosteroids or glaucoma medications, while
the tumor remains undetected. Like primary ciliary body
melanoma, a ciliary body metastasis can produce a shallow
anterior chamber, subluxated lens, or cataract. Prominent
episcleral blood vessels can occur in the quadrant of the
lesion. In some cases, the ciliary body may be involved because
of anterior extension of a diffuse tumor from the choroid.
With time, some ciliary body metastases can extend through
the iris root into the anterior chamber. The differential 
diagnosis of a ciliary body metastasis includes many of the
same conditions that fall under the differential diagnosis 
of choroidal metastasis, except for those that affect only the
posterior pole, such as central serous chorioretinopathy,
choroidal hemangioma, and osteoma.

Iris Metastases
The clinical presentation of iris metastases can vary greatly.11,33

Some patients with iris metastases are visually asymptomatic
or have only mild symptoms. In some instances, however, pain
caused by inflammation or secondary glaucoma can be the
presenting manifestation. Occasionally, iris metastases are
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multiple and bilateral. Slit-lamp biomicroscopy reveals an iris
mass that is usually pink or white, depending on the intrinsic
vascularity. In some cases, iris metastases are friable, and
loosely cohesive cells settle in the inferior portion of the ante-
rior chamber angle, producing a pseudohypopyon, simulating
endophthalmitis (Fig. 32–20). The differential diagnosis of
metastatic tumors to the iris includes amelanotic melanoma,
leiomyoma, granulomatous iritis, and endophthalmitis.

Retinal Metastases
Metastatic tumors to the retina are extremely rare. Retinal
metastases are less cohesive than choroidal metastases and
may seed tumor cells into the vitreous. They sometimes
resemble a retinitis and can have associated exudation or
hemorrhage.

Optic Disc Metastases
Metastatic tumors can develop in the optic disc, and both
optic nerves can be involved simultaneously.32 Optic disc
metastases can clinically resemble papilledema, papillitis, or
various types of pseudopapilledema.

Vitreous Metastases
Metastatic tumors to the vitreous are extremely rare and 
generally occur in patients who have retinal or ciliary body
metastasis. Affected patients develop floaters, and vitreous
examination reveals clumps of tumor cells. The differential
diagnosis includes inflammatory vitritis, senile vitritis,
endophthalmitis, vitreous hemorrhage, synchysis scintillans,
asteroid hyalosis, and large cell lymphoma.

Conjunctival Metastases
Conjunctival metastases appear as a circumscribed or diffuse
pink mass with prominent feeder vessels.25,30,31 Most often,
they are found on the bulbar conjunctiva near the limbus and
can be multifocal. The differential diagnosis includes pingue-
cula, pterygium, conjunctivitis, squamous cell carcinoma, and
amelanotic melanoma.

Eyelid Metastases
Isolated eyelid metastasis from systemic cancer is rare. In 
most instances, an eyelid metastasis is an anterior extension 

Figure 32–20 Iris metastasis. The amelanotic papillary margin
metastasis on the iris originated from breast cancer and has shed
cells into the anterior chamber angle, causing tumor-related
hypopyon.



indicated. In men, the evaluation should be directed initially
toward a primary tumor in the lung; later, if the lung is 
normal, gastrointestinal tract, kidney, thyroid, pancreas, and
other organs are evaluated.

Fluorescein Angiography
IVFA is a method of imaging the vascularity within a
choroidal tumor and is sometimes helpful in the diagnosis of
a choroidal metastasis.11,22–26 In contrast to choroidal heman-
gioma and melanoma, most metastatic carcinomas are hypo-
fluorescent in the arterial and early venous phases and show
progressive hyperfluorescence in the subsequent phases.
Pinpoint foci of hyperfluorescence appear over the tumor in
the venous phase and persist into the late angiograms. There
may be moderate late hyperfluorescence of serous subretinal
fluid related to the metastatic tumor.

Indocyanine Green Angiography
ICG angiography provides detail of the choroidal vascular
pattern. Imaging of choroidal metastases with this technique
generally reveals mild hypofluorescence throughout the
angiogram, whereas choroidal melanoma shows gradual
hyperfluorescence over 5 to 10 minutes, and choroidal hem-
angioma shows bright hyperfluorescence within 1 minute.42

Ultrasonography
Ocular ultrasonography provides resolution within 1 mm and
is useful in the diagnosis of intraocular metastasis. A-scan
ultrasonography demonstrates a sharp initial spike and mod-
erate internal reflectivity. This is in contrast to malignant
melanoma, which usually shows relatively low internal reflec-
tivity. B-scan ultrasonography typically shows a choroidal
mass pattern with moderate to high acoustic solidity, overly-
ing subretinal fluid, and no choroidal excavation. In contrast,
melanoma shows relative acoustic hollowness.

Optical Coherence Tomography
OCT is a method of imaging the retina with high resolution of
8 mm. This technique allows for subclinical analysis of minor
subretinal fluid, retinal edema, and retinal pigment epithelial
changes associated with choroidal metastases. This can assist
in deciphering the exact cause of visual loss.

Computed Tomography
CT is used most frequently in the evaluation of metastatic
orbital tumors and less often for intraocular tumors. This 
technique can demonstrate the anatomic location and con-
figuration of orbital metastases as well as surrounding 
periorbital changes. It is important to evaluate the brain in all
patients with ocular metastasis from breast cancer because
brain involvement occurs in nearly 30% of patients (Table
32–18).

Magnetic Resonance Imaging
MRI is useful in delineating the anatomic location, configura-
tion, and internal tissue qualities of choroidal and orbital
metastases. It is superior to CT for soft tissue resolution, espe-
cially when using fat-suppression technique, orbital surface
coil, and gadolinium enhancement. In general, uveal metas-
tases are slightly hyperintense compared to vitreous on T1-
weighted images and hypointense compared to vitreous on

of an orbital metastasis. It appears as a noninflammatory 
mass and can resemble a chalazion, hordeolum, or basal cell
carcinoma.

Orbital Metastases
Orbital metastasis from breast cancer usually presents with
painless proptosis, ocular motility problems, or a palpable
mass.24,27–29 Enophthalmos, an uncommon finding, strongly
suggests metastases from scirrhous breast carcinoma; how-
ever, orbital varix, congenital orbital asymmetry, and post-
traumatic orbital fat atrophy can produce a similar picture.40

Orbital metastases are best visualized by CT or MRI and
appear most often as a diffuse, poorly circumscribed mass
within the orbital soft tissues. It is rare to find bilateral simul-
taneous metastases. The differential diagnosis includes 
orbital inflammatory pseudotumor, cavernous hemangioma,
neurilemoma, and lymphoma.

What are the clinical features 
of ocular paraneoplastic syndromes?

A paraneoplastic syndrome is defined as the malfunction of
an organ system from cancer in a remote site of the body
without the presence of metastases in that end organ.
Neurologic paraneoplastic syndromes include peripheral 
neuropathy, cerebellar degeneration, myasthenia gravis, and
motor neuron degeneration. Ocular paraneoplastic syn-
dromes include optic neuritis, external ophthalmoplegia,
and retinal disease.41 Retinal paraneoplastic syndromes consist 
of carcinoma-associated retinopathy (CAR), melanoma-
associated retinopathy (MAR), acquired cone dysfunction,
bilateral diffuse uveal melanocytic proliferation (BDUMP),
and Vogt-Koyanagi-Harada (VKH)-like syndrome. Breast
cancer can produce CAR and BDUMP. In CAR, the patient
notes night blindness, photopsia, transient obscuration of
vision, ring scotoma, and photophobia. In BDUMP, multiple
pigmented and nonpigmented uveal tumors develop along
with dilated episcleral vessels, rapid-onset cataract, anterior
uveitis, and serous retinal detachment.

Once an ocular metastasis is suspected, 
how is the diagnosis confirmed?

A number of ancillary ophthalmic procedures may aid in 
the diagnosis of metastatic tumors. These include a systemic
evaluation, intravenous fluorescein angiography (IVFA),
indocyanine green (ICG) angiography, ultrasonography, opti-
cal coherence tomography (OCT), CT, MRI, fine-needle aspi-
ration biopsy (FNAB), and surgical biopsy.

Systemic Evaluation
Once a metastatic tumor to the intraocular structures is 
suspected on the basis of ophthalmic examination, a detailed
systemic evaluation is mandatory. The patient’s history may
reveal a previous malignancy, which can be helpful in the
diagnosis. As mentioned earlier, however, many patients seen
by the ophthalmologist have no history of cancer. Initially, if
a female patient has a suspected metastatic tumor, breast 
and lung examination with appropriate ancillary studies is
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T2-weighted images.43 The associated retinal detachment is
hyperintense compared to vitreous on T1-weighted images
and isointense compared to vitreous on T2-weighted images.
Metastatic carcinomas show mild enhancement with gadolin-
ium. Orbital metastases show a hyperintense signal compared
to the suppressed orbital fat on T1- and T2-weighted images
and moderate gadolinium enhancement.

Fine-Needle Aspiration Biopsy
When the diagnosis of an ocular lesion is particularly difficult
to establish, FNAB is appropriate.23,44 This technique requires
exceptional skill for lesions within the eye, using indirect 
ophthalmoscopy to guide the needle through the pars plana 
of the ciliary body into the solid mass. For orbital lesions,
ultrasound or CT is employed for localization of deep lesions.
An adequate cytologic sample is obtained in nearly 90% of
cases.44 This is especially useful for patients who present 
with no previous cancer and in whom systemic evaluation is
nonrevealing.

Surgical Biopsy
Open surgical biopsy is commonly employed to diagnose
orbital, conjunctival, and eyelid metastases and less com-
monly for intraocular metastases. In such instances, complete
resection is performed if the tumor is circumscribed. For 
ill-defined lesions, incisional biopsy is performed. For intrao-
cular metastases, the biopsy is performed microscopically
through a scleral flap. Surgical biopsy obtains more tissue 
for the pathologist, but radiotherapy or chemotherapy 
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is generally indicated to eliminate tumor seeding at the 
biopsy site.

What are the pathologic characteristics 
of ocular metastases?

Because the intraocular structures and orbit have no lymphatic
channels, metastatic tumors reach these sites by hematoge-
nous routes. Probably because of its marked vascularity, the
uvea is the location of most ocular metastases, especially the
posterior portion of the choroids.

Gross examination of an eye with metastatic carcinoma
usually reveals one or more diffuse or nodular amelanotic
tumors in the uvea. In rare instances, the mass is highly ele-
vated with a dome shape, similar to that of choroidal
melanoma, but melanoma is generally pigmented.

Low-power magnification of a metastatic carcinoma reveals
a placoid or diffuse mass, often with an overlying serous
detachment of the sensory retina. Well-differentiated tumors
may retain certain histologic or histochemical features of the
primary tumor. Breast metastases typically appear histologi-
cally as solid epithelial nests or glandular structures. It is
important to differentiate a primary adenocarcinoma of the
retinal pigment epithelium, ciliary body epithelium, or iris
pigment epithelium from a metastatic adenocarcinoma.

What are the treatment options 
for ocular metastases?

The preferred treatment for an ocular metastasis from breast
cancer depends on the location, extent, activity, and symp-
toms related to the ocular tumor as well as the patient’s sys-
temic status.22–26,45 Management may involve observation
alone, chemotherapy, hormone therapy, laser treatment, irra-
diation, or surgical resection.

Observation
Some metastatic tumors to the eye are inactive and require no
treatment. They may have regressed spontaneously, or they
may have regressed following systemic treatment of the pri-
mary breast cancer months or years previously. With some
experience, the ocular oncologist can recognize such inactive
metastasis. When located in the choroid, they are generally flat
tumors with pigment epithelial clumping on the tumor sur-
face and without retinal detachment.

Chemotherapy and Hormone Therapy
Active tumors, characterized by a homogeneous mass with a
secondary retinal detachment, usually require treatment. In
general, if the patient is asymptomatic and the eye tumor
appears to be controlled with the chemotherapy or hormone
therapy that is being used to treat the systemic disease, then no
specific ocular treatment is indicated. The patient should be
followed at 2- to 4-month intervals for documentation of
tumor and visual status.

Laser Photocoagulation and Thermotherapy
Rarely, choroidal metastases are treated with laser photo-
coagulation or thermotherapy. This is employed only for

Table 32–18 Locations of Systemic Nonocular Metastases
Before and After the Uveal Metastasis Was Established in 264
Consecutive Patients with Uveal Metastasis from Breast Cancer*

*Some patients had more than one treatment modality; some patients
had systemic metastases in more than one location. 

Data from Demirci H, Shields CL, Chao A, Shields JA. Uveal metastasis
from breast cancer in 264 patients. Am J Ophthalmology 2003;136:
264–271.

Location of Systemic Metastases No. of Patients (%)

Diagnosed Before the Ocular Metastasis Was Established
Lung 71 (27)
Long bone 68 (26)
Chest wall 19 (7)
Spine 17 (6)
Liver 14 (5)
Other breast 16 (6)
Brain 15 (6)
Skin 10 (4)
Skull 8 (3)
Others 6 (2)
None 116 (44)

Diagnosed After the Ocular Metastasis Was Established
Brain 73 (28)
Lung 64 (24)
Long bone 64 (24)
Liver 37 (14)
Spine 22 (8)
Chest wall 18 (6)
Skull 10 (4)
Skin 5 (2)
Others 14 (5)



small tumors located outside the macular region. Methods of
laser treatment using diode red, diode green, or argon laser
can be applied to small choroidal metastases measuring less
than 5 or 6 mm in base dimension.46 Thermotherapy, using a
large spot diode laser to heat the tumor to a subphotocoagu-
lation level, is gaining some interest. These methods, however,
are damaging to the normal retina and induce a dense 
scotoma. For this reason, most clinicians prefer focal treat-
ment with radiotherapy rather than methods of laser or 
thermotherapy.

Radiotherapy
If the patient has an active choroidal metastasis, external-
beam irradiation is generally effective in controlling the
tumor.47,48 The entire uvea or orbit is irradiated, with about
3000 cGy delivered in divided doses over 3 weeks.47,48 Plaque
brachytherapy is a method of focal radiotherapy using an
implant with radioactive sources. The implant is surgically
applied to the eye to deliver a radiation dose to a select region.
This minimizes radiotherapy to surrounding normal struc-
tures. Plaque brachytherapy is employed for circumscribed
tumors measuring less than 18 mm at the base and less than 
10 mm in thickness.49 The benefit of plaque brachytherapy is
the speed of treatment—it takes only 2 to 4 days to deliver the
dose. This is important for patients whose life expectancy is
limited because it occupies less time of their remaining days
than other methods of radiotherapy.49

After radiotherapy, choroidal metastases decrease in tumor
thickness on ultrasonography, and secondary retinal detach-
ment resolves, often with improved visual acuity. Rudoler and
associates found that external-beam radiotherapy provides
globe preservation in 98% of patients, with visual improve-
ment or vision better than 20/200 in 57% of patients.47,48

Ocular radiation complications were found in 12% of
patients.47,48

Surgical Excision and Enucleation
In some instances, enucleation or local surgical excision of an
intraocular metastasis may be justified. Uncontrollable large
tumors occasionally require enucleation for intractable pain
caused by secondary glaucoma. However, chemotherapy or
radiotherapy, rather than enucleation, should generally be
considered first. Local excision of a tumor that has metasta-
sized to the eyelid, conjunctiva, orbit, and occasionally the
intraocular structures is justified in certain instances. This
technique is useful for both diagnostic and therapeutic 
reasons.

What is the prognosis of the 
patient with ocular metastases?

In general, the life prognosis is poor for patients with metasta-
tic tumors to the ocular structures.9,15 Patients with breast car-
cinoma metastatic to the uvea have a mean survival of 18
months, which is better survival than for patients with metas-
tases from lung cancer (mean, 6 months) or cutaneous
melanoma (mean, 1 month).9 Data collected from our depart-
ment showed Kaplan-Meier survival estimates for patients
with uveal metastasis from breast cancer to be 65% at 1 year,
34% at 3 years, and 24% at 5 years.15

SUMMARY

Breast cancer metastatic to the eye most commonly is 
detected in the choroid and much less often in the orbit, con-
junctiva, eyelid, ciliary body, iris, retina, and optic nerve. In
16% of patients, the ocular metastasis is the first metastatic
site, and in 3% of patients, it is the initial manifestation of
breast cancer. Survival is poor, at 24% by 5 years.
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What is the role of surgery in the treatment 
of breast carcinoma metastatic to the lung?

The treatment algorithm for patients with breast cancer who
are found to have pulmonary metastases remains controver-
sial. Although most patients who develop breast cancer metas-
tases die from complications of their disease,1 new treatment
options have increased median survival times in selected
patients.2 Furthermore, recent retrospective studies based 
on tumor registries,3 as well as observational studies,4,5 have
described favorable outcomes for selected breast cancer
patients with isolated pulmonary metastases who undergo
surgical resection, compared with historical controls. These
findings have made a valid case for surgical resection of iso-
lated pulmonary metastases in selected breast cancer patients.

How is the diagnosis of lung metastasis made?

In the absence of endobronchial lesions or large malignant
effusions, most patients with lung metastases are asympto-
matic at the time of diagnosis. Pulmonary metastases tend to
be peripherally located, often identified during pretreatment
staging workup or post-treatment surveillance. Some patients
may develop symptoms such as cough, shortness of breath, or
hemoptysis, all of which merit further evaluation. Chest radio-
graphs, frequently obtained as part of preoperative evalua-
tion, should be part of the routine surveillance of patients
with newly diagnosed breast cancer. If a patient develops
symptoms or if a pulmonary nodule is discovered inciden-
tally, further imaging studies, particularly a CT scan of the
chest, ought to be pursued. Isolated involvement of the 
lung and pleural space occurs in 15% to 25% of women 
with metastatic breast cancer.6 Before pursuing thoracic sur-
gical intervention, evaluation should include CT scanning of
the chest and abdomen and a bone scan to exclude widely 
disseminated disease.

Tissue biopsy may be obtained by transthoracic or trans-
bronchial needle biopsy or surgical biopsy. Distinguishing
breast carcinoma from primary lung carcinoma may be diffi-
cult without immunohistologic stains. Several antibodies
indicative of breast cancer origin have been described, includ-
ing estrogen and progesterone receptors, GCDFP-15, and 
S-100, whereas expression of thyroid transcription factor-1
(TTF-1) identifies lung adenocarcinomas.7 If transbronchial

Thoracic Metastases
from Breast Cancer
Jason P. Shaw and 
Lawrence R. Glassman

VIII



or transthoracic needle biopsy is nondiagnostic, surgery is
indicated to make a diagnosis.

What are the goals of metastasectomy?

Resection of a new pulmonary nodule in a patient with a 
history of breast cancer may be indicated to aid diagnosis 
and guide further therapy, and in selected cases to achieve
possible curative resection. About 3% of all women with
breast cancer develop a solitary pulmonary nodule detectable
on chest radiograph8,9; however, only 30% to 40% of those
nodules prove to be metastases; of nonmetastatic nodules,
most represent primary lung tumors. All solitary lung nodules
should be biopsied or resected because nearly half are a new
primary lung cancer, especially among smokers.10 The chal-
lenge for the clinician remains in selecting which patients
would benefit most from surgical resection of lung metastasis
and having clear treatment goals to justify the morbidity of
surgery.

What palliative treatments may be beneficial?

Less commonly, resection of a metastatic lesion in a breast
cancer patient may be considered for palliation. Patients may
develop obstructive symptoms or hemoptysis secondary 
to tumor invasion of mainstem bronchi. Treatment of the
endobronchial lesion may include external-beam radiation,
endobronchial radiation (brachytherapy), laser therapy, or
endobronchial resection and stenting of the obstructed airway
to improve bronchial patency.

What factors must be considered 
in selecting operative candidates?

The same criteria that apply to patients undergoing pul-
monary metastasectomy for other primary tumors apply to
those with breast cancer:

• Controlled or controllable primary tumor
• Tumor completely resectable
• No extrapulmonary spread detectable
• No local recurrence
• Adequate cardiopulmonary reserve to tolerate the proposed

lung resection

In addition, several other patient- and tumor-specific fac-
tors ought to be considered because of their prognostic signif-
icance. Positive postsurgical outcomes have been associated
with a long disease-free interval (DFI),3,11,12 complete resec-
tion of the tumor,3,9,13 and positive ER status.13 Although ER
status and DFI may be easily obtainable, preoperative deter-
mination of whether pulmonary metastases are amenable to
complete resection occasionally poses a formidable challenge
to the surgeon. Complete surgical resection is predictive of a
favorable outcome, whereas the number of metastases alone is
not. Causes of incomplete resections include tumor involve-
ment of lymph nodes, chest wall, or diaphragm and inade-
quate or short margins of resection.3 For these reasons,
preoperative imaging studies are crucial in patient selection
and for planning operative strategy.
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What is the best surgical approach?

Surgery may proceed after appropriate preoperative evalua-
tion has been completed and the patient deemed a suitable
surgical candidate. The surgical approach and extent of pul-
monary resection must be individualized. For solitary or uni-
lateral disease, the standard approach has been a small lateral
thoracotomy that permits complete palpation of the lung to
assess for metastases not seen on CT scan. Options for resec-
tion of bilateral disease include median sternotomy, staged or
sequential lateral thoracotomies, or bilateral transsternal tho-
racotomy, also known as a “clamshell” approach.

More recently, video-assisted thoracic surgery (VATS) has
become an important technique and may be used in certain
circumstances, primarily to aid in diagnosis. The use of VATS
for routine resection of pulmonary metastases remains con-
troversial. The same principles that apply to an “open” case
ought to apply to VATS in terms of obtaining complete resec-
tion. In a prospective trial evaluating the efficacy of VATS for
metastasectomy, McCormack and colleagues found that 10 of
18 patients had additional malignant lesions found at thora-
cotomy after “complete resection” by VATS.14 The study was
set to accrue 50 patients but was closed early with a 56%
incomplete resection rate of VATS. It should be noted, how-
ever, that this study pre-dates the use of spiral CT scans, which
have been shown to be more sensitive in detecting additional
pulmonary lesions that might otherwise be missed by tradi-
tional CT scans.15

An ideal case for the VATS technique would be the patient
whose lesion has been followed for longer than 3 months in
whom no additional lesions have developed; technically, the
lesion should be solitary, peripheral, and easily resectable with
a superficial wedge. Lesions deeper in the parenchyma or close
to the hilum are less well suited to resection by VATS. As a 
rule, metastasectomy should include an adequate margin of
normal surrounding tissue, whereas resection for a primary
lung carcinoma requires a formal lobectomy. Conservative
nonanatomic resections are ideal for metastasectomy because
they preserve lung function and allow for complete resection
with a minimal risk for local recurrence. Because many metas-
tases are small and may not be detected by preoperative imag-
ing studies, direct intraoperative palpation of the atelectatic
lung may enable the detection of occult nodules. At this time,
we generally favor an open approach, using VATS on a case-
by-case basis.

What is the long-term survival 
after metastasectomy?

Long-term results of resection of pulmonary metastases vary
and are largely based on retrospective and observational data
from heterogeneous patient populations. Nonetheless, the
data are encouraging. Retrospective data from a tumor reg-
istry of 467 patients undergoing metastasectomy for breast
cancer revealed a 5-year survival rate that ranged from 13% 
to 50%, with cumulative 5- and 10-year survival rates of
35% and 20%, respectively.3 A recent retrospective single-
institution study16 showed a 5-year survival rate of 45% with
surgery. These results compare favorably with historical 
controls; however, there are no randomized trials published to



date comparing surgery and adjuvant therapy to adjuvant
therapy alone.

How often do pleural effusions develop in 
breast cancer patients? What causes them?

Breast carcinoma is the most common cause of malignant
pleural effusions in women and the second most common
cause in general. Over the course of their disease, 7% to 11%
of breast carcinoma patients develop malignant pleural effu-
sions.17–19 Although autopsy studies show pleural disease in
about half of all breast cancer cases,20 many patients are
asymptomatic. Pleural effusions may be caused by obstruction
of lymphatic drainage by tumor.21 Pleural implants, lymphan-
gitic spread to mediastinal or internal mammary nodes, or
tumor cell suspension in the pleural space may all result in
increased pleural osmotic pressure. Additionally, the inflam-
matory response to any of the above may result in increased
capillary permeability, resulting in an accumulation of pleural
fluid. Malignant effusions need to be differentiated from other
common causes of effusions, including infection, congestive
heart failure, and hypoalbuminemia.

How are malignant effusions diagnosed?

A new pleural effusion in a patient with a history of breast car-
cinoma should be viewed as secondary to malignancy until
proven otherwise. A malignant pleural effusion is defined by
the presence of malignant cells within the pleura or pleural
fluid. In most cases, a diagnosis can be established by pleural
fluid cytology or percutaneous pleural biopsy. Fluid cytology
has a diagnostic yield of 60% to 70%, is easily performed,
and is often therapeutic as well as diagnostic.19,21,22 Large- 
volume and repeat taps may increase the diagnostic yield.
Percutaneous pleural biopsy has a diagnostic yield of about
45%, is more difficult to perform, and is less clinically appli-
cable. Malignant pleural effusions are usually exudative, often
bloody, with low glucose concentration. Specific markers,
such as carcinoembryonic antigen levels, although not spe-
cific for breast carcinoma, may be elevated. If fluid cytology is
nondiagnostic, thoracoscopic pleural biopsy should be con-
sidered because it has a sensitivity approaching 95%.19 Once a
diagnosis is made, further treatment is initiated.

How should malignant effusions be managed?

The algorithm for the evaluation and treatment of a breast
cancer patient with a pleural effusion is similar to that for any
patient with a suspected malignant effusion, keeping in mind
a few important differences. In general, patients with malig-
nant effusions secondary to breast cancer have a better prog-
nosis than those with effusions secondary to lung, gastric, or
ovarian cancer.21 Some patients may have a good response to
chemotherapy,22,23 with documented cases of resolution after
initiation of chemotherapy.24,25 However, treatment remains
palliative, with more aggressive or surgical approaches
reserved for cases of recurrent effusions in symptomatic
patients who have failed medical therapy or with trapped
lungs.
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The approach to managing malignant effusions should be
individualized to each patient, taking into account the degree
of symptoms, the patient’s general condition and expected
survival, and the response of the primary tumor to systemic
therapy. If the patient is asymptomatic, observation is a valid
option. For the symptomatic patient with limited survival 
and very poor performance status, repeat pleurocentesis is a
satisfactory option. Insertion of an indwelling tunneled soft
catheter such as the PleurX system (Denver Biomaterial,
Denver) allows for chronic home drainage of the effusion and
avoids unnecessary hospitalization. Freedom from recurrent
effusion may be as good with such an approach as with scle-
rosants22; however, randomized trials are underway at the
present time. Most malignant effusions recur after thoracen-
tesis or tube thoracostomy alone. Standard practice combines
drainage with pleurodesis unless the patient is too debilitated
to tolerate the procedure. It is crucial to confirm good lung 
re-expansion following the initial drainage of pleural fluid 
before attempting pleurodesis. Pleurodesis with sclerosis
using bleomycin26 or sterile talc as a slurry is the current pro-
cedure of choice, with both treatments having efficacy rates in
the range of 75%.27

What is the management of patients 
who have failed pleurodesis or 
have a trapped lung?

For patients with a trapped lung or in whom attempts at pleu-
rodesis have failed, several options are available for palliation.
Options include intermittent drainage using an indwelling
pleural catheter or VATS to facilitate lung re-expansion 
by removal of the “visceral peel,” with or without partial
pleurectomy.28

Indwelling pleural drainage tubes can be inserted under
local anesthesia and may be drained intermittently by the
patient or caregiver at home when the patient is symptomatic.
They have been shown to be safe and effective and are a 
good treatment option for patients with poor performance 
status.28,29

Pleuroperitoneal shunting is also an option. Pleuro-
peritoneal shunts are unidirectional catheters with a valved
pumping chamber that facilitate passage of pleural fluid to the
peritoneal cavity (Denver shunt, Codmen and Shurtleff,
Randolph, MA). The shunts can be inserted using a modified
Seldinger technique or through thoracoscopy or minithoraco-
tomy. Although the catheters can be inserted with a low mor-
tality and morbidity, they are easily obstructed by fibrinous
debris.30 Additionally, they require that a patient or caregiver
actively compress the pump chamber at regular intervals. For
these reasons, pleuroperitoneal shunts are a less attractive
option.

VATS with or without partial decortication or pleurectomy
is a highly effective method of achieving successful pleurode-
sis31 as well as biopsy of the tumor. It also has the advantage of
allowing concurrent drainage and pleurodesis. VATS pleu-
rodesis also has the added benefit of ensuring that insufflated
talc is uniformly delivered to the pleural surface and that chest
tubes are optimally positioned under direct vision. It does
require that the patient be able to tolerate general anesthesia
and single-lung ventilation, and it may be associated with
higher costs than pleurodesis through tube thoracostomy.32



tissues surrounding the irradiated field. The affected area
of chest wall may frequently be infected or less often may
harbor residual tumor, both of which situations pose par-
ticular challenges for the surgeon.

3. Local recurrence may involve tumor invasion of the muscu-
loskeletal elements underlying the breast. Often, this
occurs in the setting of prior irradiation or infection. Local
recurrence may follow several patterns, including primary
involvement of internal mammary chain nodes or direct
invasion of ribs or chest wall musculature. Local recurrence
may cause pain and produce a cosmetically displeasing
ulcerated mass, both of which are indications for palliative
resection. Some authors have advocated a disease-free
interval of longer than 2 years as the criterion for selecting
candidates for resection of the chest wall recurrence for
local failure.25

What should the preoperative 
evaluation include?

A thorough history and examination may give clues as to the
aggressiveness of the tumor and overall prognosis. A chest
wall recurrence carries a worse prognosis in a patient who has
undergone prior modified radical mastectomy than in a
patient who has undergone prior breast-conserving therapy
(i.e., lumpectomy and radiation). Physical examination may
give clues to the extent of the disease. Short disease-free inter-
val, rapid growth, overlying skin fixation, and pain may 
portend a worse prognosis. Preoperative radiologic evaluation
should include a chest radiograph and either a CT scan or
MRI of the chest to assess the extent of disease. Incisional or
needle biopsies of the lesion may help confirm a diagnosis of
suspected chest wall recurrence. Preoperative lung function
testing should be obtained if a patient has known intrinsic
lung disease or poor respiratory reserve, especially if there 
is a chance that the patient may require concomitant lung
resection.

What are adequate margins of resection?

We advocate en bloc resection of all involved ribs and one
additional rib cephalic and caudal to the lesion. A minithora-
cotomy enables manual inspection and palpation of the inner
surface of the chest wall and assessment of underlying viscera.
Involvement of the great vessels precludes resection. If feasi-
ble, a 5-cm margin of clinically normal-appearing tissue in all
planes is advocated in the hope of obtaining 1- to 2-cm histo-
logic margins. Although frozen sections of soft tissues may aid
in confirming tumor-free margins, some tissues, such as bone,
are not amenable to frozen section, and thus sound clinical
judgment is paramount. Adequate resection of the diseased
tissues is important to provide healthy, viable margins on
which subsequent chest wall reconstruction relies.

What are the goals for reconstructing 
the chest wall?

Chest wall reconstruction must adequately remove all devital-
ized or tumor-involved tissue, restore rigidity to prevent a 

Pleurectomy is the most effective form of ensuring success-
ful pleurodesis and prevention of recurrence of a malignant
effusion; however, it is associated with high morbidity and
mortality rates and is not generally recommended.11,33 Its use
should be reserved for patients with trapped lung who have a
long expected survival and who are in good general condition.

What is the best method for 
pleurodesis (timing, size of tube, 
sclerosing agent, patient rotation)?

Successful pleurodesis may be achieved through small-bore
chest tubes.34 Smaller chest tubes usually cause less discomfort
and are better tolerated by the patient; however, they may
become more easily occluded, requiring repeat chest tube
insertion. For that reason, we prefer to use a medium-sized
chest tube in the range of 20 to 28 French. In addition, the
amount of daily pleural fluid drainage should be relatively low,
in the range of 100 to 200 mL/day, before initiation of scleros-
ing therapy. Talc is the most effective agent for use under gen-
eral anesthesia; other agents, including bleomycin, may be
equally effective.35 Talc has been shown to be superior to other
agents, including tetracycline or bleomycin in several trials,
including one that examined malignant effusions secondary to
breast cancer.36 Once the sclerosant is administered, the chest
tube should be clamped or placed to water seal for 1 to 3 hours.
Patient rotation has been proposed to facilitate distribution of
medication throughout the pleural cavity. This practice has
not been validated in clinical trials; nuclear tracers injected
into the pleural cavity are distributed widely after a short inter-
val. A prospective randomized trial suggested that patient rota-
tion did not contribute to success of talc pleurodesis and was
associated with increased patient discomfort.37 There appears
to be a similar success rate of pleurodesis using talc slurry
through a chest tube, as through talc insufflation (“poudrage”)
with VATS. The decision for sclerosis under general anesthesia
should be tailored to the needs of the patient.32

In which patients with breast cancer is 
chest wall reconstruction indicated?

Breast cancer patients may require chest wall resection and
reconstruction for palliation of pain or for removal of an
ulcerated mass that produces significant discomfort. This is
best accomplished with a multidisciplinary approach, includ-
ing thoracic and plastic surgeons, as well as medical or radia-
tion oncologists to help provide the best chance of local
control. There are primarily three scenarios in which breast
cancer patients might require chest wall resection:

1. Locally advanced disease. Although most breast cancers are
detected earlier with modern screening strategies, occa-
sional patients may present with advanced local disease
and direct chest wall invasion. Invasion of the ribs or inter-
costal musculature requires en bloc full-thickness chest
wall resection. Recurrence with solitary disease in the inter-
nal mammary lymph node region may also be treated with
chest wall resection and reconstruction.

2. Radiation necrosis, often seen 15 to 20 years after comple-
tion of therapy, results from ischemia and damage to soft
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flail chest, and provide adequate soft tissue coverage to close
the pleural space and protect the underlying viscera.
Reconstruction should provide a tension-free closure with
healthy tissue coverage. Careful preoperative planning with
plastic surgery consultation should allow for a satisfactory
result in all cases.

What are the surgical options 
for reconstruction?

Reconstruction of the chest wall must be individualized,
taking into account the size and location of the defect, the
presence or absence of associated infection, and the general
condition of the patient. Options for reconstruction include
autologous materials (e.g., muscle flaps) or prosthetic grafts
including polytetrafluoroethylene (PTFE) or Prolene mesh
with or without the use of methylmethacrylate to add struc-
tural rigidity. A retrospective study demonstrated no dif-
ference in outcomes between Prolene and PTFE for
reconstruction, and both were shown to be safe.38 Frequently
used regional flaps include latissimus dorsi, pectoralis major,
and rectus abdominis flaps. Occasionally, an omental flap can
be used if regional myocutaneous flaps are not an option.39 In
the presence of significant potential infection, the need to
avoid foreign materials should prompt consideration of
reconstruction using completely autologous material. This
may lack the structural support of the prosthetic materials but
is less likely to be complicated by ongoing sepsis.

The choice of flap is based on the size of the defect as well
as the region of chest wall affected. Each pedicled flap is teth-
ered by its blood supply, although more complicated free
myocutaneous flaps may overcome this obstacle and help in
closing larger defects. Split-thickness skin grafts may be
required for coverage of donor sites. Chest wall stabilization is
required for most full-thickness breast resection defects, par-
ticularly if they are large, laterally located involving the curve
of the ribs, or involving a significant part of the sternum, or if
the patient has poor pulmonary function.
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systems and allows direct access of cells to the bone from dis-
tant anatomic sites.

Bone metastases stimulate bone resorption and osteolysis
primarily through direct or indirect stimulation of osteoclasts.
Cancer cells secrete cytokines that stimulate osteoclasts to
resorb bone. Passive hyperemia that occurs secondary to the
presence of neoplasm also results in stimulation of local
osteoclasts. Less prominent mechanisms may include direct
resorption of bone by the tumor cells through production and
secretion of proteinases that degrade bony matrix.9,10 In most
instances of breast cancer metastases, the osteoblasts respond
to the enhanced osteoclast activity by laying down new bone.
This osteoblastic response appears as sclerosis on a plain 
radiograph.

TREATMENT GUIDELINES

What is the best diagnostic radiographic 
screening technique for bone metastases?

Early detection of skeletal metastases permits prompt inter-
vention that may have a significant impact on the quality of
life. Pain may be absent in up to 50% of patients with skeletal
metastases.11 Thus, early detection through periodic surveil-
lance with bone scintigraphy may be justified.12 99mTc-
scintigraphy is the best screening method for bony metastases.
In the skeletal phase of the scan, lesions usually appear as
localized areas of uptake owing to the osteoblastic response
induced by the metastatic deposit. Lesions as small as 2 mm
can be detected.13 Bone scans demonstrate skeletal involve-
ment much earlier than plain radiographs. In order for a
lesion to be visualized on a plain radiograph, 30% to 50% of
the bone must be destroyed. False-negative bone scans typi-
cally occur with tumors that do not evoke a significant
osteoblastic response, such as myeloma. False-negative bone
scans are unusual in breast cancer patients, however, because
breast cancer metastases invariably evoke a mixed osteolytic
and osteoblastic response.14 Bone scintigraphy is an excellent
tool for screening for occult metastases, determining multiple
sites of disease throughout the body or in the same bone, and
monitoring response to treatment. However, bone scan does
not provide any information about the structural integrity of
bone. Plain radiographs or CT or MRI scans must be corre-
lated with the bone scan.

Plain radiography is often the first radiographic study per-
formed on breast cancer patients who present with pain refer-
able to a specific bone or joint. Plain radiography is also
performed as a correlate to a positive bone scan during rou-
tine surveillance in an asymptomatic patient. Most metastatic
lesions start in the medullary bone, although tumors can
metastasize to the cortex and periosteum. Thirty to 50% of the
medullary bone must be destroyed before a lesion becomes
evident on a plain radiograph.12 Subtle cortical destruction by
a lesion or a cortical metastasis may be radiographically
detectable at an earlier stage. Most breast cancer metastases
radiographically demonstrate mixed areas of lysis and sclero-
sis; however, purely lytic and sclerotic lesions do occur.
Lesions can be classified as permeative, moth-eaten, or 
geographic. Permeative and moth-eaten lesions are more
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Bone Metastases
from Breast Cancer
James C. Wittig and 
Justin G. Lamont

IX

Breast cancer is the most common cause of skeletal metas-
tases.1,2 Bone is the second most common site to be involved
by metastatic breast cancer, and it is the first site of metastatic
disease in 26% of breast cancer patients.3 It is also the most
common site that clinically manifests. On autopsy studies, up
to 90% of patients who die from breast cancer have bone
metastases.4 Patients who develop bone metastases survive an
average of 2 years from the time of the first bone metastasis.
Although most patients have organ involvement in addition
to their bone metastases, there is a subgroup of women who
solely develop skeletal metastases. Women who develop bone-
only metastases have a more favorable prognosis than those
with isolated organ metastases or combined skeletal and
organ metastases.5,6 In fact, in patients with a single bony
metastasis and no organ involvement, proper treatment can in
rare cases provide prolonged disease-free survival or even
cure.

Skeletal metastases can result in significant complications
that have a negative impact on the quality of life. Pain, patho-
logic fracture, neurologic complications, and hypercalcemia
are all potential complications. Pain and pathologic fracture
lead to forced immobilization and progressive deterioration.
Hypercalcemia is the most common paraneoplastic syndrome
and is discussed in Part IV of this chapter.7 Neurologic com-
plications, including paralysis from spine lesions, can occur.
The axial skeleton and proximal ends of the long bones of the
lower extremities are the most common sites of bone metas-
tases. The pattern of skeletal metastatic sites follows the dis-
tribution of Batson’s plexus or the vertebral vein system.8

Batson’s plexus is a low-pressure, high-volume, valveless
venous system that bypasses caval, portal, and pulmonary 



common, consistent with their aggressive, often rapidly grow-
ing, malignant nature. These lesions permeate the bone, which
is unable to respond rapidly enough against the tumor to
encapsulate it. Geographic lesions in which there is a sharp
zone of transition between the tumor and adjacent normal
bone are less common. This type of radiographic presentation
denotes a slower growing, less aggressive neoplasm.

CT and MRI are useful for detecting and characterizing 
suspected bone metastases that are not visible on plain 
radiographs. About 50% of patients with bone scan–positive
skeletal metastases and negative radiographs have lesions
detectable on a CT scan.15,16 MRI and CT are useful for deter-
mining cortical involvement, extramedullary growth, and
intramedullary extent of tumor, all of which are important for
determining the indications for surgery as well as for planning
a procedure. MRI and CT are also useful for detecting occult
fractures through neoplasms and for identifying other causes
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of pain, such as arthritic processes and tendinopathies. MRI is
better than CT for evaluating the presence and size of any soft
tissue component of the neoplasm as well as for determining
the intramedullary extent of the lesion. In the evaluation of
spine lesions, MRI is important for detecting epidural exten-
sion, spinal cord compression, and extent of disease within
individual vertebral bodies and throughout the entire spine.
In patients who cannot undergo an MRI, CT myelography can
be used to evaluate spinal cord compression. CT is especially
efficacious for evaluating the presence and depth of subtle
endosteal erosion or cortical involvement that may not be 
evident on plain radiographs. This information is often 
used when deciding whether a patient’s bone should be
prophylactically fixed for an impending pathologic fracture 
(Fig. 32–21).

It can be difficult to differentiate a new sclerotic lesion from
a healing lesion on radiographs. In response to treatment,

A B C

D E
Figure 32–21 A, Plain radiograph demonstrating a pathologic fracture of the left femoral neck through a permeative mixed sclerotic
breast cancer metastasis. Most breast cancer metastases to bone result in a mixed sclerotic and lytic lesion on plain radiographs. B, MRI
of same patient demonstrates tumor involvement of the entire femoral shaft that was not accurately depicted on the plain radiograph.
This information is important for surgical planning and for monitoring response to treatment. C, Plain radiograph demonstrating a mixed
sclerotic and lytic lesion and pathologic fracture of the right proximal humerus. D, Example of a mixed sclerotic and lytic lesion of the
right ilium secondary to breast cancer metastases. E, MRI accurately demonstrates the intramedullary extent of the lesion. The lesion is
noted to encroach on the acetabulum. Close follow-up or treatment may be warranted to detect early involvement of the hip joint and
prevent a potential complication.



most healing lesions become more sclerotic and calcified on
plain radiographs. On bone scan, a flare phenomenon, in
which the lesion demonstrates more intense uptake, may
occur during the early stages of healing. This often signifies a
more intense osteoblastic response during the healing phase.
The activity on bone scan should become less intense once the
lesion is completely healed. This may take several months.

Progression of disease appears as enlargement, increasing
lysis, and loss of the osteoblastic response on plain radi-
ographs. Bone scintigraphy is nonspecific in measuring dis-
ease progression from response to treatment of isolated
metastases and must be correlated with plain radiographs. On
bone scan, existing lesions may show increased uptake with
disease progression, although rapidly growing lesions with 
little osteoblastic response and bone formation may show
decreased uptake. In addition, the flare phenomenon may
occur during the initial stages of healing. The role of MRI in
assessing response to treatment is not well defined.

When is magnetic resonance imaging 
indicated in the assessment of 
possible bone metastases?

MRI is useful for determining the presence of a metastatic
lesion that has not produced sufficient bone destruction to be
evident on plain radiographs as well as the presence of lesions
that do not demonstrate uptake on the bone scan (false-
negative bone scan). The entire bone can be visualized in a
single plane, thus enabling detection of additional occult
lesions within the same bone. Coexisting lesions should be
considered for fixation during the same surgical procedure.
Skeletal metastases typically involve the metaphyseal regions
of the long bones and therefore may exist in conjunction with
arthritis at adjacent joints. Arthritic processes induce sclerosis
and cyst formation that may obscure bone scan and plain
radiographic results. MRI is especially useful in discerning the
presence of a metastatic deposit in the presence of arthritis.
Gadolinium contrast enhancement may be useful. MRI often
identifies other mechanical abnormalities at adjacent joints
that may contribute to or be the sole cause of pain. It is 
also useful for evaluating complications associated with
chemotherapy and radiation such as avascular necrosis,
radiation-induced necrosis, stress fractures, and radiation-
induced neoplasms.

MRI is crucial for evaluating spine metastases. It is the test
of choice for detecting spinal cord compression and can help
differentiate among benign osteoporotic compression frac-
tures, infections, and malignant vertebral lesions or fractures.

MRI is problematic in claustrophobic patients who cannot
tolerate the study. It is also contraindicated in patients with
devices such as cardiac pacemakers, intracranial aneurysm
clips, and ferromagnetic fragments in or around the eye. In
these instances, CT of the bone with reformatted coronal and
sagittal reconstructions may be invaluable.

How do bone metastases affect prognosis?

There is no recognized method of assessing the prognosis of
patients with breast cancer who have metastatic lesions
restricted to bone. Patients who have only skeletal metastases

at the time of initial diagnosis or who develop skeletal metas-
tases without visceral metastases at a later date have better sur-
vival rates than patients who develop visceral metastases only
or combined visceral and bony metastases.5,6,17 The distribu-
tion of skeletal metastases on bone scans and the radio-
graphic appearance of osteosclerosis can be of prognostic
value for patients with breast cancer who have metastases con-
fined to bone.18 Patients whose bone metastases are all cranial
to the lumbosacral junction have a significantly longer 
survival than those who have bone metastases caudal to the
junction (36% vs. 16% 5-year survival). The presence of
osteosclerosis is indicative of a more slowly growing neoplasm
and hence provides a measure of the biologic aggressiveness.
The presence of radiographic osteosclerosis in metastatic
bone lesions at the time of initial presentation is associated
with a more favorable prognosis (42% 5-year survival rate in
patients with lesions that demonstrate osteosclerosis vs. 23%
5-year survival rate in patients whose lesions do not demon-
strate sclerosis). Sherry and associates19 found that survival
did not correlate with the number of metastatic deposits in
patients with metastases restricted to bone.

Patients who can be stratified into a more favorable prog-
nostic category may benefit from more aggressive surgical
treatment. Yamashita and coworkers found several variables
associated with a more favorable prognosis in patients with
breast cancer metastases confined to bone.6 These included an
absence of extraosseous metastases; cranial bone metastases; a
solitary bone metastasis; presence of osteosclerosis on a plain
radiograph; and absence evidence of hypercalcemia. In the
study by Yamashita and coworkers, the median survival time
after first diagnosis of a bone metastasis was 35 months. The
median survival after visceral metastases was only 5 months.
Perez and colleagues also reported a better prognosis for
patients who develop skeletal metastases solely versus visceral
metastases.5 In their study, the median survival of patients
with skeletal metastases was 28 months, and 25% of patients
survived at least 5 years. Patients who developed visceral
metastases had a median survival of 13 months, and less than
10% survived 5 years.

Pathologic fracture and spinal cord compression are com-
mon orthopedic complications that seriously compromise the
quality of life of a patient. Yamashita and coworkers reported
a 13% rate of pathologic fracture and 32% rate of spinal cord
compression.6 These rates are similar to those reported by
Perez and colleagues.5 The median survival after a long bone
pathologic fracture was 14 months (range, 1 to 80 months),
indicating that about 50% of patients survive longer than 1
year after developing a long bone pathologic fracture. The
median survival after spinal cord compression was 8 months
(range, 2 to 74 months), and 42% of patients survived longer
than 2 years.

What are the indications for biopsy?

The indications for biopsy of metastatic bone lesions are as
follows:

1. A known primary breast cancer with a bony lesion sus-
pected to be a metastasis. This is important for staging,
prognostic purposes, and planning treatment. The biopsy
must confirm the presence of metastatic breast cancer in
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bone and exclude primary bone tumors, infections, and
metastatic lesions from primary sources other than breast
before initiating treatment.

2. Suspected progression of disease or failure of treatment
denoted by formation of new bony lesions.

3. Presence of one or more skeletal lesions with no known
primary source. Biopsy is performed to establish a diagno-
sis and direct staging studies. One must not assume that a
lesion is metastatic. It must be approached as if it were a
primary sarcoma despite the metastatic appearance.

4. Assessment of the efficacy of treatment by the histologic
response of a lesion.

5. Presence of localized bone pain with a lesion on bone scan
and negative radiographs.20

What is the role of a closed biopsy?

A closed biopsy is performed percutaneously or through a
small stab incision in the skin. A specific type of needle is sub-
sequently inserted and directed under radiologic supervision
(fluoroscopy or CT scan) down to the neoplasm. Two types of
needles can be used, depending on the clinical-radiographic
presentation: a fine needle (16 to 22 gauge) for fine-needle
aspiration (FNA) or a core needle (trephine-type or Craig
needle). This is in contrast to an open biopsy, in which a
longer incision is carried directly down to the lesion and biopsy
material is obtained under direct visualization.

During closed biopsy procedures, CT guidance is especially
important for sampling lesions that are adjacent to critical
structures. FNA is usually performed for cytogenetic analysis,
most often to confirm the initial presentation of a bone
metastasis in the setting of known metastatic breast cancer.
Core needle samples are amenable to paraffin block process-
ing and are useful when analysis of the architecture of the tis-
sues and cells is pertinent. Core needle biopsy is indicated in a
patient with a history of nonmetastatic breast cancer who
develops one or more bony lesions. Adequate sampling with 
a core needle may be necessary to exclude the presence of a
primary bone tumor, infection, or metastatic disease from a
second primary neoplasm. Core needles are also used for sam-
pling blastic metastases. It is often impossible to penetrate the
sclerotic bone with a fine needle. Fine needles are more effec-
tive at sampling purely lytic lesions or lesions with a soft tis-
sue component.

A closed needle biopsy offers several advantages over a for-
mal open biopsy. These advantages include local anesthesia,
less blood loss, quicker healing, fewer wound complications,
and hence more rapid initiation of chemotherapy and radia-
tion; less surrounding soft tissue contamination with reduced
risk for local soft tissue recurrence; and fewer biopsy-related
pathologic fractures. Disadvantages, which may include inad-
equacy of specimen size and sampling error, can be mini-
mized by having the biopsy performed by an experienced
radiologist or orthopedic oncologist and the specimen ana-
lyzed by experienced pathologists. Several aspirations or cores
should be obtained. At experienced centers, the diagnostic
accuracy rate of a closed biopsy is similar to that of an open
biopsy, and there are far fewer complications than with an
open biopsy.21

Contraindications to a biopsy may include skin conditions
such as infection, bleeding diatheses coexisting with a 

hypervascular tumor, and any need for open surgery. In the
case of a hypervascular tumor or a patient with a bleeding
diathesis, needle biopsy offers obvious advantages over an
open biopsy. On the other hand, when a patient develops a
pathologic fracture in the presence of known metastatic breast
cancer, intraoperative biopsy with frozen section pathologic
analysis of the neoplasm is indicated to confirm the presence
of metastatic carcinoma. Once the diagnosis is confirmed, fix-
ation commences. In these instances, there is usually no need
to perform a biopsy preoperatively.

What are the indications for alternative and 
adjunctive nonoperative treatments?

Alternative and adjunctive nonoperative treatments of bone
metastases include radiation therapy, chemotherapy, hor-
monal therapy, and bisphosphonates. The indications for 
radiation therapy include pain relief and suppression of local
tumor growth. Suppression of local tumor growth is important
in the treatment of impending fractures, after surgical fracture
fixation of metastatic lesions, and in the treatment of neural
compression. Complications associated with radiation treat-
ment of bone lesions include marrow fibrosis, which may 
preclude chemotherapy. Marrow fibrosis destroys the hem-
atopoietic ability of bone marrow and therefore interferes with
the body’s ability to restore blood counts after chemotherapy.

In the management of an impending fracture—a potential
fracture in a bone with weaked structural integrity owing to a
metastatic lesion—occasionally a lesion will heal with radia-
tion, especially if it is mechanically protected.22 More than
80% of patients with a limited number of well-localized 
bone metastases can be treated effectively with external-beam
radiation.23–25 Radiation may render the patient asymptomatic
and control the disease for an extended period. Patients with
numerous areas of skeletal involvement may benefit more
from a systemic approach consisting of chemotherapy with or
without endocrine therapy, and with or without systemic
radionucleotide therapy. Supplemental external-beam radia-
tion may be used to target the most symptomatic areas.

Irradiation of a weight-bearing bone should be undertaken
only after careful evaluation of the potential fracture risk pro-
duced by the underlying lesion. There is an increased risk for
pathologic fracture in the peri-irradiation period owing to an
induced hyperemic response at the periphery of the tumor.
This weakens the bone and increases the risk for spontaneous
fracture. Mechanical protection is important until the bone’s
structural integrity has been restored.

Radiation achieves at least partial pain relief in 80% to 
90% of patients.26 Most metastases begin to respond over the
course of 10 to 14 days. Seventy percent of patients experience
pain relief within 2 weeks of starting therapy. Within 3
months, 90% of patients achieve pain relief.27 Fifty to 70% of
patients achieve sustained pain relief for 1 year or more.28

Patients with breast and prostate metastases who have a sig-
nificant osteoblastic response derive better pain relief from
radiation therapy than patients with long bone lesions from
other primary tumors, such as kidney and lung, which are
usually more lytic and compromise the mechanical integrity
of the bone to a greater degree.29 High doses of postoperative
radiation (>3000 cGy) have been associated with poor healing
of pathologic fractures. The optimal dose and fractionation
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regimen are debated. Generally, 2500 to 3000 cGy is adminis-
tered over 10 to 15 fractions.

Bisphosphonates are stable analogues of inorganic
pyrophosphate. They inhibit bone resorption through inhibi-
tion of osteoclast function and have been shown to decrease
the rate of pathologic fractures and skeletal complications in
patients with breast cancer and metastatic bone lesions. There
are different generations of bisphosphonates with different
potencies and effects. The bisphosphonates are generally safe
compounds with few side effects. Several large randomized
studies have been performed to analyze the efficacy of
pamidronate in the management of metastatic bone lesions.30

The goals of chemotherapy and hormonal treatment in
patients with metastatic disease involving bone are pain con-
trol, disease stabilization, and reduction in the risk for morbid
skeletal events. Additionally, the use of chemotherapy and
hormonal treatment in metastatic breast cancer has been
shown to prolong survival.31 In one study, there was an 18%
complete response rate and a 65% partial response rate in
patients with metastatic bone lesions treated with a multi-
agent chemotherapy regimen.31

Systemic radionucleotides can be very effective in treating
symptomatic bone metastases. These agents treat all sites rap-
idly and selectively, thereby reducing toxicity and enhancing
the therapeutic ratio.26 Strontium 89 is the most commonly
used radioisotope in bony metastatic disease.32,33 It localizes in
the mineral of bone by combining with the calcium compo-
nent of hydroxyapatite. Actively calcifying areas concentrate
most of the isotope, and therefore it has particular efficacy in
treating breast cancer metastases. Degradation of the isotope
in host bone administers local short-acting radiation to the
adjacent tumor cells. Strontium 89 has very good response
rates, ranging from 51% to 91%.33 The only significant toxic
effect of strontium 89 is myelotoxicity, which is usually tem-
porary. Strontium 89 can be safely used in conjunction with
external-beam radiation.

When and how should orthopedic 
surgical management be instituted?

The management of patients with skeletal metastases from
breast cancer must be individualized. Important considera-
tions include age, comorbidities, prognosis, pain, presence of
an isolated skeletal metastasis or bone-only metastases, loca-
tion of metastatic disease, presence of an impending or actual
pathologic fracture, and the patient’s overall activity level.
Patients may present with asymptomatic bone metastases,
painful metastatic disease, and pathologic fractures.
Treatment of patients with asymptomatic skeletal disease is
aimed at diagnosis through biopsy, systemic control of disease
through chemotherapy, and hormonal treatment and obser-
vation of all bones involved with the disease. Referral should
be made to an orthopedic surgeon for evaluation, biopsy,
recommendations, and periodic observation of lesions. In
general, asymptomatic lesions are at low risk for fracture.
Serial observation for disease progression and further bony
destruction is warranted so that any bone at risk for fracture
can be identified and treated before actually fracturing. MRI 
is important in evaluating spine metastases. A baseline MRI 
is important to identify any epidural extension of tumor 
that can cause neurologic compromise. Systemic therapy,

radiation, braces, casts, and analgesics are effective methods
for treating selected lesions. Surgery by means of internal fix-
ation or prosthetic replacement offers the most effective and
expedient means of pain control and restoration of function
for patients with actual pathologic fractures.

Most pathologic fractures do not heal. In a study of 129
pathologic fractures, only 37% of pathologic fractures due to
breast cancer healed.22 High doses of postoperative radiation
(>3000 cGy) are associated with poor healing. Rigid internal
fixation supplemented with bone cement increases the proba-
bility of bony union. The surgeon must choose a form of fix-
ation that does not ultimately rely on bony union.

Patients with skeletal metastases often are in poor medical
condition and have a limited life expectancy. Surgical inter-
vention must be undertaken with the intention of avoiding
future surgery. Surgical principles of management of patho-
logic fractures or impending pathologic fractures are as 
follows:

1. Curettage to remove all gross disease
2. Use of immediate rigid fixation consisting of internal 

fixation with polymethylmethacrylate (PMMA or bone
cement) or cemented prosthetic replacement

3. Filling defects with bone cement
4. Adjuvant radiation or chemotherapy

Painful lesions and pathologic fractures should be referred
to an experienced orthopedic surgeon for evaluation and
treatment. Many patients without an actual fracture do not
require surgery. Symptomatic relief is usually satisfactory with
a combination of radiation and medical therapy. Patients at
low risk for fracture or those who are poor surgical candidates
can often be effectively managed with conservative means,
such as bracing, casting, non–weight bearing, and radiation.
Anatomic site may play a role in selecting treatment. Lesions
in weight-bearing bones are often treated more aggressively
than upper extremity lesions.

Prophylactic fixation is warranted for impending fractures
in the following circumstances:

1. Fixation eliminates the need for narcotic analgesics or
reduces pain.

2. Equally effective nonoperative treatments are not available.
3. Surgical treatment for the impending fracture would be

significantly safer or more effective than surgery for an
actual fracture.

4. Surgery permits mobilization and early return to function.

Pathologic fractures are best treated by operative fixation.
Even if fractures can heal with nonoperative treatment, the
protracted treatment time required for closed management is
inappropriate because this period generally is increased by the
presence of tumor. Primary goals are to allow immediate
weight bearing and return to activity, not to promote fracture
healing. Prosthetic replacement and stabilization with poly-
methylmethacrylate (bone cement) are frequently used. These
techniques would be avoided in the treatment of non-
neoplastic fractures. Tumor removal and bone stabilization
best meet the goals of diagnosis, functional stability, and pain
relief. In general, the metastatic deposit should be excised.
Treatment includes intralesional (marginal resection or curet-
tage) and extralesional (wide) excision. Intralesional curettage
is usually performed in or around a fracture site at the time 
of stabilization. Extralesional excision or resection is usually
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performed for a solitary metastatic deposit or for lesions that
have destroyed a large segment of the bone with no cortices
left for reconstructing with bone cement. It is the most effec-
tive way to achieve local tumor control. Cures are occasionally
reported following resection of isolated bone metastases.

Surgical treatment of pathologic fractures is based on
anatomic location, extent of the lesion, and condition of the
patient. Surgery is indicated for most patients. Patients with a
very short life expectancy (usually less than 2 weeks) or who
are poor surgical candidates can be treated conservatively by
stabilizing the bone with a cast or a brace and by providing
sufficient medication for pain relief.

The surgical procedure is aimed at preventing the need 
for future surgeries. In general, one should choose a device
(e.g., rods and nails, prosthetic replacements, and screws and
plates) that will fix the entire bone and prevent complications
should disease progression occur. Intramedullary devices are
usually used for diaphyseal fractures or metadiaphyseal frac-
tures in long bones. The bone proximal and distal to the lesion
must be free of disease to allow secure fixation of the device in
good bone. Adjunctive use of methylmethacrylate or bone
cement enhances fixation, fills defects, enables immediate
weight bearing and use of the extremity, and reduces the risk
for hardware failure that requires reoperation. Amputation is
rarely needed in the management of metastatic breast lesions
to bone.

Whenever feasible, gross tumor should be removed so that
tumor is not carried by the rod and implanted at a more dis-
tal site. Intramedullary rods can be placed through limited
incisions with minimal blood loss and low risk for infection.
Use of strong nails of wide diameter and supplementation
with bone cement are preferred to prevent hardware failure
for these types of fractures, which may require a prolonged
time to heal or may never heal.

Cemented prosthetic replacement is indicated for patho-
logic lesions that affect the epiphyseal areas of the bone. They
may also be used for select metaphyseal lesions, particularly
those that extend into the epiphyses. Special prostheses with
long stems permit fixation of the entire bone. Screws and
plates have selected indications and in most instances are not
recommended because they do not provide fixation for the
entire bone.

Radiation therapy of bone metastases remains the principal
surgical adjuvant. It should be delivered to the entire surgical
field and along the length of any prosthesis or internal fixation
device.23,27 This addresses tumor cells that have been spread by
the surgical procedure along the intramedullary canal and soft
tissues. Local tumor control helps prevent destabilization of
the implant by preventing local tumor progression from
affecting the structural integrity of the bone in which the
implant is fixed. Postoperative radiation prevents local tumor
progression that could affect the structural integrity of the
bone and lead to implant failure.

SPECIFIC ANATOMIC SITES

Spine Lesions

The spine is the most common site of skeletal metastases. In a
study by Toma and colleagues, the survival time of patients

with vertebral metastases was longer than that of patients with
bone metastases to other sites.34 Pain is the most common 
presenting symptom and may be secondary to intraosseous
disease, spinal instability, vertebral compression fracture,
epidural compression, or nerve root involvement. In about
5% of patients with widespread cancer, there is spinal cord or
nerve root involvement. Neurologic involvement occurs in
about 20% of patients with neoplastic involvement of the
spine and may be the initial presenting symptom.35,36 Between
30% and 50% of the vertebral body must be destroyed before
the damage is visible on plain films. Lysis of a pedicle may be
the only radiographic finding in the early stages of vertebral
involvement. MRI is warranted to detect extraosseous growth
of tumor and epidural compression.

Surgical intervention is usually not needed for asympto-
matic lesions discovered on bone scan. The indications for
operative intervention include progressive neurologic com-
promise, intractable pain, recurrence of cord compromise fol-
lowing local irradiation, fracture with spinal instability, need
for tissue diagnosis, and an impending fracture not responsive
to radiation. The surgical approach should be based on the
location of instability or epidural compression. The spinal
canal is decompressed, and the spine is stabilized. Bone graft
and bone cement are used to augment internal fixation.
Radiation is recommended postoperatively. Further details
about specific methods of decompression and stabilization are
discussed elsewhere in this chapter.

Hip Lesions

The hip is the most common site of a pathologic fracture. This
is because of the high incidence of metastases to this area and
the high magnitude of forces concentrated in the hip area.
Metastatic disease to the hip can involve the pelvis and acetab-
ulum and the proximal femur. Complications caused by
lesions to the proximal femur may arise from metastatic
involvement of the femoral head or neck, intertrochanteric
region, subtrochanteric region, or any combination. Surgical
treatment of femoral head or femoral neck fractures entails
endoprosthetic replacement, usually with a long-stem femoral
component or total hip replacement. Prostheses permit rapid
mobilization and weight bearing. Lesions in this region are
not treated with internal fixation because of the poor quality
of the bone and because of the risk that progression of the
lesion can result in loss of fixation. Adequate pain relief and
return to prefracture ambulatory status are successful more
than 90% of the time. Long-stem prostheses are recommended
to fix the entire femoral shaft, especially if there is coexisting
disease distally that may progress or if the patient is at risk for
additional metastases to the same bone in the future. This is
especially necessary for patients in whom a prolonged survival
is expected. Cemented stems have less risk for loosening and a
lower incidence of postoperative thigh pain than do porous
ingrowth stems, especially when adjunctive measures are
used. Significant acetabular disease should be addressed dur-
ing the same surgery.

Management of intertrochanteric and subtrochanteric 
fractures varies. Plate and screw fixation augmented with
bone cement or second-generation femoral rods with fixation
extending across the femoral neck have been employed suc-
cessfully. Lane and colleagues have recommended long-stem
cemented prostheses for metastatic involvement in any area 
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of the proximal femur.37 This technique is reliable and 
avoids late failure of fixation from proximal progression of
intertrochanteric and subtrochanteric lesions (Fig. 32–22). It
also treats simultaneous lesions more distal in the shaft and
permits early, rapid mobilization. In Lane’s report, there were
no instances of loosening or dislocation, and there were two
infections (1.2%).37 Long-stem cemented hemiarthroplasties
are preferred (Fig. 32–23). A bipolar device lessens acetabular
wear in cases in which metastases have not affected the acetab-
ulum. Massive bone destruction is better addressed with a
large special tumor prosthesis.

Lesions of the hemipelvis not directly involving the hip
joint can generally be treated with modification of weight
bearing and external-beam radiation. Avulsion fractures of
the anterior superior and anterior inferior iliac spines, iliac
crest, and superoinferior pubic rami are common and should
be treated nonoperatively. Unstable pathologic fractures 
of the hemipelvis usually involve the periacetabular area.
Periacetabular lesions are much more difficult to treat surgi-
cally. Surgical approaches are more complex and are asso-
ciated with greater blood loss and a higher risk for
complications. Most lesions in which the femoral head is not
pushed into the pelvis can be treated with restricted weight
bearing, medical treatment, and radiotherapy. Reconstructive
techniques must transfer load-bearing stresses into struc-
turally intact bone in the upper ilium and adjacent sacroiliac
joint. This may be accomplished by use of multiple Steinmann
pins, reinforced bone cement, and antiprotrusio devices (Fig.
32–24). When there is massive bone destruction, a saddle

prosthesis can be used. The saddle prosthesis articulates with
the remaining ilium.38

Femoral Shaft

Pathologic fractures of the femoral shaft are stabilized with
intramedullary nails. Cement is used to add stability, prevent
shortening, and decrease the risk for hardware failure.
Coexisting disease in the proximal femur region should be
addressed by using a cephalomedullary nail that provides fix-
ation across the femoral neck in addition to fixing the femoral
shaft or a long-stem hemiarthroplasty. Plate and screw fixa-
tion combined with bone cement is not preferred because of
the risk for fracture proximal and distal to the plate and
increased operative time. Intramedullary rod fixation is gen-
erally done by the open method; that is, the tumor-fracture
site is exposed, the tumor is curetted, bone cement is injected
proximally and distally, and the intramedullary rod is 
inserted. Immediate ambulation with full weight bearing is
permitted a few days after surgery. Small lesions responsive 
to radiation may be treated before fracture by the closed
method if the cortices are intact and there is normal proximal
bone. The rod is inserted through a small incision at the
greater trochanter and placed in an antegrade manner across
the lesion to obtain good distal fixation.

Humerus

The upper extremity is less commonly involved with meta-
static disease than the spine, pelvis, and lower extremities.
Humeral fractures can be severely disabling, preventing
patients from feeding themselves, attending to hygiene, and
transferring with the use of external aids. Surgical stabiliza-
tion is recommended for patients at risk for fracture and to
permit rapid use of a crutch or walker in patients with con-
comitant lower extremity lesions. Humeral shaft fractures are
amenable to intramedullary nails that may be augmented with
bone cement similar to femoral shaft fractures. Pathologic
fractures involving the proximal humeral metaphyseal
regions, humeral head, or neck are amenable to long-stem
endoprosthetic replacement. Shoulder function is limited fol-
lowing endoprosthetic replacement because of the need for
muscle reattachment and rehabilitation in the presence of
postoperative radiation. Pain relief is reliable, however, and a
stable shoulder is provided for good elbow and hand function.
Severe bone destruction of the proximal humerus with sig-
nificant extraosseous extension of tumor may necessitate
replacement with a tumor prosthesis. When patients have had
mastectomies on the same side of the humeral lesion, postop-
erative edema is much worse after fracture stabilization.
Elastic sleeves and gloves can be fitted by occupational thera-
pists for assistance with this problem. Lesions of the distal
humerus may require plate and screw fixation augmented
with bone cement, crossed flexible intramedullary rods, a
long-stem humeral and ulnar constrained elbow arthroplasty,
or a distal humerus replacement with a constrained total
elbow. Choice of implant depends on the degree of bone
destruction and presence of coexisting disease within the
remaining humerus.
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Figure 32–22 Plain radiograph demonstrating failure of fixation
of a pathologic fracture of the left proximal femur. The patient
presented 1 year earlier with a pathologic fracture of the proximal
femur secondary to a breast cancer metastasis. Internal fixation
was performed, and the patient underwent postoperative irradia-
tion. The tumor progressed, and the fracture never healed.
Ultimately, the hardware failed, and the screw penetrated the
femoral head. This patient required a second surgery with place-
ment of a long-stem cemented hemiarthroplasty. Whenever feasi-
ble, a curettage of the tumor, as well as fixation that does not rely
on bony union, is recommended.
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Figure 32–23 A, Pathologic fracture of the left femoral neck. 
B, Fixation with a long-stem cemented hemiarthroplasty. C, Distal
end of the femur demonstrating fixation of the entire femoral shaft
with the long-stem hemiarthroplasty.



PROPHYLAXIS AND REHABILITATION

When is prophylactic surgery needed?

Patients with known metastatic lesions in bone may be at risk
for developing a fracture through the affected bone because of
weakening of the structural integrity. This is referred to as an
impending fracture. There is no specific definition of an
impending fracture, and the indications for operative treat-
ment continue to be controversial. One strong indication
includes lesions that are still painful after radiation especially,
those with functional pain.
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Criteria have been developed to estimate the risk for 
fracturing through a metastatic bone lesion and hence for
providing the surgeon with indications for prophylactic 
surgical stabilization of the bone. Although criteria have 
been developed to estimate the risk for a patient’s devel-
oping a pathologic fracture, retrospective analysis has shown
that radiographic criteria alone do not accurately predict 
fracture.

Three common indications are as follows:

1. Lesion larger than 2.5 cm
2. Greater than 50% cortical destruction
3. Intractable pain attributable to the bone lesion

A

C

B

Figure 32–24 A, Plain radiograph demonstrating a pathologic
fracture and destruction of almost the entire left acetabulum
through an extensive breast cancer metastasis involving the
pelvic bone. B, MRI of same patient demonstrating extensive
involvement of the acetabulum. C, The patient underwent fixa-
tion with a long-stem total hip replacement, antiprotrusio cage,
bone cement, and Steinmann pins. The Steinmann pins transfer
the forces across the hip into remaining intact bone of the ilium.
The long-stem femoral component provides fixation for the
entire femur that was also involved by metastases.



In a study by Keene and colleagues,39 it was not possible to
use defect size to predict pathologic fractures. A scoring sys-
tem for assessing the risk for pathologic fractures has been
proposed by Mirels and associates.40 It is based on the follow-
ing variables: site, pain, lesion size. In Mirels’ classification,
almost all patients with functional pain ultimately developed
a fracture. The fracture rate was 5% in patients with lesions
less than one third of the bone diameter and was 81% in
patients with lesions greater than two thirds of the diameter 
of bone. In the 1960s, Beals and coworkers41 observed that
58% of breast cancer patients with well-defined lytic lesions
larger than 2.5 cm involving the cortex of the femur devel-
oped pathologic fractures. Fidler42 showed a significant differ-
ence in the risk for pathologic fracture when there is greater
than 50% destruction of the cortex regardless of the size of the
lesion.

Is there a safe role for 
rehabilitation treatment?

Rehabilitation is often indicated for patients with skeletal
metastases. Patients with a limited life span benefit the most
from rapid restoration of function after treatment of metasta-
tic bone disease. The indications for rehabilitation and the
specific type of rehabilitation are dictated by the clinical cir-
cumstances, sites of lesions, potential for fracture, overall
medical condition, and postoperative status. Patients who are
being treated with radiation for an impending fracture of a
weight-bearing bone can be taught crutch ambulation with
non–weight bearing on the affected extremity. Patients re-
ceiving radiation also benefit from gentle range-of-motion 
exercises of adjacent joints to prevent radiation-induced 
contractures and to control swelling and lymphedema.
Postoperative rehabilitation is indicated to mobilize patients
and restore them to presurgical functional status. Patients may
be eligible for acute rehabilitation depending on their overall
medical condition, presurgical functional status, and degree 
of deconditioning. Patients who were active preoperatively
and who sustain a pathologic fracture may have a reha-
bilitation course similar to patients who sustain a non-
pathologic fracture. Patients who are poor candidates for
acute rehabilitation (severely deconditioned and com-
promised) may be candidates for a more prolonged, less
intense rehabilitation program at a skilled nursing facility or
at home. In a study by Blunting and colleagues, the risk 
for pathologic fracture resulting from rehabilitation was
found to be low.43
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What is the role of radiotherapy, and 
what are the optimal dose and fractionation 
for the palliation of bone metastases?

More than half of patients with metastatic breast cancer have
bone as an initial site of metastasis. Two thirds of these
patients present with metastatic disease limited to bone. Bone
metastases tend to occur in patients with more well-differen-
tiated, ER-positive tumors.2 The relatively high frequency of
bone metastases makes breast cancer the most common 
primary site in randomized studies of radiotherapy for the
palliation of bone metastases.

Pain Relief
Long-term relief of pain is an important goal of radiation
therapy, given the favorable prognosis of patients with
metastatic disease to bone compared with other systemic sites.
Radiation therapy is the mainstay of treatment for bone
metastases. Local field radiotherapy is highly effective in
relieving pain and preventing fractures and is typically associ-
ated with minimal side effects.

Mechanism of Pain Relief. The precise mechanism of
relief of bone pain by radiotherapy is not known. The direct
cytotoxic effects of radiation on tumor cells can provide
shrinkage of tumor, decrease stretching of the periosteum,
and allow for repair of bone with healing of microfractures
and macrofractures. However, it is unknown whether tumor
cell cytotoxicity is the primary factor in analgesia achieved
with radiation. The fact that rapid pain relief may be seen at
doses as low as 4 Gy (which is not expected to induce tumor
shrinkage) suggests other mechanisms. It is likely that radia-
tion also affects normal bone turnover through cytotoxic
activity on osteoclasts and osteoblasts. In theory, cytotoxicity
of radiotherapy on normal bone cells could lead to decreased
production of cytokines that stimulate nociceptors, such as
substance P, bradykinin, and prostaglandins, providing pain
response at relatively low doses. In fact, radiotherapy pain
response is correlated with suppression of osteoclast activity
measured by urinary markers of bone degradation.3 The
mechanism of radiotherapeutic analgesia may therefore have
parallels to the mechanism of action of bisphosphonates.

Optimal Dose and Fractionation for Pain Relief.
Eighteen trials assessing fractionation and dose of radiothera-
py for painful bone metastases have been published.4,5

Randomized trials comparing a single fraction of 8 Gy with
multiple-fraction radiotherapy regimens (20 to 30 Gy in 5 to
10 fractions) reveal similar overall response rates. Pain relief
is typically achieved 1 to 4 weeks after treatment, and the
duration of response is 12 to 24 weeks. In pooled analyses 
of patients with varied primary cancers, about one third of
patients with metastasis to bone had complete pain relief, and
an additional one third of patients had partial relief of pain,
irrespective of the dose fractionation used.4 Breast cancer is
associated with higher response rates than non–breast cancer
histologies. An important difference between an 8-Gy single-
fraction treatment and higher dose fractionated treatment is
that a significantly greater proportion of patients treated 
with the single fraction require retreatment (about 23% vs.
8%).4 However, more than 80% of patients with persistent or
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Breast cancer is the second leading cause of cancer death in
women. About 39,800 women died of breast cancer in 2003,
accounting for 15% of all cancer deaths.1 Decisions about the
use of localized therapy in the patient with advanced breast
cancer can be complex. The primary goals of radiation 
therapy for metastatic breast cancer are alleviation of symp-
toms and improvement of functional status. Another benefit
may be a modest improvement in survival in a small propor-
tion of patients. Radiation often relieves localized symptoms
such as pain. In other circumstances, although the patient is
asymptomatic, impending problems, such as bronchial
obstruction, cord compression, or bone fracture, can be pre-
vented with radiotherapy. Decisions regarding the use of radi-
ation therapy need to take into account the patient’s
prognosis, with the goal of obtaining durable control of
symptoms within the patient’s life span. Additionally, there is
a subset of patients with minimal metastatic disease or chest
wall recurrence in whom radiation might contribute to long-
term durable control and possibly cure of the breast 
cancer.
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recurrent pain secondary to breast cancer metastases respond
to retreatment.6 Individual studies have found that remineral-
ization based on CT density measurements is significantly
better after 30 Gy in 10 fractions compared with 8 Gy in 1
fraction7 and that the actual pathologic fracture rate may be
higher after 8 Gy in 1 fraction versus 24 Gy in 6 fractions (4%
vs. 2%).8 However, the Radiation Therapy Oncology Group
(RTOG) trial 7402 found a higher pathologic fracture rate
with 40 Gy in 15 fractions compared with 20 Gy in 4 fractions
(18% vs. 4%),9 suggesting that a dose of 40 Gy in 15 fractions
may inhibit remineralization of bone and contribute to
pathologic fracture risk and that the optimal total dose or
dose per fraction should be less.

In summary, all trials of radiation fractionation for pallia-
tion of bone metastases suggest similar pain relief irrespective
of the dose-fractionation schedule. However, radiation oncol-
ogy communities throughout the world have been slow to
adopt a single 8-Gy fraction approach. Reinterpretations of
the randomized trial data taking into account analgesic use,
need for retreatment, and complete response rates suggest that
fractionated treatment to higher total dose leads to more 
complete and durable response.10,11 Problems with available
data, including heterogeneity of primary cancers, patients,
and prognoses; differing length of follow-up and time to
assessment of response; failure to take into account analgesic
use in most studies; varied and insufficient methods of pain 
evaluation; variable definitions of response; and variable and
unspecified actual target dose are all reasons for skepticism in
accepting the null hypothesis from the randomized trials of
total dose and fractionation. However, the arms of the larger
trials that included hundreds of patients are likely to be 
evenly balanced for known and unknown factors that could
affect the results, and despite differences in methodology and
reporting, the results of the trials are strikingly consistent.

Additional randomized trials using careful assessment of
analgesic consumption and validated quality-of-life tools in
more well-defined patient populations and stratified by single
or multiple painful bone sites are warranted. To this end, the
RTOG trial 9714 included 452 women with breast cancer and
445 men with prostate cancer.5 Pain response rates were simi-
lar with 8 Gy in 1 fraction compared with 30 Gy in 10 frac-
tions. Overall response was 66% irrespective of the treatment
regimen. The complete pain response was only 17%, without
any difference between arms. In patients with one site of
painful bone metastasis, the complete pain response rates
were 18% with 8 Gy and 25% with 30 Gy (P = .17). One third
of patients required no analgesic medication by 3 months
after treatment. Response was the same irrespective of bisphos-
phonate use at the time of radiation. Acute grades 2, 3, and 4
toxicity were seen in 10%, 2.8%, and 0.2%, respectively. More
patients experienced toxicity in the higher-dose arm (17% vs.
10%).

Should 8 Gy in 1 fraction be the standard treatment for
women with painful bone metastasis from breast cancer? In
patients with poor performance status and limited prognosis
(e.g., less than 6 months), the convenience and relative ease of
administration supports single-fraction treatment if the only
goal of treatment is pain relief. For patients with a better 
prognosis, such as those with metastatic disease confined to
bone, those with a long disease-free interval, or those naïve-
responsive to systemic therapy, the frequent need for retreat-
ment and indirect evidence suggesting improved complete
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response and duration of response support consideration of
higher doses such as 30 Gy in 10 fractions. Such a fractiona-
tion scheme might also be appropriate for patients at risk for
fracture of weight-bearing bones (see later). Sites that could
be associated with unique toxicity, such as the skull or joint
spaces, may be better treated with 3 Gy or lower dose per frac-
tion. For patients with an isolated bone metastasis, biopsy
proof of recurrent breast cancer is usually warranted. Such
patients can be considered for higher-dose radiotherapy with
the additional goal of long-term durable control of disease
(e.g., 35 Gy in 14 fractions or 40 Gy in 20 fractions).

Prevention of Pathologic Fractures
In addition to pain relief, prevention of pathologic fracture is
a major goal of therapy, and assessment by an orthopedic sur-
geon is warranted for selected patients with good perform-
ance status who are at risk for pathologic fracture. Prediction
of the risk for pathologic fracture is extremely difficult.
Factors such as involvement of more than 50% of the cortex
of long bones, lesions larger than 2.5 cm in the weight-
bearing regions of the proximal femur, or avulsion of the 
lesser trochanter are commonly cited criteria for considera-
tion of orthopedic stabilization before radiotherapy.12

Involvement of the subtrochanteric femur over even a small
area places the patient at risk for fracture. However, in a study
of risk factors for fracture in breast cancer patients with prox-
imal femur lesions, no clearly definable criteria could be
established.13

A scoring system was developed to predict risk for patho-
logic fracture based on four factors: cortical involvement (less
than half, one half to two thirds, and more than two thirds),
site (upper limb, lower limb, peritrochanter), presence of pain
(mild, moderate, severe), and lesion characteristics (blastic,
mixed, lytic).14 For each factor, a score from 1 to 3 is given, and
the scores are summed (minimum score, 4; maximum score,
12). Patients with a score of 7 or less have a low probability of
fracture (5%) and can be treated with radiation alone.
Patients with a score of 8 have a 15% fracture risk, and
patients with a score of 9 or more have at least a 33% risk for
fracture. Recent modification of the scoring system accounts
for greater risk in patients with a lesion proximal to the lesser
trochanter, a lesion in the proximal humerus, a breast cancer
primary, lack of bisphosphonate therapy, and presence 
of osteoporosis.15 For patients who require orthopedic stabi-
lization, radiotherapy is recommended postoperatively to
improve functional recovery and to minimize the risk for
prosthesis failure. Doses should be limited to 30 Gy or less in
patients who have experienced long bone fracture so that
healing is not inhibited.

What is the role of radiotherapy in the
setting of bisphosphonate use?

Bisphosphonates reduce osteoclast activity and inhibit bone
resorption. Bisphosphonate therapy has been shown in ran-
domized trials to reduce the incidence of fractures, hypercal-
cemia, and the need for radiotherapy. There is also a trend
toward reduction in the need for orthopedic surgery and in
the risk for spinal cord compression. In a pooled analysis of
patients with primarily breast cancer and myeloma who
received bisphosphonate therapy, the need for radiotherapy
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was reduced by one third (odds ratio, 0.67; 95% confidence
interval, 0.57%–0.79%).16 None of the trials prespecified the
criteria for administration of radiation.

Reports of the incidence of radiotherapy in patients treated
with bisphosphonate versus control patients not receiving 
bisphosphonate are available from five randomized trials
including 1625 patients with breast cancer.16 Combining 
these studies, radiotherapy to bone was used in 43% of con-
trol patients versus 33% of patients receiving bisphosphonate
therapy. The continued significant rate of radiotherapy is a
result of the complications from bone metastases for which
bisphosphonate therapy is inadequate. The most common
indication is pain before or during bisphosphonate therapy.
Evidence is lacking to justify the use of bisphosphonates for
rapid pain relief or as first-line therapy for bone pain. In a
pooled analysis of studies that examined pain relief, fewer
than 15% of patients achieved major pain relief after 12 weeks
of therapy.17 Other indications for radiation include asso-
ciated soft tissue masses, nerve root compression, pathologic
fracture, and epidural disease. It is appropriate to consider
radiotherapy complementary to bisphosphonate therapy
analogous to the paradigm of combined-modality therapy for
localized solid tumors: systemic bisphosphonates are most
effective in preventing complications from asymptomatic or
occult metastatic bone disease, whereas radiotherapy is most
appropriate for the treatment of clinically apparent disease.

Can widespread bone metastases 
be treated with radiotherapy?

Other means of systemic treatment of bone metastases besides
bisphosphonates, hormonal therapy, and chemotherapy
include the use of hemibody irradiation and bone-seeking
radioisotopes. Most patients with diffuse bone pain experience
response of pain with hemibody irradiation, and 20% have
complete response.18 Relief usually occurs within 1 week of
treatment. Breast and prostate cancers respond better than
other types of cancers. The treatment involves the administra-
tion of single-fraction or multiple-fraction radiotherapy to
one half of the body, often followed about 2 to 4 weeks later (to
allow for hematopoietic recovery) by treatment of the other
half of the body. The body is typically demarcated at 
the level of the umbilicus, and the distal extremities and 
calvarium are excluded. A dose of 8 Gy has been used for 
the lower body, whereas a single-fraction dose of 6 Gy has been
used for the upper body to limit the incidence of pneumonitis.
Toxicity is less with customized shielding of nonosseous nor-
mal tissue. Treatment of the ribs can be accomplished with
electrons, so that the normal underlying lung is not exposed.
Treatment is associated with severe temporary hematologic
toxicity in 10% of patients. Use of cytokine support is appro-
priate for patients with significant neutropenia after treat-
ment. Vomiting is frequent, and premedication is indicated.
Low-grade fever is common as well. Fractionated regimens are
likely to improve the therapeutic ratio. For example, 17.5 Gy
delivered in 2.5-Gy fractions has been used for treatment and
prevention of bone metastasis complications with good effect
and acceptable hematologic toxicity.19

Radionuclide therapy has also been used to treat wide-
spread bone metastases and is the primary subject of a recent
review.20 A variety of systemically administered agents have

been developed. The two most commonly used agents are
strontium 89 and samarium 153. Strontium 89 has a half-life
of 50 days, and samarium 153 has a half-life of 1.9 days. The
shorter half-life of samarium translates into a higher dose
rate, quicker pain relief, and more rapid hematologic toxicity
and recovery. Meaningful response is seen in about 80% of
patients. A minority of patients will have significant flare of
pain, which may correlate with improved response. Pain relief
is maintained for an average of 6 months. Nadir counts are
usually more than half of the pretreatment counts. After
administration of strontium 89, nadir occurs by 8 weeks, and
recovery occurs by 4 months. The time course of myelosup-
pression is about twice as fast with samarium 153. Therapy
with samarium 153 should not be administered on the same
day as a bisphosphonate, which competes for the same bind-
ing sites. Treatment is not suitable for patients with purely
lytic disease and minimal uptake on bone scan. For patients
with recurrent pain, treatment can be safely repeated after
hematologic recovery.

The role of hemibody irradiation and radionuclides in
breast cancer may become more limited with the widespread
use of bisphosphonates and the availability of more effective
hormonal agents and chemotherapy. More effective systemic
therapy may shift the pattern of symptomatic progression
later in the natural history of the disease when visceral sites
become the predominant problem. Hemibody irradiation and
radionuclide therapy are most appropriate for patients with
diffuse bone pain refractory to hormonal therapy and
chemotherapy, with a life expectancy of at least 3 months and
satisfactory hematologic reserve.

What is the role of whole-brain radiotherapy 
in the management of brain metastases?

Although the median survival of patients with breast cancer
after diagnosis of bone metastasis is about 2 years, the median
survival after brain metastasis is generally 4 months.21 This is
partly due to the direct effect of brain metastasis on function
and survival. However, many patients develop brain metas-
tases late in the course of their disease, when progressive
extracranial disease dictates survival. Breast cancer is the 
second leading cause of brain metastasis, and about 15% of
patients are diagnosed clinically. In randomized trials of ther-
apy for brain metastases, typically more than half of patients
have lung cancer, and less than one fourth of patients have
breast cancer. Therefore, the specificity for breast cancer 
of brain metastases radiotherapy trials might be less than in
trials of palliation of bone metastases.

Corticosteroids were first used in 1957 for the treatment 
of peritumoral edema associated with brain metastases from
breast cancer.22 Median survival of patients treated with
steroids alone is 2 months. The addition of whole-brain 
radiotherapy (WBRT) extends this time to 4 months. Most
symptomatic patients have a clinical response with WBRT.
The clinical response rate, degree of response, and duration of
response depend on the extent of tumor and the severity of
initial neurologic deficits. Breast cancer responds better than
other primary cancers.23 The most common WBRT fractiona-
tion is 30 Gy in 10 fractions over 2 weeks. In two randomized
RTOG trials of more than 1800 patients with a variety of
primary cancers, fractionation schedules of 20 Gy in 1 week,
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30 Gy in 2 weeks, 30 Gy in 3 weeks, 40 Gy in 3 weeks, and 
40 Gy in 4 weeks were tested.24 No significant differences
between the fractionation regimens were seen. Overall
improvement in neurologic function was seen in about half of
patients and maintained in more than three fourths of these
patients. Normal functionality was achieved in one third of
patients that were partly bedridden. Brain metastasis was the
cause of death in 40% of patients. Additional randomized tri-
als from the RTOG have shown no significant differences in
outcome based on dose-fractionation schemes, including 
30 Gy in 2 weeks versus 50 Gy in 4 weeks,25 or versus a hyper-
fractionated regimen of 54.4 Gy at 1.6 Gy twice daily.26 All reg-
imens were associated with response of neurologic symptoms
in most patients and a median survival of about 4 months.
This result may be partly due to the heterogeneity of the
patients enrolled in the trials, including patients with variable
performance status, different primary tumor histologies, and
the shortened survival that is most frequently dictated by pro-
gressive extracranial metastases. Recursive partitioning analy-
sis of patients treated with a variety of dose-fractionation
regimens suggests that factors unrelated to radiotherapy treat-
ment parameters best predict survival: patients with a
Karnofsky performance score (KPS) of at least 70, controlled
primary tumor, brain as the only site of metastases, and age
younger than 65 years were found to have a median survival
of 7.1 months.27

In patients who have undergone resection, the need for
WBRT has been studied. Most patients have further failure in
the brain at both the site of resection and remote sites in the
brain. For example, in a randomized study of 95 patients who
underwent MRI-defined complete resection of a solitary brain
metastasis, 70% of patients had recurrence, including 46%
who had relapse at the initial site of disease. Postoperative
WBRT was associated with a three-fourths relative risk reduc-
tion in recurrence (resulting in an overall relapse rate of only
18%) and with decreased risk for death from neurologic 
causes.28 Therefore, postoperative WBRT is recommended for
patients who undergo resection of a solitary metastasis and
who have controlled extracranial disease.

What is the role of stereotactic radiosurgery 
in the management of brain metastases?

The survival outcome with WBRT is poor, and up to half of
patients will die from progressive brain metastases with the
use of WBRT alone. Therefore, continued efforts to improve
on the results of WBRT are needed. WBRT is increasingly
being supplemented by more aggressive treatment directed 
at known sites of brain metastases using stereotactic single-
fraction radiotherapy (“radiosurgery”), stereotactic multifrac-
tion radiotherapy, or surgical resection. Stereotactic
radiosurgery delivers a focal high dose of radiation using
three-dimensional treatment planning, often with MRI image
fusion to contrast-enhanced CT image data, and a stereotactic
localization device to aim multiple highly collimated beams.
Sharp dose gradients near the edge of the tumor limit the dose
to normal brain tissue. Therapy can be delivered with the
Leksell gamma knife system, which consists of 201 small
cobalt 60 sources all collimated to a single focal point. Another
technology allows for linear accelerator–based treatment
using a specialized cylindrical collimator placed onto the head

of the machine to aim a small radiation beam while the 
accelerator gantry moves in multiple arcs around a precisely
localized target. Fractionated stereotactic radiotherapy can 
be done using mini-multileaf collimators and less invasive
head immobilization and localization procedures.

Surgery or stereotactic radiation is likely to be associated
with decreased risk for neurologic death and improved sur-
vival in appropriately selected patients. For example, sur-
gically treated breast cancer patients with brain metastases
have a median survival of about 16 months.29,30 The value of
more aggressive treatment for patients with brain metastasis is 
clearly shown by two of the three randomized trials of surgi-
cal resection of solitary metastasis plus WBRT versus WBRT
alone in patients with a variety of primary tumor histolo-
gies.31–33 Patchell and associates31 found improved local 
control (20% brain failure vs. 52% brain failure) and median
survival (40 weeks vs. 15 weeks) with the addition of surgery.
In another trial, surgery improved median survival from 6
months to 10 months.32 Another multicenter randomized trial
of 84 patients did not reveal any advantage to surgical resec-
tion.33 This may be due to the selection of patients with worse
performance status or more extracranial disease, failure to
achieve complete resection in some patients, and crossover of
one fourth of patients receiving WBRT to surgery.

Selection criteria for radiosurgery are similar to those for
surgical resection, that is—patients with solitary metastases,
good performance status, and limited or responsive extracra-
nial disease. Patients with surgically inaccessible lesions that
are deep within the brain parenchyma or that involve Broca’s
area or the visual cortex can be safely treated with radio-
surgery. Surgery is preferred for patients who are highly 
symptomatic and have accessible lesions because it provides
more immediate relief of symptoms. Additionally, in the few
patients with solitary brain metastases without extracranial
disease, surgery is required for diagnostic purposes. About
10% of patients with good performance status and a solitary
brain metastasis will have a diagnosis unrelated to the known
primary cancer upon biopsy of the brain tumor.31

Radiosurgery may also be appropriate in patients with 
two or three brain metastases. In 68 women with metastatic
breast cancer, Amendola and associates found that survival
after radiosurgery was independent of the number of lesions
(median survival, 7 months).34 In a study of 248 patients with
421 brain lesions from a variety of primary cancers, there was
only 11% progression within the radiosurgery volume at a
median follow-up of 26 months. Surgery was required in 6%
of patients for mass effect or steroid dependency secondary to
radiation necrosis.35 Mehta and colleagues reviewed more
than 2100 lesions treated with radiosurgery to a median dose
of 18 Gy and found that 86% of lesions were stable or
responded.36 A retrospective study of 122 patients who were
eligible for surgical resection combined 37.5 Gy WBRT fol-
lowed by a median radiosurgery boost of 17 Gy. An 86% brain
tumor control rate was obtained, and the median survival was
longer than 1 year, which compares favorably with results of
trials of surgical resection and WBRT.37 RTOG 95-08 ran-
domized patients with one to three brain metastases to WBRT
followed by a radiosurgery boost versus WBRT alone (37.5 Gy
in 15 fractions). In patients with a single brain metastasis,
survival was improved from a median of 4.9 months in the
WBRT arm to 6.5 months in the WBRT plus radiosurgery
arm.38



Outcome after radiosurgery is similar to outcome after sur-
gical resection. Radiosurgery, however, is minimally invasive
and can be done on a purely outpatient basis. Patients can
return to work or resume normal daily activities the following
day. This contrasts with surgical resection, which requires
hospitalization and inpatient recovery times that can signifi-
cantly delay postoperative WBRT. Patient preference and
physician bias will likely preclude a successful randomized
trial of radiosurgery versus surgical resection.

WBRT is generally recommended before or after radio-
surgery. In a multi-institutional retrospective study of stereo-
tactic radiosurgery in the treatment of single brain metastasis,
of 71 patients who had newly diagnosed brain metastases, the
brain control rate at 1 year was 53% with radiosurgery and
WBRT, as compared with 18% for radiosurgery alone.39

However, salvage therapy with WBRT is possible after radio-
surgery, and survival appears uncompromised with a deferred
treatment strategy.40 Patients with metastasis larger than 3 cm
are best treated with WBRT as initial treatment because tumor
control may be inferior with radiosurgery alone. Patients who
respond to WBRT can be considered for radiosurgery.

Is there a role for radiosensitizers in the 
treatment of brain metastases?

Early trials of radiosensitizers such as misonidazole41 and bro-
modioxyuridine42 yielded disappointing results. Temozo-
lomide is an alkylating agent that is orally bioavailable and
crosses the blood-brain barrier. It has been shown to yield
higher response rates in combination with WBRT than does
WBRT alone.43 Whether this translates into improved quality
of life and survival is yet to be determined. Motexafin gadolin-
ium catalyzes the oxidation of intracellular ascorbate, glu-
tathione, and protein thiols, depleting the cell of reducing
metabolites. A randomized phase III study comparing motex-
afin gadolinium and WBRT versus WBRT alone found no dif-
ference in survival.44 There was improved 6-month freedom
from neurologic progression as judged by investigators but
not by an independent events review committee. There did
appear to be a benefit in time to neurologic progression in
patients with lung cancer, who constituted most of the
patients in this study.

The compound RSR13 is a synthetic allosteric modifier 
of hemoglobin that reduces the oxygen-binding affinity of
hemoglobin and allows increased oxygen delivery to hypoxic
cells. This agent was studied in combination with oxygen and
WBRT versus oxygen and WBRT alone in 538 patients with
multiple brain metastases (115 with metastatic breast can-
cer).45 RSR13 was associated with improved survival for the
entire study group (P = .17; P = .01 by Cox multivariate regres-
sion). In the subgroup of patients with metastatic breast can-
cer, survival was nearly doubled (4.6 months vs. 8.7 months).
A study limited to metastatic breast cancer is planned to con-
firm these results.

In summary, no trials of a radiosensitizing agent have 
yielded improvement in survival over WBRT alone for a
diverse population of patients with metastatic cancer to brain.
Subsets of patients who might benefit have been retrospec-
tively identified. Radiosensitizers remain an exciting area of
research for patients with metastatic breast cancer to the
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brain. Measurements of quality of life and neurologic out-
come will need to be incorporated into future trials.

What is the palliative role of radiotherapy 
for other common sites of metastases?

Spinal Cord Compression
Breast cancer is the most common cause of spinal cord com-
pression in women. Breast cancer is the underlying cause in
half of women with spinal cord compression. Radiation ther-
apy alone has most commonly been used for the treatment of
spinal cord compression. Corticosteroids are initiated imme-
diately before radiation. A total dose of 30 Gy in 10 fractions
is appropriate, although shorter dose schedules have been
employed with similar outcome.46

Surgery is useful to establish a diagnosis if uncertain.
Patients with acceptable performance status in whom bony
retropulsion is likely to be the primary cause of neurologic
deficit should also be treated with surgery. Patients with rapid
deterioration of neurologic function or with high-grade cer-
vical cord compression should also be considered for surgery.
Patients with high cervical spine cord compression should be
evaluated for atlantoaxial subluxation. If no or minimal 
subluxation is present, a stabilizing collar (e.g., Philadelphia
collar) can be used before radiation therapy.

A prospective study of 275 consecutive patients with a 
variety of primary tumors found pain response in 82% of
patients.47 Three fourths of patients had preservation of
ability to walk or recovery of function. Improvement in
sphincter function was noted in 46% of patients with initial
deficits. Patients with breast cancer and prostate cancer had
better response than those with other solid tumors. Recovery
of sensory or motor deficits is related to pretreatment neuro-
logic status. Few patients with paraplegia or incontinence
regain function with radiotherapy. In a study of 70 patients,
two thirds of patients who were ambulatory at the time of
radiotherapy remained ambulatory, whereas fewer than one
third of patients who were initially nonambulatory regained
function, and 16% of paraplegic patients regained the ability
to walk.48

Laminectomy rarely removes the bulk of the tumor, it fails
to relieve pain, and it can destabilize the spine. However, ver-
tebral body resection and radical decompressive surgery with
postoperative radiotherapy was recently reported to be supe-
rior to radiotherapy alone in the only randomized trial of
spinal cord compression conducted to date.49 Patients with a
single site of cord compression and a minimum 3-month life
expectancy were enrolled. The trial was stopped early after 101
patients were enrolled. Patients who received surgery plus
radiation therapy retained the ability to walk significantly
longer (126 days vs. 35 days with radiation therapy alone). In
a total of 32 patients who could not walk at the time of enroll-
ment, 56% of those who received surgery and radiation ther-
apy recovered the ability to walk, compared with 19% who
received radiation therapy alone. Functional scores, mainte-
nance of continence, and decreased use of steroids and 
narcotics were all improved in patients undergoing de-
compressive surgery versus radiotherapy alone. Survival 
was slightly better in patients undergoing surgery (median,
4.2 months vs. 3.3 months; P = .08). The threshold for 
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recommending surgery in patients with breast cancer may be
higher because such patients generally respond better to radi-
ation therapy. However, patients with neurologic deficit and
life expectancy of at least 3 months should be considered for
surgery based on the results of this phase III study.

Brachial Plexopathy
Extension of tumor from supraclavicular, infraclavicular, and
axillary nodes into the brachial plexus can lead to devastating
pain and loss of function of the upper extremity. Involvement
of the lower plexus will affect the C7-T1 nerve roots and cause
pain in the shoulder, arm, medial forearm, and fourth and
fifth digits. Supraclavicular node involvement can cause upper
plexus involvement and pain and numbness at the posterior
arm, index finger, and thumb from involvement of C5 and C6
nerves. Occasionally, Horner’s syndrome is present. The treat-
ment of choice is local radiotherapy. Optimally, CT-based
treatment planning is performed to target the full extent of
disease and to avoid uninvolved tissue volumes such as the
shoulder while providing adequate dose to the target. The rate
of plexopathy secondary to radiation is expected to be less
than 1% with a dose of 50 Gy using conventional fractiona-
tion. The response rate depends on the time from symptom
onset to the initiation of radiation therapy, although most
patients benefit from treatment, having reduction in pain and
improvement in arm mobility. Re-irradiation is not possible
after prior full-dose treatment because of the risk for brachial
plexopathy from retreatment.

Choroidal Metastases
More than one third of intraocular metastases are due to
breast cancer.50 Uveal metastasis can be the initial manifesta-
tion of breast cancer metastasis in up to 16% of patients.51

Bilateral metastases have been noted in 38% of patients; about
half of these are synchronous. The most common present-
ing symptom is decreased or blurred vision. Other pre-
senting signs or symptoms include floaters and photopsia.
Occasionally, symptoms can include diplopia, pain, uveitis,
or headache. Indirect funduscopic examination is used to

establish the diagnosis. Findings include detachment of the
retina, usually posteriorly. The surface of the tumor may have
a mottled appearance. Occasionally, hemorrhage and pigmen-
tary changes may occur over the involved area. For single
lesions, the appearance is similar to that of a primary ocular
melanoma. Ultrasonography is useful in distinguishing
between melanoma and metastatic disease. CT and MRI 
have a limited role in the diagnosis of ocular metastasis.
Nevertheless, brain imaging should be performed because of
a significant diagnosis of concurrent central nervous system
(CNS) metastases. A 22% incidence of concurrent CNS
metastases has been reported, with an additional 19% of
patients diagnosed at a subsequent date.52 External-beam
radiation therapy is usually recommended. Radiotherapy 
is indicated when there is secondary retinal detachment,
impending or actual decrease in visual acuity, or rapidly
enlarging tumor. In some situations, observation with close
monitoring may be appropriate. The goal of radiation treat-
ment is to encompass all of the choroid from the equator pos-
teriorly, with a margin. Usually, radiation to the lens can be
avoided by using a lateral field with a half-beam D-shaped
block. For unilateral disease, a single lateral field is effective in
delivering the dose to the eye while avoiding multiple path-
ways that could compromise subsequent palliative treatment
in adjacent areas. Typical doses of radiation include 30 to 
40 Gy over 2 to 4 weeks. External-beam radiation can provide
local tumor control in up to 85% of cases. Initially, vision may
deteriorate during or after radiation due to shifting subretinal
fluid and retinal detachment.

Is there a role for definitive radiotherapy
after locoregional recurrence or 
limited metastatic disease?

Locoregional recurrence of breast cancer after mastectomy
remains a problem in more than 15% of patients undergoing
mastectomy (Fig. 32–25). Risk factors for locoregional recur-
rence include lack of postoperative radiotherapy, large 
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Figure 32–25 A and B, Locally advanced breast cancer en cuirasse. From Steinfeld AD. Treatment of metastatic breast cancer. In Roses
DF (ed): Breast Cancer. Philadelphia, Churchill Livingstone, 1999, p. 573.



primary tumor, lymph node involvement, presence of extra-
capsular extension, vascular or lymphatic invasion, involve-
ment of the skin, and involved surgical margins. Patients
usually present with an asymptomatic nodule or nodules in
the skin or subcutaneously, often near the scar. Occasionally,
recurrence has the appearance of an erythematous rash.
Rarely, the skin and subcutaneous tissues are diffusely infil-
trated and ulcerated (carcinoma en cuirasse; see Fig. 32–25).
About half of patients have prior or synchronous presentation
of distant metastases as a component of failure at the time of
locoregional recurrence. For these patients, radiotherapy is
generally directed toward palliation of symptoms. Morbidity
from locoregional recurrence can be significant, with more
than half of patients experiencing bleeding, ulceration, severe
pain, upper extremity edema, or brachial plexopathy.53 There-
fore, local control of disease remains an important goal, and
all symptomatic patients should be considered for radiother-
apy. In patients who have not had prior radiotherapy, large
fields encompassing the chest wall and regional nodes are nec-
essary to avoid marginal failures. A dose of at least 50 Gy in
standard fractionation is necessary to treat microscopic dis-
ease, and at least 60 Gy is needed for gross disease. Long-term
local control can be achieved in more than 80% of patients
who receive radiation therapy or surgical resection followed
by radiation therapy.54,55 Patients who have had prior chest
wall radiotherapy may be eligible for palliative re-irradiation
with electrons, interstitial brachytherapy, or surface brachy-
therapy. Hyperthermia and photodynamic therapy have also
been used with some success.

The fact that most patients with isolated locoregional
recurrence ultimately experience relapse at distant sites has
been a justification for an approach that assumes that all such
patients should be treated with palliative intent only; conse-
quently, such patients are often labeled as having stage IV dis-
ease. A corollary is that chest wall recurrence is only a marker
of a definitive risk for distant metastasis and not a potential
source of metastasis. However, in the era of improved systemic
adjuvant chemotherapy, patients who might otherwise have
experienced relapse at distant sites may manifest locoregional
failure as the only site of failure. A subset of these patients can
enjoy long-term disease control and possibly cure with the use
of salvage radiation therapy.

A prerequisite of cure is durable control of locally recurrent
disease. In a study of 121 patients who received chemotherapy
for isolated locoregional recurrence, the 5-year disease-free
survival was 35% for patients initially rendered disease free
with local therapy and 13% for patients who were not disease
free by the start of chemotherapy.56 Selected patients with
minimum-volume chest wall relapse have better survival, with
up to half of patients remaining relapse free at 10 years after
treatment of the local recurrence.57,58 Factors associated with
long-term disease-free survival after chest wall recurrence
include longer disease-free interval from mastectomy to local
recurrence, negative nodes at initial diagnosis of breast cancer,
resectable recurrence, and positive ER status.

Only one randomized trial has examined the use of sys-
temic therapy after excision and radiation therapy for chest
wall recurrence.58 One hundred seventy-eight women with a
disease-free interval of at least 1 year from initial diagnosis
and low-volume isolated chest wall recurrence were random-
ized to receive tamoxifen versus observation after surgical
resection and radiotherapy. Tamoxifen resulted in improved

SECTION VI. MANAGEMENT OF METASTATIC BREAST CANCER682

disease-free survival, which was limited to reducing the risk
for another locoregional relapse by nearly half (31% vs. 16%).
The use of cytotoxic chemotherapy as “secondary adjuvant”
treatment after resection and radiation of isolated locoregion-
al recurrence has led to improved 5-year survival compared
with local therapy alone in single-institution studies.56,59 The
International Breast Cancer Study Group (IBCSG) 27-02 trial
is testing whether systemic chemotherapy after surgical resec-
tion with or without radiation results in improved survival of
patients who suffer isolated locoregional recurrence.

Advances in systemic therapy, including hormonal therapy,
single-agent or combination chemotherapy, and molecular
targeted therapy, are shifting the paradigm of treatment of
metastatic breast cancer from palliation to long-term disease
control. The radiation oncologist’s distinction between cura-
tive therapy and palliative therapy becomes less clear if the
end point is long-term disease remission. For example, a
patient with a solitary metastasis who responds to initial sys-
temic therapy will usually ultimately have cancer recurrence
and progression at that site, and consolidative radiotherapy
can forestall or prevent relapse. In rare cases, patients with
metastatic disease can remain in complete remission for more
than 20 years.60,61 A study from the University of Texas M. D.
Anderson Cancer Center of 134 patients with chest wall recur-
rence or isolated distant metastasis who were rendered disease
free with surgery and, when possible, radiotherapy, were 
treated with systemic chemotherapy and achieved a 15-year
disease-free survival rate of 24%.62 A more recent cohort of
patients from the same institution found a 5-year disease-free
survival rate of 59% with the use of multimodal therapy.59

Another study of 60 patients with minimal metastatic disease
amenable to local therapy followed by high-dose chemother-
apy resulted in a 5-year relapse-free survival of 52%.63

Although a significant proportion of patients in these studies
had chest wall failure only, long-term survivorship was seen in
patients who presented with distant soft tissue or visceral
metastases.

Although metastatic breast cancer to the liver is usually
associated with advanced and incurable disease, patients with
metastatic disease to the lung may experience long-term 
survival with localized therapy. Of 467 patients with breast
cancer selected for lung metastasectomy in the International
Registry of Lung Metastases, the 15-year survival rate was
20%.64 Multimodality treatment for asymptomatic metastatic
breast cancer should be limited to patients with good per-
formance status and an extent and distribution of disease that
is amenable to surgery or radiation with the intent of render-
ing the patient disease free. Strict attention to the morbidities
of therapy is important because most patients ultimately
experience relapse at sites away from the clinically apparent
surgical-radiotherapeutic target. Newer modalities such as
intensity-modulated radiotherapy and extracranial body
stereotactic radiotherapy limit the morbidity of treatment by
more precisely targeting the metastatic tumor. Such focused
radiotherapy techniques can be given with more convenient
accelerated treatment regimens that avoid delays in full-dose
systemic therapy. Additionally, analogous to stereotactic treat-
ment of intracranial disease, extracranial radiosurgery and
intensity-modulated radiotherapy may be viable alternatives
to surgery and, because postoperative morbidity is avoided,
more widely applicable than surgery in efforts to maintain
durable control of clinically apparent metastatic disease.
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Improved imaging modalities, including functional imaging,
have the potential to enhance selection of patients who might
benefit from aggressive combined-modality treatment of
metastatic disease. Improved imaging will also allow increased
targeting accuracy when used in conjunction with radiation
treatment planning systems. Advances in systemic chemother-
apy, radiotherapy delivery, and patient selection are likely to
provide the foundation for increased use of radiation metas-
tasectomy in the combined modality management of metasta-
tic breast cancer. Improvements in disease-free survival,
quality of life, and possibly overall survival can be anticipated
in selected good-prognosis patients with metastatic breast
cancer.
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BACKGROUND

About 40,000 deaths resulted from breast cancer in the United
States in 2004. Most of these patients and many of the patients
who survive breast cancer experience considerable suffering.
The suffering has physical, psychological (emotional), social
(practical), and spiritual components. There is ample evi-
dence that these aspects of suffering are not being addressed
adequately by the medical profession.1 Palliative care is the
total care of patients with progressive advanced disease. It is
concerned with all of the aspects of suffering and focuses 
on both the quality of life of the patient and the support 
of the family and those close to the patient. Terminal care is
instituted when it is extremely likely that death will occur
within a short period of time.

In his book The Nature of Suffering and the Goals of
Medicine, Eric Cassell discusses a case of a patient with breast
cancer:

The obligation of physicians to relieve human suffering 
stretches back into antiquity. Despite this fact, little attention 
is explicitly given to the problem of suffering in medical
education, research, or practice. . . . Even in the best settings
and with the best physicians, it is not uncommon for suffering
to occur not only during the course of a disease but as a result
of its treatment.

A 35 year old sculptor with cancer of the breast that had 
spread widely was treated by competent physicians employing
advanced knowledge and technology and acting out of kindness
and true concern. At every stage, the treatment as well as
disease was a source of suffering to her. She was frightened and
uncertain about her future but could get little information from
her physicians, and what she was told was not always the truth.
She was unaware, for example, that the radiation therapy to
the breast (in lieu of a mastectomy) could be so disfiguring.
After her ovaries were removed and a regimen of medications
that were masculinizing, she became obese, grew facial and
body hair of a male type, and her libido disappeared. When
tumor invaded the nerves near her shoulder, she lost strength 

Management of
Pain for Metastatic
Breast Cancer and
Management of the
Terminal Patient
Joseph Lowy

XI



in the hand she used in sculpting and became profoundly
depressed. At one time she had watery diarrhea that would
occur unexpectedly and often cause incontinence, sometimes
when visitors were present. She could not get her physicians to
give her medication to stop the diarrhea because they were
afraid of possible disease-related side effects (although she was
not told the reason). She had a pathological fracture of her
thigh resulting from an area of cancer in the bone. Treatment
was delayed while her physicians openly disagreed about
pinning her hip.

She had come to believe that it was her desire to live that 
would end each remission, because every time her cancer 
would respond to treatment and her hope rekindle, a new
manifestation would appear. Thus, when a new course of
chemotherapy was started, she was torn between her desire to
live and her fear that allowing hope to emerge again would
merely expose her to misery if the treatment failed. . . . In
common with most patients with similar illnesses, she was
constantly tortured by fears of what tomorrow would bring.
Each tomorrow was seen as worse than today, as heralding
increased sickness, pain or disability—never as the beginning of
better times.

This young woman had severe pain and other physical
symptoms that caused her suffering. She also suffered from
threats that were social and others that were personal and
private. She suffered from the effects of the disease and its
treatment on her appearance and her abilities. She also suffered
unremittingly from her perception of a future.2

Good palliative care addresses suffering in all of its forms
and throughout the trajectory of illness. It should not be
reserved for the terminal phase but rather should be increased
proportionately as curative or life-prolonging therapy is
reduced. Physicians are understandably focused on the cure
and treatment of the disease of cancer. Disproportionate
emphasis on treating the disease may undermine the goals of
care for a patient with advanced breast cancer: the relief of
suffering, optimization of quality of life until death, and focus
on comfort in the terminal phase.

How significant a problem is pain 
in breast cancer?

Most patients with advanced cancer have significant pain.
Portenoy and colleagues reported that pain was present in
63% of 246 patients undergoing active treatment for breast,
prostate, colon and ovarian cancer. The pain was rated mod-
erate to severe in 43% of patients.3 Despite the high incidence
of pain in patients with cancer, this debilitating symptom
remains underassessed and undertreated. Barriers to effective
pain treatment, especially the use of opioids, must be over-
come because up to 90% of cancer-related pain can be 
controlled with analgesic drug therapy in conjunction with
nonpharmacologic methods.4 Successful treatment of pain is
dependent on thorough assessment, judicious investigation,
comprehensive management, and frequent reassessment.
Diagnosis-specific treatment may be instituted if a specific eti-
ology for the pain is established; however, nonspecific treat-
ment of pain should take place before or without a specific
diagnosis, if necessary.

How should pain be assessed?

A complete history of the pain includes location, duration,
quality, intensity, and response to treatment. Pain should be
rated using a verbal (0 to 10) or written pain scale.

The assessment strategy should be appropriate for the
patient’s functional status and expected survival. CT and 
MRI are time-consuming and inappropriate for a bedridden
patient with days to live. However, a sophisticated diagnostic
workup is indicated if the patient wants it and the expected
information obtained is likely to change the treatment
approach.

Pain can be both acute and chronic. This categorization 
of pain is of more than academic interest. Although acute pain
is usually self-limited and responds to medical treatment,
chronic pain (defined as lasting more than 3 months) is much
more than a temporal extension of acute pain. Changes occur
in both central neural processing and peripheral nerves. The
results may include a decrease in objective signs of pain as well
as development of such generalized symptoms as anorexia,
malaise, sleep disturbance, and irritability. Good management
of these patients demands attention to the effects that 
chronic pain has on the person suffering from it5 (Table
32–19).
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Acute Pain Syndromes
Acute pain associated with diagnostic and therapeutic

interventions
Acute pain due to procedures and postmastectomy pain

Acute Pain Associated with Anti-Cancer Therapies
Pain associated with chemotherapy and infusion
Pain associated with chemotherapy toxicity
Mucositis and painful peripheral neuropathy
Pain associated with hormonal therapy (hormone-induced pain

flare in breast cancer)
Pain associated with radiotherapy
Early-onset brachial plexopathy

Chronic Pain Syndromes

Bone Pain Syndromes
Pain syndrome of hip, base of skull, and multiple bony
metastases
Back pain and epidural spinal cord compression

Visceral Pain Syndromes
Pleural, pericardial
Liver
Bowel obstruction
Peritoneum

Pain Syndromes Associated with Tumor Infiltration 
of Nerves
Tumor infiltration of peripheral nerves
Tumor infiltration of brachial plexus
Tumor infiltration of meninges

Chronic Pain Syndromes Associated with Cancer Therapy
Postchemotherapy pain syndromes
Chronic painful peripheral neuropathy
Avascular necrosis or osteoporosis
Postsurgical pain syndromes including postmastectomy pain

syndrome
Phantom breast pain
Chronic postradiation pain syndrome
Radiation-induced brachial plexopathy

Table 32–19 Common Causes of Pain in Breast Cancer



From a physiologic standpoint, there are three types of
pain: somatic (nociceptive), visceral, and neuropathic.
Somatic pain develops once nociceptors in tissues are ac-
tivated. Visceral pain results from involvement by tumor of
thoracic and abdominal viscera and is not as well localized 
as somatic pain. Neuropathic pain results from injury to the
peripheral or central nervous system and most commonly
occurs as a result of tumor compression or infiltration of
peripheral nerves, nerve roots, or the spinal cord. Surgical
trauma and radiation-induced injury to nerves may also result
in this type of pain. Neuropathic pain is often described as
severe. Although there may be a constant dull ache or pres-
sure, superimposed burning or shooting pains are often
described (Table 32–20).

What is the approach to pain management 
in the patient with breast cancer?

The use of medications is predicated on the World Health
Organization (WHO) analgesic ladder (Fig. 32–26). Mild to
moderate pain may be treated with a nonopioid analgesic
such as acetaminophen and nonsteroidal anti-inflammatory
drugs (NSAIDs). Opioids, however, are the mainstay of cancer
pain management and should be used for persistent or 
moderate to severe pain. Opioid treatment and titration
should be initiated with immediate-release products, often
combined with acetaminophen or aspirin (including codeine,
hydrocodone, and oxycodone). Persistent or more severe pain
warrants the use of higher doses of oxycodone or tramadol,
morphine, hydromorphone, fentanyl, and methadone.

Patients with chronic or anticipated chronic pain should
receive around-the-clock dosing with longer-acting or contin-
uous medications such as sustained-release morphine,
sustained-release oxycodone, transdermal fentanyl, or, when
appropriate, continuous infusion through the intravenous or
subcutaneous route.

Patients who receive an around-the-clock regimen should
also have available to them a short-acting opioid given on an
as-needed basis for breakthrough pain. When possible, the
breakthrough drug is the short-acting form of the mainte-
nance drug. Short-acting oral opioids may usually be given
every hour, whereas parenteral forms can be offered up to
every 15 to 30 minutes. The initial rescue dose is usually about 
15% of the 24-hour baseline dose; however, doses must be 
individualized.

Drug selection and doses are dependent on such factors as
pain intensity, prior opioid use and adverse effects, preferred
route of administration, and coexisting disease. For example,
buildup of the toxic metabolites of morphine in the setting of
renal disease makes hydromorphone and fentanyl the pre-
ferred agents for maintenance therapy in this setting. Initial
doses are selected, and doses are titrated until good analgesia
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is reported or intolerable side effects occur. Dosing intervals
may require adjustment. The total dose of opioid used over 24
hours is calculated, and the maintenance dose is changed
accordingly so that patients require no more than several
breakthrough doses daily.

Physicians should familiarize themselves with equianalgesic
dosing guidelines and oral to parenteral relative potencies.
Conversion of oral to parenteral doses and equianalgesic 
dosing for morphine and hydromorphone are illustrated in
Figure 32–27.6

Transdermal fentanyl7 is a popular alternative to oral and
other parenteral opioids. However, familiarity of its pharma-
cokinetics is essential for its optimal use. It is recommended
that patients be stabilized on an oral opioid regimen (or con-
version from patient-controlled analgesia [PCA]) by calculat-
ing the 24-hour dose of the opioid used and converting this to
the equianalgesic dose of fentanyl. For example, a 100-mg/
hour fentanyl patch is about equianalgesic to 2 to 4 mg/hour
of intravenous morphine. There is a delay of 8 to 12 hours in
achieving effective analgesia the first time the patch is applied,
so the prior form of analgesic should be continued for this
period. Likewise, serum concentration falls slowly after the
patch is removed. As a rule, dose changes should not be made
more frequently than once every 72 hours, although some
patients require a dosing interval of 48 hours. Given these lim-
itations, transdermal fentanyl should be reserved for patients
with stable pain, especially those unable to take oral medica-
tions. Short-acting rescue opioids must be available for break-
through pain. Choices include oral short-acting opioids such

Table 32–20 Physiologic Types of Breast Cancer Pain

Type of Pain Example Character Treatment

Somatic (nociceptive) Bone metastasis Dull, aching, focal Nonopioid analgesics, opioids

Visceral Intestinal obstruction Dull, aching, throbbing Nonopioid analgesics, opioids

Neuropathic Brachial plexopathy Burning, shooting, sharp Nonopioid analgesics, opioids, adjuvants

Freedom from
cancer pain

Pain persisting
or increasing

Pain persisting
or increasing

Pain

Figure 32–26 World Health Organization analgesic ladder.
(From World Health Organization. Cancer Pain Relief, 2nd ed. Geneva,
WHO, 1996.)



as morphine (pill or elixir) and oral transmucosal fentanyl cit-
rate, which is absorbed across the buccal mucosa.

Opioid adverse effects are common. They are gastrointesti-
nal (nausea, vomiting, constipation), autonomic (xerostomia,
urinary retention, and postural hypotension), central nervous
system (drowsiness, delirium, respiratory depression, and
myoclonus), and cutaneous (pruritus, diaphoresis). The four
approaches to these side effects are (1) dose reduction, (2)
specific therapy, (3) opioid switch, and (4) change route of
administration.8 Constipation is the most common side effect
of chronic opioid therapy. Patients should undergo routine
prophylaxis with stool softeners and cathartics. Sedation may
be counteracted with methylphenidate or dextroampheta-
mine. Small doses are initiated in the morning, usually with a
second dose given at midday.

Which adjuvant analgesics are effective 
in cancer pain management?

Adjuvant analgesic drugs can be administered at any stage of
the WHO ladder; however, severe pain warrants administra-
tion of a strong opioid immediately. Adjuvant analgesics may
be used initially for mild pain or in addition to opioids for
moderate to severe pain. Acetaminophen and NSAIDs are
important first-line agents for mild to moderate pain control.
The newer cyclo-oxygenase-2 (COX-2) NSAIDs are currently
being studied, and there is some early evidence of their poten-
tial effectiveness in metastatic bone pain, as has been demon-
strated with the older NSAIDs.9,10 Unlike opioids, NSAIDs and
acetaminophen have a ceiling effect to their efficacy, so that
increasing doses beyond a certain level does not result in a
greater therapeutic effect.

Corticosteroids may provide effective analgesia in such var-
ied situations as metastatic bone pain, pain related to nerve
compression, pain from epidural spinal cord compression,
and painful liver metastases.

Adjuvant therapy can be particularly helpful in the treat-
ment of neuropathic pain. The tricyclic antidepressants have
been used in a variety of chronic neuropathic pain syndromes,
including postherpetic neuralgia and painful diabetic neu-
ropathy. There is a growing body of evidence supporting the
use of anticonvulsant drugs for neuropathic pain. In particu-
lar, gabapentin has been shown to be effective as an adjuvant
to opioid analgesia for neuropathic cancer pain.11

Other agents found to be effective as adjuvants include
lidocaine and other antiarrythmic-anesthetic agents given 
systemically, such as clonidine, baclofen, and N-methyl-D-
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aspartate (NMDA) antagonists. The latter group includes 
dextromethorphan and ketamine. The ketamine produces
analgesia in doses much lower than those needed to produce
anesthesia. Also, methadone has anti-NMDA receptor effects.

Bisphosphonate compounds should always be considered
in the setting of bone metastases. Pamidronate, 60 to 90 mg
intravenous infusion every 2 to 4 weeks, has been shown to
decrease pain, slow the growth of tumor metastases, and pre-
vent fractures.12

When are interventional strategies 
indicated for cancer pain?

Patients whose pain is not adequately controlled with systemic
analgesics or in whom side effects of these medications are
intolerable may be candidates for interventional anesthetic
techniques including spinal anesthesia and peripheral neu-
rolytic blockade. Opioids, local anesthetics, and clonidine may
all be administered for spinal analgesia. The epidural dose of
opioid required to manage pain is about 10% of the systemic
dose. Subarachnoid administration of morphine doses are as
low as 1% of the systemic dose. In cancer pain, spinal opioids
are most effective for patients with deep, constant somatic
pain.13 Although effective, the use of spinal analgesia is inva-
sive, highly technical, and costly because its delivery requires
the use of indwelling catheters and pumps. This should be
considered for use only in patients who have a prognosis of
more than several months.

Neural blockade may be effective when pain is well local-
ized. Local anesthetics can be injected in various locations,
including the brachial plexus and pleural cavity. Newer tech-
niques, such as radiofrequency ablation (RFA) therapy, are
currently being studied for painful bone metastases14 and
painful soft tissue tumors. In extreme circumstances, neuro-
surgical intervention may be considered. Techniques available
include intracranial and spinal ablative procedures.15 The
decision to employ any of these techniques is based on 
expected survival, pain location, and character and patient
preferences.

Which nonpharmacologic methods 
of pain management are effective?

Good communication is the most important intervention for
improved patient outcome. Patients must feel that they are
being listened to. In addition to specific questions regarding
pain assessment, they should be asked how else they may be
suffering and what concerns they may have. To ensure true
informed consent, the physician must discuss with the patient
the important risks and benefits of, and alternatives to, all
treatments (including chemotherapy) and procedures. The
patients and caregivers should be educated about the high rate
of effective pain control and the safety and effectiveness of
opioids. Specialized cognitive-behavioral interventions may
help patients develop skills to cope with pain and its second-
ary effects. These techniques include relaxation, imagery,
hypnosis, reframing, distraction, structured support, and 
psychotherapy.16 Such nonpharmacologic strategies should 
be used in conjunction with pharmacologic treatment.
Cognitive-behavioral skills are more difficult to acquire once

Drug PO SC or IV

Morphine 20 mg Divide by 3
Divide by 20

Hydromorphone 5 mg Divide by 5

7 mg

1 mg

Figure 32–27 Conversion of oral opioid doses to parenteral
doses. (Data from Pocket Guide to Hospice/Palliative Care Medicine.
Glenview, IL, American Academy of Hospice and Palliative Medicine,
2003, p. 80.)



respite care, when necessary. Despite the availability of this
benefit and, more importantly, the palliative care adminis-
tered through hospice, most cancer patients in the United
States continue to die in hospitals or other long-term facilities.
Between 1991 and 1996, only 20.7% of women older than 
65 years dying of breast cancer were enrolled in hospice
(although the ratio of hospice use increased over those years
from 11.1% to 27.1%).25

What is expected during the terminal 
phase of a patient with breast cancer?

Common signs and symptoms in patients with advanced can-
cer include fatigue and generalized weakness, anorexia, pain,
mental status changes, dyspnea, nausea, and vomiting. The
proper management of these symptoms necessitates a thor-
ough assessment and attention to physical and psychological
factors. Cancer cachexia is a particularly troublesome symp-
tom and, in breast cancer, has been shown to correlate with
tumor bulk. Total parenteral nutrition does not improve can-
cer survival.26 In the terminal breast cancer patient, the goals,
risks, and benefits of artificial nutrition and hydration should
be discussed with patient and family. Loss of appetite is natu-
ral and does not appear to contribute to patient suffering.

Most patients have their symptoms relieved by adhering to
current palliative care guidelines for pain and other symptom
control methods. Occasionally, refractory symptoms necessi-
tate the use of induced sedation (also known as palliative seda-
tion or terminal sedation). The three most common symptoms
that result in the use of induced sedation are pain, agitation or
delirium, and dyspnea. This extreme measure should be
undertaken only for severe refractory symptoms in the setting
of fully informed consent by the patient or health care proxy.
Death is understood to be a possible side effect (double effect)
because the primary goal is the relief of suffering.

When should advanced care 
planning take place?

All patients should be given the opportunity to express feel-
ings about the type of care they would like to receive at the
end of their lives. To do this properly, patients need to be
informed of their status, prognosis, and range of available
supportive measures. This information is often withheld or
delayed for fear that the patient will lose hope. In general,
however, patients want to know the truth about their diagno-
sis and prognosis. It has been shown that in the absence of
prognostic information from their physicians, patients tend to
overestimate their survival and express a preference for life-
extending therapy. Patients who thought there was at least a
10% chance that they would not live for 6 months expressed a
greater preference for comfort care.27

Physicians are responsible for initiating discussions with
patients regarding advanced care planning as a matter of rou-
tine. The patients should assign a health care proxy or durable
power of attorney for health care in case they lose capacity to
make decisions. A living will or written advance directive is
also advisable to help direct care. Goals of care must be estab-
lished as the patient’s status changes. Early in a patient’s care,
remission or cure may be the goal. With advanced disease 

pain is severe or chronic. Physical methods such as massage,17

ice, or heat may be used at any time. There is a growing body
of literature supporting the use of music therapy as a means
to reduce pain intensity and related distress associated with
pain.18 Other complementary therapies that have been
demonstrated to be effective in cancer pain include acupunc-
ture and transcutaneous electrical nerve stimulation (TENS).
Pastoral and spiritual care, as well as group support, may be
extremely effective complementary therapies and should be
made available to all patients.

When is it appropriate to begin 
palliative and terminal care?

Palliative care is interdisciplinary and focuses on the manage-
ment of physical, psychological, social, and spiritual issues.
Terminal care begins when the patient is likely to die within
days or weeks. Effective palliative care should be integrated
into cancer care from the beginning, rather than reserved for
the end of life. It is especially important that the oncologist
inform patients whether the goal of treatment is cure or 
palliation. As with other cancers, patients with breast cancer
overestimate the potential benefits of chemotherapy.19 This
misunderstanding of the value of chemotherapy may interfere
significantly with appropriate decision making. A survey of
medical oncologists revealed little hesitation in recommend-
ing second-line treatments for breast cancer despite their lack
of enthusiasm for benefit. This is consistent with the fact that
medical oncologists are more likely than nonmedical oncolo-
gists to continue aggressive treatments for potentially small
benefits.20 Chemotherapy is frequently given within weeks of
death despite the fact that, through abundant clinical research,
the oncologist has accurate data concerning survival in
patients with terminal disease. The avoidance of ineffective
chemotherapy and redefinition of goals of care from cure to
quality of life require awareness of prognosis.

The physician’s ability to predict terminally ill cancer
patients’ survival has been evaluated in several studies.
Overall, estimates tend to be overly optimistic.21,22 Multiple
studies relate survival to performance status. The Karnofsky
performance score (KPS) is the standard most often used. A
KPS of less than 50% (patient requires considerable assistance
and frequent medical care) suggests a life expectancy of fewer
than 8 weeks.23 This knowledge affords the treating physician
the opportunity to help the patient modify goals of care to
avoid futile attempts to prolong life with chemotherapy and
focus on the alleviation of symptoms and distress and support
for the patient and family. It is also a time to determine the
patient’s wishes with respect to advance directives and end-of-
life care, if this has not yet been done.

Where do patients die, and when is 
referral to hospice appropriate?

When surveyed, 50% to 70% of cancer patients prefer to be
cared for at home and to die at home, although as death
approaches, some patients and relatives begin to express a
preference for death in hospice.24 In the United States, the
Medicare hospice benefit was devised predominantly as home
care for the terminally ill, with inpatient hospice available for
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progression, this goal may change to being home with family
and ultimately to having a peaceful death.
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associated with a significant increase in breast cancer risk2 and
should be carefully confirmed, including review of pathologic
material if necessary. A history of other malignancies should
be sought. A prior history of Hodgkin’s disease treated with
mantle irradiation (including the neck, supraclavicular, infra-
clavicular, axillary, mediastinal, and hilar regions in one field)
confers an increased risk for breast cancer to the survivor.3

Family history of breast cancer is an important aspect of
breast cancer risk assessment. The patient should be queried
carefully, and information regarding both maternal and pater-
nal lines documented, including relatives’ age at diagnosis, the
presence of bilateral disease, and any incidence of ovarian
cancer. In addition, some sense of the number of unaffected
relatives may be helpful. A family history of breast cancer in a
patient’s single aunt is more significant than a history of
breast cancer in one of six aunts. Similarly, a close relative who
developed breast cancer at age 40 years has more significance
than one who was diagnosed with the disease at age 90 years.
A history of other cancers in the family, particularly ovarian
cancer, is important. The combination of breast and ovarian
cancer in a family is particularly predictive for an inherited
susceptibility to these diseases. It may be helpful to draw out
the pedigree to get a sense of the pattern of breast cancer in a
family. This information should be updated periodically.
Patients whose family history suggests an inherited genetic
tendency for the disease should be referred for genetic coun-
seling and testing because this will help clarify their risk more
precisely.4

An individual woman may have multiple risk factors for
breast cancer, and her overall risk will represent a complex
combination of these factors. A variety of mathematical 
models have been used to quantify a woman’s risk for breast
cancer. The advantage of these models is the ability to use the
risk estimate generated to facilitate communication with
patients and present information in a manner that could be
interpreted by the patient in a meaningful fashion.

The Gail model5 is probably the most widely used model 
for estimating breast cancer risk. This model was used by 
the National Surgical Adjuvant Breast and Bowel Project
(NSABP) as a criterion for inclusion in the P-1 trial, which
established the use of tamoxifen as a chemopreventive agent
for breast cancer.6 The Gail model includes as variables the
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Patients at High Risk of
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DEFINITION OF RISK

All women have a baseline risk for developing breast cancer.
There is no immunity from the disease. However, there are
known factors that increase a woman’s risk for developing
breast cancer over the baseline level, and they have been dis-
cussed in detail elsewhere in this volume. Risk factors for
breast cancer stem from a variety of sources, including family
history, reproductive factors, and environmental exposures.
The care of women at high risk for the development of breast
cancer is challenging and requires careful risk assessment and
discussion of strategies to manage that risk.

It is clear that most women overestimate their risk for
developing breast cancer. Anxiety, apprehension, and mis-
information may alter a woman’s perception of her risk.
Therefore, it is the job of the clinician to clarify an individual
woman’s risk for breast cancer as precisely as possible, com-
municate that risk clearly, and explore the various approaches
to assessing breast cancer risk to arrive at a strategy that is
appropriate in each case at that particular point in time.

How can we quantify breast cancer risk?

Quantifying breast cancer risk provides advantages for both
the patient and the clinician. Many women possess multiple
risk factors for breast cancer that interact and combine to pro-
duce the overall risk for that individual. Quantifying risk
allows individuals to compare their risks with known bench-
marks. As interventions to modify risk become available,
risk–benefit analyses can help define levels of risk that justify
particular interventions.

The initial medical history taken from a women being
assessed for breast cancer risk should include detailed infor-
mation concerning all established risk factors. Reproductive
factors such as age at menarche, parity, age at first birth, and
the use of hormone replacement therapy should be docu-
mented, along with breast-feeding history, because there may
be some protective effect.1 Prior history of benign breast dis-
ease should be explored, particularly a history of atypical
hyperplasia or lobular carcinoma in situ. These conditions are
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patient’s present age, age at menarche, age at first live birth,
number of first-degree relatives with breast cancer, and num-
ber of benign breast biopsies, with a factor included to weight
for the presence of atypical hyperplasia. The Gail model pro-
duces both a lifetime estimate for the risk of developing breast
cancer and an estimate of the risk of developing the disease in
the next 5 years. When discussing the results of a Gail model
assessment with a patient, the lifetime risk can be compared
with the widely disseminated 1-in-9 population risk estimate.
The estimate of 5-year risk is extremely helpful because most
patients are able to better understand this shorter term possi-
bility. The Gail model is limited by the exclusion of family 
history beyond first-degree relatives. Particularly when the
disease is seen on the paternal side of the family, there may be
no affected first-degree relatives, thus resulting in an underes-
timate of risk by the Gail model.

The Claus model7 focuses on family history, includes both
first- and second-degree relatives with the disease, and incor-
porates the age at which they developed breast cancer. The
Claus model produces an estimate of the probability that a
woman will develop breast cancer over a series of 10-year
intervals. The Claus model provides a better estimate of breast
cancer risk for women with extended family histories of the
disease.

BRCAPRO8 is a new model intended to help evaluate a
woman whose family history suggests an inherited suscepti-
bility to breast cancer. This model produces a probability esti-
mate that the individual woman will be found to carry a
mutation in the BRCA1 or BRCA2 genes. Use of this model
may be helpful to women considering genetic testing. Other
models using sophisticated mathematical methods such as
bayesian networks and including a multitude of risk factors
are being actively developed. These models may provide a 
better estimate for individuals whose background contains
risk factors from multiple sources.

How is a patient with inherited 
susceptibility to breast cancer evaluated?

The first step in evaluating an individual with the inherited
susceptibility to breast cancer is identifying that individual.
There are a number of inherited syndromes that include an
increased susceptibility to breast cancer; hence, a detailed
family history of all neoplastic diseases should be documented
in women being evaluated for breast cancer risk. The most
common inherited syndromes involving an increased risk for
breast cancer are listed in Table 33–1. Families in which there

is an inherited susceptibility to breast cancer are recognizable
by the presence of multiple generations with affected individ-
uals, with early age at onset, more bilateral cases than would
be predicted, and an increased incidence of other cancers, par-
ticularly ovarian cancer. The frequency of BRCA1 and BRCA2
mutations is increased in the Ashkenazi (Eastern European)
Jewish population as compared with other ethnic groups.9 As
a result, a lower threshold should be maintained for recom-
mending genetic evaluation to women in this group.

When a pattern suggestive of inherited susceptibility to
breast cancer is identified in a patient’s family, genetic coun-
seling should be offered.10 The process of genetic counseling is
particularly important to allow patients to understand the
level of risk they face, the decisions they may face regarding
the risk for other associated cancers (particularly ovarian can-
cer), and the psychosocial ramifications of a positive result.
Genetic testing should always be performed in the context 
of pretest counseling to ensure that the patient understands
the above concepts and is prepared to accept and act on the
results. A patient who is not prepared to accept and act on the
results of genetic testing should not be tested. At the present
time, there is no indication to test minor children because the
information obtained from the testing will not benefit the
child in any meaningful way at the time the results are
obtained.

A special consideration in genetic testing is a woman who is
newly diagnosed with unilateral breast cancer and whose fam-
ily history suggests she may be a mutation carrier. In this set-
ting, genetic testing before definitive cancer surgery may be
indicated. Women with BRCA1 and BRCA2 mutations are at
higher risk for the development of contralateral disease, and
consideration would therefore be given to the performance of
bilateral mastectomy, for treatment and prophylaxis. Testing
for BRCA1 and BRCA2, particularly in Ashkenazi Jewish indi-
viduals, can be done with a rapid turn-around and may affect
the treatment of the newly diagnosed breast cancer in a
woman whose family history suggests that she may be a muta-
tion carrier.

Once the results of the genetic testing are available, a fur-
ther discussion regarding the options for managing breast
cancer risk should be conducted with the benefit of this
updated information. In addition, the increased risk for 
other malignancies, particularly ovarian cancer, should be
addressed. It is also critical that a patient understand that the
failure to identify a mutation in the known genes does not
imply a lower baseline risk and that there are almost certainly
genes as yet undiscovered that play a role in a familial form of
breast cancer.11
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Table 33–1 Hereditary Breast Cancer Syndromes

Syndrome or Disease Inheritance Sites/Tumors Genetic Mutation

Breast-ovarian syndrome Autosomal dominant Breast, ovarian, prostate BRCA1

Male breast cancer Autosomal dominant Breast, ovarian, male breast, pancreatic BRCA2

Li-Fraumeni Autosomal dominant Breast, soft tissue, bone, brain, hematologic, adrenal p53

Ataxia-telangiectasia Autosomal recessive Lymphoma, breast, ovarian, leukemia, oral cavity, chr 11q22
stomach, pancreas, bladder

Cowden’s (multiple Autosomal dominant Facial trichilemmomas, papillomatosis of lips and chr 10q22-23
hamartoma) (variable expressivity) oral cavity, thyroid nodules, gastrointestinal 

polyps, breast fibroadenomas



What is the significance of atypical 
hyperplasias in breast cancer risk?

In dealing with patients with a history of benign breast dis-
ease, it is important for the clinician to recognize that most
subcategories of benign breast disease confer no clear increase
in breast cancer risk. Commonly observed cyclic breast pain
and symmetrical bilateral nodularity on clinical breast exam-
ination do not imply an increased risk for malignancy. Typical
fibroadenomas of the breast not associated with proliferative
benign disease in the adjacent breast tissue are generally
thought to have no association with subsequent risk for breast
cancer.12 However, seminal work by Dupont and Page estab-
lished the association between certain categories of benign
breast disease and an increased risk for breast cancer.2 Benign
lesions containing atypical ductal or lobular hyperplasia as
defined by histologic analysis are associated with a relative risk
of 4 to 5 for the development of breast cancer. Lobular carci-
noma in situ (LCIS), also called lobular neoplasia, has been
associated with a 6- to 9-fold increase in breast cancer risk.13

When atypical hyperplasia is combined with a family history
of breast cancer, there is a synergistic effect, and there is an
approximately 10-fold increase in breast cancer risk.2 These
data have been corroborated by other investigators, and 
it appears that when atypical hyperplasia is detected by 
cytologic analysis, the association with breast cancer risk is 
the same. Wrensch and colleagues analyzed nipple aspirate
fluid for the presence of atypia and demonstrated a relative
risk of breast cancer of approximately 5 in women with atypia
diagnosed by this method.14 Fabian and associates performed
random four-quadrant fine-needle aspirations of the breast
for cytology and also documented a 5 times relative risk for
breast cancer in women with atypical cytology.15 In this study,
women with an elevated Gail model risk who had hyperplasia
with atypia in their fine-needle aspiration samples had an
observed breast cancer incidence of 15% at 3 years. Thus, it
appears that cellular atypia in the breast is a meaningful mark-
er for increased risk for breast cancer, particularly when com-
bined with a background of elevated risk from other sources.

Ductal lavage represents an opportunity to evaluate for 
the presence of atypia in breast ductal cells and thereby help
stratify an individual woman’s risk for breast cancer.16 This
relatively new technique involves cannulating the orifices of
nipple ducts that produce nipple aspirate fluid with a double-
lumen microcatheter, then irrigating the ducts to collect duc-
tal cells for cytologic analysis. Atypia can be identified by this
minimally invasive office-based method, with that informa-
tion incorporated into the patient’s breast cancer risk assess-
ment. For many women, this objective data point, which is cell
based and obtained in real time, may be an important aid in
quantifying their breast cancer risk as precisely as possible.17

When added to a positive family history, these data may be the
impetus needed for a patient to consider active risk modifica-
tion interventions. It is particularly significant that in the
NSABP P-1 trial, the subset of patients who benefited most
from tamoxifen were those who entered the trial with a his-
tory of atypical hyperplasia.5 Individual patients can be
offered ductal lavage on a yearly basis and their results tracked
over time. Ductal lavage is becoming increasingly integrated
into the comprehensive assessment of high-risk women as a
tool for improved breast cancer risk stratification.18

What are the management strategies 
available for high-risk women?

The product of a comprehensive breast cancer risk assessment
should be some statistical quantification of a women’s risk for
developing breast cancer. This objective analysis may help to
decrease the influence of anxiety and emotional factors on a
woman’s perception of her risk for breast cancer. However, it
is important for the clinician to recognize that every woman
will understand her risk for breast cancer in an individual
manner, which may be governed by diverse issues such as the
previous breast cancer experiences of friends and relatives and
aspects of her own personality (e.g., qualities of being risk
averse or risk taking in other aspects of her life). The discus-
sion of breast cancer risk and risk management strategies is a
dialogue, not a monologue, and the patient must participate.
Breast cancer risk changes with time, and risk assessment
should be periodically updated. There is no single strategy for
managing breast cancer risk that is appropriate for every
woman at any moment in time.

STRATEGIES

There are three major categories of strategies available to
high-risk women: intensive surveillance, chemoprevention,
and prophylactic mastectomy.

What is an appropriate surveillance 
strategy for high-risk patients?

Intensive surveillance should be offered to all high-risk
patients, regardless of whether they undertake active risk
reduction methods. The purpose of this strategy is to offer the
patient every possible opportunity for the early detection of
breast cancer. The benefits of such programs are not clearly
established, although there are some data in the medical liter-
ature to support the effectiveness of this approach in early
detection.19

Surveillance programs include the elements of breast self-
examination, clinical breast examination, and breast imaging.
Breast self-examination has become controversial, and the
benefit to the patient has not been established in published
studies. However, informing patients regarding the visible and
obvious signs of breast disease (e.g. skin changes, change in
breast contour) is good practice and prevents a patient from
neglecting to bring an obvious sign to medical attention.
Clinical breast examination is very important, particularly in
young women, and we generally recommend clinical breast
examinations every 6 months to our high-risk patients. Our
approach to breast imaging for high-risk patients has evolved
with time, as our understanding of the benefits and limita-
tions of each technique has increased. Yearly mammography is
recommended for all women after age 40 years. When caring
for high-risk women, particularly those with a family history
of breast cancer at a young age, the age at first mammography
should be adjusted downward. Screening ultrasound may
identify mammographically occult masses in high-risk
women with dense breasts and has been increasingly inte-
grated into clinical practice. There is also emerging evidence
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in the medical literature to support the use of screening breast
magnetic resonance imaging (MRI) for high-risk women.
Although it is expensive and inconvenient, it appears that a
small percentage of lesions will be detected by this method
without producing recognizable signs by other imaging
modalities. A paper from investigators in the Netherlands
reviewed their experience with screening MRI in women
known to be BRCA1 and BRCA2 mutation carriers.20 In their
experience, MRI detected invasive cancer more accurately
than mammography; however, mammography remained
superior in the diagnosis of ductal carcinoma in situ (DCIS).
Despite the expense and the potential for generating benign
biopsies, it seems clear that MRI should be offered to very
high-risk women for the increased ability to detect breast can-
cer using this method.

What is the role of chemoprevention 
for high-risk women?

The NSABP P-1 trial provided a landmark in the management
of women at high risk for developing breast cancer.5 This
prospective randomized trial established the clear benefit of
tamoxifen in reducing the risk for breast cancer development
in high-risk women. Five years of treatment with tamoxifen
provided an average of almost 50% reduction in breast cancer
development (both DCIS and invasive disease) for women in
the study. Of note, the subgroup that benefited most from
tamoxifen was the group of women who entered the trial with
atypical hyperplasia or LCIS. At this point, tamoxifen remains
the one agent clearly demonstrated to reduce the risk for
breast cancer in high-risk women.

The Study of Tamoxifen and Raloxifene (STAR) trial is a
randomized prospective trial being conducted at present 
by the NSABP to evaluate the potential use of raloxifene in
breast cancer risk reduction. Raloxifene, a selective estrogen
receptor modulator like tamoxifen, is a Food and Drug
Administration–approved treatment for osteoporosis. Early
data support its efficacy in breast cancer risk reduction21;
however, the results of the STAR trial will complete our
understanding of the potential role of this agent in 
chemoprevention.

There is also ongoing research into other candidate agents
for breast cancer chemoprevention. Aromatase inhibitors rep-
resent a promising category of agents under consideration for
their effectiveness in breast cancer prevention.22 A recent study
associated aspirin use with a reduction in the incidence of
breast cancer.23 Cyclo-oxygenase-2 (COX-2) inhibitors are
also being studied for their potential use in reducing breast
cancer risk.24 As our understanding of the basic science of
breast cancer development advances, we may anticipate addi-
tional possible interventions to reduce the risk for breast can-
cer in high-risk women.

What is the role of prophylactic surgery 
in the management of high-risk women?

Certainly, bilateral prophylactic total mastectomy provides a
high-risk patient with the greatest possible reduction in the
risk for breast cancer development. Hartman and coworkers
reviewed the experience of the Mayo Clinic in prophylactic

surgery for breast cancer prevention and demonstrated a 90%
reduction in breast cancer risk with this technique as per-
formed between 1963 and 1993.25 Many procedures, however,
were performed for indications that might not be considered
appropriate at this time, and many of the operations were
done as subcutaneous mastectomies, which differs from the
current standard. We might expect a greater degree of risk
reduction with total mastectomy as the approach because the
technique of total mastectomy should provide greater extirpa-
tion of at-risk breast tissue.

In our time, bilateral prophylactic total mastectomy is
almost exclusively the province of those women at highest risk
for developing breast cancer: women who are known BRCA1
and BRCA2 carriers. In those cases, the exquisitely high level
of risk would seem to justify this intervention. Patients under-
going this procedure should also be offered the option of
immediate breast reconstruction.

What modifiable risk factors should be 
considered in high-risk patients?

Some risk factors for breast cancer are clearly beyond a
woman’s control—for example, age at menarche and
menopause and family history of the disease. However, there
are other potential risk factors that are subject to modification
by an at-risk woman. These include obesity, diet and exercise,
smoking, and alcohol consumption.26 These lifestyle factors
may represent relatively small risks, but positive interventions
may provide an individual with health benefits beyond 
any potential impact on breast cancer risk. Avoidance of
risk-taking behaviors is another potential advantage to 
high-risk patients. The Women’s Health Initiative provided
clarification of the increased risk for breast cancer associated
with combined estrogen-progestin hormone replacement
therapy given to postmenopausal women.27 Although hor-
mone replacement therapy affords symptomatic relief for
women suffering from significant menopausal symptoms, it
also increases the risk for breast cancer and appears to increase
the risk of some types of cardiovascular disease and should
thus be viewed as a short-term strategy. For women at high
risk for developing breast cancer, any intervention that will
increase that risk further should be viewed with caution.

What is an appropriate surveillance 
strategy for associated ovarian cancer risk?

Women at high risk for breast cancer on the basis of putative
or documented inherited genetic syndromes are also at risk
for a variety of other malignancies, and they should be appro-
priately informed and screened. Women at high risk for breast
cancer because of inherited mutations in BRCA1 and BRCA2
are also at increased risk for the development of ovarian can-
cer.28 The estimated cumulative risk for developing ovarian
cancer in a woman with a BRCA1 mutation is 30% by age 60
years. The management of increased risk for ovarian cancer
differs greatly from our approach to the management of
women at high risk for breast cancer. At present, there is no
effective way to diagnose ovarian cancer at an early enough
stage that survival from the disease is increased. Neither
screening ultrasound nor CA-125 testing has been shown to

SECTION VII. SPECIAL ISSUES IN BREAST CANCER TREATMENT696



reduce the mortality from ovarian cancer. Oral contraceptives
afford some risk reduction and may provide an appealing
option for younger women at risk for ovarian cancer.29

However, there is some evidence that women who take oral
contraceptives for long periods of time beginning at a young
age may have an increased risk for breast cancer.30 Women for
whom fertility is not a concern most frequently opt for pro-
phylactic bilateral oophorectomy, which may be performed
laparoscopically. This procedure affords the patient dramatic
risk reduction, but a small risk for primary peritoneal cancer
remains.
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How does Paget’s disease present clinically?

Patients typically present with an erythematous, scaly or
weeping eczematous lesion of the nipple (Figs. 34–1 and
34–2). This may be associated with bleeding. In later 
stages, there may be progression to erosion and ulceration
with eventual effacement of the nipple–areolar complex.
Subjectively, patients notice a change in sensation over the
area such as burning and itching. Paget’s disease involves 
the nipple first, before progressing to the areola. Sole 
involvement of the areola is not characteristic. The differential
diagnosis includes inflammatory and malignant processes:
eczema, psoriasis, other dermatologic conditions; florid 
papillomatosis; Bowen’s disease; and amelanotic melanoma 
of the nipple.7,8 A delay in diagnosis often results because
patients are initially treated with topical steroids for variable
periods. When eczematoid changes of the nipple do not
respond to such treatment promptly, Paget’s disease must be
excluded.

The diagnosis may be made with a punch biopsy of a 
representative area performed in an office setting but 
may require a wedge biopsy. Some authors report cytologic
analysis of smears of the weeping fluid or blood, but this is 
not always diagnostic.9 Along with diagnosing the nipple-
areolar lesion, attention must be paid to the remaining 
breast. Studies of mastectomy specimens have demonstrated
that nearly 100% of patients with Paget’s disease do have 
an underlying malignancy.10–12 Less than half of these are 
palpable masses. The most common location for these 
carcinomas is central, but they have been reported in all 
quadrants. About 40% to 50% of patients with Paget’s 
disease have no clinically detectable mammary mass.13 Most
palpable disease is invasive carcinoma, whereas most unde-
tectable disease is carcinoma in situ. Focal changes in the 
nipple–areolar complex, such as thickening or a retroareolar
mass, may be detected on mammography, but typically 
this modality is most helpful in identifying concomitant
tumors.14 Ultrasonography offers no further diagnostic
advantage.15

CHAPTER 34

Treatment of Unusual
Malignant Neoplasias and
Clinical Presentations
Alison Estabrook and Gladys Giron

Breast cancer does not always present clinically as a palpable
mass or thickening in the breast tissue. It may mimic an 
infection, as in inflammatory breast cancer, or present as an
irritation of the nipple (Paget’s disease). It may present as an
axillary mass. Some breast cancers are partially cystic (intra-
cystic papillary carcinoma) and require careful clinical exam-
ination after aspiration. The breast can also develop sarcomas
or lymphomas and can be the site of metastatic carcinomas.
This chapter describes these unusual presentations and
uncommon sarcomas and primary lymphomas.

PAGET’S DISEASE

What is Paget’s disease?

It was not until after his retirement from the practice of sur-
gery that Sir James Paget first reported 15 cases of chronic
nipple ulceration in 1874. He described “a florid intensely red
raw surface . . . like the surface of very acute diffuse eczema.”1

He proposed that chronic irritation was the cause of the
malignancies diagnosed in these women within 2 years of ini-
tial presentation.2 This rare condition of the nipple–areolar
complex was later given the eponym of Paget’s disease. It is
reported in most series to occur in 1% to 3% of all breast
malignancies. The classic histologic finding is that of Paget’s
cells within the epidermis of the nipple and areola. The origin
of these cells is controversial and has spawned two theories of
histogenesis. The first is the epidermotropic theory, in which
malignant cells in the terminal ducts migrate to the nipple.3

The second is the transformation theory, in which epidermal
cells of the nipple transform into Paget’s cells. This latter the-
ory assumes that Paget’s cells are independent of the car-
cinomas found within the mammary gland in most cases.4

Immunohistochemical studies favor the epidermotropic 
theory, which is in keeping with the observation that essen-
tially all patients are found to have concomitant malignancies
of ductal origin.3,5,6
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What are the histologic features 
of Paget’s disease?

The characteristic Paget’s cells are identified in the keratiniz-
ing epithelium of the nipple epidermis (Fig. 34–3). Paget’s
cells are large round cells with abundant pale or clear cyto-
plasm, pleomorphic nuclei, and large nucleoli. They occur
singly in the superficial epidermal layers and may form 
clusters in the basal layers.7 Associated invasive carcinoma is
overwhelmingly of ductal origin. Accompanying intraductal
carcinoma is characterized by comedo or solid growth 
patterns. Because comedocarcinoma is often associated with
calcifications, this may be detected mammographically.7

Histochemical characteristics suggesting a mammary origin
for these cells include the distribution of carcinoembryonic
antigen, cytokeratins, estrogen receptors, and HER-2/neu
receptors.7

How has the treatment of Paget’s 
disease of the breast evolved?

Traditionally, the treatment of Paget’s disease has been mas-
tectomy. In patients undergoing mastectomy for Paget’s 
disease with an associated invasive carcinoma, postoperative
prognosis and survival are directly related to the stage of the
carcinoma. When associated with intraductal carcinoma, the
10-year survival rate after mastectomy has been reported as
100%.16

For patients with Paget’s disease and extensive underlying
carcinoma, total mastectomy with operative assessment of
the axilla remains the standard approach. The axilla may be
addressed with a sentinel lymph node biopsy followed by 
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Figure 34–1 Patient with biopsy-proven Paget’s disease of the
nipple, refusing standard treatment.

Figure 34–2 Same patient as in Figure 34–2 about 6 months
later, with visible progression of disease.

A B
Figure 34–3 Paget’s disease. A, H&E stain. B, E-cadherin stain.



axillary node dissection for positive metastatic lymph node
involvement. Increasingly, patients are presenting with early-
stage breast cancers and cancers that are nonpalpable and only
detected radiographically. This has led to the acceptance of
breast-conserving surgery for both invasive and in situ breast
cancer. The use of conservation is being explored in appropri-
ate cases of Paget’s disease.

Breast conservation approaches in the management of
Paget’s disease include excision of the nipple–areolar complex
with central segmentectomy, with or without radiation 
therapy. Table 34–1 summarizes current available reports of
breast conservation approaches to Paget’s disease.4,11,17–24

Although numbers are small, the observed local recurrence
rates are lower in more recent series, and mortality remains
low.

Is breast-conserving treatment 
appropriate for Paget’s disease?

The application of breast-conserving surgery for Paget’s dis-
ease is similar to that for patients without this special clinical
presentation. One obvious exception is the almost universal
need for excision of the nipple–areolar complex, with its 
cosmetic implications. The foremost surgical goal is that of
achieving negative margins. In most cases, an elliptic incision
encompassing the entire nipple–areolar complex is necessary.
A central cone of tissue is dissected out to a depth of at least 
2 cm, or down to the chest wall. All margins must be inked
and histologically evaluated. Emphasis again is placed on pre-
operative assessment for a concomitant breast cancer that
must be treated accordingly. Kothari and colleagues illustrated
this point in a study of 70 women with Paget’s disease treated
with mastectomy.25 Only one third presented with a palpable
mass, and of these masses, only 25% were confined to the
retroareolar region. They then extrapolated that cone excision
of the nipple alone would have resulted in incomplete excision

in 75% of the cases. Complete nipple resection with partial
areolar excision may be possible in cases in which the areola is
large and the extent of disease is small. The axilla should be
evaluated surgically in patients with underlying carcinoma
and extensive ductal carcinoma in situ (DCIS) with microin-
vasion. This may start with a sentinel lymph node biopsy.

Is radiation therapy required after 
breast-conserving therapy?

The decision to proceed with adjuvant radiation therapy
depends on the extent of disease as determined by pathologic
examination of the surgical specimen. Radiation therapists
advocate postoperative mammography to rule out residual
microcalcifications before proceeding with definitive radia-
tion treatment, the standard in treatment of in situ and inva-
sive breast cancer without Paget’s disease.17 In the subgroup of
patients presenting with Paget’s disease of the nipple and no
identifiable mammary malignancy, treatment should proceed
as though there were underlying DCIS—that is, breast-
conserving surgery followed by radiation therapy.

Cosmetic reconstruction of the nipple–areolar complex is
delayed until all treatment is completed. A plastic surgeon
should then be consulted to review the options available.
Reconstruction most often entails a local “skate” flap with skin
graft and subsequent tattooing. Other options include tattoo-
ing alone and composite graft from the contralateral nipple.26

In our review of the treatment of Paget’s disease of the
breast at Columbia-Presbyterian Medical Center between
1990 and 1997, 24 patients underwent breast-conserving ther-
apy and 21 patients underwent modified radical mastectomy.
Most of the patients treated conservatively presented without
an underlying mass and had unifocal areas of DCIS. They
were treated with a wide local excision performed through an
elliptic incision including the entire nipple–areolar complex.
Histologically negative margins were obtained in all cases. At
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Table 34–1 Results of Breast-Conserving Surgery in Paget’s Disease

*This is the 10- to 15-year update for Pierce et al. (1997).
RT, radiation therapy; PE, partial excision; WLE, wide local excision.

Treatment
Study Modality No. of Patients Follow-up Local Recurrence Mortality

Paone & Baker (1981)18 WLE 6 5–10 yr 0 0

Lagios et al. (1989)19 WLE 5 50 mo 1 (20%) 0

Fourquet et al. (1987)20 RT 17 90 mo 3 (15%) 0
RT + WLE 3

Stockdale et al. (1989)21 RT 19 63 mo 3 (15.8%) 1 (5.3%)

Bulens et al. (1990)22 RT 13 52 mo 0 0

el Sharkawi et al. (1992)23 RT 3 60 mo 0 0

Dixon et al. (1991)11 WLE 10 56 mo 4 (40%) 0

Pierce et al. (1997)4 RT 22 62 mo 3 (10%) 0
RT + WLE 6

Bijker et al. (2001)24 RT + WLE 61 76.8 mo 4 (6.5%) 1 (1.6%)

Marshall et al. (2003)17 RT 2 113 mo 4 (11%) 2 (5.5%)
RT + WLE 25
RT+ PE 9



a mean follow-up of 82.5 months, three patients (16.67%) in
the breast conservation group had developed a local recur-
rence within a median time of 24 months. At a mean follow-
up of 90 months, three patients in the mastectomy group
(14.3%) had recurrence within a median time of 23 months.
The mortality rate was 16.67% for the conservation group and
22.2% for the mastectomy group. This long-term follow-up
demonstrates that in carefully chosen cases, breast conserva-
tion with particular attention to negative margins results in
local recurrence rates and overall survival rates equivalent to
those of modified radical mastectomy.

UNUSUAL PRESENTATIONS

Inflammatory Carcinoma of the Breast

What is inflammatory carcinoma 
of the breast?

Haagensen described this presentation as “the most malignant
type of breast cancer.”27 The term inflammatory carcinoma of
the breast was coined by Lee and Tannenbaum in their historic
paper in 1924.28 This term describes a constellation of signs
and symptoms without any specific pathologic or radiologic
features. Thus, it is primarily a clinical diagnosis. In a descrip-
tion of cases of inflammatory breast cancer (IBC) at Barnes
Hospital, Ellis and Teitelbaum suggested that demonstration
of dermal lymphatic invasion by tumor cells was necessary 
for the diagnosis to be made.29 In the latest revision of
the American Joint Committee on Cancer (AJCC) Staging
Manual, IBC is defined as a T4d tumor corresponding to at
least stage III disease. A patient must meet the clinical criteria
for inflammatory cancer and have biopsy-proven cancer 
within either the dermal lymphatics or the breast parenchyma.30

How does inflammatory carcinoma 
of the breast present clinically?

The frequency of IBC ranges from 1% to 10% in published
series.31 Mean age at diagnosis of women with IBC is compa-
rable to that of women with noninflammatory breast cancer.
However, women with IBC present at a younger age than
those with locally advanced cancer without inflammatory fea-
tures.31 Patients often complain of pain or tenderness as a first
symptom. The breast becomes enlarged, indurated, and ery-
thematous.27 Following presentation, the disease progresses
rapidly. In his personal series, Haagensen noted an interval
from onset of symptoms to diagnosis and treatment of 4
weeks, compared with 6.8 weeks for other types for breast
cancer.27

In general, the clinical diagnosis of IBC is made when a
patient presents with sudden enlargement of the breast, ery-
thema, and edema of the skin overlying the breast and chest
wall with advancing disease (Fig. 34–4). The term peau 
d’orange is used to describe the orange peel–like appearance of
the breast with enlarged pores in mostly dependent areas. The
skin color may range from pink in the early stages to deep 

red-purple (Fig. 34–5). Haagensen believed only redness
affecting more than one third of the skin of the breast could be
regarded as significant in making the diagnosis.27 We now
know that a certain extent of skin involvement is not needed
in diagnosing inflammatory cancer. There may be nipple
retraction, and the nipple epithelium may become reddened
and crusted with disease progression.27 Most patients present

SECTION VII. SPECIAL ISSUES IN BREAST CANCER TREATMENT702

Figure 34–4 Patient presenting with inflammatory carcinoma
and painful upper extremity lymphedema.

Figure 34–5 Patient with inflammatory carcinoma manifesting
with pink to violaceous hue predominantly centrally in the breast.



with a clinically positive axilla. About 50% have an associated
palpable mass, but one commonly encounters diffuse indura-
tion with no obvious localized tumor. Table 34–2 summarizes
the possible signs and symptoms encountered.

The differential diagnoses are numerous and are listed in
Table 34–3. The most common misdiagnosis is of an abscess
or mastitis and often leads to a delay in proper treatment. The
average age of a patient with IBC is 52 years, and breast infec-
tions in this age group are rare. Therefore, a short course 
of antibiotics may be initiated, but only with close follow-up
as the workup continues. Of note, this section deals with 
primary inflammatory carcinoma, which should be differ-
entiated from secondary inflammatory carcinoma of the
breast. The latter is recurrent carcinoma with inflammatory
features not observed with the initial malignancy.31

Workup includes a thorough physical examination. A
punch biopsy of the skin performed in the office under local
anesthesia may confirm the presence of tumor emboli within
dermal lymphatics. If a tumor is palpable, a core biopsy in the
office setting, preferably through the same punch biopsy inci-
sion, will yield valuable information to guide therapy. If a
mass is not palpable, ultrasonography may reveal a discrete
mass, and an image-guided core biopsy can then be obtained.
Ultrasonography will also show marked skin thickening,
thickened Cooper’s ligaments, edema of the subcutaneous
space, pectoral muscle invasion, or axillary involvement.14,32

Although there are no pathognomic mammographic signs,
ultrasonography can reveal skin thickening as well as thicken-
ing of the subcutaneous tissues, parenchyma, and retromam-
mary fat.14 In a recent series from University of Texas M. D.
Anderson Cancer Center, the mammograms of 26 women
with primary inflammatory breast cancer were reviewed.33 A
mammographic mass was seen in only 4 patients (15%), and
malignant-appearing calcifications were seen in 6 patients
(23%). The authors then concluded that common mammo-
graphic findings for this presentation of breast cancer 

include skin thickening, diffusely increased density, trabecular
thickening, and axillary adenopathy. Masses and malignant-
appearing calcifications were uncommonly seen. Mammog-
raphy will aid in ruling out contralateral disease. Magnetic
resonance imaging (MRI) of the breast has not been shown to
offer additional benefit.34

What are the pathologic features of 
inflammatory carcinoma of the breast?

It must be emphasized that the IBC does not constitute a 
separate histologic subtype of breast cancer. The clinically
observed features thus described are the basis for the diagno-
sis and can be associated with any of the histologic subtypes of
invasive breast cancer.

The gross pathologic features include large tumors or such
diffuse involvement of the breast tissue that precise measure-
ment is nearly impossible. Skin thickening is observed on
specimen examination. In a 1978 review of IBC by Lucas and
Perez-Mesa, the skin measurements averaged 2 to 8 mm,
whereas normal breast skin thickness is 1 ± 0.2 mm.35

Dermal lymphatic invasion by tumor cells may be seen
microscopically but is not necessary for diagnosis (Fig. 34–6).
Often, distinguishing between vascular and lymphatic emboli
is difficult.31 There is no direct correlation between the extent
of dermal emboli identified and clinical presentation or prog-
nosis.31 Absence of dermal emboli has been reported in 50%
to 60% of patients presenting with IBC.36,37 Most tumors in
patients with IBC are estrogen and progesterone receptor neg-
ative with HER-2/neu amplification.31,38

What are the current treatment 
recommendations for inflammatory 
carcinoma of the breast?

In 1943, Haagensen and Stout reported on the Columbia
Presbyterian Hospital experience with IBC between 1915 and
1942, concluding that most patients had died of their disease
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Arm edema
Arm pain or tenderness
Breast enlargement
Breast pain or tenderness
Clinically positive axillary exam
Erythema (pink to purple)
Nipple retraction
Rapid progression of symptoms
Skin edema (peau d’orange)
Warmth of skin

Table 34–2 Signs and Symptoms of Inflammatory Cancer

Abscess
Mastitis
Duct ectasia
Locally advanced breast cancer with skin involvement
Necrotic tumors of the breast 
Carcinoma en cuirasse
Leukemic involvement of the breast
Lymphosarcomatous involvement of the breast
Secondary inflammatory carcinoma of the breast

Table 34–3 Differential Diagnosis of Inflammatory Cancer

Figure 34–6 Inflammatory breast cancer. Tumoral emboli are
seen in the dermal lymphatics.



within a 2-year period.27 Years later, Haagensen would com-
ment that this collective experience and his own personal
series taught him that IBC was incurable by radical mastectomy
and that “limited irradiation and chemotherapy can be
tried.”27 This is still an aggressive form of breast cancer, with
about 40% of cases presenting with metastatic disease and a
median disease-free survival of less than 2.5 years.38 After it
became clear that mechanical and localized treatment alone
could not eradicate metastatic tumor cells, treatment strate-
gies changed, with radiation and chemotherapy combined
with surgery becoming standard for these patients. The use of
primary systemic therapy was first instituted in the 1970s and
was soon followed by the demonstration of high tumor
regression rates in patients with inoperable locally advanced
cancer or IBC.39

The current treatment approach involves establishment of
a diagnosis and a thorough survey for metastatic disease,
followed by the use of induction chemotherapy, surgery, and
radiotherapy. The first report describing primary systemic
therapy was published by the Milan group in 1978, wherein
overall disease-free survival was 53% at 3 years, compared
with 41% for a group treated with radiation alone.40 An inter-
national expert panel recently described its collective experi-
ence in treating patients with locally advanced breast cancer,
including IBC.41 They concluded that primary systemic 
therapy is indeed the standard treatment. A period of in vivo
testing of response should last a minimum of three or four
cycles. Patients whose cancers do not respond or who experi-
ence cancer progression during that time may be offered 
second-line neoadjuvant chemotherapy or immediate modi-
fied radical mastectomy. The authors point out that it is more
appropriate to administer maximum chemotherapy before
surgery and that it is unknown whether additional postopera-
tive chemotherapy improves or worsens results. The inter-
national group looks to the future results of the National
Surgical Adjuvant Breast and Bowel Project Trial B-27 and the
European Cooperative Trial in Operable Breast Cancer for
answers.

What is the extent of surgery for 
inflammatory breast cancer?

The surgical treatment is a modified radical mastectomy, with
operative treatment being offered in all but the most advanced
of cases. A topic of great concern and controversy is that of
pathologic axillary staging. Clearly, the pathologic extent of
lymph node disease cannot be assessed without an axillary
node dissection before instituting chemotherapy. Such infor-
mation can be useful for planning postoperative radiation
therapy, although it is less of an issue for IBC than for locally
advanced breast cancer. The use of pretreatment sentinel
lymph node biopsy in this group is not established because
most cases present with rather advanced clinical nodal status.
A pretreatment pathologic assessment can usually be made
easily with a fine-needle aspiration (FNA) of palpable nodes
demonstrating malignant cells. Although there are published
reports of breast conservation after preoperative chemo-
therapy and radiation therapy, this approach cannot be cur-
rently recommended.42–44 Reconstruction using autogenous
tissue to either reconstruct the breast and missing skin or
resurface the chest wall is often performed.

When is radiation appropriate in the 
treatment of inflammatory breast cancer?

Radiotherapy has been shown to provide improvement in
locoregional disease control in patients with IBC.45 Post-
operative radiotherapy is an integral part of the standard
treatment of IBC.46,47 Preoperative radiation therapy com-
bined with neoadjuvant chemotherapy has not been estab-
lished as standard at this time.41 Postoperative radiotherapy 
is administered to the chest wall and regional lymph node
basins. Overall survival, relapse-free survival, and local recur-
rence rate were not affected by treatment sequence.46

Future developments to improve the survival in patients
with IBC will likely result from intensive chemotherapy and
autologous hematopoietic stem cell transplantation.48–50

Additionally, future interventions may result from ongoing
research on genetic determinants of IBC.38

Breast Cancer Presenting with Axillary
Metastases and Occult Primary Site

One of the most difficult clinical scenarios facing the clinician
caring for breast cancer patients is that of the patient present-
ing with disease metastatic to the axilla without an identifiable
primary site. The management of such a patient includes a
careful, exhaustive workup to identify the primary site and
recognition of the importance of locoregional control to the
patient’s ultimate course.

How is a patient with isolated 
axillary metastasis evaluated?

The incidence of breast cancer presenting with axillary metas-
tasis and an occult primary is reportedly between 0.3% and
5% of all breast malignancies.51,52 In general, these patients
present with one or more painless, enlarged axillary lymph
nodes in the absence of a palpable breast mass. The differen-
tial diagnosis includes lymphoma, other primary site malig-
nancies such as lung cancer, and an occult primary breast
cancer. FNA biopsy can identify malignant cells and may rule
out a lymphoma but may not rule out a nonbreast primary. A
thorough history, physical examination, and chest radiograph
are usually sufficient to exclude most other primary sources.53

Further imaging studies and colonoscopy may be necessary.
Contrast-enhanced computed tomography (CT) scans of
the chest can be successful in identification of occult breast
primaries.54 A core biopsy or an open biopsy of the enlarged
axillary lymph nodes is necessary to effectively rule out 
lymphoproliferative disorders, provide evidence of breast 
origin, and obtain hormone receptor status. FNA does not
yield a sufficient amount of tissue.

A careful search for the primary lesion in the breast is
required. Clearly, a carcinoma that has metastasized to the
axilla without an obvious primary site may be aggressive in its
biology despite a small size. Most of the classic studies of this
clinical presentation were published before the current era of
advanced breast imaging, and it behooves the clinician to take
advantage of presently available techniques. Bilateral mam-
mography, with particular attention to the ipsilateral breast,
and comparison with previous studies is the initial step. A 
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sensitivity of 29% and specificity of 73% for mammography
have been reported in this setting.52 Ultrasonography is the
appropriate next step to try to identify masses not seen by
mammography owing to tissue density. Kolb and associates
reported that screening ultrasound found 17% more cancers
than mammography alone in women with dense breast tis-
sue.55 The use of MRI in this setting was evaluated by Olson
and colleagues.56 Forty women with biopsy-proven axillary
metastatic adenocarcinoma without evidence of a breast 
primary underwent breast MRI imaging with and without
gadolinium enhancement. MRI identified the primary breast
lesion in 70% of patients (28 of 40) and allowed breast con-
servation in 47% (16 of 40) in suitable cases. This modality
has gained popularity and should be employed when radiolo-
gists experienced with the technique are part of the multi-
disciplinary team. Positron emission tomography (PET)
scanning is another modality currently being used to help
identify occult primaries.57 Qualified radiologists should be
available to interpret these results.

What is the appropriate management 
of the patient with an axillary metastasis 
and a clinically occult primary lesion?

If a primary lesion is identified, the management scheme
reverts to the typical pattern for any patient of similar stage
disease. Despite a comprehensive workup and exhaustive
pathologic examination of a mastectomy specimen, the pri-
mary tumor may not be found in up to one third of cases.58

Even if a primary lesion is not identified, the breast must be
treated in some way. Failure to treat the ipsilateral breast leads
to a rate of clinical tumor occurrence approaching 40% in
some small series and 56% in a series reported from University
of Texas M. D. Anderson Cancer Center.53,56,59 In the past, mod-
ified radical mastectomy was the standard therapy. The tumor
yield of pathologic analysis of these mastectomy specimens
reported in the literature varies from 30% to 70%.53,56,59

Axillary node dissection will reveal metastatic disease in lymph
nodes. Most studies report a median of three to five involved
lymph nodes found in removed axillary contents.53,60 Patients
with four or more involved axillary lymph nodes are usually
treated with chest wall irradiation after mastectomy.

Another treatment option is complete axillary node dissec-
tion followed by whole-breast irradiation to control local dis-
ease although the primary is occult. The report from M. D.
Anderson cited earlier documented a 12% ipsilateral tumor
recurrence rate in 25 patients treated with breast irradiation
and no difference in survival than in patients who had under-
gone mastectomy.59 The experience of Fourquet and cowork-
ers at the Institut Curie in Paris was similar.53 Of 44 patients
treated with whole-breast irradiation between 1960 and 1993,
9 had local disease recurrence. All of these were treated with
mastectomy. A retrospective series of 35 patients from
Memorial Sloan-Kettering Cancer Center also documented
equivalent 5-year survival rates in patients treated with 
mastectomy and those treated with breast irradiation.51 In
summary, the available data suggest that primary breast irra-
diation following axillary dissection provides survival equiva-
lent to that of modified radical mastectomy.58

Patients with occult primary breast cancer and positive 
axillary disease are candidates for adjuvant chemotherapy and

radiation.58 Prognosis has been reported as equivalent to or
even better than prognosis for same-stage nonoccult breast
cancers.58

Radiation-Associated Breast Cancer

Who is at risk for radiation-associated 
breast cancer?

A variety of soft tissue neoplasms, including breast cancers,
are known to be associated with radiation exposure. This 
has been demonstrated in women exposed through multiple
chest radiographic examinations for follow-up of pulmonary
tuberculosis, through spine films for scoliosis, or as treatment
for acne, postpartum mastitis, neonatal thymic enlargement,
and skin hemangiomas.61 Perhaps the most well-known asso-
ciation between breast cancer risk and nontherapeutic radia-
tion is that of the atomic bomb explosions at Hiroshima and
Nagasaki. Long-term follow-up of survivors has shown a pro-
portional increase in risk with increasing dose of radiation
exposure. This is illustrated by the 25% lower risk observed in
Nagasaki, where the exposure was lower, than in Hiroshima.61

The improved survival of patients diagnosed with and
treated for Hodgkin’s disease has been accompanied by the
development of second neoplasms as a long-term conse-
quence.62–64 The cumulative risk for such a second malignancy
is reportedly 10% to 20% at 20 years of follow-up.62,64 The
most common solid tumor encountered in women in this 
setting is breast cancer.62–64 Affected patients likely received
mantle irradiation. This is defined as including the neck, supra-
clavicular, infraclavicular, axillary, mediastinal, and hilar
regions in one field64 (Fig. 34–7). With mantle irradiation, the
largest doses are delivered to the unshielded upper outer
quadrants.63

Travis and colleagues recently published the results of a
series of 3817 female survivors of Hodgkin’s disease diagnosed
at or younger than age 30 years.63 There were 105 cases of
breast cancer. A radiation dose of at least 4 Gy to the breast
was associated with a 3.2-fold increase in risk compared with
those receiving lower doses. If the dose was increased to
greater than 40 Gy, the risk increased eightfold. The increased
risk was observed for at least 25 years after treatment. The use
of alkylating chemotherapy agents decreased the risk for
breast cancer when delivered alone or in combination with
radiation therapy. This reduction appears to be related to
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ovarian dysfunction and the resultant diminished hormonal
stimulation of breast tissue. Van Leeuwen and colleagues sim-
ilarly demonstrated a relationship between early menopause
and a reduced risk for breast cancer in survivors of Hodgkin’s
disease.65

There is evidence that patients with known BRCA1 or
BRCA2 mutations are at increased risk for developing late 
second primary breast cancers following breast conservation
and radiation. Haffty and colleagues obtained complete
sequencing results of BRCA1 and BRCA2 genes in 127 women
with breast cancer diagnosed at or younger than age 42 years
who had undergone breast-conserving surgery and post-
operative radiation therapy.66 They identified 22 women 
with mutations in BRCA1 or BRCA2. At 12 years of follow-up,
the rate of ipsilateral breast cancer (49%) and contralateral
breast cancer (42%) was statistically significantly higher than
in the remaining 105 women with sporadic breast cancer
(21% rate of ipsilateral breast cancer and 9% rate of contral-
teral breast cancer). Haffty also concluded that there is no
increased risk for radiation-induced contralateral breast can-
cer in BRCA1 and BRCA2 patients because the rate of con-
tralateral breast cancer was the same in mutation carriers
undergoing mastectomy as in those undergoing lumpectomy
and radiation.

What are the clinical features of 
radiation-associated breast cancer?

The risk for radiation-associated breast cancer is inversely
related to the age at the time of exposure. Yahalom and asso-
ciates reported that the highest risk is observed in patients
treated between the ages of 10 and 20 years and manifests 
later in life.64 Carmichael and colleagues reported that the age-
related excess risk does not become manifest until 10 years
after the exposure.61 These age-related effects support the the-
ory that breast tissue is most susceptible to radiation damage
during the early phases of breast development.61,63

Most of these breast cancers arise within the field of radia-
tion therapy.62 Although bilateral breast cancers have been
reported, this is not the norm.61,62 Bhatia and coworkers
reported that of 17 women who underwent irradiation, 5 had
bilateral breast cancer.62 A report from Irvine Medical Center
described a male with synchronous bilateral breast cancer 
following mantle irradiation for Hodgkin’s disease and sug-
gested that conditions associated with relative hyperestro-
genism may further increase the risk in males.67

What are the pathologic features 
and treatment of radiation-associated 
breast cancer?

There are no pathognomonic features of radiation-induced
breast cancer. Most series do not address the pathology of
these tumors. In their series of 16 patients treated for
Hodgkin’s disease, Bhatia and colleagues found that the
majority of tumors were infiltrating ductal and lobular in his-
tology.62 In their series of BRCA1 and BRCAA2 carriers with
breast cancer after lumpectomy and radiation therapy, Haffty
and associates reported that most of the tumors were infiltrat-
ing ductal cancers.66

Treatment is dependent on the characteristics of the breast
cancer. Most clinicians would not advocate breast conserva-
tion because re-irradiation is often not possible. Deutsch and
colleagues, however, reported the use of lumpectomy and
breast irradiation for breast cancer in 12 women previously
treated with radiation for Hodgkin’s disease.68 They reached
the conclusion that such treatment is not contraindicated.
There is presently no evidence that these tumors behave more
aggressively or present at more advanced stages.

Certainly, long-term follow-up of patients who have been
exposed to ionizing radiation is of utmost importance.
Regular breast self-examinations and yearly clinical breast
examinations are recommended. Although there is no con-
sensus, current recommendations include baseline mammog-
raphy 5 to 8 years after exposure and every 18 months
thereafter.61,63 Ultrasonography and MRI may play a role in
surveillance of these patients. The use of chemopreventive
agents (tamoxifen or other selective estrogen receptor modu-
lators [SERMs]) or oophorectomy may be indicated, especial-
ly in those with known genetic susceptibility.63,66 Bilateral
mastectomy may also be offered in appropriate cases.

UNUSUAL NEOPLASMS

Intracystic Papillary Carcinoma

What is an intracystic papillary carcinoma?

In general, papillary breast lesions present a challenge to the
clinician in terms of diagnosis, implications, and manage-
ment. These lesions run the gamut from benign to invasive
cancer. Solorzano and associates divide papillary carcinomas
into noninvasive and invasive forms.69 The noninvasive group
is further subdivided into a diffuse form corresponding to the
papillary variant of DCIS and a localized form corresponding
to intracystic papillary carcinomas (IPC).69,70 IPC can be
found in isolation or with intraductal carcinoma (DCIS) or
frankly invasive disease.72

How do intracystic papillary 
carcinomas present?

Most patients present with a palpable mass, although nipple
discharge has been reported in 15% in one series.69 The mean
age of affected patients is reported to be in the sixth
decade.69,71,72 Most are therefore postmenopausal.69,72 Imaging
studies can provide some aid, although there are no pathog-
nomonic findings. Mammography may show a cystic lesion
with well-defined borders and an irregular contour, which
may be obliterated in areas of invasion into surrounding
breast tissue.72–74 Sonography can demonstrate a well-defined
cystic mass with a shaggy, irregular growth arising from the
cyst wall.73 Although rarely used, pneumocystography may
differentiate an IPC from a simple cyst by outlining inner wall
irregularities.73,74

The differential diagnosis includes benign cystic masses,
carcinoma invading adjacent breast parenchyma containing
cystic disease, or a high-grade solid carcinoma that has 
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undergone central necrosis.72 Benign cysts are common and
are seen in perimenopausal women. Thus, when a cystic lesion
is found in a postmenopausal woman who is not on hormone
replacement therapy, suspicion for a malignancy is high.

The first step in diagnosing a cystic lesion is aspiration,
because the fluid obtained may provide diagnostic clues. A
cystic lesion is more likely to harbor a malignancy if frank
blood or blood-tinged fluid is aspirated.72,75 Markopoulos and
colleagues caution, however, that blood does not definitively
make a cancer diagnosis, nor does its absence exclude one.72 In
addition, simple cysts that recur repeatedly after aspiration of
typical serous fluid should be investigated for possible intra-
luminal growths. Although cytology may reinforce the suspi-
cion of a papillary neoplasm, the information gained is
generally not adequate for complete characterization of the
lesion and planning of definitive treatment. Core biopsy 
was inconclusive in about 30% in one series.69 Levine and 
colleagues suggest using radiographic guidance to ensure 
adequate tissue sampling from any solid areas seen within or
associated with cystic masses.76 Recent reports suggest abnor-
mal cytology of nipple aspirate fluid, and ductoscopy demon-
strating irregular, friable areas corresponding to IPC may be
useful for diagnosis.77,78 An excisional biopsy is usually needed
for definitive diagnosis of an IPC. Frozen sections are also not
definitive because these lesions may contain a spectrum of
malignant change, and permanent histologic sections should
be used to direct definitive surgical management.

What are the pathologic features 
of intracystic papillary carcinomas?

IPC has long been thought to develop from the epithelial 
lining of cysts. This theory has been challenged by those who
believe that these tumors develop from the growth of ductal
epithelium eventually obstructing the ductal lumen. The
resulting cystic dilation then results in the formation of an
IPC.79 The gross appearance of these tumors varies according
to the relative contributions by the cystic and solid compo-
nents.80 Larger tumors may contain clotted blood and floating
papillary fragments.80 Similarly, the microscopic appearance is
varied. High nuclear grade and tumor necrosis are seen in
aggressive tumors.69 Associated DCIS or invasive cancer can
be identified up to 40% of the time.69 A high rate of estrogen
receptor positivity is reported.69

What is the treatment of intracystic 
papillary carcinoma?

There is no standard treatment regimen for IPC. Treatment
must be individualized according to histologic findings and
extent of disease. Carter and colleagues reported on 41
patients with IPC and found that IPC without associated
DCIS or invasive carcinoma had an excellent prognosis.70

Before this observation, all subtypes of IPC were lumped
together, and thus most authors concluded that these lesions
carried a poor prognosis and were best managed with 
modified radical mastectomies.69 Although some have recom-
mended local excision alone for IPC, others have demon-
strated that these lesions have a potential for axillary nodal
involvement and may lead to metastatic disease.73,81 For pure

IPC, there is a low likelihood of axillary lymph node metas-
tases; hence, operative axillary staging is not recommended.69

A retrospective review of 41 patients with IPC treated at M. D.
Anderson Cancer Center reported no influence on recurrence
or survival by the use of radiation therapy. There is no con-
sensus regarding the use of chemotherapy, radiation therapy,
or hormonal therapy.

Cystosarcoma Phyllodes

What is a cystosarcoma phyllodes tumor?

Cystosarcoma phyllodes (CSP) is an unusual fibroepithelial
tumor of the breast, accounting for about 0.5% of all breast
tumors and 2.5% of all fibroepithelial lesions.82 The tumor
was given its name by Johannes Müller in the 19th century
because of its gross fleshy appearance, resembling a sarcoma.83

Some authors advocate the use of the term phyllodes tumor to
include both the benign and malignant variants encoun-
tered.83 The criteria for diagnosis, prediction of natural 
history, and appropriate management all evoke controversy.

How does cystosarcoma phyllodes 
present clinically?

Clinically, CSP can be difficult to distinguish from the more
common fibroadenoma (FAD) of the breast. The average
patient with CSP is in her 40s at the time of diagnosis, which
is a later presentation than seen with FAD. Nonetheless, there
is a well-described incidence of CSP in adolescents.84 These
tumors have been reported in males.85 On physical examina-
tion, CSP most often presents as a painless, mobile, fleshy
mass of the breast. A subset of patients will report the recent,
rapid growth of a previously stable mass. This specific presen-
tation may reflect the possible origin from a preexisting FAD
in up to 25% of cases, as evidenced by histologic remnants 
of FAD.86 CSP can attain very large sizes, with tumors up to 
20 cm reported in the literature.87 Any benign-appearing mass
larger than 2 cm in diameter should have CSP included in its
differential diagnosis. The presence of a rapidly growing, large
breast mass in the absence of axillary nodal involvement 
raises the suspicion of this diagnosis.

On mammography, CSPs resemble benign lesions. They
often have the appearance of FAD and may be associated with
large, coarse calcifications.88,89 On ultrasonography, CSPs also
resemble benign lesions. The presence of indistinct borders,
heterogeneous internal echoes, and cystic spaces within a solid
mass may be diagnostic of CSP.89 MRI offers no advantage
over ultrasonography other than providing the surgeon with
information regarding possible chest wall involvement by the
largest of tumors.89

FNA may be helpful in suggesting the diagnosis but cannot
definitively distinguish between CSP and FAD in all cases.90

This modality is helpful in ruling out a breast carcinoma. Core
needle biopsy can reliably provide a tissue diagnosis favoring
a phyllodes tumor, thereby allowing better planned surgical
management.91 If these modalities fail to distinguish CSP
from FAD, a carefully planned incisional biopsy can provide
the needed information.
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What are the pathologic features 
of cystosarcoma phyllodes?

The gross appearance of this tumor is that of a single or
multinodular, well-circumscribed mass lacking a capsule.87

The tissue is gray to tan and may include areas of hemorrhage
and necrosis.87 Microscopically, a stromal component with
expansion and increased cellularity is observed.87 These
tumors are further classified according to histologic charac-
teristics into benign, low-grade malignant (borderline), or
high-grade malignant.87 The precise pathologic classification
of a given tumor can be quite complex and is beyond the
scope of this chapter.

What are the treatment and prognosis 
of cystosarcoma phyllodes?

Most CSPs behave in a benign fashion. The main feature dis-
tinguishing their behavior from other benign lesions is their
propensity for local recurrence. Table 34–4 summarizes col-
lected series of CSPs in the literature with observed rates of
local recurrence following excision.92–98 The local recurrence
rate is quite variable, partly owing to differences in extent of
surgical resection undertaken. The cornerstone of the surgical
approach to CSP is wide local excision with histologically neg-
ative margins. Locally recurrent CSP may show degeneration
into more sarcomatous histology (resembling fibrosarcoma),
resulting in a poor prognosis. In cases in which CSP and FAD
cannot be pathologically distinguished preoperatively, the
surgeon may choose to take a margin of normal tissue sur-
rounding the lesion in an effort to avoid reoperation.
Although this approach may overtreat the FAD, it is problem-
atic only in that it may create a cosmetic deformity for the
treatment of a benign lesion. When the diagnosis of CSP is
made postoperatively, re-excision to obtain negative margins
should be considered after discussion with the patient. The
risk for local recurrence and the required surveillance is bal-
anced against the need for further operation and potentially
reduced cosmesis. Bulky disease may require simple mastec-
tomy to achieve local control. Axillary node dissection is not

indicated unless the tumor is associated with carcinomatous
elements.

The risk for metastatic disease is confined to CSP classified
histologically as malignant. The criteria for such a designa-
tion, as defined by Kessinger and associates, include assess-
ment of the tumor margin, stromal overgrowth, cellular
atypia, and number of mitoses per high-power field.99

Although the histologic appearance of CSP does not clearly
predict the clinical behavior, reported cases of metastatic CSP
arose in lesions classified histologically as malignant.86,92,94,95

As with other sarcomas, metastases are hematogenous to the
lung, liver, and bone as the most frequent sites of involvement.
There is no consistently effective systemic therapy; therefore,
metastatic malignant CSP is a uniformly fatal illness.99

Primary Sarcomas of the Breast

What are primary sarcomas of the breast?

Primary soft tissue sarcomas of the breast represent less than
1% of all breast malignancies, with an estimated annual inci-
dence of 44.8 new cases per 10 million women.100–103 A variety
of subtypes are encountered. The most common are malig-
nant fibrous histiocytomas, fibrosarcomas, stromal sarcomas,
liposarcomas, and angiosarcomas. These tumors behave as
sarcomas do elsewhere in the body. They are locally aggressive,
and when they metastasize, it is through a hematogenous
route. Because of their rarity, we must rely on retrospective
case series. The result is a lack of comprehensive data regard-
ing their optimal management.

How do primary sarcomas of the 
breast present?

Most primary breast sarcomas (PBSs) present as painless
masses, often exhibiting rapid growth. The masses can be
round or lobulated and may be fixed to the underlying chest
wall. The mean tumor size in the literature is 4 to 5 cm,
although tumors as large as 30 cm have been reported.100–103

Palpable axillary adenopathy is uncommon and when
encountered usually represents reactive lymph nodes unin-
volved by metastatic disease. A clinically negative axilla in the
presence of a large tumor may be indicative of a breast sarcoma.
Although uncommon, cases of involved lymph nodes have
been reported in patients with distant disease at the time of
presentation.104 The differential diagnosis is age dependent. In
young patients, giant FADs and unilateral macromastia are 
to be considered. In older patients, locally advanced breast
carcinoma and phyllodes tumors are included in the list of
possible diagnoses. The definitive diagnosis can only be made
histologically.

On mammography, these lesions appear as round or lobu-
lated nodular masses with smooth or indistinct borders, and
they may have coarse calcifications associated with necrotic or
vascular areas.89 A liposarcoma might be considered in the
case of a rapidly growing tumor with a fatty component as
seen on mammography.89 On sonography, these tumors may
appear as hypoechoic nodular masses with smooth or indis-
tinct borders, although a large variability is encountered.89
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Table 34–4 Risk for Local Recurrence in Cystosarcoma
Phyllodes (CSP)

Incidence of Local 
Recurrence

Benign Malignant 
Study CSP (%) CSP (%)

Treves & Sunderland (1951)86 4/37 (11) 0/18 (0)

Pietruszka & Barnes (1978)92 4/16 (25) 1/17 (6)

Hajdu et al. (1976)93 28/150 (19) 4/49 (8)

Contarini et al. (1982)94 3/22 (14) 3/16 (19)

Hines et al. (1987)95 4/15 (27) 6/10 (60)

Salvadori et al. (1989)96 1/24 (4) 13/30 (43)

Bennett et al. (1992)97 3/14 (21) 2/11 (18)

Christensen et al. (1993)98 7/36 (19) 2/18 (11)



Further experience is needed to determine the characteristics
of these tumors on MRI.

What are the histologic features 
of primary breast sarcomas?

These tumors arise from the interlobular mesenchymal ele-
ments of the breast stroma.105 Grossly, they are pale and fleshy
and may contain hemorrhagic and necrotic areas.105 The diag-
nosis of PBS can be made only after the specimen is ade-
quately sampled to rule out the presence of in situ or invasive
carcinoma.105 Invasive carcinoma would lead to the classifica-
tion of the tumor as a metaplastic carcinoma and not a case of
PBS. The histologic classification of the sarcoma depends on
the subtype.

What is the treatment of primary 
breast sarcomas?

A needle biopsy may not yield a specific diagnosis but may be
suggestive of mesenchymal elements. As with extremity sarco-
mas, a well-planned incisional biopsy may be necessary to
clarify the diagnosis. Once PBS is diagnosed, surgical inter-
vention is the first and most important step in treatment.104,106

Many consider simple mastectomy the gold standard, but 
others reserve this for very large tumors.103 In a retrospective
series of 53 cases of PBS, Blanchard and associates noted no
improvement in disease-free survival in patients undergoing
mastectomy.104 Because most primary breast sarcomas are
unicentric, wide local excision with negative margins is con-
sidered appropriate treatment.104,107,108 Zelek and colleagues
consider breast conservation acceptable in patients with low-
grade tumors and in tumors smaller than 5 cm, as long as
negative surgical margins are achieved.103 These patients have
the option of salvage mastectomy in the case of local recur-
rence, although this can be accompanied by distant disease.103

Axillary lymph node dissection is not indicated because the
nodes are rarely involved.

There is no consensus regarding the use of radiation therapy
and chemotherapy. Postoperative radiation may be used in
patients undergoing mastectomy because chest wall recur-
rences are observed.103 In patients electing breast conserva-
tion, postoperative radiation therapy may be considered,
especially in patients with microscopically close or positive
margins refusing further surgery, those with high-grade
tumors, and those with large tumors.103 A small series from
the National Institutes of Health (NIH) suggests a possible
beneficial effect of postoperative radiation therapy in achiev-
ing local control.109

It is not known whether postoperative chemotherapy affects
long-term survival in patients with PBS.103 As with sarcomas
elsewhere in the body, PBS is thought to be poorly chemosen-
sitive, with response rates on the order of 20% to 40%.103,108

There are studies indicating increased disease-free and overall
survival rates with regimens using doxorubicin and epirubicin
for sarcomas in general.110,111 How these regimens apply to
breast sarcomas requires further investigation. Trent and
coworkers recommend considering neoadjuvant therapy for
tumors larger than 5 cm, followed by surgical resection, but
most agree this requires further investigation as well.112

Size, histologic subtype, and grade have the greatest impact
on overall prognosis.103,108,112 A report of 60 cases of PBS 
from the M. D. Anderson Cancer Center suggests that tumors
smaller than 5 cm have a better prognosis, regardless of other
tumor characteristics.108 Many of the earlier series of PBS
reported a very poor prognosis. This is attributable in part to
the inclusion of angiosarcomas, which have a well-known
poor outcome. Once angiosarcomas are removed from the
overall group, the natural history of PBS is comparable to that
of sarcomas elsewhere in the body.103 Disease recurrence is
observed as a local event or as distant lung metastases in most
cases.103 In most series, the 5-year disease-free survival rate is
about 50%.103

Angiosarcomas

What defines an angiosarcoma of the breast?

As discussed earlier, sarcomas are rare breast malignancies. Of
this varied group of tumors, 0.04% is represented by angiosar-
comas.113 Angiosarcomas of the breast are classified as pri-
mary or secondary. Secondary angiosarcomas are diagnosed
in patients with a history of lymphedema or local radiation
therapy. All other angiosarcomas are primary.

How do angiosarcomas of the breast present?

Primary angiosarcomas affect women in the second to fourth
decades of life.114,115 Secondary angiosarcomas are diagnosed
in patients with breast carcinoma treated with radiotherapy or
followed by the development of lymphedema. Those affected
are more commonly older than 50 years.114

A rare but well-known example of a secondary angio-
sarcoma is that of the lymphangiosarcoma arising in the lym-
phedematous, ipsilateral arm of women treated with radical
mastectomy. This was first described by Stewart and Treves in
1948.116 More recently, secondary angiosarcomas are reported
in irradiated mastectomy scars and after breast conserva-
tion.103,104,113–115,117 Although breast conservation, including
postoperative irradiation, is increasingly popular, these
tumors are uncommon, with about 100 cases reported in the
literature.115 The latency period for secondary angiosarcomas
is between 4 and 7 years.115 Although rare, secondary angio-
sarcomas have been described after segmental mastectomy
alone and after breast irradiation alone or accompanied by
chemotherapy without surgical intervention.114

There are no clinical features to distinguish primary from
secondary angiosarcomas. Patients usually present with a
superficial, painless, palpable mass or masses associated with a
bluish discoloration. Patients may complain of ecchymosis of
the breast in the absence of recent trauma. However, patients
may present with no skin changes. Diffuse breast enlargement
is also observed. As with other sarcomas, those in the breast
spread through a hematogenous route, making axillary nodal
involvement rare. The differential diagnosis includes benign
lesions, postradiation telangiectases, and traumatic ecchymo-
sis.105 The diagnosis may be made with FNA, but an open
biopsy is generally needed.114
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Liberman and associates reviewed the radiologic findings of
29 women with biopsy-proven angiosarcomas of the breast.118

Mammographic findings included a solitary uncalcified mass
in 52% of patients, with the remainder presenting with calci-
fied masses, skin thickening, or no findings. Sonography was
performed on five patients and showed single or multiple
solid masses in four, with no findings in the other patient.
MRI was performed in one patient and revealed low signal
intensity on T1-weighted images but higher signal intensity
on T2-weighted images. At this time, the MRI appearance of
breast sarcomas is limited to a few case reports.89

What are the pathologic features 
of breast angiosarcomas?

The violaceous skin color observed with angiosarcomas
reflects the hemorrhage and vascularity associated with these
tumors when located superficially.105 Rosen describes the gross
appearance as that of a friable, firm or spongy, hemorrhagic
tumor.105 Low-grade tumors have the appearance of normal
endothelium. High-grade tumors are characterized by nuclear
atypia and mitoses accompanied by hemorrhagic areas.115

What are the treatment and prognosis 
of breast angiosarcomas?

Once diagnosed, the treatment of angiosarcomas is complete
surgical resection of the tumor with negative margins. In the
case of postmastectomy angiosarcomas, this may require chest
wall resection. For lymphangiosarcomas of Stewart-Treves
syndrome, patients have been treated by forequarter amputa-
tion. Simple mastectomy and occasionally wide local excision
are used to treat patients with secondary angiosarcomas after
breast conservation.113 Axillary lymph node dissection is not
indicated.

In a review of the English literature, Monroe and colleagues
found that 55 of 75 patients experienced a local recurrence,
most within 1 year following surgical resection.115 The surgi-
cal resection in these patients varied from wide local excision
to extended radical mastectomy. Salvage procedures (ranging
from mastectomy to chest wall resection) may be indicated
because most distant metastases occur after local recur-
rence.115 The most common site of distant failure is the con-
tralateral breast, followed by the lung.115

Radiation oncologists at the University of Florida recom-
mend hyperfractionated postoperative radiation therapy with
wide fields to achieve improved local control.119 In the case of
angiosarcomas arising in previously irradiated areas, they rec-
ommend preoperative radiation therapy to allow removal of
tissue at risk for radiation-associated complications and to
allow for tissue flap coverage as needed. There is no consensus
regarding the use of chemotherapy in the treatment of
these tumors. Short-lived responses have been reported.119

Application of vascular-targeting agents may have a role in the
future.115

These aggressive tumors have an overall poor prognosis.
Higher tumor grade is associated with worse outcome. In 
a review of 118,115 breast cancer cases in patients treated 
with breast conservation, Marchal and colleagues found 9
angiosarcomas of the breast.114 At 32 months of follow-up,

only 1 patient was still alive. In the literature, the median sur-
vival from the time of diagnosis is a little more than 1 year. For
a woman who has undergone breast-conserving therapy for
the treatment of primary breast cancer, any new mass in the
irradiated field, especially if pigmented and enlarging, must be
viewed with extreme suspicion and excised for biopsy
promptly.

Breast Lymphomas

What defines a breast lymphoma?

Breast lymphomas make up less than 0.5% of all breast malig-
nancies.120 This group of tumors is broken down into cases of
primary breast lymphoma (PBL) and secondary breast lym-
phoma (SBL). The criteria used to make the diagnosis of PBL
were introduced by Wiseman and Liao in 1972121 and are as
follows:

1. The submitted specimen is adequate for analysis.
2. Both mammary tissue and lymphomatous infiltrate are

present in the specimen.
3. There is no evidence of widespread disease or previous his-

tory of extramammary lymphoma.
4. Axillary nodal or bone marrow involvement is acceptable.

All other lymphomas fall under the category of SBL.

How do breast lymphomas present?

The most common clinical presentation of a breast lym-
phoma is that of a painless palpable mass. Less common find-
ings may include skin thickening and pain.122 The masses are
larger than most breast carcinomas at the time of diagnosis.123

Enlarged ipsilateral axillary lymph nodes are reported in 13%
to 50% of cases.122,124 Associated B symptoms (fever > 38°C,
weight loss > 10% total body weight over previous 6 months,
and drenching night sweats) are unusual but have been
reported in some series.123,125 Unexplained right-sided pre-
dominance is observed.123,124,126 Synchronous bilateral breast
involvement is seen in 5% to 25% of cases.127 When bilateral
disease presents with rapid, diffuse enlargement in pregnant
or puerperal women, the associated histology is that of a
Burkitt’s lymphoma with its attendant poor prognosis and
rapid disease progression.127 As with breast carcinoma, PBL is
a disease of women, although cases in male patients have been
reported.128,129

The clinical presentation is nonspecific, and similarly,
there are no pathognomonic mammographic features to 
distinguish breast lymphomas from other benign or malig-
nant breast masses. Liberman and colleagues reviewed a series
of 29 patients with breast lymphoma and found that only
three cases had been detected only by mammography.124 These
three cases were identified as solitary masses. When discovered
by mammography, breast lymphomas are solitary uncalcified
masses, and observed axillary lymph node involvement is
nonspecific.124 Ultrasonography provides further nonspecific
evidence of a solid mass. Other radiologic modalities, such as
technetium scintigraphy and MRI, may be useful in making
the diagnosis, but further experience is needed.123,130
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The diagnosis of SBL is made more easily because of con-
current widespread disease. The diagnosis of PBL is rarely
made preoperatively, and most patients are thought to 
have breast carcinoma instead. FNA may be performed, and
cytologic analysis can confirm the diagnosis, especially if
coupled with flow cytometry.127 Caution must employed with
this technique because the cytologic appearance of the lym-
phomatous cells may mimic lobular carcinoma.122 Excisional
biopsy is required for precise histologic diagnosis, which can
be aided by the use of cytokeratin staining.

What are the pathologic features 
of breast lymphomas?

There are no histologic features that serve to distinguish pri-
mary breast lymphomas from those found elsewhere. Most
PBLs are of B-cell origin and are believed to arise from the
breast equivalent of mucosa-associated lymphoid tissue
(MALT). PBLs are further classified as diffuse large cell tumors
predominantly, and SBLs are more commonly diffuse small
cell tumors.120,122 Although rare, Hodgkin’s lymphoma and 
T-cell lymphomas of the breast have been described.122,131

What is the treatment of breast lymphoma?

After a breast mass has been proved to be a lymphoma, an
evaluation of extent of disease is mandatory. This generally
includes a chest radiograph; CT scan of the chest, abdomen,
and pelvis; and bone marrow biopsy. For those found to have
disseminated disease, the diagnosis of SBL is made, and sys-
temic treatment proceeds accordingly.

For those found to have disease limited to the breast, treat-
ment is dictated by histologic grade of tumor and stage of
disease. For low-grade, early-stage tumors, treatment consists
of local excision with or without radiation therapy.122,128

Chemotherapy is added in patients with high-grade, early-
stage tumors because the rate of distant relapse can be as high
as 70%.123,132

Historically, PBL was associated with a poor prognosis 
and was treated by mastectomy with or without axillary node
dissection followed by radiation therapy.122,133 Currently, we
know that stage for stage, the prognosis is comparable to that
of lymphomas at other sites, and radical surgery offers no
advantage.133 Five-year survival rates in the literature vary
widely from as low as 9% to as high as 90% with appropriate
treatment.122 The variation stems from differences in his-
tologic subtypes, staging, and treatment in the retrospective
series reported. Certainly, we must rely on such series because
this is a rare breast malignancy.

Breast as the Site of Metastatic Lesions

Which neoplasms metastasize to the breast?

An estimated 211,240 new cases of breast cancer will be diag-
nosed in 2005, making this the most common site of primary
malignancy in women.134 In contrast, the breast is an unusual
site of metastatic involvement. In the largest series to date,

review of records from the Pathology Department at the Royal
London Hospital from 1907 to 1999 revealed 60 patients with
secondary, nonmammary neoplasms of the breast constitut-
ing 3% of all breast tumors.135 The most common tumors that
metastasize to the breast are lymphomas, lung cancers,
melanomas, renal cell carcinomas, and ovarian cancers. In
childhood, rhabdomyosarcoma predominates.136 Metastatic
prostate cancer to the male breast has been described; how-
ever, in men with metastatic carcinoma to the breast, the lung
is the most frequent primary site.137

How do metastatic lesions to the 
breast present clinically?

The differential diagnosis clearly involves benign and malig-
nant breast lesions. A degree of suspicion should be main-
tained in patients with even a remote history of nonmammary
neoplasms because these lesions have been diagnosed simulta-
neously with the primary tumor and also up to 15 years 
after the initial diagnosis.138 Most frequently, patients present
with known disseminated disease, but the metastatic breast 
lesion may be the first manifestation of an occult primary
tumor prompting further investigation.136,138,139 A well-
defined, palpable mass is most common and can be asso-
ciated with rapid growth.136,140 Multiple and bilateral masses
have been described.140 Some authors have noted inflamma-
tory metastatic lesions from ovarian and gastric signet-ring
cell cancers.138,141,142

There are no pathognomonic radiologic features to distin-
guish this group of varied lesions from primary breast lesions.
Mammography can reveal single or multiple discrete nodules.
In the case of hematologic primaries, the metastases may
appear as ill-defined nodules.143 Sonographic findings 
similarly include single or multiple solid nodules with varied
echotextures and margin definition.144

What are the pathologic features 
of metastatic lesions?

FNA and core needle biopsy can provide accurate diagnosis 
of these metastatic lesions.139,145,146 Although the diagnosis
depends on the primary site, Vergier and colleagues noted
some histologic findings that might be helpful in recognizing
metastatic lesions to the breast in general: (1) features atypical
to primary breast carcinoma, (2) well-circumscribed tumors
with multiple satellite nodules, (3) no intraductal component,
and (4) numerous lymphatic emboli.136

The type of primary tumors reported in the literature 
are varied and include papillary thyroid cancer, leiomyo-
sarcoma, neuroblastoma, rectal cancer, gastroesophageal 
cancer, cervical and vaginal cancer, pancreatic cancer, and 
skin cancer. Melanoma is a common tumor encountered. A
30-year-old woman presented to our office with a painful,
palpable mass of her left axillary tail. Noninvasive tests were
not diagnostic, and after excision, the mass proved consistent
with metastatic melanoma of unknown primary (Fig. 34–8).
Arora and Robinson described 15 patients with cutaneous
melanoma metastatic to the breast.147 As with our patient,
their patients were mostly in their 30s and premenopausal,
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but in contrast, most had primary lesions identified in the
upper extremity.

What is the treatment of metastatic 
lesions to the breast?

As mentioned earlier, FNA or core biopsy may suggest a non-
breast primary.148 Excisional biopsy may be required for con-
firmation. Extensive surgery is rarely indicated and should be
reserved for appropriate patients in need of palliation of
painful, bulky disease. Treatment is determined according 
to the primary tumor. Although patients with secondary
breast lymphoma may have a fair prognosis, patients with
metastatic disease to the breast have a generally poor outcome
because this is invariably a manifestation of widespread 
disease. Certainly, cancers with effective systemic treatment
have a more favorable course.
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poor prognosis when the axillary nodes were involved but that
“one cannot state dogmatically that it is the pregnancy per se
which accounts for the unfavorable results of treatment since
the stage of disease is usually advanced.”1 More recent data
suggest a worse prognosis, but this crucial question remains
unsettled and will be discussed later in the chapter.

Similarly, over the past several decades, scattered reports
indicated that women who had been successfully treated for
breast cancer could safely be allowed to become pregnant.1

Each of these issues are discussed in detail in subsequent 
sections.

What is the definition of pregnancy-
associated breast cancer?

Cancer of the breast diagnosed during pregnancy or within
the first year after delivery is considered to be pregnancy-
associated breast cancer (PABC). Some authors distinguish
between cancer occurring during pregnancy and that occur-
ring during lactation. However, because the period of lacta-
tion varies in length, 1 year after delivery has been accepted as
the standard definition in most recent series.7

What is the incidence of pregnancy-
associated breast cancer?

Carcinoma of the uterine cervix and breast cancer are the two
most common malignancies diagnosed during pregnancy,
each accounting for 25% of all malignancies so diagnosed.8,9

Because cervical cancer is the only malignancy for which 
routine screening is done during pregnancy, it is the most
prevalent cancer in most series. In the United States, breast
cancer complicates 1 in 3000 deliveries.8,10 The average obste-
trician, if he or she attended 250 deliveries per year, would
need to accumulate 40 years of clinical experience to
encounter two or three cases of PABC.11 This may lead to the
perception that PABC is rare. When the subset of patients 
with breast cancer who are of childbearing age is considered,
the incidence of PABC is about what would be predicted 
by chance, and the association no longer appears rare. If
one assumes that the average woman has two pregnancies

CHAPTER 35

Treatment of the Pregnant
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Two patients, not one, are involved when the clinician treats a
pregnant or lactating patient with breast cancer. Concerns
about individual mortality and the effect of treatment on the
unborn or breast-feeding child lend a special poignancy and
immediacy to the clinical decision-making process. This chap-
ter defines the scope of the problem of breast cancer during
pregnancy and lactation, discusses diagnosis and treatment,
and summarizes current theories about the effects of preg-
nancy and lactation on mammary carcinogenesis. Benign
breast lesions unique to pregnancy and the puerperium that
can mimic breast cancer are described. Separate sections at 
the end of the chapter discuss the closely related issues of
pregnancy after treatment for breast cancer and lactation 
after breast surgery.

SCOPE OF THE PROBLEM

How has pregnancy been regarded in the 
evolution of modern breast cancer treatment?

In 1896, Halsted reported performing a radical mastectomy
on a lactating woman who subsequently survived for 30
years.1 Harrington, in 1939, reported a 40% 10-year survival
in a small series of node-negative women treated by radical
mastectomy during pregnancy or lactation and stated that
“the situation is by no means hopeless.”1 These early suc-
cesses, however, were eclipsed by the experience of Haagensen
at Columbia-Presbyterian Hospital, who wrote, in 1943, that
“carcinoma of the breast developing during pregnancy or lac-
tation is so malignant that surgery cannot cure this often
enough to justify this method of treatment.”1 He reiterated
this statement in subsequent publications until 1967, when he
modified it to explain that although results were not as good
as in nonpregnant patients, he no longer regarded pregnancy
as an absolute contraindication to surgical therapy.2–5 By that
time, several authors had reported small series of patients 
that suggested that although the disease tended to be more
advanced at presentation, the prognosis in women with nega-
tive lymph nodes was similar to that in women who were 
not pregnant.1,6 Holleb and Farrow, reviewing the Memorial
Hospital experience from 1920 to 1953, noted that there was a
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between the ages of 25 and 40 years, she is pregnant for a total
of 18 out of 180 months. She would thus be pregnant 10% 
of that time. The calculated incidence correlates quite well
with the observed co-incidence of pregnancy with breast 
cancer in women of that age group in series from the United
States, the United Kingdom, and other western European
countries.1,4,12

Similarly, if one estimates that 15% of women with breast
cancer are of childbearing age, one would predict that 2%
would have concurrent pregnancies.10 Once again, the predic-
tion is fairly close to what is seen clinically. In a series from
Finland, 0.9% of all carcinoma of the breast occurred during
pregnancy, and PABC constituted 1.1% of a similar series
from Canada.1 In Nigeria, where breast cancer is a disease of
primarily premenopausal and perimenopausal (rather than
older) women, the incidence of PABC is accordingly higher,
ranging from 10% to 19% of all patients with breast cancer.13

In contrast, breast cancer is considerably less common in
India, and PABC is observed less frequently. Clinicians there
suggest that breast cancer grows more rapidly when it occurs
during the second and third trimesters or during lactation,
compared with that seen in women who are not pregnant.1

Similarly, in Japan, PABC makes up 0.76% of all breast cancer
cases, with a suggestion of poorer survival and more advanced
disease at presentation.14

When the probable latent or preclinical period of breast
cancer is taken into account, it becomes likely that even larger
numbers of young women with breast cancer have been preg-
nant at some time during the course of the disease, although
they may not strictly meet the criteria for PABC. As early as
1956, T. T. and W. C. White wrote, “We believe that one-third
of patients who develop breast cancer during the childbearing
period will have pregnancy as a complication.”6 Finally, as
women in developed countries delay childbearing into their
30s and 40s, the incidence of PABC is predicted to increase.7

Birth rates among American women older than 35 years are
the highest observed in 3 decades, at 41 births per 1000 for
women between 35 and 39 years, and 8 per 1000 for those
aged 40 to 44 years.

Are women with pregnancy-associated 
breast cancer more likely to have  
a positive family history?

In the Japanese series, a positive family history was three times
more common among patients with PABC than in the gen-
eral breast cancer population.14 To establish this association,
however, the “third degree of relationship by blood” was
required, whereas most series limit the association to first-
degree relatives. Studies have reported no difference in rate of
positive family history when compared with age-matched
controls.2,6

What are the implications of mutations 
of BRCA1 and BRCA2?

Although the influence of family history on PABC has been
difficult to establish, reports are beginning to appear detailing
the possible implications of BRCA1 and BRCA2 mutations 
for pregnancy and mammary carcinogenesis, including 

PABC. Johannsson and colleagues15 reported 10 pregnancy-
associated breast cancers among BRCA1 or BRCA2 carriers,
whereas only 2.7 would have been expected in the general
population, for an odds ratio of 4.46. Subsequently, Shen and
associates reported an excess proportion of allelic deletion at
the BRCA2 locus in 88% of patients with PABC, compared
with 20% of controls.16

Early pregnancy has also been reported to increase the risk
for breast cancer in BRCA1 and BRCA2 mutation carriers,
compared with nulliparous carriers, providing a possible
mechanism for this observation.17–19 This is thought to be con-
sistent with other data showing that the wild form of these
genes serves to regulate growth under conditions of hormon-
ally induced proliferation. Women with mutations in either of
these genes, lacking this growth-regulatory mechanism, may
thus be uniquely vulnerable to the proliferative stimulation of
pregnancy.

Although pregnancy appears to increase the risk for breast
cancer among women who carry mutations of BRCA1 or
BRCA2, breast-feeding decreases the risk, at least in women
with mutations of BRCA2.18 Again, the number of observa-
tions at the time of this writing is small.

Is there a higher risk for bilateral 
breast cancer?

Haagensen emphasized the need for careful follow-up of
the contralateral breast and believed that women with PABC
were at especially high risk for bilateral cancer.4 The incidence
in the Columbia-Presbyterian series from 1915 to 1953 was
7.3%, but these were metachronous rather than synchronous
bilateral lesions. Haagensen’s statements, based on observa-
tions in a limited number of patients, were subsequently cited
by numerous authors. Several other early uncontrolled series
reported similar findings.1 It appears likely that a strong effect
among women who have mutations of BRCA1 or BRCA2 is
obscured by the large numbers who do not. There are virtually
no statistical data.

What physiologic changes occur in the 
breast during pregnancy and lactation?

Pregnancy induces both proliferation and differentiation of
the mammary epithelium. Both lobular and alveolar growth
occur.20 Differentiation of the alveoli into mature milk-
producing cells requires the stimulus of cortisol, insulin, and
prolactin.21 Prolactin is the major stimulus to galactopoiesis,
and levels of this hormone are markedly elevated during the
later stages of pregnancy and lactation.20,21 Steroidogenesis in
the fetal-placental unit does not follow the conventional
mechanisms of hormone production within a single organ.
Rather, the final products result from interactions and inter-
dependence of fetal, placental, and maternal components that
individually do not possess the requisite enzymatic capabili-
ties. During pregnancy, prolactin is secreted by fetal pituitary,
maternal pituitary, and uterus. The weight of the breasts
approximately doubles. Blood flow increases 180%.20

The increases in size, weight, vascularity, and density make
detection of mass lesions difficult, both clinically and 
mammographically. The normal physiologic changes become
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pathologically exaggerated in the gigantism that is extremely
rarely associated with pregnancy.

EFFECTS OF PREGNANCY AND LACTATION 
ON MAMMARY CARCINOGENESIS

What physiologic changes occur during 
pregnancy that might favor tumor 
growth or induction?

Compounding the difficulties in assessment associated with
the physiologic changes in the breast, an altered systemic
milieu may play a role as well. Such a milieu might be poten-
tially favorable to breast cancer growth. These factors include
elevated hormone levels, changes in the breast that might 
render it more susceptible to carcinogens or to the spread of
established malignancy, and the immunosuppressive effects of
pregnancy itself.22

Pure concentrations of all three major estrogen fractions
(estrone, estradiol, and estriol) rise significantly during preg-
nancy. Estriol secretion is 1000 times normal, and estradiol
and estrone are increased about 10-fold.20 The steroid hor-
mones cortisol and growth hormone are elevated by two to
three times as well.22 Elevated cortisol levels may be responsi-
ble for some of the decreased cell-mediated immunity noted
during pregnancy. Thymus-dependent lymphocyte levels are
decreased in early pregnancy, in part due to increased cortisol.
These levels recover after the 20th week of gestation. Human
chorionic gonadotropin (hCG) is secreted by the syncytiotropho-
blast. Despite reports concerning the suppressive effects of
hCG and estrogens on cellular immunity, there is no increased
incidence of malignancy in pregnant women. hCG exerts a
dose-dependent protective effect on mammary carcinogenesis
in animal models, and one case-control study showed that
nulliparous women who had received hCG injections for
weight control had a lower incidence of breast cancer than
control women.23

The complex interactions between the pregnant woman,
the fetus, and the cancer are poorly understood from the
immunologic standpoint. The fetus is an F1 hybrid that is 
tolerated by an intact immune system. Whether the immune
system is, in fact, intact during pregnancy, is debatable. Both
T-cell function and cell-mediated immunity are depressed
during pregnancy. Germinal centers in pelvic lymph nodes are
depleted. The acceptance by the mother of the fetus (which 
is indeed a foreign graft with paternal antigens) depends in
part on a state of partial immunologic tolerance. There is no
demonstrable deficiency in immunity to other foreign anti-
gens such as those carried by tumor cells. Breast cancer is 
also a condition in which antigenic tissue is tolerated by the
host. Although there is evidence that pregnancy depresses 
cell-mediated immunity through hormonal changes such as
increased production of glucocorticoids, there is no clinical
evidence that these changes result in more rapid tumor
growth and metastasis.24 This is in contrast to patients in the
same age group receiving immunosuppressive therapy to pro-
mote acceptance of renal allografts, who have an incidence 
of malignancy 100 to 1000 times greater than age-matched
controls.25

Prolactin is significantly elevated. Although prolactin, when
administered after a carcinogen, can promote tumor induc-
tion and growth in animal models of breast cancer, there is no
evidence that it acts in a similar fashion in women with
PABC.26–28 The clinical observation that women with bone
pain from metastatic cancer occasionally obtain relief from
prolactin suppression implicates prolactin as a possible 
promoter.27,28 In addition to hCG, the syncytiotrophoblast
also secretes the glycoprotein human placental lactogen
(hPL). hPL stimulates insulin growth factor I and induces
insulin resistance and carbohydrate intolerance. Epidermal
growth factor (EGF), a well-established mitogen, is also syn-
thesized by the syncytiotrophoblast. Other growth factors
produced by the human placenta include platelet-derived
growth factor and transforming growth factor.

The murine homologue of BRCA1 is expressed at its high-
est levels in rapidly proliferating cells, such as breast tissue
during puberty and pregnancy. Similarly, the expression of
BRCA2 is induced in the mammary gland during puberty and
pregnancy. Reduction of BRCA1 expression in vitro leads 
to accelerated growth, and overexpression leads to depressed
growth, supporting a conceptual model in which this tumor
suppressor gene negatively regulates proliferation.19

What is known from studies of experimental 
mammary cancer and pregnancy?

In a rat model, pregnancy enhances both tumor induction
and growth, particularly when the animal is exposed to the
carcinogen during the first half of pregnancy, when pro-
liferation of breast tissue is maximum. Tumor expression is
inhibited during the latter half of pregnancy, however,
possibly by inducing differentiation in tumor cells.1 Prolactin
plays a significant role in tumor initiation and promotes the
growth of diethylene anthracine–induced mammary tumors
in mice. Its role in human breast tumorigenesis remains to 
be determined.26,28,29 Chinese boat women who nursed their
infants only from the right breast (according to traditional
practice) demonstrated a two to three times lower risk 
for cancer in the breast used for nursing than in the con-
tralateral breast.27 Additional information about hormonal 
factors is included in the subsequent discussion of pregnancy
termination.

BENIGN LESIONS IN PREGNANCY THAT 
CAN MIMIC BREAST CANCER

What benign lesions are unique to 
pregnancy and lactation?

Although most of the benign breast tumors seen in preg-
nancy are the same ones seen in women who are not 
pregnant (e.g., fibroadenomas, lipomas, papillomas), they
may be altered in size or consistency as well as histologic
appearance by the hormonal stimulation of pregnancy and
lactation. About 30% of the breast masses in one series were
lesions unique to pregnancy and lactation (lactating adeno-
mas, galactoceles, mastitis, infarcts).30
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The lactating adenoma (also called nodular lactational
hyperplasia or lactating nodule) is a benign breast lesion
unique to pregnancy and lactation.20,30–34 These histologic
changes overlap and may include lactating changes in preex-
isting fibroadenomas.30 The terminology varies, and it is diffi-
cult to compare older series or to get an accurate picture of the
incidence. In one series of breast biopsies in pregnant women,
13 of 17 were lactating adenomas (with three fibroadenomas
and one carcinoma).35 Histologically, lactating adenomas are
characterized by florid lactational changes with a tubuloalve-
olar appearance to the glands. There is considerable variability
in size, which can range from 1 cm up to more than 5 cm.31

Some have suggested that the term should be reserved for
lesions that closely resemble focal exaggerated changes similar
to the physiologic hyperplasia of pregnancy and lactation.32

Microscopic foci of lactating adenomas and the less common
tubular adenomas have been identified within fibroadenomas,
raising the possibility that these lesions arise within preexist-
ing fibroadenomas.31,36 Similar nodules have been described
arising from ectopic breast tissue in the axilla and other 
extramammary sites, sometimes in association with drug
administration (particularly hormones and antipsychotic or

antihypertensive agents) rather than pregnancy.31,32 The histo-
logic appearance of florid lactational changes is shown in
Figures 35–1 and 35–2, with comparison to in situ and inva-
sive carcinomas of the breast.

Infarction of a fibroadenoma, a lactating adenoma, or
hypertrophied breast tissue can occur during pregnancy.20,37–44

The typical lesion presents with an increase in size and 
tenderness of a preexisting mass, or simply as a new tender
mass where none was noted previously. Typically, the lesion
remains mobile, but it may become fixed to the overlying skin.
Generally, these lesions are small, about 2 to 3 cm in diameter,
and may be multiple.20,37 It is hypothesized that infarction
occurs because of the increased metabolic demand associated
with the hyperplasia of pregnancy.37 The large “popcorn” cal-
cifications, calcified fibroadenomas, seen on mammograms of
older women may be the remnants of clinically unrecognized
infarcts.20 Histologic examination with conventional hema-
toxylin and eosin (H&E) stain may reveal only extensive
necrosis with few or no residual glandular elements, leading
the unwary to consider breast cancer as a possible diagnosis,
especially on frozen section.38,39 Masson’s trichrome or 
reticulin stain may be helpful in demonstrating residual 
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Figure 35–1 A, Lactational changes. Expanded lobules show hyperplasia and hypertrophy with an increased number of acinar units.
(H&E, ¥33.) B, In situ and invasive carcinoma of the breast. (H&E, ¥33.) (Courtesy of Dr. Patricia Thomas.)

Figure 35–2 A, Lactational changes. High-power view demonstrates secretory vacuoles. (H&E, ¥100.) B, In situ carcinoma of the breast.
High-power view demonstrates high-grade cytology and multiple mitotic figures. (H&E, ¥100.) (Courtesy of Dr. Patricia Thomas.)



fibroadenoma architecture when only extensive necrosis is
seen on H&E.38,39

The main difficulty with these solid masses is the need to
exclude malignancy. Large masses that do not regress after ces-
sation of lactation may shrink with bromocriptine and may
even require excision.40–42

Galactoceles are single or multiple nodules that contain
retained milk (liquid if recent in formation, thickened if
older). These palpable lesions are usually located peripherally
in the breast. Sometimes fluctuance is elicited on palpation,
and firm pressure on the mass occasionally expresses milk
from the nipple.45 Aspiration is both diagnostic and curative;
if the lesion disappears totally and does not recur after aspira-
tion of milky fluid, no further treatment is necessary.35,45,46 A
typical mammographic appearance, owing to the mixed water
and fat densities (with a fat–water level seen best with a hori-
zontally directed lateral beam with magnification), has been
described,45,46 but mammography is rarely necessary because
the clinical picture is characteristic. The mammogram shown
in Figure 35–3 demonstrates both a galactocele and a
fibroadenoma in a lactating breast. Anything that obstructs
the ductal system during lactation may cause a galactocele.
Typically, these lesions occur at the cessation of lactation
when milk is allowed to stagnate and inspissate in the ducts.
The presentation may be delayed up to 6 to 10 months after
cessation of nursing. Occasionally, a benign or malignant
tumor is the cause of ductal obstruction, and this is why exci-
sion is advised if the lesion recurs after aspiration or if a mass
persists.34

Lactational mastitis may rarely progress to breast abscess.
Although inflammatory carcinoma of the breast is no more
common in PABC than in the general population of breast
cancer patients, it is a sufficiently frequent occurrence that 
one should always biopsy the wall when draining a breast
abscess.47–49

What is the significance of bloody nipple 
discharge during pregnancy and lactation?

Bloody nipple discharge is common during the latter stages of
pregnancy and lactation and does not necessarily portend
serious consequences. Classic studies by Kline and Lash50,51

included examination of nipple secretions of 50 women in the
third trimester of pregnancy (4 of whom had a spontaneous
hemorrhagic discharge). The authors demonstrated desqua-
mated epithelial cells, similar to those seen with intraductal
papillomas, and believed that pregnancy-induced changes in
the ducts that led to the formation of delicate intraductal
epithelial spurs, easily traumatized and shed, resulting in
bleeding.50,51 These persisted for up to 2 months (and rarely,
longer) after delivery.51

Nipple discharge cytology is unlikely to be helpful in this
situation because the proliferative changes associated with
pregnancy may be mistaken for those of a neoplastic
process.34,43,50–54 There are no data available on use of ductal
endoscopy, lavage, or ductography in this setting. If the bloody
discharge persists more than 2 months after delivery, localizes
to one duct, or is associated with a palpable mass, mammog-
raphy and biopsy may be indicated to exclude breast cancer.55

The presence of blood in the milk does not contraindicate
breast-feeding. Typically, the bloody discharge ceases once
breast-feeding is established.54

DIAGNOSIS AND TREATMENT

How does pregnancy-associated 
breast cancer present?

Most cases of PABC present as painless masses, and up to 90%
of these masses (as is true of the population as a whole) are
found by the patient herself.55 Occasionally, an infant will
inexplicably refuse to nurse from a breast that is subsequently
demonstrated to harbor a breast cancer, the so-called milk-
rejection sign.55,56 Clearly, any breast mass warrants prompt
attention, especially in a patient who is pregnant or lactating.
Every effort must be made to reduce the delay between symp-
toms and diagnosis in PABC. A thorough breast examination
should be an integral part of the initial prenatal physical
examination. This should be done before the development of
the physiologic breast changes enumerated earlier, which may
conceal abnormalities. Delay in diagnosis may be minimized
if both physician and patient are aware that breast changes
may be manifestations of an underlying malignancy as well as
normal alterations related to pregnancy and lactation. An
enlarging mass that persists without regression, and other 
primary or secondary signs of malignancy (nipple retraction;
fixation of mass to skin with or without skin thickening, dim-
pling, or fixation to underlying tissues; development of axil-
lary lymphadenopathy) should be taken as indications of
possible malignancy, and the diagnostic workup must be
prompt given any of these findings. As in the nonpregnant
patient, an occasional woman with PABC has extensive
metastatic disease at initial presentation (sometimes with an
occult breast primary).57,58
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Figure 35–3 Craniocaudal mammogram of lactating breast
showing two benign lesions: a subareolar lactating adenoma (sin-
gle arrow) and a galactocele (double arrow). (Courtesy of Dr.
Donald Young.)



How much delay in diagnosis occurs, 
and what are the implications?

Women with PABC generally have more advanced disease
(larger tumors, a higher percentage of technically inoperable
lesions, and a higher percentage of nodal involvement), and
this has traditionally been attributed to delay in diagnosis. The
literature on delay will be summarized here; subsequent sec-
tions discuss alternative explanations, such as a more aggres-
sive biologic behavior of PABC tumors.

Although the regular antenatal and postpartum visits of the
pregnant and nursing woman to her physician would seem to
provide a unique opportunity for early detection, multiple
series document significant physician- and patient-related
delay.6,7,10,59 Average delays of 5 to 7 months are commonly
reported, with isolated cases citing delays of up to 18
months.6,47 This problem has been noted in other parts of the
world as well. For example, a series from Japan cited an aver-
age duration of symptoms of 6.3 months (1 month longer
than controls).14 Difficulty in evaluating mass lesions within
the gestating breast, reluctance to perform biopsy, inappropri-
ately ascribing an inflammatory cause to a mass that fails to
resolve with treatment, and inadequate follow-up by physi-
cian or patient have all been cited.7 Physical examination 
may be difficult because the breasts become hypervascular,
engorged, and nodular. A discrete mass is often difficult to pal-
pate. During lactation, malignancy, particularly inflammatory
breast cancer, may be confused with mastitis (see previous
section). Physician procrastination accounts for 60% to 75%
of the delay in representative series,1 but there is a substantial
component of patient delay as well. In a series from Charity
Hospital, New Orleans, 36% of pregnant or lactating women
delayed seeking treatment for more than 6 months (compared
with 19% for the overall Charity Hospital breast cancer pop-
ulation).1,10 Delay in diagnosis is frequently cited as a major
reason for presentation with more advanced disease and
hence lower survival in PABC, as has been shown in the gen-
eral breast cancer population.10 Generalizing from what is
thought to be known about the biologic behavior of breast
cancer, Nettleton and coworkers60 created a mathematical
model to infer the risk for nodal metastases with PABC given
an assumed tumor doubling time and delay. If tumor dou-
bling time is assumed to be 130 days in their model, a delay of
6 months (the average delay cited in the series above) results
in a 5.1% increase in the risk for nodal disease. If tumor dou-
bling time is 65 days (i.e., a more rapidly growing tumor), a
delay of 6 months in diagnosis raises the probability of nodal
metastases by more than 10%.60

Just as in the nonpregnant population, most breast lumps
that pregnant and lactating women develop are not malignant.
Rather than advocating more extensive use of open biopsy,
greater use of fine-needle aspiration cytology (FNAC, as dis-
cussed subsequently) is suggested as an alternative way to eval-
uate these masses and avoid simply “watching” the lump.61

How useful are breast imaging modalities 
in the diagnosis of pregnancy-associated 
breast cancer?

Imaging modalities are primarily an adjunct in the workup of
women who present with breast symptoms during pregnancy

and lactation.62 They are not currently used for screening pur-
poses. Women who are lactating should be instructed to
empty the breast of milk before breast imaging. This simple
measure will decrease breast density and improve image qual-
ity somewhat.63

Two questions must be answered to assess the usefulness 
of mammography during pregnancy: (1) Is the dose to the
fetus acceptably low? and (2) Are the sensitivity and speci-
ficity sufficiently high?63,64 The estimated dose to a fetus 
from two-view film-screen mammography with abdominal
shielding is about 500 mGy, which is acceptable.56,61 There 
are no reports of untoward effects from mammography to 
the mother or fetus. Thus, mammography can be safely
employed.

Breast tissue does become radiographically denser during
pregnancy and lactation, and this has traditionally been
thought to limit the utility of mammography. However,
as mammographic techniques evolve, the sensitivity and
specificity of mammography during pregnancy have
improved. In one study of 18 patients in whom both baseline
mammograms and studies obtained during pregnancy and
lactation were available, the density was not significantly
increased in most.64 In one early series, mammography
demonstrated the correct diagnosis in 68% of pregnant
women with breast cancer (compared with 74% of nonpreg-
nant controls, also with breast cancer). In the same series,
ultrasound demonstrated a suspicious mass in 93% of cases.14

In a series of patients with PABC from Memorial Sloan-
Kettering Cancer Center in New York City, radiographic 
evaluation included 3 xeromammograms and 20 film-screen
mammograms. Carcinoma of the breast was demonstrated as
an uncalcified mass density in 4, a mass with associated calci-
fications in 9, calcifications only in 4, and a diffuse increase in
parenchymal density with skin thickening in 1. Five studies
were reported as “normal.” No unexpected second cancers
were demonstrated.63 Seventy-eight percent of mammograms
in 23 women with PABC showed radiographic evidence of
disease.63

It has been suggested that ultrasound may be a preferred
diagnostic modality, and several series have shown increased
accuracy in confirming the presence of palpable masses in
PABC.14,65 It too has its limitations and should be used prima-
rily to differentiate cystic from solid masses. Figure 35–4
shows an ultrasound demonstrating two foci of ductal car-
cinoma in a lactating breast. These palpable lesions were 
readily demonstrated on ultrasound but were erroneously
read as fibroadenomas. The corresponding mammograms are
shown in Figure 35–5.

Magnetic resonance imaging (MRI) can be safely used dur-
ing pregnancy. Both the energy modality and the contrast
agent are approved for use. There are insufficient data at pres-
ent to determine its sensitivity and specificity. When MRI is
used during lactation, the woman should pump and discard
breast milk for 2 days afterward to eliminate the contrast
agent.

Because most PABC presents with a palpable mass, the role
of imaging modalities in the evaluation of these patients
remains extremely limited at present. As with any patient with
a breast mass, radiology alone may not be trusted to unequiv-
ocally identify the true character of the lesion. Pathologic con-
firmation is necessary to state with confidence that a given
mass is benign or malignant.
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How should one approach the workup 
of the pregnant or lactating woman 
with a palpable mass in the breast?

First, it is important for the clinician to realize that cancer
occurs in this population and has been reported in women 
as young as 16 years.55 Masses discovered during routine
examination or detected by the patient should be fully 
evaluated. Imaging studies may be used to obtain additional

information, but histologic confirmation of the nature of all
solid masses is essential. Ultrasound is of assistance in differ-
entiating cystic versus solid masses and may confirm the pres-
ence of a mass when physical examination is equivocal and the
woman complains of pain or tenderness. The decision to 
follow a mass in a pregnant woman is fraught with hazard
because physical examination becomes progressively more
difficult with the increasing breast enlargement and vascular-
ity as pregnancy progresses. A mass may seem to disappear
when, in fact, it is enlarging and has simply become buried in
the surrounding breast. Significant physician delay is noted 
in virtually all series of PABC, as discussed earlier in this 
chapter. More liberal use of FNAC and core needle biopsy may
help avoid delay. In some cases, excision will be required for
diagnosis.

How accurate is fine-needle aspiration 
cytology in evaluating breast masses 
in this group of patients?

Because the physiologic changes of pregnancy and lactation
induce proliferation in the normal breast, the cytopathologist
must be informed that the patient is pregnant or lactating.
Benign breast masses that have enlarged under gestational or
lactational influences frequently show changes that are easily
confused with carcinoma of the breast if the cytopathologist is
not aware that the patient is pregnant or lactating, or is
unaware of the typical and atypical features of these benign
lesions.61,62,66–69 Material obtained from aspiration of cysts or
galactoceles may be similarly misleading.68

The classic FNAC appearance of a lactating adenoma has
been described by several authors and is illustrated in Figure
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Figure 35–4 Ultrasound of lactating breast. Two palpable
abnormalities are shown as ill-defined 2.5-cm masses with central
echogenicity (breast cancer, initially read as benign fibroadeno-
mas). (Courtesy of Dr. Donald Young.)

Figure 35–5 A and B, Mammograms of same case shown in Fig. 35–4. Lactating breast contains two clusters of microcalcifications
(arrowheads). Histology demonstrated comedo-type ductal carcinoma of the breast. Calcifications shown on mammography may have
been the source of the central echogenicity seen on ultrasound. (Courtesy of Dr. Donald Young.)



35–6.48,61,66–70 The similarity of many of these changes has been
emphasized, and it has been suggested that the term breast
tumor of pregnancy be applied to the cytologic appearance.70

Aspirates of benign lesions under the influence of pregnancy
and lactation show large numbers of similar-appearing cells,
nuclei with prominent nucleoli, some nuclear enlargement,
cell dispersion, and a background suggestive of necrosis.9

Prominent cytoplasmic vacuoles may produce a foamy, wispy
appearance, particularly well seen with a Romanovsky stain.9

During pregnancy, ball-like clusters of breast epithelial cells
surrounded by myoepithelial cells at the periphery may be
obtained at FNAC.9

In a large series of 214 FNACs performed during pregnancy
or lactation, in which the diagnosis of malignancy was con-
firmed in all suspicious or positive aspirates and all patients
with benign FNACs were followed clinically for a minimum of
1 year, there were only four nondiagnostic aspirates. FNAC
diagnoses were benign lesions of pregnancy in 103, cysts or
galactoceles in 26, fibroadenoma with secretory effects in 36,
lactating adenomas in 2, and inflammation in 34. Eight FNACs
were read as positive for carcinoma, and all were confirmed at
biopsy. One additional biopsy was read as suspicious for 
carcinoma and proved to be carcinoma on biopsy.69 Several
smaller series have also demonstrated the utility of FNAC 
and confirmed that the preponderance of palpable masses is
benign.36,66–68 The differential diagnosis of malignant breast
lesions in this population includes not only ductal and lobular
carcinoma but also other primary or metastatic lesions,

including non-Hodgkin’s lymphoma.9 Although immunocy-
tochemistry68,70 and electron microscopy (in a case with pleo-
morphic giant cells)68 may aid in the diagnosis of difficult cases,
this is rarely required by the experienced cytopathologist.

FNAC is also useful in confirming the benign nature of
masses in extramammary sites, where ectopic breast tissue has
enlarged under the hormonal influence of pregnancy and 
lactation or due to medications.9,31 Indeed, as has been stated
by Novotny and associates, “FNA is useful in distinguishing
benign breast masses of pregnancy from those with 
marked cytologic atypia requiring surgical biopsy and may
minimize the delayed diagnosis of carcinoma associated with
pregnancy.”36

What special precautions are required 
when breast biopsy is undertaken 
during pregnancy?

The special considerations associated with the administration
of anesthesia during pregnancy are discussed subsequently.
Breast biopsy may be performed under either local or general
anesthesia. Procedures using local anesthesia are usually with-
out risk to the fetus.71 The breast engorgement and increased
vascularity associated with pregnancy may make the pro-
cedure technically more difficult, and some surgeons prefer
general anesthesia for this reason.72 Fetal heart rate and 
tocodynametric monitoring are easily employed in the later
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Figure 35–6 A and B, Diagnostic fine-needle aspiration cytology
(FNAC) showing lactational changes. (Diff-Quik stain, ¥100.) 
C, Diagnostic FNAC of breast cancer demonstrates single atypical
cells with intact cytoplasm and clusters showing marked pleomor-
phism. (Diff-Quik stain, ¥100.) (Courtesy of Dr. Patricia Thomas.)



stages of pregnancy and may provide an early warning of
impending complications. The risk for spontaneous abortion
has not been reported to increase, particularly if tocolysis is
employed when necessary.71 Avoid supine positioning because
this may cause caval compression. Rather, tilt the abdomen
slightly to the left to allow the gravid uterus to fall laterally
away from the inferior vena cava and prevent supine postural
hypotension.

These women are at five to six times greater risk for throm-
boembolism than their nonpregnant counterparts, owing to a
decrease in plasma fibrinolytic activity, an increase in all coag-
ulation factors except factors XI and XIII, and a pregnancy-
associated decrease in lower extremity venous flow. The use of
prophylactic heparin, sequential compression stockings, or
both is recommended. The prophylactic use of tocolytics is
controversial because of the b-sympathomimetic side effects
of tachycardia and pulmonary edema. Rather, close observa-
tion for uterine activity is recommended.71

In an early series of biopsies performed during pregnancy
and lactation before availability of FNAC, most were benign
lesions associated with pregnancy and lactation. However,
even as recently as 1995, a series of 17 pregnant patients who
underwent breast biopsy revealed just one carcinoma, and 
the authors recommended considering more extensive use of
FNAC to diminish the number of open biopsies performed
for benign lesions.35 It is likely that subsequent series will
reflect this trend (as has been true of breast biopsies in all
women) and show a higher percentage of malignant lesions in
patients actually undergoing open biopsy.

Even when clinical suspicion of carcinoma is high, there are
advantages to confirming the diagnosis by FNAC or biopsy
under local anesthesia, followed by a selective workup to
determine the extent of disease. This allows time to discuss the
options with the patient and plan definitive treatment.7

What should be done when breast biopsy 
is performed during lactation?

In lactation, as during pregnancy, open biopsy should be per-
formed if FNAC is not useful in evaluating a clinically suspi-
cious mass. The nursing woman should be advised to cease
breast-feeding and allow milk production to dry up before
biopsy. Cessation of lactation not only will eliminate the risk
for milk fistula but will also decrease the vascularity of the
breast.66 Increased vascularity requires special attention to
hemostasis, and local anesthesia may be difficult or impracti-
cal in these large, engorged breasts.7,72

If the patient decides to continue breast-feeding, it is
important to advise her of the risk for milk fistula or breast
abscess. The breast-feeding woman should express as much
milk as possible from the breast before surgery. It has been
suggested that if the breasts are emptied early in the morning
of the day the biopsy is to be performed, and the biopsy is
done shortly thereafter, complications can be reduced.11 After
surgery, the infant may resume breast-feeding after a brief
period of bottle-feeding.21 Unilateral weaning is another alter-
native and may present an acceptable compromise.71 A milk
fistula is more likely to occur when central (as opposed to
peripheral) lesions are excised.22,30,72 If a milk fistula occurs,
meticulous attention to local cleanliness and dressing changes
is important to avoid secondary infection. The fistula will 

generally close spontaneously when breast-feeding is stopped.72

Dilated, milk-filled ducts communicate at the large duct level,
and sepsis is a real threat if infection develops.72 The require-
ment for “tedious and meticulous hemostasis” is self-
evident.72 The development of a breast infection or abscess
after biopsy is all the more common in lactating women
because of the nutrient medium the milk represents. Such an
infection and the need for institution of antibiotics might well
lead to the need to discontinue nursing permanently, much to
the detriment of the mother and child.

Inflammatory breast cancer (see next section) may mimic
an infectious process.47,49,73 For this reason, all abscesses or sus-
pected abscesses that are surgically drained should have rou-
tine biopsy of the wall and any suspicious areas.62

What distribution of histologic forms 
of breast cancer is encountered 
during pregnancy and lactation?

Generally, it has been stated that the various histologic types
of breast cancer occur with similar frequencies in the gravid
and nongravid state.74–76 Middleton and coworkers carefully
reviewed the histologic findings in 39 patients who were preg-
nant at the time of diagnosis of breast cancer.74 All tumors
were infiltrating ductal carcinoma. Nine patients showed “a
syncytial-sheeting pattern of growth with prominent areas of
necrosis.” Ductal carcinoma in situ (DCIS) was found in 72%.
One patient had a tumor consisting primarily of high-grade
DCIS with multiple foci of microinvasion.74 In a large multi-
center series from Japan, invasive ductal carcinoma, mucinous
carcinoma, and medullary carcinoma were found in similar
rates in PABC and matched control cases.75

Conventional wisdom held for decades that inflammatory
carcinoma was more common in pregnancy and lactation. In
one large case-control series, Bonnier and colleagues reported
a higher percentage of inflammatory carcinoma (26%) than
in nonpregnant controls (9%),77 but most series have failed to
confirm this. The incidence in other series has ranged from
1.4% to 5%.47,49,73 Other malignancies localized to the breast,
such as Hodgkin’s and non-Hodgkin’s lymphomas, Burkitt’s
lymphoma, other hematologic malignancies, metastatic
tumors, and various kinds of sarcomas, may be encountered
in this population.8,13,78–82

When should termination of 
pregnancy be considered?

Prompt and thorough discussion of the options, implications,
and patient’s wishes must precede any decision about the ter-
mination of pregnancy. Several conversations may be neces-
sary before a satisfactory plan can be agreed on. This section
is predicated on the assumption that the woman will want to
continue the pregnancy and will deal solely with medical
issues surrounding the advisability of termination of preg-
nancy. It is based primarily on studies that predated the avail-
ability of testing for BRCA1 and BRCA2 mutations. There are
no data that would assist in decision making in this subgroup
of patients.

Up through the 1950s and early 1960s, concerns over hor-
monal stimulation of tumor growth, poor survival, and lack of
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effective systemic therapy of breast cancer led many to advo-
cate therapeutic abortion when breast cancer was diagnosed
during pregnancy.83 Subsequent series demonstrated that
therapeutic abortion not only failed to improve survival but
also might even be detrimental.8,11,14,47,84 The finding of a high
percentage of estrogen receptor (ER)- and progesterone
receptor (PR)-negative tumors in most series of PABC damp-
ened enthusiasm for pregnancy termination on theoretical
grounds, with the possible exception of the aggressive, hor-
monally sensitive tumor discovered early in pregnancy.62 In a
series from Japan, 93% of women diagnosed in the first
trimester of pregnancy underwent therapeutic abortion.14 The
major advantage appears to be that termination of the preg-
nancy allows full and complete treatment of aggressive or
advanced disease with chemotherapy and, when necessary,
radiation therapy, without consideration of the effect on the
fetus.8,62

It is difficult to interpret some of the data indicating a worse
prognosis associated with pregnancy termination because
there may be considerable selection bias (i.e., abortions were
performed only in patients with more advanced or more
aggressive tumors). However, even when this factor is taken
into account, a suggestion persists that termination of preg-
nancy diminishes survival.47

Animal experiments with carcinogen-induced mammary
tumors suggest that the initial phases of pregnancy, which are
associated with rapid proliferation and incomplete differenti-
ation of mammary gland tissue, contribute to tumor initia-
tion and promotion.85,86 Subsequently, full differentiation of
tissues occurs, and in some animal models, this is associated
with decreased susceptibility to carcinogenesis or inconsistent
regression of established tumors. It thus has been hypothe-
sized that termination of pregnancy might be deleterious
because the breast has been subjected to the intense prolifera-
tive stimulus of early pregnancy without the subsequent stim-
ulus to full differentiation.85–89 Additional indirect evidence is
provided by epidemiologic studies suggesting that women
with a history of induced abortion have an increase in risk 
for breast cancer (or presentation with more advanced dis-
ease),86,90 or that parous women with a family history of breast
cancer develop tumors at an earlier age than nulliparous
women with a similar family history.85,87,91,92 Data from the
Nurses Health Study indicate that the consistent increase in
breast cancer risk noted among women with a first-degree rel-
ative with the disease was exacerbated by pregnancy.85 Much
of this remains speculative; however, there is abundant clini-
cal evidence to support the viewpoint originally expressed by
Byrd and colleagues: “Faced with the alternative of terminat-
ing the pregnancy, we believe the evidence is that the cancer
should be terminated.”1 Medical recommendation to termi-
nate a pregnancy should be based on whether the pregnancy
will present a significant obstacle to effective therapy and
whether the fetus will sustain harm as a result of therapy.
Because the pregnancy itself has no effect on the course of the
disease, the termination of pregnancy does not ameliorate 
the disease. Spontaneous abortions and prematurity are not
increased in pregnant women with malignancy. Therapeutic
abortion may be considered in the first or second trimester to
treat metastatic disease promptly, particularly if the disease 
is ER positive.90 Rapid advancement of disease during preg-
nancy may provide clinical evidence favoring therapeutic
abortion in some cases.30

How should breast cancer be managed 
when it is diagnosed during pregnancy?

The general principle is to treat the cancer and allow the preg-
nancy to proceed.72,93 There are exceptions to this, and treat-
ment must be individualized in each case. The radiation
component of breast conservation is generally not practicable
during pregnancy because of the radiation exposure to the
fetus. Surgery can usually be safely performed during preg-
nancy with minimal risk to the fetus and mother, particularly
in the second and third trimesters of pregnancy. When com-
pared with chemotherapy and radiation therapy, surgery
appears least likely to affect the developing fetus. Thus, the
traditional treatment for the technically operable breast 
cancer has been modified radical mastectomy, performed
under general anesthesia. Several recent series have reported
successful use of breast-conserving surgery during pregnancy,
and this will be discussed in a subsequent section. Staging
studies are used selectively, and an individualized decision
about chemotherapy is made. Patients who present with
advanced, technically inoperable disease may require neoad-
juvant treatment with chemotherapy, radiation therapy,
or both. Each of these issues is considered in more detail 
subsequently.

What are the risks of anesthesia 
during pregnancy, and what can be 
done to minimize these risks?

In the United States, 75,000 women (1.5% to 2.0% of preg-
nant women) every year receive anesthesia for a nonobstetric 
indication.72,94 Breast procedures are among the most com-
mon performed during pregnancy; other common proce-
dures include appendectomy, cervical cerclage, ovarian
cystectomy, and surgery for trauma.94 During nonobstetric
surgery, the fetus is at risk for preterm labor, teratogenesis (in
early pregnancy), or diminished uterine blood flow, or from
the disease process that necessitated the surgery in the first
place.94 In a large registry study, there was no increase in con-
genital malformations associated with nonobstetric surgery
during pregnancy. The major problems included an increase
in preterm births, an increased incidence of low- and very-
low-birth-weight infants (due both to prematurity and to
intrauterine growth retardation), and an increase in the num-
ber of infants born alive who die within 7 days of birth.95 The
risk for preterm labor appears to depend more on the surgical
site (being greatest for intra-abdominal surgery, and less for
surgery, such as modified radical mastectomy, that does not
invade a body cavity) than on anesthesia per se.72 Surgery is
generally safest during the second trimester, when organogen-
esis is complete and the risk for inducing preterm labor is
less.8 Potent inhalational anesthetics such as halothane may
provide some benefit by virtue of their relaxing effect on uter-
ine musculature.72 The chance of aborting a pregnancy as a
result of performing a mastectomy is generally estimated to be
1% or less.8

The physiologic changes of pregnancy that affect anesthetic
management are listed in Table 35–1. Modified radical mas-
tectomy is customarily performed under general anesthesia,
although the use of high thoracic epidural anesthesia or 
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paravertebral blockade has been reported.21,96,97 Routine safety 
precautions are listed in Table 35–2. Major concerns for fetal
safety include maintaining fetal oxygenation, preventing
preterm labor, and avoiding teratogenic agents (during the
first trimester). The incidence of failed intubations in parturi-
ents is estimated at 1 in 5000.97 As previously noted, the risks
for supine postural hypotension can be minimized by posi-
tioning the patient with a wedge under the right lumbar
region to produce left lateral tilt. Maternal hyperoxia is not
associated with any risk to the fetus and has not been reported
to result in retrolental fibroplasia in the neonate; thus, pre-
oxygenation and the liberal use of oxygen during the proce-
dure are encouraged. However, maternal hyperventilation
causes vasoconstriction, a decrease in placental intervillous
blood flow, and an increased affinity of maternal hemoglobin
for oxygen, all of which lead to decreased oxygen delivery.
Hypercapnia, on the other hand, may result in fetal acidosis.
Excess positive end-expiratory pressure (PEEP), by raising
intrathoracic pressure, leads to a decrease in cardiac output.
Uterine blood flow is directly dependent on maternal blood
pressure, which should be maintained in a range normal for 
pregnancy.94

The same drug characteristics that make particular anes-
thetic agents effective (high lipid solubility, low molecular
weight, nonionized state, loosely bound to plasma proteins)
also facilitate drug entry into the fetus across the placenta.21

Concerns about the teratogenicity and mutagenicity of anes-
thetic agents in human pregnancy appear unfounded. In large
registry series, no increase in congenital malformations was
noted after surgery under general anesthesia in the first and
second trimesters.94–96

What cancer staging studies should be 
done in the evaluation of the 
pregnant patient with breast cancer?

In general, the metastatic workup should be limited to those
situations in which there is a high clinical suspicion of
metastatic disease and in which documentation of disease
would alter therapy.7,21,98 The fetal radiation exposure from a
chest radiograph performed with abdominal shielding is min-
imal, and this test is generally performed.99 The effects of radi-
ation on the fetus are discussed subsequently, but the adverse
consequences from total exposures below 5 cGy are generally
thought to be extremely small.100 When multiple studies are
performed, the total dose may easily exceed this threshold,
hence the need for extreme selectivity.1–6

Alkaline phosphatase is normally elevated in pregnancy and
is therefore an unreliable indicator of metastatic disease.1

Ultrasound of the liver is preferable to computed tomography
(CT) scanning.7 If ultrasound is equivocal or nondiagnostic,
MRI is an alternative modality that has been used extensively
during pregnancy since 1983 and is generally believed to be
safe.101

The long bones and skull may be irradiated in a sympto-
matic patient, but a complete skeletal survey exposes the fetus
to an unnecessarily large dose of radiation.7 The fetal dose
varies from as low as 1 cGy for an extremity film to 300 cGy
for hip films.37 Generally, bone scanning is avoided in preg-
nancy because of low yield and potential fetal harm. However,
if bony metastases are strongly suspected, bone scanning with
99mTc-technetium is preferable to skeletal survey provided cer-
tain precautions are taken to minimize fetal exposure.55,102

Because this agent was used for placental scanning before the
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Increased blood volume with physiologic anemia of pregnancy
20% increase in RBC volume
40%–50% increase in plasma volume

Increased heart rate
Increased cardiac output
Supine postural hypotension
Elevated diaphragm
Decreased functional residual capacity
Increased oxygen consumption (10%–20%)
Chronic hyperventilation

Decreased PCO2

Decreased buffer base capacity
Normal pH

Increased fibrinogen
Increased platelet count
Prolonged gastric emptying
Hyperemic respiratory tract mucosa

Table 35–1 Physiologic Changes of Pregnancy that Affect
Anesthetic Management

Data from references 8, 22, 72, and 169.

Table 35–2 Safety Precautions for General Anesthesia During Pregnancy

Data from references 8, 22, 94, and 169.

Risk Safety Precaution

Aspiration Oral noncolloidal antacids (e.g., sodium citrate)
Administration of agent to increase lower esophageal sphincter tone and promote gastric 

emptying (e.g., metoclopramide)
Assume full stomach
Rapid-sequence induction
Cricoid pressure during induction (Sellick’s maneuver)

Hypotension due to aortocaval compression 15-degree wedge under right hip to produce left lateral tilt

Fetal acidosis or maternal hyperventilation Monitor fetal heart rate
Maintain normal maternal pH
Avoid hyperventilation
Avoid maternal acidosis

Preterm labor Monitor uterine activity
Use tocolysis if necessary



availability of ultrasound (for diagnosis of placenta previa),
there is considerable clinical experience with its use in late
pregnancy. Adequate hydration before and during the scan
facilitates rapid washout of the isotope from the blood. Foley
catheter drainage of the bladder during the scan and for 8 to
12 hours after the scan avoids accumulation of isotope in the
pelvis and hence minimizes fetal exposure. Using these pre-
cautions, the fetal dose was reduced from 194 to 76 mrem in
one study (calculated using phantoms).102 Once again,
extreme selectivity is advocated.

What considerations govern the use of 
radiation therapy during pregnancy?

The fetus is extremely sensitive to both chemotherapy and
radiation therapy. These effects are influenced by gestational
age and dose and duration of therapy. A dose that produces
fetal damage may not have perceptible effects on the mother.
Death in utero can be manifested by fetal resorptions, sponta-
neous abortions, or stillbirths with or without malformations.
Intrauterine growth retardation and prematurity are addi-
tional risks. Drug- or radiation-induced structural malforma-
tions may affect physical and mental growth and development
as well as long-term viability.103–107 Subtle point mutations
may occur in the developing fetus, producing altered coding
for proteins and manifesting as disease only years later. An
irradiated fetus may develop recessive traits (leukemia or
Hodgkin’s disease) that may only appear in the second or
third generation of life. The embryo is the most radiosensitive
stage of human life, and there are varying sensitivities within
the tissues of the human embryo. Any irradiation of gonadal
tissue involves genetic damage with no threshold below which
mutations do not occur. The fetus is most sensitive to radia-
tion in early gestation during organogenesis. It has been esti-
mated that 1 cGy produces five mutations in every 1 million
genes exposed. As previously stated, the maximal permissible
fetal dose of radiation is considered to be 5 cGy.108

In the preimplantation period, radiation produces an 
all-or-none effect in that it either destroys the fertilized egg 
or does not alter it significantly. The fetus is most sensitive 
to radiation at 18 to 38 days. During this period, doses of 10
to 40 cGy may cause visceral organ or somatic damage.
Microcephaly, anencephaly, eye damage, growth deficiency,
spina bifida, and foot damage have been reported with doses
of 4 cGy or less, but cause and effect have not been reported
with these lower doses. Knowledge of the effects of radiation
therapy during human pregnancy comes from observations
on the survivors of the blasts at Hiroshima and Nagasaki (dose
difficult to quantitate) and from series of patients receiving
head and neck irradiation for Hodgkin’s disease (the dose
used is about three fourths of the dose required for breast can-
cer, and the field is farther from the fetus), as well as very lim-
ited numbers of patients who have received breast irradiation
during pregnancy.47,62,72,98,104–110 The risks include fetal demise,
teratogenesis or mutagenesis, and mental retardation, and are
dependent on total dose and trimester. To put these risks into
perspective, it is useful to recall that between 30% and 50% of
human embryos abort spontaneously, and there is an average
incidence of 2.75% of major malformations at birth, which
increases to 6% to 10% overall once all malformations and
genetic disorders become manifest.100 Therapeutic abortion

may be considered if the fetal dose exceeds 10 cGy during the
first trimester. The risk for abnormalities is low for exposure
less than 5 cGy and rises with dose as 10 cGy is exceeded.107,111

Population data obtained from atomic bomb survivors sug-
gest that exposure at 8 to 15 weeks’ gestation of 1 to 2 cGy
doubles the frequency of severe mental retardation. From 4 to
17 weeks, the greater the dose, the smaller the brain and 
head size; beginning at a dose of 50 cGy, mental retardation
increases in frequency with increasing dose.106 The risk for ter-
atogenesis or mutagenesis has been estimated at 1 in 1000 per
1 cGy of exposure. Exposure during later stages of pregnancy
is less likely to cause abnormalities (because organogenesis is
complete) but may result in more subtle problems such as steril-
ity and subsequent development of malignancy in offspring.107

Much of the data concerning consequences of in utero 
irradiation in the medical setting come from Dekaban,108

who studied 26 women. The children with severe congenital 
malformations had been irradiated between 3 and 10 weeks’
gestation. More than half of the children developed anomalies
(microcephaly, retinal degeneration, skeletal and genital
abnormalities, and cataracts) at 250 cGy. This dose, adminis-
tered before 2 or 3 weeks’ gestation, increased spontaneous
abortions but did not lead to severe congenital malforma-
tions. At 10 to 20 weeks’ gestation, the effects were less severe
than at 3 to 10 weeks, but there were children born with
microcephaly, mental retardation, and small size. After 20 to
25 weeks, there were no severe abnormalities, with anemia,
pigmentary changes, and dermal changes being the only toxic
effects. These data support the recommendation that abdom-
inal radiation should be avoided during the first half of
pregnancy.108

An external radiation dose of 5000 cGy to the breast area
exposes the fetus to at least 10 to 15 cGy and delivers several
hundred cGy to the part of the fetus immediately below the
diaphragm late in pregnancy.62,105 Because much of this dose
comes from internal scatter of radiation within the body of
the woman, abdominal shielding is only partially effective.
The fetal dose depends in part on the total dose administered,
the distance of the fetus from the field source, the field size,
and the energy source.30,72 The fetal dose varies and must be
individually calculated for each case.105 Following a general
guideline to limit the total fetal dose to 10 cGy, it becomes
obvious that radiation therapy during pregnancy should be
rarely employed if alternatives exist.100

Older series and scattered case reports describe use of
radiation therapy in addition to radical or modified radical
mastectomy, without evidence of adverse fetal sequelae or pal-
liation of large, fixed, technically inoperable breast cancers, or
the inadvertent exposure of a woman not known to be preg-
nant at the time of therapy.47,104,107,109,110 Current practice
emphasizes the use of chemotherapy rather than radiation
therapy during pregnancy and reserves radiation therapy for
special cases.

Can breast-conserving therapy be 
used during pregnancy?

As previously discussed, radiation therapy during pregnancy
inevitably results in significant fetal radiation exposure, and
its use is discouraged.62,72,100 However, breast-conserving 
therapy has been reported during pregnancy, most 
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commonly based on one of two strategies. In the first, wide
local excision is performed at the time of diagnosis, with radi-
ation therapy after delivery. Chemotherapy may be given in
the interval between surgery and the initiation of radiation
therapy. The little that is known about the long-term results is
predicated on extrapolating the results from therapy in
women who are not pregnant. In an alternative strategy,
neoadjuvant chemotherapy is given and lumpectomy per-
formed later. Concern has been raised that the risk for local
failure may be increased in these women, because of the
altered anatomy and physiology of the pregnant breast, with
vascular engorgement and an active intercommunicating duc-
tal system.67,72,107,112 Data are not available to support this 
concern, and an increasing number of small series support the
use of breast-conserving surgery in pregnancy.113–116 Kuerer
and colleagues reported on four patients who underwent
breast-conserving surgery during pregnancy between 1995
and 1997.115 These women were treated initially either with
lumpectomy and level I or II axillary node dissection, followed
by CAF chemotherapy every 21 to 28 days during the latter
part of pregnancy, or with chemotherapy followed by surgery.
Radiation therapy was given after delivery.115 All women were
alive with no evidence of disease at follow-up ranging from 33
to 55 months, and all pregnancies had normal outcomes. In a
previous study, nine patients with PABC treated by BCS were
compared with similar PABC patients treated by modified
radical mastectomy, and outcomes were similar in stages I and
II.114

There is additional evidence that selected patients 
who undergo breast-conserving therapy may benefit from
chemotherapy before radiation therapy because long-term
survival is predicated on distant disease failure rather than
local failure.113–116 As this becomes more widely accepted ther-
apy, the issue of timing of radiation therapy may become 
less crucial for most patients.112 At present, it is judicious to
limit the use of breast-conserving therapy to those women
who want to preserve the breast and are otherwise suitable
candidates, and to those who are diagnosed late in pregnancy
(so that the delay in initiation of radiation therapy is 
minimized).72

Can sentinel lymph node biopsy be 
used during pregnancy?

Isolated case reports document use of sentinel node biopsy
during pregnancy. Little is known about whether the lym-
phatic pathways are altered during pregnancy. The radioiso-
tope that is commonly used is approved for use during
pregnancy, and fetal dose is acceptable. Lymphazurin (isosul-
fan blue) dye has not been approved for use in pregnancy,
however. There are no large series documenting the predictive
value of the technique.113

What considerations govern the use of 
chemotherapy during pregnancy?

General principles have been derived from experience treating
primarily hematologic malignancies during pregnancy, with a
more limited experience with solid tumors including breast
cancer. Little is known about the use of chemotherapy for

breast cancer during pregnancy, but some general principles
can be laid down based on experience treating other malig-
nancies (primarily hematologic).112–120 All chemotherapeutic
agents are theoretically teratogenic and mutagenic. Their use
can result in fetal growth retardation, malformations, miscar-
riage, or fetal death. It is important to differentiate teratogenic
and mutagenic effects from those related to an adverse uterine
environment121 or to transmission of maternal toxicity (e.g.,
hematopoietic depression, infection, hemorrhagic diathesis,
myocardial toxicity). There is also the potential for effects on
future fertility, recessive mutations, and impaired neurologic
development. Long-term effects on the fetus are generally
unknown, and there exists a need for long-term observa-
tion.122 Material in the older literature is of limited relevance
because lower doses of single agents were generally used, in
contrast to modern practice.123 Drugs used in combination, or
chemotherapy combined with radiation therapy, may signifi-
cantly increase the risk for fetal abnormalities.119

The physiologic changes associated with pregnancy directly
affect the dosing and toxicity of chemotherapeutic agents. The
usual increase in renal blood flow, glomerular filtration rate,
and creatinine clearance may increase the clearance of drugs
excreted by the kidneys. Amniotic fluid may act as a physio-
logic third space, effectively increasing the toxicity of certain
agents (e.g., methotrexate) by delaying elimination. The phys-
iologic increase in body water with the increase in plasma 
volume changes the volume of drug distribution. No human
data on transplacental passage of antineoplastic agents are
available,124 but it is assumed to occur (especially with low-
molecular-weight, highly lipid-soluble, nonionized, loosely
bound drugs).8

The effect on the fetus is related to the particular drug,
drug dosage, gestational age, and potential synergism if used
with other drugs or with radiation therapy.7,125 The National
Cancer Institute (NCI) maintains a registry of patients who
receive chemotherapy during pregnancy and is tracking out-
comes.8 Premature birth and low birth weight for gestational
age are the most common complications and are probably
underreported.7,8,122 In a manner similar to radiation, the
effects during the first few weeks are mainly teratogenic; dur-
ing the second and third trimesters, intrauterine growth retar-
dation becomes dominant.60,98 The relative ease of identifying
the sequelae of first-trimester exposure may have led to the
perception that chemotherapy is safer during the later
trimesters. More subtle effects, such as growth retardation,
future development of neoplasms, or subtle abnormalities in
neurologic development that might result from chemotherapy
later in gestation, are not only more difficult to detect without
careful long-term follow-up but also much harder to infer
from animal studies.122 With that caveat, some general obser-
vations about timing and specific agents follow.

The risk for spontaneous abortion is high when
chemotherapy is given during the first trimester. Similarly,
there is a significant trend toward greater fetal abnormalities
at this time. Thirteen women who received chemotherapy for
breast cancer during the first trimester were followed to term.
Of the five whose pregnancies continued to term, two had
major malformations in the infants, four suffered sponta-
neous abortions, and four had therapeutic abortions.126

Registry data support the concept that chemotherapy given
before implantation has no effect on the developing fetus.125

The blastocyst is resistant to teratogens in the first 2 weeks of
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life; if not destroyed, a surviving blastocyst will not manifest
any abnormalities from the teratogen. From the third to the
eighth week of development (5 to 10 weeks’ gestational age),
there is maximal susceptibility to teratogenic agents. With the
exception of brain and gonadal tissue, organogenesis ends by
13 weeks’ gestation.

Most available data concerning chemotherapeutic terato-
genicity and mutagenicity have been derived from laboratory
animals.124 Some generalities about specific agents that may be
used in the treatment of PABC follow:

The risk of alkylating agents administered during pregnancy
appears to be small, with no increased risk for congenital
anomalies if given after the first trimester.

The folate antagonists aminopterin and methotrexate cause a
high incidence of spontaneous abortion or fetal abnormal-
ity when administered during the first trimester. The effects
vary with the dosage and the gestational age at time of
administration. Limited data suggest that these agents are
not harmful after the first trimester.

Although most other chemotherapeutic agents, including 6-
mercaptopurine, azathioprine, 5-fluorouracil, alkylating
agents, vinca alkaloids, doxorubicin (Adriamycin), and cis-
platin, are known to be teratogenic in animals, there have
been surprisingly few case reports of human fetal abnor-
malities resulting from the use of these drugs in the first
trimester. Doxorubicin has been used in the later stages of
pregnancy without reports of abnormalities.

Treatment with large doses of corticosteroids and cytotoxic
agents, particularly during the last trimester of pregnancy,
may produce neonatal bone marrow and adrenal gland
suppression. Corticosteroids may be associated with cleft
lip and palate.

Despite ample evidence of teratogenic effects and the poten-
tial for fetal wastage, there are many case reports of
apparently healthy term neonates delivered despite 
administration of chemotherapy to the mother, even dur-
ing the first trimester. The potential for teratogenesis exists
but may be less than anticipated. It is obviously safer to
avoid potential teratogenic exposure, but the decision to
terminate a pregnancy must incorporate the social, reli-
gious, and ethical considerations of the patient and her
family.124

In addition to concerns about the effect on the fetus,
administration of chemotherapy during pregnancy is fraught
with hazard owing to risk for sepsis, bleeding during
unplanned labor and delivery, and other complications.62

Delivery or cesarean section should be timed to avoid the
chemotherapy nadirs, when bone marrow suppression is at a
maximum. Timing of delivery may also affect the neonate
because the placenta acts not only as a vehicle for drug 
delivery but also as the major route of drug excretion.
Chemotherapy given shortly before delivery may not have
been eliminated from the fetus by the time of delivery; the
result may be prolonged drug presence in the neonate, who
lacks the placental route of excretion.124

With respect to the specific treatment of breast cancer,
it is advisable to avoid agents that have been associated with 
a high frequency of anomalies, particularly when alternative
regimens exist.125 Concurrent radiation therapy increases 
the risk.123 During the first trimester, cyclophosphamide,
methotrexate, and 5-fluorouracil (CMF) cannot be used,

owing to the toxicity of folate antagonists such as methotrex-
ate. One series used the alternative cyclophosphamide, dox-
orubicin, and fluorouracil (CAF) regimen.127 Because most
women today are acutely aware of the damaging effect any
drug may have on their unborn child, extensive counseling is
needed. Such counseling must provide as much objective, sci-
entific information as possible and avoid emotional bias.120

The clinician may find it helpful to distinguish between the
use of chemotherapy with curative intent and that for pure
palliation. When cure is possible and the odds may be
improved by adjuvant chemotherapy, modification or delay
should be minimized. When cure is not possible, the goal
should shift to the protection of the fetus. 127 Delaying
chemotherapy until after delivery would seem to be the safest
strategy and certainly provides the best protection for the
unborn child, but it may do so at the expense of control 
of maternal disease because the greatest permissible time 
lapse before instituting adjuvant chemotherapy remains
unknown.72 Data on the use of combination chemotherapy
for breast cancer during pregnancy consist mainly of isolated
case reports; information from a registry of such cases is 
sorely needed.109,123,128 A large retrospective French national
survey identified 20 women who received chemotherapy dur-
ing pregnancy.129 5-Fluorouracil, epirubicin, and cyclophos-
phamide were the agents most commonly used. One preg-
nancy resulted in a stillborn infant, and a second infant 
experienced intrauterine growth retardation, but overall,
95% of pregnancies resulted in live births with little related
morbidity.

There are no data about newer chemotherapeutic agents
such as taxol derivatives and trastuzumab (Herceptin).
Tamoxifen may cause vaginal bleeding, spontaneous abortion,
birth defects, and fetal deaths and should not be used during
pregnancy.113 The aromatase inhibitors are similarly precluded
from use in pregnancy.

How should breast cancer be managed 
when diagnosed during lactation?

“Breast cancer arising during lactation is just as emotional but
management is less complicated as there is no fetus to con-
sider.”47 After delivery, the full range of therapeutic modalities
is again available. The issues related to breast surgery during
lactation have been discussed previously.

Breast-feeding during chemotherapy is contraindicated
because antineoplastic agents may reach significant concen-
trations in breast milk.22 Although little is known about excre-
tion of drugs in milk, it is assumed that small molecules pass
freely.20 Case reports document that chemotherapeutic agents
such as methotrexate and cyclophosphamide are excreted in
the milk and can produce neonatal neutropenia.55

What is known about the hormone receptor 
status of pregnancy-associated breast cancer?

Older series of PABC that report ER and PR status indicate
that a high percentage (up to 80%) of patients, studied with
the older ligand-based receptor assays, were ER and PR nega-
tive.7,14,30,130,131 Two general hypotheses have been advanced to
account for these observations: first, that ER levels are falsely
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depressed or undetectable with standard assays in PABC; and
second, that PABC tumors are truly ER negative because they
fall into the subset of aggressive, largely ER-negative, tumors
found in young women (whether or not they are pregnant).131

Difficulties with ER and PR assays during pregnancy are dis-
cussed here. The more general question of whether these rep-
resent a subset of more biologically aggressive tumors (and
that ER and PR negativity is simply another manifestation of
this biologic behavior) is considered later in this chapter.
Indirect evidence favoring this second hypothesis comes from
old data in which oophorectomy failed to improve survival in
PABC.1 These data are difficult to interpret owing to inade-
quate information concerning stage of disease, deficiencies
inherent in the old ligand-binding assays, and the common
practice of therapeutic abortion.

Older ligand-binding assays measured ER in the cytosol.
High levels of endogenous estrogen not only may have satu-
rated the ER-binding sites but also may have triggered migra-
tion of the bound ER to the nucleus. It is thus generally
suspected that the high levels of circulating estrogens in PABC
contribute to false-negative ER assays.1 In addition, high 
levels of circulating estrogen and progesterone down-regulate
ER levels and could physiologically suppress these below the
levels detectable by the standard ligand-binding assay.131

PR is inducible by high levels of estrogen and less easily sat-
urated by circulating progesterone. It has been suggested that
the finding of a tumor that is PR positive but ER negative, par-
ticularly in a patient younger than 51 years, indicates that the
ER determination is probably falsely negative. In the latter
stages of pregnancy, when progesterone levels are at their
maximum, PR may be masked, and it may be necessary to
remove free progesterone from the plasma before assay. This
appears to be less of a problem with PR because of the rela-
tively low affinity of PR for progesterone.1

Immunohistochemical testing has largely supplanted the
ligand-binding assays. Middleton and coworkers reported the
results of immunohistochemical testing on 39 patients with
PABC (all invasive ductal carcinoma). ER was positive in 28%,
PR was positive in 24%, and ER and PR were positive in 16%;
these rates are similar to those of age-matched controls. HER-
2/neu was positive in 28%, p53 was positive in 48%, and a high
Ki-67 was noted in 60%; again, all these rates are similar to
those of age-matched controls.79 Although prolactin receptors
have been demonstrated in some ER-deficient tumors in
rats,132 little is known about prolactin receptors during human
pregnancy, and there is no evidence that the elevated prolactin
levels associated with pregnancy stimulate tumor growth.

What is the prognosis of pregnancy-
associated breast cancer?

The initial pessimism expressed by Haagensen has given way
to the philosophy of treatment detailed above. Numerous
studies over the past several decades have suggested that PABC
tends to be more advanced at initial presentation but that it
has an equivalent prognosis when patients are matched, by age
and stage at diagnosis, with nonpregnant patients treated 
for breast cancer in the same institution at the same time 
period.5,7,8,10,11,13–19,47,133–136 Older series, with inconsistent stag-
ing and inadequate control groups, showed fairly consistently
that patients with PABC presented with more advanced 

disease, suggesting that this was the reason for a significantly
worse observed survival. Subsequent series of patients re-
ported over the next decade reiterated the message that stage
for stage, survival was equivalent, but that patients with PABC
tend to present with larger tumors and more advanced dis-
ease.7,11,91,134 This tendency to present with more advanced dis-
ease was largely ascribed to delay, as previously discussed.
However, several studies published more recently suggest that
this assumption may not be altogether correct. In 1991,
Clark134 reviewed his experience at Princess Margaret Hospital
and noted that only 10% of patients presented with tumors
less than 2 cm in diameter and that the 5-year survival of
patients diagnosed during pregnancy was only 32% (regard-
less of nodal status; that is, node-negative patients had 
survival no better than node-positive patients). In several
additional studies, poorer survival was shown in young PABC
patients.135,137 In a careful review of the Memorial Hospital
experience, Anderson and associates138 matched young
women with operable breast cancer according to pregnancy
status and demonstrated that in the subset of patients younger
than 30 years with stage IIIa cancer, survival was decreased
compared with nonpregnant controls. The extent to which
this poor prognosis represents treatment delay, a more aggres-
sive biologic behavior, or another manifestation of the poor
outcome experienced by young women who develop breast
cancer is unknown.

Kroman and colleagues, in a retrospective cohort analysis of
5652 women with breast cancer who were age 45 years or
younger at the time of diagnosis, found the prognosis to be
worse when the woman had been pregnant within 2 years of
diagnosis.139 This adverse affect was not affected by age, nodal
status, tumor size, or whether the woman received adjuvant
chemotherapy.140

Finally, in one careful study of pregnancy outcomes, there
was a greater number of stillbirths, and live children were
more likely to be born preterm or of low birth weight, sug-
gesting a poor intrauterine environment.126

Can breast cancer metastasize 
to the products of conception?

Concern that the breast cancer may spread to the unborn
child has been termed one of the myths of PABC and is cited
as a major patient concern.141,142 Metastatic spread to the pla-
centa has been reported but is extremely rare, and spread to
the fetus has never been reported (although such spread has
been reported for melanoma, hematopoietic malignancies,
hepatoma, and choriocarcinoma).143–145 At least 55 cases of
placental metastases have been reported in the literature.
Melanoma is the most common, accounting for about one
third, followed by hematopoietic malignancies. Breast cancer
accounted for 13% of cases, and the remainder were divided
among lung, sarcomas, and various gastrointestinal malignan-
cies.143 Occasionally, placental metastasis is the only sign of
metastatic disease and has been associated with a poor mater-
nal prognosis in other malignancies.62 There are insufficient
data to determine whether this is the case with breast cancer
in particular.

Careful examination of the placenta is required, with histo-
logic sections, even if the placenta appears grossly normal. It
has been suggested that the actual incidence of placental
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metastases is underestimated because the gross appearance is
normal in up to 50% of cases with histologic evidence of
spread.146–148 If metastases are found, the pathologist should
document the extent of intervillous, intravillous, or fetal cap-
illary involvement. Placental metastasis is generally found in
conjunction with widespread metastatic disease. Fetal metas-
tasis of other malignancies is usually associated with evidence
of villous invasion or malignant cells within the fetal villous
vessels.143 Despite the lack of documented fetal transmission
of breast cancer, close follow-up of the neonate has been 
suggested when these histologic findings are present.143

Maternal breast cancer metastatic to the fetus has not yet been
reported.

What are the ethical, psychosocial, 
and legal aspects of pregnancy-associated 
breast cancer?

At a time when the attention of both the woman and her 
family are focused on the future and on the prospect of bring-
ing new life into the world, the woman and her loved ones
must confront her own mortality. The diagnosis is unex-
pected and frightening, particularly since most patients with
PABC are young and fall outside of the stereotypic “cancer
patient” age range. There is a clear need for moral, emotional,
and psychosocial support. The complexities of treatment 
of necessity involve multiple physicians from various special-
ties (obstetrics, surgery, and medical oncology, to name a 
few), and the team must develop a strategy that allows clear
communication with the patient, ideally through a single 
professional.149,150

In the treatment of PABC, there may be occasions in which
the best interests of the patient and fetus are perceived as
being contradictory. The clear legal trend in support of
patient decision-making autonomy in virtually all other
aspects of care stands in contrast to certain notable cases in
which courts have been inclined toward “criminalization of
maternal conduct” when actions are taken during pregnancy
that might harm the fetus.146 So far, these cases have been lim-
ited to lifestyle choices in which the actions of the pregnant
woman were arguably analogous to actions giving rise to
charges of abuse and neglect. The opposite is more often
expressed by patients with PABC, who overwhelmingly seem
to put the welfare of their unborn child first. Major concerns
articulated by patients in one study included “living to see my
child grow up,” receiving proper treatment for breast cancer,
pregnancy making breast cancer worse, the possible effects of
chemotherapy on the baby, and the “risk of not being there for
my other children if I continue this pregnancy.”151 Women
who become pregnant after treatment for breast cancer face
additional worry about disease recurrence, ability to breast-
feed, and health of the child.148 Extensive needs for emotional
support, reliable information, and patient advocacy may pro-
vide a special role for the nurse, allowing physicians to con-
centrate on medical aspects of care.112,128

A separate set of ethical and legal issues arises when cancer
therapy is anticipated to destroy ovarian function. Experi-
mental therapies such as oocyte cryopreservation for subse-
quent reimplantation are being offered to women, without
sufficient data to show success of the procedure in humans.

The American Society for Reproductive Medicine, citing the
“desperate feelings of cancer patients and the special status of
ovarian tissue containing oocytes,” noted the requirement that
research in such areas adhere to the highest level of ethical and
social sensitivity. When treatment can result in loss of ovarian
function, it is essential that the risks and benefits of the treat-
ment be fully explained to the patient to ensure that she had
been given an adequate informed consent.152

PREGNANCY AFTER TREATMENT FOR 
BREAST CANCER AND LACTATION 
AFTER BREAST SURGERY

Is it safe or advisable for a woman to become 
pregnant after treatment for breast cancer?

When Cheek83 surveyed the opinions of 47 nationally promi-
nent surgeons in 1953 (choosing this method because little
was available in the literature on which to base an opinion),
there was no clear consensus about the advisability of preg-
nancy after treatment for breast cancer. In 1960, in a series of
20 women who became pregnant after treatment for breast
cancer, neither termination of the pregnancy nor allowing it
to go to term could be shown to affect outcome. By the early
1970s, a consensus was beginning to emerge in the literature
that the woman who had survived for 2 or more years without
evidence of disease could become pregnant without adverse
sequelae, and this has been documented in numerous 
studies.7,30,43,151–166

As a general rule, cancer identified before conception
should be adequately treated with appropriate follow-up
before attempting pregnancy. Once successfully treated, few if
any malignant diseases (other than those that require extirpa-
tion of the reproductive organs) absolutely preclude future
pregnancy.

There are no prospective studies evaluating the effects of
subsequent pregnancy on breast cancer patients. Although
most recurrences occur within 2 years, many occur later. No
studies have shown an adverse effect of a subsequent preg-
nancy even in patients with positive axillary nodes or patients
whose pregnancy occurred earlier than 2 years after treat-
ment.164–166 Two large retrospective studies address this issue
and have concluded that subsequent pregnancy does not neg-
atively influence breast cancer survival and may have a bene-
ficial effect. In a retrospective review of the Swedish Inpatient
Care Registry, there was no untoward effect of pregnancy on
the outcome of invasive breast cancer. Women who became
pregnant after treatment for breast cancer demonstrated a
trend toward improved prognosis compared with women not
subsequently pregnant.164–166 Sankila and colleagues160 retro-
spectively reviewed data from Finland and concluded that
survival rates of women who deliver liveborn children subse-
quent to the diagnosis of breast cancer are better than those
who do not deliver. They speculated that this may be due to a
“healthy mother effect” (i.e., that only women who feel well
get pregnant) and that selection bias may play a significant
role. However, the large number of patients (91) matched 
with 471 controls and the long follow-up are reassuring that
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subsequent pregnancy does not have an untoward effect on
survival. Abortion does not improve survival, and termination
of pregnancy for medical reasons is therefore considered only
in women with recurrent disease.20

One review demonstrated that of women who are fertile
after breast cancer, about 7% subsequently have children, and
that the prognosis in this subset of patients was better than in
the group as a whole.73 Selection bias, the healthy mother
effect, or sociologic factors may be at work.6,73 This is another
area in which data obtained from a registry could provide
information of inestimable value. Petrek161 has pointed out
the difficulties in accumulating outcome data in these patients
in the absence of such a registry and cautions that it is too
soon to categorically pronounce it safe. There remains con-
cern that the hormonal changes of pregnancy may stimulate
dormant micrometastases.161

Adjuvant chemotherapy for operable breast cancer has a
significant effect on subsequent fertility. Levels of follicle-
stimulating hormone (FSH) and chronologic age predict 
ovulation reserve and reproductive potential. The risks for
premature ovarian failure induced by chemotherapy can be
estimated from a woman’s age, the agent used, and the total
dose.123,150 Alkylating agents such as cyclophosphamide cause
direct amenorrhea through direct ovarian depression. The
severity of the follicular depletion seems to be a function of
the number and activity of follicles present at the initiation 
of chemotherapy. Prepubertal ovaries not yet under cyclic
hormonal control seem protected against destruction from
chemotherapy. The younger the patient, the larger the reserve
of oocytes that are available after chemotherapy. Thus, return
of menses and ovulation are largely a function of age, dose,
and duration of therapy, rather than the particular agent.124

Whereas cyclophosphamide is a major cause of ovarian fail-
ure, methotrexate and 5-fluorouracil in adjuvant ranges were
not associated with ovarian failure. There are little data con-
cerning doxorubicin.123,159 Adjuvant chemotherapy for breast
cancer causes significant changes in ovarian function. Ovarian
damage is the most significant long-term sequela of adjuvant
chemotherapy in premenopausal women. The average rate of
chemotherapy-related amenorrhea with CMF is 68%.117

About 50% of women younger than 35 years resumed menses
after a full course of adjuvant chemotherapy in one study.123

Why would a woman choose to become pregnant after
treatment of breast cancer? The four major reasons cited by
women in one survey were (1) desire for fulfillment of a cher-
ished but interrupted goal (especially women who developed
breast cancer after postponing childbearing or who were try-
ing to become pregnant when they were diagnosed with breast
cancer), (2) desire to regain a sense of normalcy, (3) as a way
to reconnect, and (4) finally—why not? (i.e., that there are no
data in the literature to suggest that it is a bad idea). Pregnancy
subsequent to breast cancer treatment is a powerful stimulus
to get well again.151 Balanced against a woman’s natural desire
to get well again, to go on with her life, and to accomplish 
a cherished goal is the desire to provide maximum assurance
of an uncomplicated pregnancy and of continued health.
Because most recurrences occur early, many advise delaying
pregnancy for 2 to 3 years. There are no hard data to support
this position, which seems to be based on common sense as
much as anything else.20 A series of 32 women who became
pregnant after breast conservation (including radiation 

therapy) has been reported; 30 live births resulted (with one 
low-birth-weight infant, but no other adverse outcomes).168

In the absence of evidence of recurrent disease, women who
become pregnant after breast cancer should be managed like
any other pregnant women.20

What are the options for hormonal 
control of fertility after breast cancer?

Little data are available concerning the safety of oral contra-
ceptive use after breast cancer. Common sense would dictate
that low-dose oral contraceptives might be a safe alterna-
tive for the woman who could be regarded as definitively
cured.162 The U.S. Food and Drug Administration (FDA) 
cites estrogen-dependent neoplasia as a contraindication.
Medroxyprogesterone acetate suspension by injection every 3
months may be an attractive alternative to estrogen therapy
(oral megestrol acetate [progestin] is approved for metastatic
breast cancer). The FDA, however, cites a previous history of
breast cancer as a contraindication.

The roles of in vitro fertilization (IVF) and oocyte donation
in women rendered sterile but cured of breast cancer are 
totally unknown.159 One patient underwent successful IVF 6
years after treatment for node-negative breast cancer,152 and a
second case report documented good outcome in a pregnancy
produced from a donated oocyte.164 Cryopreservation of
autogenous oocytes for subsequent implantation is not cur-
rently advised in these cases.153

Is breast-feeding possible after breast 
surgery or radiation therapy?

Prior breast surgery may influence the ability of a woman to
breast-feed. Circumareolar incisions may disrupt the innerva-
tion of the nipple–areolar complex, and excision of breast
parenchyma in the central regions disrupts terminal ducts.167

If a woman becomes pregnant and attempts to breast-feed
several months after biopsy of a central lesion (particularly a
ductal excision), the breast will become engorged and may
become infected.20 It is important that women with prior
breast surgery or radiation therapy be identified prenatally as
being at potential risk for problems during lactation. Early
intervention includes assessment of lactation potential and a
carefully individualized plan of care to allow breast-feeding
while ensuring that the infant’s nutritional needs are met.167

Radiation therapy results in diffuse tissue damage, in-
cluding ductal shrinkage and lobular atrophy.164,167 The 
treated breast generally does not swell as pregnancy develops.
Although breast-feeding from the contralateral breast is feasi-
ble, many women have been advised not to attempt subse-
quent breast-feeding because of concerns about possible
mastitis. In a survey of 52 pregnancies after radiation therapy,
18 (35%) reported lactation from the treated breast, and
24.5% successfully breast-fed.163,168 Milk production is gener-
ally poor, and success rates have generally been lower in other
series.163,164 There are no data to suggest that breast-feeding
after treatment for breast cancer is in any way injurious to the
infant if precautions are taken to ensure that the baby derives
adequate nutritional intake.169,170
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breast or ovarian cancer in first-degree relatives of up to 
22% of men with breast carcinoma who have not undergone 
prior genetic screeening.35–43 In addition, data from the
Surveillance, Epidemiology and End Results program have
shown that men with a first-degree relative with breast cancer
have nearly a fourfold risk for male breast cancer.44

Male breast carcinomas are predominantly hormone sensi-
tive, and it is believed that estrogen may play an etiologic role.
Unfortunately, the actions of estrogen in the setting of breast
carcinoma are not well understood.45–48 The strongest evi-
dence for a causal role of estrogen in male breast cancer is 
suggested by the development of breast cancer in three trans-
sexual men with histories of chronic oral estrogen intake.28

Anecdotal cases of male breast cancer have also been reported
in men treated with estrogenic hormones for prostate carci-
noma.4,29,30,31 In addition, therapeutic treatment with digitalis,
an estrogen-like drug, has been associated with male breast
cancer.19,23

Several case-control studies have suggested that testicular
abnormalities are a risk factor for male breast cancer. It is
hypothesized that testicular insufficiency leads to increased
endogenous estrogen levels and, therefore, increased risk.
Significant correlations have been made between male breast
cancer and patients with a history of mumps orchitis,12

gonadal injury,26 inguinal hernia repair,26 and undescended
testes.13

One of the strongest risk factors for breast cancer in men is
Klinefelter’s syndrome, a condition resulting from the inheri-
tance of an extra X chromosome. This condition is associated
with testicular insufficiency, gynecomastia, and increased
excretion of follicle-stimulating hormone. These individuals
have low levels of androsterone, resulting in a high estrogen-
to-androgen ratio. The frequency of this disorder has been
estimated to be 1 to 2 per 1000 men.49 About 4% of men with
breast cancer have been reported to have this syndrome.50

When compared with the frequency of breast cancer in the
general population, it appears that breast cancer may be 20 
to 66 times more common in patients with Klinefelter’s 
syndrome.11,24,25

Radiation exposure is a known risk factor for female 
breast cancer.29,51,52 There is similar evidence to suggest a 
link between male breast cancer and radiation exposure.32–34

Men with a history of childhood radiation treatments for
thymic enlargement or pubertal gynecomastia are especially at
risk.29,51

CHAPTER 36

Treatment of Male 
Breast Cancer
Colleen D. Murphy and Patrick I. Borgen

Male breast cancer is an uncommon disease, accounting for
1% of all breast cancers and representing less than 1% of all
malignancies in men. In 2005, the American Cancer Society
estimated 1690 new cases of male breast cancer in the United
States, with an estimated 460 deaths from the disease. By
comparison, in the same year, there were an estimated 40,410
deaths in women.1

Male breast cancer was first recognized in ancient Egypt.2

J. M. Wainwright3 first documented the lethality of male
breast cancer in 1927. The first documented case of male
breast cancer belongs to the 14th-century British physician
John of Arderne,4 who discovered an enlarging mass beneath
the right nipple of a priest in Colstone.

Before the 1990s, the incidence of male breast cancer
remained stable.5–8 Since 1991, however, there has been an
unexplained rise in incidence.9,10 By contrast, the incidence 
of female breast cancer has continued to increase across
decades.6 The geographic distribution of male breast cancer
correlates with that of female breast cancer, with the highest
incidence in North America and northern Europe, and the
lowest incidence in Finland and Japan. Most countries report
an incidence of less than 1 per 100,000.11

Like other rare conditions, discerning the epidemiology
and pathogenesis of male breast cancer is challenging because
of the limited data. In this chapter, we review the current lit-
erature to understand risk factors, presentation, diagnosis,
and treatment options currently available for male breast 
cancer.

What are risk factors for male breast cancer?

Understanding the risk factors for male breast cancer is dif-
ficult because only small case-control studies have been 
performed and consensus data are lacking. The strongest 
and most consistently associated risk factors are age, family
history, exposure to exogenous estrogens, abnormal testicular
function, Klinefelter’s syndrome, and radiation exposure11–34

(Table 36–1).
The incidence of male breast cancer increases exponentially

with age5,7 but without the midlife decline in incidence char-
acteristic of female breast cancer corresponding to the
menopausal period.11

Family history is a significant risk factor for male breast
cancer.11,19,23 Several series have reported a family history of
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Other risk factors implicated in male breast cancer are high
socioeconomic status,12–14 single marital status,11–14 higher
education,12,16 Jewish ancestry,12,13,17,18 race,15 liver disease,27

increased body mass index,14,19,20 history of head injury,26

exposure to electromagnetic fields,21,22 and history of working
in blast furnaces, rolling mills, steel works,12 and meat-
processing plants.23

Is gynecomastia a risk factor 
for male breast cancer?

Several case-control studies have reported a correlation
between clinically apparent gynecomastia and male breast
cancer.11,26 However, clinical gynecomastia is seen less fre-
quently in the male breast cancer population than in the gen-
eral population, suggesting that the relationship is not causal.
Reports have shown that the incidence of clinically significant
gynecomastia in male breast cancer patients ranges from 2.7%
to 20%,29,36,53 whereas the incidence of gynecomastia in the
general population ranges from 40% to 65%.54

This argument is strengthened when looking at gyneco-
mastia identified by histopathology. In a series from Memorial
Hospital, Heller and colleague55 found that 40% of cases of
male breast cancer had a histopathologic diagnosis of gyneco-
mastia. Similarly, Scheike and Visfeldt56 noted in a series of
265 male breast cancer cases that clinical gynecomastia was
present in 3.8% of cases, but microscopic gynecomastia was
present in 26.6% cases. In a prospective study of 446 men with
a histopathologic diagnosis of gynecomastia, no cases of male
breast cancer were diagnosed at a median follow-up time of
22.2 years.57 Of note, in 441 of these patients, unilateral exci-
sion of the breast tissue had been performed for diagnosis.
Similarly, Lilleng and associates58 reported that of 809 surgical
biopsies for male breast masses, 96% were benign, with
gynecomastia representing 91% of benign diagnoses.

In search of a biologic explanation of the relationship
between gynecomastia and male breast carcinoma, a small
number of studies have used molecular genetic and immuno-
histochemical techniques to examine tissue specimens con-
taining gynecomastia and invasive male breast carcinoma.59–62

Using Comparative Genomic Hybridization, gains on chro-

mosome 8q24 have been reported in both invasive male breast
cancer and gynecomastia.61 Pepsinogen C and apolipoprotein
D expression has been documented in gynecomastia, in situ
male breast carcinoma, and invasive male breast cancers.61,62

Although these results suggest a relationship between gyneco-
mastia and male breast cancer, further molecular genetic 
characterization is needed to prove or disprove a causal rela-
tionship.

Is there a genetic predisposition  
to male breast cancer?

In the past decade, inherited genetic mutations, particularly in
the DNA repair genes BRCA1 and BRCA2, have been identi-
fied as being partially responsible for familial breast cancer in
women.63,64 Likewise, inherited genetic mutations have been
associated with male breast cancer41,65–72 (Table 36–2). BRCA2
is perhaps the most recognized gene associated with male
breast cancer, although mutations in BRCA1 have also been
described. The most recent population-based studies of male
breast cancer patients unselected for family history have iden-
tified BRCA1 mutations in 0% to 11% and BRCA2 mutations
in 12% to 18%.41,65,66 The incidence of these mutations is 
highly variable among populations owing to regional differ-
ences in population genetics.73 The risk for breast cancer con-
ferred to men carrying a BRCA mutation is much greater than
that of women carrying the same mutation.

Mutations in genes other than BRCA1 and BRCA2 have also
been found in male breast cancer patients. A 10-fold risk for
male breast cancer has been estimated for men carrying a 
specific deletion in the CHEK2 cell cycle regulatory gene.69

Mutations in genes important to steroid hormone synthesis
including CYP17 and the androgen receptor also have a high
incidence in men with breast cancer.70–72 A mutant allele of the
MLH1 mismatch repair gene has been described in a patient
with a family history of hereditary nonpolyposis colorectal
cancer syndrome who subsequently developed breast cancer.68

Germline PTEN mutations have been identified in male breast
cancer patients with Cowden syndrome.67 However, most
male breast cancer cases have unknown genetic etiology.

Does male breast cancer present at a more 
advanced stage than female breast cancer?

Historically, male breast cancer patients present at more
advanced stages than female breast cancer patients.55,74,75 The
stage of presentation of male breast cancer patients from mul-
tiple studies was compared with the stage of presentation of
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Demographic Factors
High socioeconomic status12–14

Race15

Higher education12,16

Jewish ancestry12,13,17,18

Lifestyle Factors
Increased body mass index14,19,20

Unmarried11–14

Occupational exposure to electromagnetic fields21,22

Employment in blast furnaces, rolling mills, and steel mills12

Medical History
First-degree relative with breast cancer11,19,23

Klinefelter’s syndrome11,24,25

Testicular abnormalities12,13,26

Liver disease27

Exogenous estrogen exposure4,28–31

Radiation exposure32–34

History of head injury26

Table 36–1 Risk Factors Associated with Male Breast Carcinoma

Functional Class Gene

DNA repair BRCA141, 65, 66

Cell cycle regulation BRCA241, 65, 66

Steroid hormone synthesis and PTEN67

regulation MLH168

CHEK269

Androgen receptor70–71

CYP1772

Table 36–2 Genes Associated with Male Breast Carcinoma



female breast cancer patients at Memorial Hospital36,55,76–79

(Table 36–3). Distribution of stages 0, I, and II is largely simi-
lar in male and female patients. A large number of males ini-
tially present with stage III disease and T4 tumors. Therefore,
delayed presentation and diagnosis continue to be of concern
in male breast cancer.

What are the clinical features  
of male breast cancer?

Sixty to 90% of men with male breast cancer present with a
subareolar mass.37–39,53,79–81 Nipple discharge is a presenting
symptom in 5% to 15% of men,37,53 whereas skin ulceration is
demonstrated in 7% to 10%.37,53 Paget’s disease is present in
only 5% of cases.82 The left breast is more frequently involved
with carcinoma than the right breast.38,40,80 Bilateral carcinoma
has been reported in up to 5% of patients29,37,83,84 and clinically
evident lymphadenopathy is found in nearly 55% of
cases.29,39,56,85

The median duration of symptoms before diagnosis varies
between 9 and 18 weeks in the United States,36,37,78 whereas a
longer time from the onset of symptoms to diagnosis is
reported in other countries.38,39,80,81 In the United States, the
median age at diagnosis ranges from 58 to 65 years.36,37,55,79

What is the appropriate workup 
of male breast enlargement?

Our approach to the evaluation of male patients with breast
enlargement is outlined in Figure 36–1. Pertinent medical 
history is typically obtained, along with an assessment of risk
factors including family history of breast or ovarian cancer,
exposure to exogenous estrogens, abnormal testicular func-
tion, and prior radiation exposure. Alcohol intake is assessed,
as well as medication use, with particular attention to those
medications associated with gynecomastia. On physical exam-
ination, gynecomastia is characteristically concentric, tender,
and rubbery in consistency. Although gynecomastia is more
commonly a process that affects both breasts, it is occasionally
unilateral. In contrast, cancer of the male breast is classically
hard, irregular, eccentric, and nontender. Skin discoloration,

nipple ulceration, nipple discharge, and axillary adenopathy
are concerning for malignancy and should be noted.

The differential diagnosis of male breast enlargement
includes many benign and malignant processes, with gyneco-
mastia being the most common cause of a male breast mass.
The final histopathologic diagnosis of 187 men who under-
went biopsy for breast mass is shown in Table 36–4.86 Other
reported benign causes of male breast mass include fat 
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Table 36–3 Stage of Presentation of Male and Female Breast Cancer

Stage (%)

Author Staging System n Gender Years 0 I II III IV

Memorial Hospital, 1989* AJCC 932 F 1989 18 32 39 6 NR

Heller et al., 197855 AJCC 77 M 1960–1975 NR 30 54 16 NR

Joshi et al., 199676 UICC 46 M 1963–1993 10 17 50 13 10

Hill et al., 199936 AJCC 112 M 1973–1994 17 32 38 13 NR

Yildirum et al., 199877 AJCC 121 M 1972–1994 NR 2.5 28.9 55.4 13.2

Donegan et al., 199878 SEER 192 M 1953–1995 6.3 37 45.3 11.5 NR

Vetto et al., 199979 AJCC 54 M 1986–1996 16.6 20.3 31.4 25.9 5.5

*Patients treated on the Breast Service, Memorial Hospital, New York City, 1989.
AJCC, American Joint Committee on Cancer; UICC International Union Against Cancer; SEER, Surveillance, Epidemiology, and End Results; NR, not reported.
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Figure 36–1 Algorithm for evaluation of male breast. FNAC,
fine-needle aspiration cytology.



necrosis,86 abscess,86 juvenile papillomatosis,87 papilloma,88

neurilemoma,89 cavernous hemangioma,90 fibroadenoma,91

spindle cell tumor,92 granular cell tumor,93 leiomyoma,94 and
carcinoid tumor.95 Malignant conditions other than infiltrat-
ing ductal carcinoma and ductal carcinoma in situ include
multiple myeloma,86 malignant lymphoma,86 metastatic lung
adenocarcinoma,86 metastatic prostate carcinoma,96 and
metastatic melanoma.86

Are radiology studies of value in diagnosis?

Recent studies suggest that mammography is both a useful
tool to distinguish between malignant and benign male breast
disease and an effective screening tool for the detection of
contralateral cancer in patients with prior breast carcinoma
(Fig. 36–2). A series of 104 prebiopsy mammograms of the
male breast read by two independent radiologists blinded to

histopathologic diagnosis showed sensitivity of 92% and
specificity of 90%.97 For benign conditions, sensitivity was
90% and specificity 92%. In a retrospective review of 236 male
patients who underwent imaging for male breast disease,
mammography correctly identified 13 of 14 cancers.98

These studies report the following frequencies of specific
mammographic findings of male breast cancer: calcifications,
7% to 25%; retroareolar mass, 30% to 46%; eccentric mass,
54% to 60%; well-circumscribed mass, 23% to 60%; mass
with irregular contour, 50% to 69%; nipple retraction, 43% to
58%; skin thickening, 21% to 58%; mass partially or com-
pletely obscured by gynecomastia, 21% to 50%.97,98

On the mammogram, gynecomastia is classically identified
by a flame-shaped glandular proliferation extending from the
nipple into the fatty tissue of the breast.99 This finding is
pathognomonic of gynecomastia.

Ultrasound evaluation of the male breast is infrequently
described. In a study by Yang and colleagues,100 ultrasound
examination of 8 patients with male breast cancer revealed
that 50% of the carcinomas were complex cystic masses. In 
a study by Gunhan-Bilgen and colleagues,98 ultrasound cor-
rectly identified 15 cancers in 14 patients; two of these cancers
had small cystic components, whereas mammography missed
one cancer in these patients. Their report also suggested that
ultrasound is useful for determining the extent of skin and
muscle invasion and axillary lymph node involvement. These
studies suggest that the use of ultrasound and mammography
together may increase the sensitivity for breast cancer detec-
tion over the use of either modality alone.

What is the role of fine-needle 
aspiration cytology?

Recent studies suggest that fine-needle aspiration cytology
(FNAC) of the male breast is an important and reliable tech-
nique to distinguish between benign and malignant condi-
tions. A combined series of diagnostic breast aspirations from
520 male patients performed at the Johns Hopkins Hospital,
Memorial Sloan-Kettering Cancer Center, or University 
of Texas Southwestern Medical Center demonstrated overall
sensitivity and specificity of 95.3% and 100%, respectively,
with a diagnostic accuracy of 98%.86 Similar results have been
obtained from large studies performed at other institutions
with dedicated cytopathologists.101,102

What are the pathologic features of male 
breast cancer?

The pathologic features of male and female breast cancer are
largely similar. Multiple series from the United States have
shown that invasive ductal carcinoma accounts for 34% to
85% of male breast cancers, whereas tumors with a combina-
tion of invasive ductal cell and ductal carcinoma in situ 
constitute 18% to 48%.36,37,55,78 Intraductal carcinoma was the
only diagnosis in 5% to 17% of cases.36,37,55,78 Medullary and
tubular subtypes were identified in 1% to 2% of cases and
inflammatory carcinoma in less than 1%.36,37,55,78,79 Lobular
carcinoma is a rare diagnosis in male breast cancer because
the male breast lacks the hormonal influences required to
undergo lobular differentiation; however, anecdotal cases of
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Diagnosis Frequency (%)

Benign
Gynecomastia 54
Lipoma 10
Proliferative fibrocystic changes 8
Cyst 5
Rosai-Dorfman disease 1

Malignant
Infiltrating ductal carcinoma 11
Ductal carcinoma in situ 3
Metastatic disease 9

Table 36–4 Histopathologically Confirmed Diagnoses of Breast
Masses in 187 Men

Data from Siddiqui MT, Zakowski MF, Ashfaq R, et al. Breast masses in
males: Multi-institutional experience on fine-needle aspiration. Diagn
Cytopathol 2002;26:87–91.

Figure 36–2 Central subareolar carcinoma seen on a mediolat-
eral oblique mammographic view (magnified) in a male.



lobular carcinoma have been described in patients with
Klinefelter’s syndrome.103 Case reports of male breast cancer
with lobular carcinoma or lobular carcinoma in situ as a
pathologic diagnosis should be questioned.

The presence of steroid hormone receptors is more com-
mon in male breast cancer than in female breast cancer. In
most series, estrogen receptor positivity is as high as 80% to
85%, whereas progesterone receptor positivity approximates
75%.36–40,79,104,105 Although HER-2/neu is normally overex-
pressed in 20% of female breast cancers,106 reports of its 
overexpression in male breast cancer are highly variable.
HER-2/neu protein overexpression has been reported in 9%
to 56% of male breast cancer cases in studies relying on
immunohistochemical staining of the cellular membrane.107,108

Only one case of HER-2/neu gene amplification has been
identified in studies using fluorescent in situ hybridization.109

What is the surgical treatment of male 
breast cancer?

Radical mastectomy was the earliest performed surgical 
procedure for male breast cancer, and as with female breast
cancer there is no difference in survival between modified
radical mastectomy and the more morbid Halsted mastec-
tomy.78,83,84,110 There are data to suggest that modified radical
mastectomy offers no survival advantage over simple mastec-
tomy, even in the setting of postoperative chemoradiation.77 A
role for radical mastectomy does exist when the tumor is fixed
to the chest wall. Salvage mastectomy may be performed for
locally advanced disease in medically unfit patients. Breast
conservation is generally not applicable to males, owing to the
small size of the breast.

The techniques of mastectomy and axillary dissection are
essentially identical to those applied to female patients. Skin
flaps should be developed to the same boundaries and should
be of similar thickness in males and females. Axillary dissec-
tion should include levels I and II lymph nodes and is per-
formed en bloc with the mastectomy.

Sentinel lymph node biopsy (SLNB) has been shown to be
a successful technique for evaluating the axilla in male breast
cancer patients. A study by Port and colleagues111 showed suc-
cessful identification of one or more sentinel lymph nodes in
15 of 16 male patients. SLNB is highly reliable in the hands of
an experienced surgeon and is considered the standard of care
for axillary evaluation of early-stage breast cancer in both
male and female patients.

What is the role of adjuvant 
radiation therapy?

In female breast cancer patients, the goal of adjuvant radiation
therapy is to improve locoregional control and overall survival
in selected patients.112 In female breast cancer, radiation 
therapy is typically given in the setting of breast-conserving
therapy and to those patients considered at high risk for
locoregional failure after mastectomy. The rationale behind
adjuvant radiation therapy is the same in male breast cancer
patients.

Studies examining the indications for radiation therapy in
male breast cancer patients are limited. Anecdotal evidence

suggests a survival advantage in patients considered at high
risk for relapse.113–115 Some data, however, suggest that the risk
for local recurrence in early-stage disease is not reduced by the
addition of radiation therapy.113 Until larger and better con-
trolled studies are undertaken, the indications for adjuvant
radiation therapy in male breast cancer patients remain
uncertain.

What is the role of hormonal manipulation?

Orchiectomy is the oldest form of hormone therapy for 
disseminated male breast cancer.116 Orchiectomy has been
reported to have a 75% to 80% response rate,117 stalling the
progression of disease from 4 to 46 months.118 Other forms of
surgical ablative hormone therapy, including adrenalectomy
and hypophysectomy, are of historical interest only because of
their associated morbidities.

Tamoxifen has become the most widely used hormonal
therapy in male breast cancer.119 The earliest experience with
tamoxifen was in the setting of disseminated disease, and
there are data supporting its use as an adjuvant treatment in
estrogen receptor–positive, node-positive patients. In a non-
randomized trial of stage II and operable stage III patients,
Ribeiro and Swindell120 showed a 61% actuarial 5-year sur-
vival rate in tamoxifen-treated patients, compared with 44%
for historical controls. In this same study, disease-free survival
was 56% in tamoxifen-treated men, compared with 28% in
the control group. Tamoxifen therapy may be used before or
after orchiectomy, and failure to respond to one does not 
preclude a response to the other.121 Common side effects of
tamoxifen include diminished libido in 29%, weight gain in
25%, and hot flashes in 20%. The effects produce an attrition
rate of nearly 20% in male patients.122

The selective aromatase inhibitor, anastrozole, is approved
for first- and second-line treatment of female metastatic
breast cancer. The first published case series of anastrozole
therapy in five male breast cancer patients with metastatic dis-
ease showed disease stabilization without disease regression in
three patients. This small series suggests that tamoxifen or
orchiectomy is superior to anastrozole as first-line therapy for
metastatic male breast cancer.123

Other hormonal agents that have been used to treat 
male breast cancer include estrogen, cyproterone acetate (an
antiandrogen with progestational properties), androgens,
progestins, aminoglutethimide, and luteinizing hormone–
releasing hormone analogues. All have been shown to have
response rates ranging from 30% to 62%.117,124–126 Although
data are lacking, these agents may be useful sequentially or in
combination in patients who initially fail hormone therapy or
in patients who experience relapse.126

What is the role of adjuvant chemotherapy?

Owing to the low incidence of male breast cancer, only retro-
spective studies are available to determine the treatment ben-
efit gained from adjuvant chemotherapy. The earliest studies
of stage II and stage III patients receiving either (1) cyclophos-
phamide, methotrexate, and 5-fluorouracil (CMF) or (2) 
5-fluorouracil, doxorubicin, and cyclophosphamide (FAC)
regimens showed a 5-year survival rate of 80% to 85%, which
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is considerably higher than that of historical controls.127,128 In
a study by Yildirim and Berberoglu,77 both CMF and FAC
chemotherapy provided a survival advantage in patients with
operable disease. Other case series have failed to show a sur-
vival benefit from adjuvant chemotherapy,53,78 but the benefi-
cial effects of chemotherapy in these patients may have been
obscured by the high number of deaths due to comorbid 
conditions.

Trastuzumab, the monoclonal antibody against the epider-
mal growth factor receptor HER-2/neu, has been shown to
improve survival beyond chemotherapy alone in female
patients with breast cancers with HER-2/neu gene amplifica-
tion. There is a single case report of a 52-year-old man who
underwent radical mastectomy for pT4b breast cancer. He
later developed a mastectomy scar recurrence and concomi-
tant lung and thoracic spinal metastases that demonstrated
HER-2/neu gene amplification. After receiving 9 months of
trastuzumab therapy, he had partial clinical remission, includ-
ing regression of pulmonary disease and stabilization of spinal
metastasis.109

There are currently no prospective randomized trials eval-
uating adjuvant chemotherapy in male breast cancer. Because
male and female breast cancers are biologically similar, it is
reasonable to follow treatment guidelines for female breast
cancer until further data are available. Our approach to the
management of male breast cancer is outlined in Figure 36–3.

What is the prognosis for male breast cancer?

Data from the largest and most recent retrospective studies of
male breast cancer show overall 5- and 10-year survival rates

of 51% to 86% and 24% to 64%, respectively.36,37,39,53,78,109,129

Lymph node status is the strongest predictor of survival in 
all series: 5-year overall survival of lymph node–negative
patients is 68% to 100%, compared with 47% to 73% 
for lymph node–positive patients.36,37,39,53,55,129 At 10 years,
survival for node-positive patients is grimmer: 11% to 38%,
compared with 46% to 79% for node-negative patients.
Overall 5-year survival stratified by stage has been reported 
as 100% for stage 0, 83% to 100% for stage I, 63% to 83% 
for stage II, 45% to 74% for stage III, and 0% to 25% for 
stage IV.37,55,130

Older literature reported a worse prognosis for male than
female patients with breast cancer, which was attributed to the
more advanced stage of disease at presentation.74 Heller and
colleagues55 reported a markedly lower 10-year survival rate in
node-positive males compared with node-positive females
(11% vs. 43%), suggesting that when adjusted for stage,
male breast cancer has a worse prognosis; however, in a study
stratifying 130 node-positive patients by number of positive
lymph nodes, male and female patients with breast cancer had
similar prognoses.85 Other studies have since supported this
finding by suggesting that male and female breast cancers 
have similar disease-specific survival when compared by
stage.37,39,40,131

The most common sites of distant relapse in male breast
cancer are bone, lung, brain, liver, lymph nodes, and skin.37,127

Reported distant relapse rates are 18% to 40%, whereas
locoregional relapse rates are 5% to 19%.37–40 The mean 
time from initial diagnosis to distant relapse is about 26
months,74,132 and the average time from the diagnosis of
metastasis to death is 8 to 26 months.74,132 About one third of
patients develop metastatic disease.74
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What are prognostic factors?

The most important prognostic factors in male breast cancer
are axillary lymph node involvement,36,37,53,77–79 tumor
size,38,39,77,79,85,129 and hormone receptor status.53,78,103 Multiple
studies have shown a survival advantage for patients with no
involved axillary lymph nodes compared with those with pos-
itive nodes. In addition, a significant survival difference has
been reported between patients with one to three positive
lymph nodes and those with four or more.78 Larger tumors
and a delay in diagnosis of longer than 6 months from the
onset of symptoms confer a survival disadvantage,37 whereas
hormone receptor–positive tumors confer a survival 
advantage.

Anelli and associates133 analyzed 36 male breast cancers for
p53 mutations and detected mutations in 42%. This is similar
to the incidence of p53 mutations in female breast cancer.
They did not show a significant correlation between p53
mutation and survival. A study by Pich and colleagues108

demonstrated that the combination of c-erbB-2 and p53
immunoreactivity significantly decreases survival in male
breast cancer patients.

FUTURE DIRECTIONS

Male breast cancer is a rare disease. Creation of a national
male breast cancer database could facilitate clinical observa-
tion of a large number of patients to evaluate adjuvant
chemotherapy, radiation therapy, and hormonal therapies.
Access to large numbers of patients with male breast cancer
would also provide the biologic samples required for the iden-
tification of genes associated with familial and sporadic male
breast cancer. This knowledge, along with the advances in
radiographic imaging, could provide a better understanding
of this rare disease.
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GYNECOLOGIC CARE FOR THE 
PATIENT WITH BREAST CANCER

When should a patient consult  
with her gynecologist?

Patients should maintain their routine schedule for gyneco-
logic examination during and after the diagnosis of breast
cancer. A yearly gynecologic examination that includes at a
minimum a review of medical history and focused examina-
tion should be done. The gynecologist must be sure to include
a discussion of any acute changes following the treatment,
including issues related to menopause, sexuality, and depres-
sion.2 Young patients who continue to menstruate should be
asked about future pregnancy plans and current contracep-
tion plans.3 For postmenopausal women or for those women
who become menopausal during treatment, the most com-
mon questions involve issues of depression, sexuality, and
management of menopausal symptoms. Although many
young premenopausal women become amenorrheic during
cytotoxic chemotherapy, the patient and physician should not
assume that the patient will not regain her fertility potential
after completion of chemotherapy. It is critical that patients
continue to use contraception if pregnancy is possible.

What are the options for contraception after 
diagnosis of breast cancer?

Except for rare cases, hormonal contraceptives are contraindi-
cated for women with a history of breast cancer. This includes
oral contraceptives and injectable agents such as medroxy-
progesterone acetate (Depo-Provera). In discussions with 
the patient, the gynecologist should determine whether the
patient is interested in permanent sterilization or temporary
contraception. If the patient desires permanent sterilization,
two options are available for the woman (vasectomy can also
be considered for the partner of a patient in a monogamous
relationship). The first option for the patient is tubal ligation.
This method is extremely successful (fewer than 5 to 10 

CHAPTER 37

Gynecologic Management
of the Woman with 
Breast Cancer
John P. Curtin and Steven R. Goldstein

For many women, their gynecologist acts as the primary 
care physician and as such may be directly involved in the
screening, diagnosis, and follow-up of women with breast
cancer. The current residency competencies expectations
include both didactic and clinical training in the teaching 
of breast self-examination, the principles of breast exami-
nation, workup of an abnormal breast examination, and
knowledge of breast cancer treatment options. As discussed 
in the section of this chapter on selective estrogen receptor
modulators (SERMs), gynecologists may also play a critical
role in identification and management of preventive medica-
tions designed to reduce the overall incidence of breast 
cancer. This role has been embraced and promoted by the
American College of Obstetricians and Gynecologists
(ACOG). The ACOG committee opinion1 emphasizes the 
following:

• Performance of breast examination, which is an integral
part of the complete gynecologic examination

• Instructing patients in the technique of breast self-
examination

• Ordering screening mammography
• Recognition that certain patients may be at higher risk

because of family history
• Performance of breast diagnostic procedures when indi-

cated

An ever-increasing role for the gynecologists is to provide
expertise in the follow-up of women who have been 
diagnosed with breast cancer. As discussed in previous 
chapters, the number of cases of breast cancer has increased
dramatically over the past 2 decades. With more than 200,000
new cases of breast cancer diagnosed in the United States
annually and the majority of new cases now involving 
smaller lesions owing to increased awareness and improved
screening, the number of women who report a history of
breast cancer will continue to increase. These patients 
often have specific gynecologic problems and concerns 
related to their history of breast cancer or the treatment
effects, and there is the continued need for routine gyneco-
logic care.
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failures per 1000 women sterilized) and can be accomplished
on an outpatient basis. An added advantage for women with a
history of breast cancer is the reduction in overall risk for
ovarian cancer. The risk reduction associated with tubal liga-
tion is about a 50% reduction in breast cancer incidence,
equivalent to use of oral contraceptives for 5 years or longer.4

Barrier contraception with condoms and spermicide or
diaphragm and spermicide is the most reliable option for the
patient who is not ready to commit to permanent sterilization.
The success rate for barrier methods approaches that of either
an intrauterine device (IUD) or oral contraceptives, provided
that the patient is highly motivated and regularly uses the 
chosen method of contraception regularly. An IUD may be
considered as an alternative to barrier contraception; the 
efficacy rate is excellent. Before placement of an IUD, the
patient must have recovered from any chemotherapy because
chemotherapy-associated neutropenia may increase the risk
for an IUD-associated infection.

For those patients who are closer to menopause or have 
a known BRCA gene mutation, a second option for perma-
nent sterilization is a risk-reducing bilateral salpingo-
oophorectomy (discussed later). This procedure reduces not
only the overall incidence of gynecologic cancers but also the
risk for a second breast cancer.

How are menopausal symptoms managed?

The standard treatment of menopausal symptoms remains
use of estrogen replacement therapy (ERT). However, this
therapeutic option is often contraindicated for women who
have been diagnosed with breast cancer. In the past decade,
there was an increase in the number of centers that proposed
ERT (either alone or in combination with a progestin) for
selected individuals.5 Studies that reviewed large population
databases or small prospective trials were initiated to test the
hypothesis that ERT could be safely administered to women
after a diagnosis of breast cancer. However, in the past 2 years,
several significant studies have been published that question
the role of ERT in many women, especially those with breast
cancer history. The Women’s Health Initiative (WHI) has
published a series of reports that have challenged the benefits
and safety of ERT usage.6 More recently, a prospective study of
hormonal replacement therapy in women with a history of
breast cancer (HABITS) was stopped by the data safety mon-
itoring committee because of a higher than acceptable rate of
breast cancer recurrence or new primaries in the group of
patients who were randomized to hormonal replacement
therapy.7 The findings of these two studies taken together sug-
gest that except for a rare patient who fails to respond to non-
hormonal therapy, systemic ERT should not be prescribed for
patients who have been diagnosed with breast cancer.

Patients who have significant hot flashes either from
tamoxifen therapy or from menopause may be managed by
other methods. Venlafaxine (Effexor) has been prescribed
with reported success in lowering the intensity and frequency
of hot flashes. The side effects can often outweigh the bene-
fits.8 Many patients have tried nutritional or alternative med-
icine remedies with relief of symptoms. Generally, the use of
alternative or complementary medications is safe, although
some have raised the issue of the estrogenic effect of plant
estrogens or phytoestrogens. Patients should always consult

with their treating physician before embarking on regular use
of these agents.

Another common quality-of-life issue for menopausal
women is vaginal atrophy; the most common complaints
include vaginal dryness, lack of lubrication, and discomfort
with intercourse. A number of nonprescription products have
been marketed for the potential relief of these symptoms.
Water-soluble lubricants have been reported to improve lubri-
cation and decrease discomfort during intercourse. Vaginal
moisturizers may also reduce the complaints related to 
dryness.

As described, the use of systemic estrogen is contrain-
dicated in women with a history of breast cancer; however, in
selected cases, topical estrogen may be used. Newer products,
such as low-dose intravaginal estradiol delivery using a Silastic
vaginal ring (Estring), have been studied in patients with 
prior diagnosis of breast cancer and significant symptoms of
vaginal atrophy.9 These agents deliver a continuous dosage 
of estradiol to the vaginal epithelium. Although there is a
small amount of absorption, the serum estradiol levels do not
increase above the normal postmenopausal serum estradiol
levels.

How does family history affect the 
gynecologic care of women with history  
of breast cancer?

As discussed in other chapters, about 5% of all breast cancers
may be due to an inherited factor; in the United States, there-
fore, there will be about 10,000 cases of breast cancer annually
owing to a hereditary syndrome.10 The importance of early
identification of patients at risk is becoming increasingly
important as new prevention and screening strategies are
developed. Routine genetic testing for the most common
genetic mutations is not warranted for the general population.
The current recommendation is that a family history of breast
or gynecologic cancer in one or more first-degree relatives
should trigger a more thorough evaluation. First-degree 
relatives include sisters or mother. Multiple cancer cases in
second-degree relatives (i.e., grandmothers, aunts, uncles, and
cousins) should also raise suspicion, especially when all are
linked to either the maternal or paternal side of the patient’s
family. There are several resources available that aid the clini-
cian in assessing whether a patient may be at higher than aver-
age risk for carrying a gene mutation commonly linked to
increased susceptibility to breast or ovarian cancer.

In the general population, the prevalence of identifiable
gene mutations that will place the patient at increased risk for
breast cancer is small. It is estimated that only 0.1% to 0.2% 
of the general population carries these genetic mutations.
Routine testing of all patients has not been proposed; the
patient who is referred for genetic testing is usually identified
by family history or when newly diagnosed with a cancer.
Some authors have suggested that if there is a 5% or greater
chance of a woman’s being a gene mutation carrier, testing to
determine the presence or absence of known gene mutations
is indicated. Estimates of prevalence of gene mutations based
on family and personal disease characteristics are provided in
Table 37–1.

The most common gene mutations associated with an
increase risk of breast cancer are BRCA1 and BRCA2; less

SECTION VIII. SPECIAL ISSUES IN BREAST CANCER TREATMENT748



Table 37–1 Risk of BRCA1 and BRCA2 Mutations in Selected
Populations

commonly, mutations of mismatch repair genes associated
with hereditary nonpolyposis colon cancer (HNPCC) syn-
drome place the patient at increased risk. Individual practi-
tioners have the option of providing the counseling and
ordering the genetic tests directly or referring the patient
thought to be at risk to a genetic counselor.

Patients with a more than 10% risk for a BRCA1 or BRCA2
mutation include those with breast and ovarian cancer within
the same family at any age, particularly if within the same
woman; a history of male breast cancer within the same 
family; multiple cases of early-onset breast cancer disease 
(age < 50 years) in the same family; and the presence of
bilateral breast cancers.11

How are patients followed once they are 
identified as being at risk?

Patients have three general options if they are at an increased
risk for developing gynecologic cancer due to either known
genetic mutation or suggestive family history.

Normal Gynecologic Care
The first option is to maintain normal gynecologic care and
follow-up with no added screening studies or testing. For
some women, this is acceptable and desirable. For most
women, however, some additional testing or risk-reducing
surgery is recommended.

Additional Screening Studies
If the patient elects to be followed and wants additional
screening studies, the patient must be advised that currently
there are no proven screening methods to detect early 
ovarian, tubal, or peritoneal cancers. Some studies have sug-
gested that regular screening transvaginal ultrasound (TVUS)
examination may detect earlier-stage ovarian cancer. Other
studies have examined the utility of serum tumor markers. In
the absence of a proven method, it has been recommended
that patients at risk for gynecologic cancer be examined twice
yearly and have TVUS one or two times per year combined
with serum CA-125 determinations.

The evaluation of the patient with an abnormal imaging
study should include a repeat physical examination. If the
serum tumor markers were normal, a repeat and possibly
expanded panel of tumor markers should be obtained. In 

general, there should be a lower threshold for surgical inter-
vention when the patient has a prior diagnosis of BRCA muta-
tion. Although patients with BRCA mutation are at risk for
developing metastatic disease involving the ovaries, in 
retrospective series of patients undergoing surgery for newly
discovered ovarian mass, new gynecologic primary cancers are
more common than metastatic disease.12

Given the lack of established screening methods, patients
should be encouraged to enroll in prospective screening stud-
ies. These ongoing screening studies will hopefully clarify the
emerging role of new serum testing as well as study the role of
ultrasound evaluation.13

Risk-Reducing Surgery
Another option for patients at risk is to have a surgical proce-
dure to remove the organs at risk. Because patients with
BRCA1 or BRCA2 mutation are at risk for ovarian, tubal, and
peritoneal primary cancer, surgery can reduce but not elimi-
nate the potential for future BRCA1- or BRCA2-associated
cancer.14 This recognition has resulted in a change in termi-
nology that more accurately conveys the intent of the surgical
procedure. Instead of a “prophylactic” bilateral salpingo-
oophorectomy, the preferred term should be “risk-reducing.”
The decrease in risk is difficult to calculate exactly, but data
from clinical reports as well as from risk modeling suggest that
the reduction in risk is greater than 90%15 (Fig. 37–1). This
can be translated for the BRCA1-positive patient into the
reduction from a 30% lifetime risk for ovarian, tubal, or peri-
toneal cancer to a less than 3% risk for peritoneal cancer after
risk-reducing salpingo-oophorectomy.

When the decision is made to proceed with a risk-reducing
salpingo-oophorectomy (RRSO), this can usually be per-
formed as a laparoscopic procedure. The laparoscopic
approach has the advantage of minimal discomfort and can be
performed as an outpatient procedure. There is some debate
as to whether removal of the uterus is indicated as part of the
risk-reducing surgery. It is our practice not to perform routine
hysterectomy at the time of the RRSO unless there is specific
uterine pathology. Others have advocated for inclusion of
hysterectomy at the time of RRSO because of the potential
association of papillary serous endometrial carcinoma of the
uterus with BRCA1 and BRCA2.16 Other authors have postu-
lated that any laparoscopic procedure removing only the 
tubes and ovaries would leave behind a small portion of the
fallopian tube where the tube traverses the cornual region of
the uterus.

Before the RRSO, the patient should be examined and have
a recent TVUS and serum CA-125. Even if these tests are 
normal, there is still a small chance that at the time of the
laparoscopic procedure, a small, clinically occult ovarian 
cancer will be discovered. A critical part of the consent proc-
ess should include a discussion of the extent of surgery 
that the patient agrees to as well as the surgical capability 
of the surgeon. Processing of the specimen by the pathologist
is also important, and the surgeon should communicate
directly with the pathologist regarding the indications for
RRSO.

The procedure is performed using a three- or four-trocar
approach. The patient is placed under general anesthesia and
laparoscopy initiated. It is our preference to use an open
laparoscopic approach in all cases. After establishment of the
pneumoperitoneum, a thorough inspection of the entire
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Family and Personal Prevalence of Positive 
Disease Characteristics Test for BRCA1 or BRCA2 (%)

General population 0.1–0.2

Ashkenazi Jewish 2.0–2.5

Breast cancer at age < 36 yr 10

Breast cancer at age < 50 yr 6

Breast cancer, bilateral 15

Family history of breast 5–15
cancer

Family history of breast 10–40
and/or ovarian cancer



abdomen is performed. This includes the peritoneal surfaces
of the diaphragm and liver as well as the pelvis.

Rather than the typical pathologic examination of bilateral
salpingo-oophorectomy specimens, the RRSO should be sub-
mitted to the pathologist in its entirety, with multiple sections
obtained. Protocols for processing of these specimens have
been published.17

Surveillance after RRSO is uncertain. Several reports have
estimated that primary peritoneal papillary serous (PPPS)
carcinoma following RRSO may be as high as 1 in 20 patients
(5%). There are no accepted screening tests for these cancers;
current ongoing studies are following patients with serial
serum CA-125 determinations. There is no role for routine
imaging studies such as ultrasound or computed tomography
(CT) scans. As would be expected, most have a clinical pre-
sentation similar to that of epithelial ovarian carcinoma
(EOC). The majority are stage III at the time of diagnosis.
When the diagnosis is suspected, the workup should include
CT scan imaging. Treatment is similar to that for EOC. The
standard treatment includes initial surgical staging and
debulking, followed by combination chemotherapy with car-
boplatin and paclitaxel.

Are additional gynecologic tests necessary 
when a patient has a history of breast cancer?

Unless the patient has specific complaints, the annual physical
examination is sufficient. Patients should be followed with
regular cervical cytology according to their own history and
risk profile. The ACOG and the American Cancer Society have
updated the cervical cytology screening recommendations.
After age 30 years, patients who have had normal yearly
Papanicolaou (Pap) smears can be followed with Pap smears
every 2 to 3 years. Combining human papillomavirus testing
with a Pap smear may allow for longer intervals between 
Pap smears, provided that both of the tests are normal.
Patients do not appear to benefit from routine ultrasound
examination or endometrial biopsy if on tamoxifen therapy.18

When do patients need to be concerned 
about tamoxifen-associated cancer?

In nearly all cases, endometrial cancer is associated with early
warning signs. The most common sign is abnormal bleeding.
For younger women, who may be menstruating normally,
concerning changes could include periods that are heavier
than usual or bleeding between periods. For postmenopausal
patients, any vaginal bleeding should be a signal to both the
patient and the physician that further evaluation is indicated.
In addition, a persistent discharge should also be evaluated.

The most common reported cancer in patients taking
tamoxifen is adenocarcinoma of the endometrium. This can-
cer is commonly associated with hyperestrogen states, includ-
ing obesity, and unopposed estrogen replacement therapy.
The risk for a tamoxifen-associated cancer depends on length
of treatment.19 After 5 years of tamoxifen therapy, the risk 
for endometrial cancer is about 6 cases per 1000 women.
Although this is an increase in the expected rate of endome-
trial cancer, it is important to remember the significant role of
tamoxifen in reducing the chance of a second breast cancer or
a recurrence of breast cancer. Most studies have shown that
the cancers associated with tamoxifen are similar to other
estrogen-associated cancers in that the cancers tend to be low-
grade, early-stage cancers confined to the uterus.20 These types
of tumors are generally cured by surgery alone.

Less commonly, tamoxifen is associated with rare uterine
tumors known as uterine sarcoma. Based on a series of case
reports in the literature, in 2002, the U.S. Food and Drug
Administration (FDA) added information to the tamoxifen
label advising patients and their physicians that tamoxifen
usage can be associated with an increased risk for uterine sar-
coma. In a trial of more than 8000 women with an intact
uterus who were randomized to either tamoxifen or a placebo,
there were a total of 70 cases of endometrial adenocarcinoma;
53 cases of endometrial cancer occurred in the tamoxifen-
treated patients, and 17 cases occurred in the placebo group.
There were 4 cases of uterine sarcoma in the group of more
than 8000 women; however, all 4 cases occurred in women
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Figure 37–1 Prospective study of two cohorts of
women at risk for breast cancers or gynecologic
cancers related to BCRA. The number of women
diagnosed with either gynecologic or breast cancer
was significantly reduced for those patients who
elected to undergo a risk-reducing salpingo-
oophorectomy. (Data from Kauff ND, Satagopan JM,
Robson ME, et al. Risk-reducing salpingo-oophorectomy
in women with a BRCA1 or BRCA2 mutation. N Engl J
Med 2002;23;346:1609–1615.)



who received tamoxifen.21 It is important to remember that
these tumors are rare and that the increased risk associated
with tamoxifen, although significant, is still quite low. The
symptoms of uterine sarcoma are similar to those of the more
common adenocarcinoma. Unfortunately, uterine sarcomas
can be more difficult to treat. Uterine sarcomas are more com-
monly spread beyond the uterus at the time of diagnosis, and
the overall mortality rate is higher for uterine sarcomas than
for adenocarcinomas of the uterus.

How should abnormal vaginal bleeding 
be evaluated?

The patient is usually examined in the office. If the patient has
not had cervical cytology testing within the past year, a speci-
men is obtained. Any cervical abnormalities should be noted;
if noted, a biopsy can be performed if necessary. In most
patients, an endometrial biopsy is performed in the office.
The preferred instrument is a small flexible suction biopsy
instrument similar to the Pipelle device. For most patients,
this procedure is associated with mild cramping, which can 
be minimized by giving the patient a nonsteroidal anti-
inflammatory drug (NSAID) just before the procedure. When
the biopsy is performed, the size of the uterus as well as 
the amount of tissue obtained (i.e., minimal versus abundant)
should be noted. An endocervical biopsy may be omitted dur-
ing the initial evaluation, but in the patient with persistent
bleeding, this should be performed to rule out an endocervi-
cal lesion.

When the endometrial biopsy cannot be obtained in the
office, consideration should be given to performing a dilation
and curettage (D&C) under anesthesia. Indications for a D&C
would include persistent bleeding or progressive growth in the
thickness of the endometrium. The D&C is considered to be
the best diagnostic procedure for patients with either persist-
ent abnormal bleeding or postmenopausal bleeding. Many
practitioners will also perform a hysteroscopy at the same
time to better visualize the endometrium.

Ultrasound may be helpful in triaging patients, especially
postmenopausal patients. If ultrasound demonstrates a thin
endometrium with no areas of thickening or polyps, then
close follow-up may be an alternative to D&C. As discussed
later, sonohysterography may be an important diagnostic 
aid in the evaluation of the patient taking tamoxifen who is
symptomatic. The interval for follow-up should be about 3
months.

GYNECOLOGIC EFFECTS OF 
SELECTIVE ESTROGEN RECEPTOR 
MODULATORS (SERMs)

SERMs are synthetic compounds that bind to estrogen recep-
tors and exert estrogen-agonistic effects in some tissues 
(i.e., bone, lipid) while being estrogen antagonists in other 
tissues (i.e., breast). Currently, two SERMs, tamoxifen and
toremifene, are employed for treatment of breast cancer;
tamoxifen is also FDA approved for prevention of breast can-
cer in high-risk women. Raloxifene is a SERM approved for

prevention and treatment of osteoporosis in postmenopausal
women. However, it sharply reduced invasive and noninvasive
breast cancer in women with osteoporosis during 4 years of
therapy compared with placebo22 and is currently being stud-
ied in a head-to-head comparison with tamoxifen in high-risk
women (the Study of Tamoxifen and Raloxifene [STAR] trial).
Other SERMs have had phase III trials suspended because of
an increase in urinary incontinence and uterine prolapse.23

Still other SERMs are in various stages of development. It
appears that the gynecologic effects of SERMs are variable but
obviously important in determining their utility for treatment
or prevention of breast cancer.

Tamoxifen

Tamoxifen was the first clinically available SERM. Originally,
it was referred to as “antiestrogen” because of its properties 
in the breast. Like other SERMs, it also exerts an antiresorp-
tive effect on bone, thus improving bone mineral density in
postmenopausal women as well as lowering total and low-
density-lipoprotein cholesterol. It was developed in 1966 
and FDA approved in 1978. It is the most widely prescribed
anticancer drug in the world, currently with more than
12,000,000 woman-years of experience. It results in significant
improvement in recurrence-free and overall survival rates in
postmenopausal women with breast cancer.24 In the middle to
late 1980s, a series of letters to the editor and case reports
started to suggest an association between endometrial carci-
noma and breast cancer patients receiving tamoxifen.25,26

What is the evidence that tamoxifen causes 
endometrial abnormalities?

The first prospective study was published in 1990 by Neven
and colleagues.27 They reported on 16 patients followed
prospectively with hysteroscopy for 36 months. Eight of these
postmenopausal patients maintained the atrophic, inactive
endometrium that one would expect in such postmenopausal
patients. Seven developed proliferation, including four polyps,
and one developed adenocarcinoma.

Gal and associates28 reported on 38 patients who were 
followed prospectively for just 12 months. Eighteen percent 
(7 patients) developed hyperplasia, causing the authors to 
recommend “periodic blind endometrial sampling.”

What is the role of transvaginal ultrasound?

At about the same time, TVUS had been introduced. The vagi-
nal probe was employed in a variety of clinical settings. One
early publication29 described the use of TVUS before endome-
trial sampling in patients with postmenopausal bleeding. The
maintenance of a thin distinct endometrial echo thinner than
5 mm was uniformly associated with lack of significant tissue
(Fig. 37–2). Screening with TVUS has become the mainstay of
current therapy in postmenopausal women with bleeding. A
thin distinct endometrial echo has an extremely high negative
predictive value (99%), and such patients can avoid endome-
trial sampling and its expense, discomfort, and risk.30
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As a result of the newly discovered association of endome-
trial carcinoma and tamoxifen therapy, many tamoxifen
patients were examined with TVUS. An unusual ultrasono-
graphic appearance of the uterus in patients receiving tamox-
ifen was first reported in 1994.31 Some patients displayed
bizarre heterogenous echo patterns centrally located in the
uterus, which represent a loss of the normal junctional zone
between the basalis of the endometrium and the proximal
myometrium. This was being misinterpreted as endometrial
thickening on ultrasound. When viewed with saline infusion
sonohysterography, such changes are often shown to be
microcysts, which represent dilated cystic atrophic glands that
can be located in the basalis of the endometrium, in the prox-
imal myometrium, or even within polyps (Figs. 37–3 to 37–5).

A collective experience with tamoxifen was published by
Schwartz and colleagues in 1998,32 who found a 27% inci-
dence of polyp formation, a 4% incidence of carcinoma, and
a 9% incidence of proliferation or hyperplasia. Only 25% of
tamoxifen patients maintained a thin endometrial echo 5 mm

or smaller, although ultimately 59% of patients demonstrated
atrophic endometrium but often required sonohysterography
to prove it. In that report, a surveillance algorithm of patients
receiving tamoxifen therapy was proposed. Unenhanced
TVUS was performed. If the endometrial echo remained 
thin and distinct, measuring 5 mm or less, inactive atrophic
endometrium was assumed, and follow-up was undertaken at
appropriate intervals. If the central uterine echoes were thick-
ened, the patient was interrogated with saline infusion sono-
hysterography. If there was thin endometrium surrounding
the fluid and less than 3-mm single-layer measurements, with
or without microcystic change, the patient was deemed to
have inactive atrophic endometrium and followed at appro-
priate intervals, whereas any abnormal endometrial findings,
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Figure 37–2 Long-axis transvaginal ultrasound view of a post-
menopausal patient with bleeding. This thin distinct endometrial
echo has a 99% negative predictive value in excluding significant
tissue.

Figure 37–3 Transvaginal long-axis ultrasound view of a 
tamoxifen-treated patient. The central uterine echo measures 
18 mm. Previously, a picture like this was misinterpreted as
“endometrial” thickening.

Figure 37–4 Same patient as in Figure 37–3 when viewed with
saline infusion sonohysterography. The sonolucent (black) area
centrally located is the fluid that has been instilled. The endo-
metrium surrounding the fluid is thin, compatible with inactive
atrophic change. The small sonolucencies under the surface
epithelium represent microcystic change and are dilated atrophic
cystic glands in the basalis of the endometrium and the proximal
myometrium. The endometrium is outlined by calipers and is thin,
measuring 2.8- and 2.5-mm, respectively.

Figure 37–5 Hysteroscopy of the patient whose transvaginal
ultrasound is pictured in Figure 37–4. Notice that the surface func-
tionalis of the endometrium is thin and pale, compatible with
atrophy. Coarse vessels are also typical of atrophic changes. There
are noticeable blebs compatible with the microcystic change seen
on ultrasound.



more than 3-mm single-layer endometrial thickness, or focal
lesions such as polyps were evaluated under direct vision by
hysterography (Figs. 37–6 and 37–7).

Should tamoxifen patients have ongoing 
endometrial surveillance?

In 1996, the Gynecologic Practice Committee of the ACOG
issued an opinion relative to tamoxifen and endometrial 
cancer,33 in which they stated,

Women with breast cancer should have annual gynecologic
examinations, including Pap test and bimanual rectal vaginal
examinations. Any abnormal bleeding, including bloody
discharge, spotting, or any other gynecologic symptoms should
be evaluated thoroughly. Any bleeding or spotting should be
investigated. Practitioners should be alert to the increased
incidence of endometrial malignancy. Screening procedures or
diagnostic test should be performed at the discretion of the
individual gynecologist.

However, in April 2000, the same gynecologic practice
committee altered its opinion.34 At that point, they stated that

. . . because screening tests have not been effective in increasing 
the early detection of endometrial cancer in women using
tamoxifen and may lead to more invasive and costly diagnostic
procedures they are not recommended.

Is there a role for pretreatment screening?

This controversy about appropriate endometrial monitoring
and surveillance of breast cancer patients treated with tamox-
ifen needs to be reexamined in light of research published by
Berliere and coworkers.35 Their initial publication involved
264 postmenopausal women with newly diagnosed breast
cancer. They all had baseline TVUS. If the endometrial echo
was larger than 4 mm, outpatient hysteroscopy with biopsy
was performed. Seventeen percent of these asymptomatic
postmenopausal women had baseline lesions (almost entirely
polyps). All polyps were removed, and all patients were 
treated with tamoxifen. The incidence of atypical hyperplasia
was significantly higher in the group that was abnormal ini-
tially and then treated (P = .009). Berliere’s group updated
their data several years later.36 At that point, 575 patients with
breast cancer had been studied up to 5 years, and 16.6% had
endometrial polyps before tamoxifen therapy. In the group
with no initial polyps, which is referred to as “squeaky clean,”
12.9% developed polyps, and 0.7% developed atypical hyper-
plasia. In the group that had initial polyps removed and then
were treated with tamoxifen, 17.6% developed benign polyps,
and 11.7% developed atypical hyperplasia. Thus, there appear
to be two distinct groups of women newly diagnosed with
breast cancer in the postmenopausal state: those with initial
polyps and those without initial polyps. The group with initial
polyps represents a high-risk group, with 18 times the risk
for developing atypical hyperplasia of the endometrium on
tamoxifen therapy and with 1.5 times the risk for developing
benign endometrial polyps subsequently. Such systematic pre-
treatment screening can identify the high-risk group. These
patients may require ongoing surveillance, whereas the low-
risk group may not and can be followed according to the
ACOG Gynecologic Practice Committee Opinion.

What about SERMs and breast 
cancer prevention?

Breast Cancer Prevention Trial
In 1992, the National Surgical Adjuvant Breast and Bowel
Project (NSABP) launched a prevention trial using tamoxifen.
A total of 13,388 women aged 35 years or older who were
deemed at high risk for breast cancers were enrolled at numer-
ous sites throughout the United States and Canada. The over-
all incidence of breast cancer in the tamoxifen group was 3.4
cases per 1000, compared with a breast cancer incidence in the
placebo group of 6.8 cases per 1000.37 The trial was stopped 14
months before its planned completion because the Data and
Safety Monitoring Board felt it was unethical to continue to
allow one half of the participants, deemed to be at high risk
for developing breast cancer, to continue to take placebo in
view of the dramatic reduction of both invasive and noninva-
sive breast cancer in the tamoxifen-treated group.
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Figure 37–7 Operative hysteroscopy of the patient in Figure
37–6. Notice that the large tamoxifen-induced polyp has a similar
surface appearance to that in the patient depicted in Figure 37–5.

Figure 37–6 Saline infusion sonohysterogram of a tamoxifen-
treated patient. A large centrally located polyp is seen. Small areas
of microcystic change are seen within the polyp (arrows). The 
endometrium surrounding the fluid is thin, compatible with 
atrophy.



The trial, however, made available for the first time large-
scale information about the effects of tamoxifen on healthy
women. Previously, all studies of tamoxifen had been in
women with breast cancer. The overall relative risk (RR) for
endometrial cancer associated with tamoxifen therapy in
healthy women was 2.53 (95% confidence interval [CI],
1.35%–4.97%). However, when further analyzed by age, the
RR in women older than 50 years was 4.01 (95% CI,
1.70%–10.90%), whereas the RR in women aged 49 years 
or younger was 1.21 (95% CI, 0.41%–3.60%). Although
menopausal status was not reported, this arbitrary breakdown
into women younger than 50 years and older than 50 years is
the closest thing to a premenopausal and postmenopausal
group because the average age of menopause is 51.4 years.

In October 1998, based on these trial results, the FDA
approved tamoxifen for the primary prevention of breast can-
cer in women at high risk for the disease. They recommended
that the use of tamoxifen be limited to high-risk women
because of the potentially serious side effects seen in the clin-
ical trials, especially in women older than 50 years. The FDA
did not actually determine high risk, but it made the recom-
mendation that the decision to use tamoxifen as a prophylac-
tic chemopreventive therapy needed to depend on a thorough
evaluation of a woman’s personal, family, and medical history;
her age; and her understanding of the assessment of the risks
and benefits of treatment.

What are the uterine effects of tamoxifen  
in women who do not have breast cancer?

In the NSABP’s prevention trial, there were 15 cases of
endometrial cancer in the placebo group.37 Fourteen of these
were revealed to be International Federation of Gynecology
and Obstetrics (FIGO) stage I, and one was revealed to be
FIGO stage 4. All 36 cases of endometrial carcinoma in the
tamoxifen group were FIGO stage I. In May 2002, updated
data from the trial were presented on 8306 women with an
intact uterus with a median follow-up of 6.9 years and on all
those who used tamoxifen for at least 2 years.38 It revealed ade-
nocarcinoma in 53 cases of tamoxifen therapy (52 FIGO stage
I, 1 FIGO stage III), compared with 17 cases in the placebo

group (16 FIGO stage I, 1 FIGO stage IV). Furthermore, there
were 4 cases of uterine sarcoma in the tamoxifen group and no
cases in the placebo group. Therefore, in 2002, the FDA added
a “black box warning” to the label of tamoxifen that was
directed at the use of breast cancer prevention and not treat-
ment. This warning is summarized in Table 37–2.

Raloxifene

Like tamoxifen, raloxifene is also a SERM. It is a benzothio-
phene derivative, unlike the triphenylethylene family from
which tamoxifen is derived. Raloxifene, not unlike tamoxifen,
was originally investigated as a treatment for advanced breast
cancer. Preclinical studies as summarized by Hol and 
associates indicated that raloxifene had an antiproliferative
effect on both estrogen receptor–positive mammary tumors
and estrogen receptor–positive human breast cancer cell
lines.39 In the 1980s, however, a small phase II trial revealed
that raloxifene had no further antitumor effects in post-
menopausal women with advanced breast cancer in whom
tamoxifen therapy had failed.40 After information had sur-
faced about the neoplasia-inducing capabilities of tamoxifen
on the uterus of postmenopausal women,27 there was renewed
interest in raloxifene.

What are the effects of raloxifene?

Raloxifene has SERM-like properties in that it has estrogen
agonistic activity on bone remodeling and lipid metabolism.
It was FDA approved for prevention of osteoporosis in post-
menopausal women in December 1997. Its indication was
extended to treatment of osteoporosis in October 1999. In
terms of its effect on the endometrium of postmenopausal
women when compared with placebo,41 there were no differ-
ences in endometrial thickness, endoluminal masses, prolifer-
ation, or hyperplasia. Raloxifene did not cause endometrial
hyperplasia or cancer and was not associated with vaginal
bleeding or increased endometrial thickness as measured by
TVUS. However, in this, the only study of raloxifene with the
uterus as the primary end point, women with any endometrial
abnormality were excluded from the study. The study was a 
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NEW TAMOXIFEN LABELING: HEALTHY PATIENTS
ADVERSE EVENTS

Tamoxifen Placebo RR CI

Endometrial 2.2/1000 pt years 0.71/1000 pt years Not
adenocarcinoma given

Uterine sarcoma 0.17/1000 pt years 0.00/100 pt years Not
given

Stroke 1.43/1000 pt years 1.00/1000 pt years 1.42 (0.82–2.51)

Pulmonary 0.75/1000 pt years 0.25/1000 pt years 3.01 (1.15–9.27)
embolism

BENEFICIAL EFFECTS

Breast cancer 6.49/11000 pt years 3.38/1000 pt years 0.49 P < .00001

Table 37–2 Black Box Warning Added to the Labeling for Tamoxifen by the FDA in 2002

CI, confidence interval; RR, relative risk.



1-year trial whose objective was to “analyze uterine effects of
raloxifene in a general population of postmenopausal women
with a normal endometrial at baseline.” By excluding women
with any endometrial abnormality, this becomes a study of
low-risk women. Thus, a 5% incidence of polyps in 1 year in
the group taking 60 mg of raloxifene must be compared with
a 12.9% incidence of polyps in Berliere’s low-risk tamoxifen
group,36 which had an average follow-up of more than 2 years
(range, 1 to 5 years). The lack of any hyperplasia in the ralox-
ifene group and the 2% incidence in the placebo group in this
raloxifene uterine safety study needs to be compared with the
0.7% hyperplasia in the Berliere data. Thus, the utility of this
uterine safety study with raloxifene may be diminished. Still,
at 1 year in those women with a clean endometrium to begin
with, there was no estrogen-like effect, and raloxifene did not
behave significantly differently from placebo.

The published results from the Multiple Outcomes of
Raloxifene Evaluation (MORE) trial provide a “real-world”
experience with raloxifene in the endometrium.42 There was
no pretreatment selection. After 4 years, the RR of endo-
metrial carcinoma with raloxifene compared with placebo 
was 0.91 (95% CI, 0.31%–2.70%). The only comparator for
tamoxifen in women not already diagnosed with breast cancer
was the RR of 4.01 (95% CI, 1.7%–10.90%) in the women
older than 50 years in the NSABP prevention trial. Thus, any
concerns about raloxifene in the endometrium brought by the
uterine safety study, excluding the seemingly high-risk
patients, are easily quelled by the real-world data comparing
the MORE trial and the NSABP prevention trial.

What are other gynecologic effects of SERMs?

Pelvic Organ Prolapse and Urinary Incontinence
Levormeloxifene was a SERM developed by Novo Nordisk
(Princeton, NJ) for the purpose of treatment and prevention
of postmenopausal osteoporosis. Structurally, it is related to
ormeloxifene used in India as an oral contraceptive under the
name Centhroman since the 1980s. In 1998, levormeloxifene
was in phase III trials that were suspended after 10 months
because of adverse events that were mainly gynecologic 
but also gastrointestinal and genitourinary.23 The RR for
uterovaginal prolapse with levormeloxifene compared with
placebo was 3.44 (95% CI, 2.13%–5.56%). The RR for urinary
incontinence was 4.99 (95% CI, 3.55%–7.00%). Furthermore,
the RR for having an unusual ultrasound appearance,
discussed above with tamoxifen, was 14.96 (95% CI,
8.60%–26.00%). Those patients reporting leukorrhea as an
adverse event had a RR of 14.30 (95% CI, 9.60%–21.51%).
Postmenopausal atrophy of support elements is a precipitat-
ing factor in the development of genital prolapse. It is unclear
whether this is simply an aging phenomenon or related to
estrogen deprivation. No randomized trials exist. The patho-
genesis of pelvic organ prolapse and urinary incontinence are
poorly understood. Associated factors include increased age,
increased parity, smoking, obesity, and chronic obstructive
pulmonary disease. Connective tissue is weakened in aging as
a result of decreases in collagen content.

Neither tamoxifen nor raloxifene has been associated with
pelvic floor relaxation. In a post hoc analysis based on about
7000 postmenopausal women who had an intact uterus when

they entered the study, 3 years of raloxifene therapy was asso-
ciated with a significant reduction in the risk for pelvic floor
surgery (50%).43 The mechanism by which SERMs affect
pelvic floor relaxation is not clear. The presence of estrogen
receptors in pelvic floor tissues indicates that this region is a
target for estrogen and may respond to SERMs. Similar to the
known effects on collagen metabolism in bone tissue, SERMs
may also affect tissue remodeling in the pelvic floor.

Genital Tract
Several studies suggest that tamoxifen has estrogenic effects in
the vagina. In a study comparing postmenopausal women
who had breast cancer with healthy, age-matched controls, the
vaginal pH in the tamoxifen-treated group was significantly
lower and was comparable with the pH levels in fertile
women. Two thirds of tamoxifen-treated women had well-
estrogenized vaginal smears, compared with none in the con-
trol group.44 In the NSABP prevention trial, tamoxifen was
associated with an increase in vaginal discharge that caused
leukorrhea that was “moderately bothersome or worse” in
29% of patients, compared with 13% in the placebo group.37

Although the effects of raloxifene on the vaginal mucosa have
not been studied directly in clinical trials, raloxifene has not
been associated with symptoms related to vaginal atrophy,
including vaginitis, leukorrhea, or dyspareunia.45 Droloxifene,
another triphenylethylene derivative in the tamoxifen family,
has also been associated with an increase in vaginal 
discharge.46

Unusual Ultrasound Appearance
The unusual ultrasound appearance mistaken for endometrial
thickness was also found in a phase II trial of levormeloxifene.
In that study, 65% of all women treated with levormeloxifene
had an endometrial thickness above 8 mm after 12 months,
compared with 0% in the placebo group. Endometrial biopsy
at 12 months, however, revealed no cancers or hyperplasias,
18% “weakly proliferative,” and 59% inactive or atrophic
endometrium.

Idoxifene was also found to produce a dose-related “thick-
ening” on TVUS, although 99% of endometrial biopsy results
were benign or atrophic.47

It is most likely that these reported increases in endo-
metrial thickness with levormeloxifene and idoxifene are 
similar sonographically to the tamoxifen effect discussed 
earlier, although in those trials, no sonohysterography was
performed.

Vasomotor Symptoms
A higher incidence of hot flashes has been reported with
tamoxifen therapy than with placebo. Among post-
menopausal women taking tamoxifen, 16% sought treatment
for vasomotor symptoms.48 Extremely bothersome hot flashes
also were common in the tamoxifen-treated group of the
NSABP trial.37

In an integrated analysis of five randomized placebo-
controlled trials, younger, healthy postmenopausal women
receiving raloxifene has a significantly higher incidence of hot
flashes (25%) than those receiving placebo (18%); however,
that trial excluded women with severe vasomotor symptoms.49

Furthermore, there was no therapy difference for the severity
of hot flashes or for the discontinuation of therapy because 
of the hot flashes. Increased incidence of hot flashes in the
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raloxifene treatment group was observed only during the first
6 months of therapy. In older postmenopausal women with
osteoporosis, the overall incidence of hot flashes was lower 
but still significantly different between raloxifene (9.7%) and
placebo (6.4%).50 Hot flashes also had been associated with
toremifene, idoxifene, and raloxifene, all triphenylethylene
derivatives.51–53

Summary

SERMs have played an important role in breast cancer treat-
ment and more recently chemoprevention. In the future,
existing as well as newly developed SERMs can be expected to
be important pharmacologic agents in breast cancer preven-
tion and treatment. The gynecologic effects of such SERMs
vary from compound to compound and differ in pre-
menopausal and postmenopausal patients. Decisions for use
of such agents must take into account a patient’s menopausal
status, presence or absence of a uterus, and risk for developing
new-onset breast cancer or breast cancer recurrence.
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level of the patient’s body, provokes emotional distress and
alienation from her body, a change at the level of the 
patient’s self. These changes reverberate to the level of the
family, with the husband feeling a deep need to protect his
wife and to vent his anger that the surgery will “damage” his
wife and their sexual relationship. His reactions cannot be 
stabilized in the usual way within the family because of his
wife’s distress; therefore, the stress is directed to the next level
up, the surgeon and the medical community. Clearly, the sur-
geon who takes the husband’s attacks personally has fewer
options for action than the surgeon who sees the husband as
part of a powerful system, which is reacting to protect itself
from threat.

More than for men, women’s identity and self-esteem
depend on the well-being of their family members and close
friends. Conversely, changes in the family resulting from the
breast cancer’s impact on the patient are a major source of
stress for patients. Among three measures of a patient’s social
support, family interaction was the strongest predictor of
patients’ psychological well-being in a prospective study of
661 early-stage breast cancer patients by Bloom.2 Studies indi-
cate that husbands also experience distress when their wives
are diagnosed with breast cancer, sometimes more than their
wives themselves.3,4 When the breast cancer recurs, this phe-
nomenon is even more salient.3 Spousal distress can greatly
affect the patient’s response to breast cancer.

Thinking in terms of a cancer-related system rather than
simply considering one individual with cancer allows clini-
cians to identify both risk factors and resources at each level 
of the system. For example, at the most basic cellular level, a
cancer in an advanced stage with limited treatment options or
a cancer with an unpredictable course is associated with 
higher risk to the psychological and social adjustment of the
individual, and by extension her family and her broader 
community. However, it is not a one-way effect. The systems
model presumes that high-risk characteristics at each of the
other levels can also have an impact on the cellular level, per-
haps accelerating the progression of the cancer or hindering
recovery.

Care of the breast cancer patient involves preserving her qual-
ity of life as well as providing good medical care. Each health
care professional contributes to the breast cancer patient’s
personal experience of illness and return to health through the
quality of her or his relationship with the patient. When a
woman with breast cancer is treated as a unique individual
who can participate actively in her own care, the stage is set for
an outcome that satisfies both the patient and her treatment
team.

Relationships are fundamental to the patient’s quality of
life with breast cancer. We use the biopsychosocial model to
organize our thinking about the multiple levels of relation-
ships that influence the patient. This model presumes that 
the patient is part of a dynamic system through which pres-
sures and changes reverberate and in which there are many
resources for handling threats and solving problems.
Awareness of the stresses and resources that emanate from
each level of the system will help optimize patient care along
with improving the quality of life for the patient and her 
family. Professional care providers are likely to enjoy making a
difference in patients’ overall well-being.

In this chapter, we discuss four levels within the biopsy-
chosocial model.1 These are the patient’s relationships to 
(1) her body, (2) her self, (3) her family members and close
significant friends, and (4) her community. Experiences at
each of these levels affect the other levels and call up responses
to stabilize the system. For example, the distress of the patient
when she discovers that she has breast cancer and must have
surgery calls up comforting and protective responses from 
her family members. A husband who is pained by his 
wife’s distress might accuse her surgeon of acting too slowly 
or of giving incomplete information. If the surgeon under-
stands that this is not primarily a response to himself or 
herself, but a misguided attempt by the husband to protect his
wife, the surgeon will feel less distressed and more able to offer
comfort to the husband, who may, in turn, be able to comfort
his wife.

The relationships between levels of the biopsychosocial 
system are easily identified. Breast cancer, a change at the 
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PERSONAL CONSIDERATIONS

Do psychosocial differences affect breast 
cancer progression?

Any formulation of cancer as a systems phenomenon neces-
sarily raises the long-debated issue of connections between
psychosocial characteristics and disease outcome. Most
research on this topic has examined risk and protective factors
in prospective longitudinal trials. Associations can be deter-
mined by such studies, but causal attributions cannot be made
unless intervention trials demonstrate that changes in these
risk and protective factors predict improved disease outcome.

The strongest evidence of a psychosocial risk factor for
breast cancer progression is the patient’s perception of
dependable emotional support. However, results from studies
that explore the role of “social support” during the year after
breast cancer diagnosis as a protective factor against recur-
rence or mortality have been inconsistent, probably owing to
variation in the definition of social support.

Studies that focus on the size of the patient’s “social net-
work,” without consideration of her actual reliance on these
individuals, have not found that it predicts future disease 
status.5–7 In one of the strongest of these studies by Reynolds
and colleagues8 of 1011 women with newly diagnosed breast
cancer, the researchers failed to find a significant effect for a
measure of total contact with friends and relatives in predict-
ing survival.

Other studies focus on functional social support, defined by
the way support is used and how its recipient perceives it.9–11

There is some evidence of improved disease outcome in asso-
ciation with breast cancer patients’ satisfaction with support,
but results of these studies are inconsistent.

Finally, some studies focus on dependable relationships,
measured as the number of friends and relatives on whom the
patient feels she can rely for support or help.5,12,13 The study by
Reynolds and colleagues8 also measured the number of reli-
able supportive relationships by asking women about family
members, friends, or other individuals with whom they could
talk about the illness or about other personal problems. They
found that women reporting fewer reliable supportive rela-
tionships were significantly more likely to die of breast cancer.

Dependable support from one’s spouse or intimate partner
has recently been shown to predict improved survival in
breast cancer patients.14 Marital status, however, is not a reli-
able predictor of disease outcome.11,15

The preponderance of evidence from studies of social sup-
port and breast cancer suggests that any protective benefit
from social support is likely to be related to the patient’s sense
that she has dependable supportive relationships. A precise
definition of social support is needed to allow an accurate
assessment of its role in breast cancer progression

Very severe depressive symptoms, occurring in about 2% of
breast cancer patients who meet criteria for the diagnosis of
major depressive disorder, have also been linked to decreased
survival.16,17 In contrast, numerous studies find no association
between normative elevations in emotional distress during the
early stages of breast cancer and disease progression.9,11,12,18–21

However, differences in the way women process this distress
are related to differences in its duration22 and in disease 

outcome. For example, Weihs and coworkers14 studied 79
breast cancer patients and found that coping through accept-
ance of emotions leads to decreasing distress between 12 and
36 months after diagnosis, and this pattern predicted longer
survival after 7 years of follow-up. Healthy adaptation to
breast cancer involves initially elevated distress followed by
declines in distress over time. Such adaptation appears to be
influenced by patients’ coping processes and is likely related to
disease outcome.

There is some evidence to support a “type C” biobehavioral
cancer risk pattern,23 with behavioral features including the
repression or suppression of emotions (particularly anger),
avoidance of conflict, overcooperation, unassertiveness, com-
pliance with external authorities, high social desirability, and
self-sacrificing. Weihs and associates24 have documented a
relationship between shortened survival after breast cancer
recurrence and excessive emotional restraint as well as intense
psychological distress.

Hurny25 has postulated that reliance on a linear cause-and-
effect model may be an inappropriate method of investigation
because it does not take into consideration the complexity and
circularity of mind-body-environment interactions. Even so,
the fact that many of the so-called type C behavioral risk 
factors correlate with an outdated, but still enduring, societal
norm in regard to women’s submissive roles and self-negating
behavior should be of concern to, and perhaps a focus of
intervention for, health care practitioners in oncology. Clinical
intervention research, although still in its infancy, is beginning
to show not only behavioral changes but also changes in
immune functions, at least of a temporary nature, related to
psychological interventions.

Cancer is a very complex disease, and its multifaceted
nature—along with the associated fear—tends to invite over-
simplification. One way to counter unhelpful reductionism is
to think of “risk factors” and “protective factors” rather than
“causes.” Risk factors can be genetic, environmental, psycho-
logical, or behavioral. Helping patients and their families
build up their protective factors, while limiting known risk
factors, may in the long run contribute more to their health
than searching for singular causes of illness. A physician using
the biopsychosocial model would certainly do no harm in
“prescribing” such things as the appropriate expression of
emotions, stress management, and the activation of patient’s
support networks alongside biomedical interventions such as
surgery, chemotherapy and radiation therapy.

How does the diagnosis of breast cancer 
affect a woman’s relationship to her body?

Cancer poses a threat to the woman’s sense of bodily integrity
and her conceptions of body image and sexuality. It is not
uncommon for women with breast cancer to report that they
feel betrayed by their bodies. For some, this translates into
feeling unsafe in the world—strange, alone, odd, suddenly
unlike everyone around them. Some women develop panic-
like symptoms in the body—constriction in the chest, diffi-
culty breathing, heightened startle response, a sense of
dissociation from the body. These symptoms usually diminish
as the woman adjusts to the diagnosis and mobilizes to receive
treatment,19,26 but the immediate impact on her relationship
to her body, to her self, and to others can be profound.
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Research has shown that women undergoing breast-
conserving surgery might maintain a slightly healthier body
image than those undergoing mastectomy,27,28 but findings 
are conflicting. Some researchers have shown the opposite.29,30

Age might contribute to a more positive body image following
a mastectomy because studies have found that older women
who undergo mastectomy can cope well psychologically.31 It
also may be true that women who identify as lesbians do not
feel the distress about body image that heterosexual women
do. One study, which compared coping issues, found less dis-
tress about body image, but an equivalent number of issues
regarding sexuality, in lesbians as in heterosexual women.32

How is a woman’s sexuality and sexual 
functioning affected by breast cancer?

Research on the impact of breast cancer on women’s sexuality
is in an early stage, although recent literature has begun to
explore the issue.28,32–35 Moreover, the subject of sexual adap-
tation is often not addressed in the oncologist’s office. Breast
cancer surgery and treatment remain an invasive and physio-
logically distressing sequence of events, although the emer-
gence of breast-conserving techniques has ameliorated some
of the effects on body image and sexuality.27,28 The study by
Kemeny and colleagues36 of 83 patients randomized to mas-
tectomy versus breast-conserving surgery showed that breast-
conserving surgery, to a greater extent than mastectomy,
preserved body image and integrity, protected feelings of sex-
ual attractiveness and desirability, and contributed positively
to the woman’s perceptions that her sexual partner’s reactions
are unchanged as a result of treatment. These findings were
consistent with those in Steinberg and associates’ earlier study
of 46 patients who underwent modified radical mastectomy
compared with 21 patients who underwent lumpectomy and
radiation,37 and with a study of 99 Scandinavian breast cancer
patients.38 Breast reconstruction techniques have succeeded in
returning to the woman a tangible sense of bodily integrity.
Even so, patients report that lack of sensation in the new
breast can be distressing. For example, one woman, after hav-
ing bilateral mastectomies and reconstructions, described her
chest, not without some humor, as having “two grapefruits
attached.” Chemotherapy and radiation treatment also affect
the body’s physiology in a way that can result in sexual mor-
bidity. Most chemotherapeutic agents cause premature
menopause, with its associated hot flashes, vaginal dryness,
and loss of libido. Women attending several support groups at
George Washington University reported mixed responses to
vaginal lubrication products; for some, sexual activity was still
painful. This disincentive, added to a lack of desire, discour-
aged them and their partners from renewing sexual relations.

One recent study suggests that problems with body image
and sexual functioning may persist for many breast cancer
survivors months or even years after treatment has ended. Of
784 breast cancer survivors from the greater Washington, DC,
and the Los Angeles areas who responded to a mailed survey
about their sexual attitudes, practices, relationships, and 
general well-being, 35% reported that breast cancer had a 
negative impact on their sex lives. Twenty-four percent 
were uncomfortable with the changes in their bodies; 26% no
longer felt sexually attractive; 70% reported problems with
lubrication; and 25% reported pain with intercourse more

than half the time. The women who experience negative body
image, premature menopause, and symptoms of emotional
distress following treatment may be at particular risk for sex-
ual dysfunction.39

In a follow-up study by the same researchers, of 472
patients from Los Angeles and 662 patients from Washington,
DC, the most important predictors of sexual health were vagi-
nal lubrication, emotional well-being, positive body image,
quality of the partnered relationship, and absence of prior
sexual problems with the partner.33

How does a partner’s response to changes in 
sexuality affect the breast cancer patient?

The woman’s adaptation to breast cancer is influenced not
only by her own conceptions and beliefs about her body and
her sexuality but also by the beliefs of her significant others
and the greater society. Perceptions of body image correlate
with sexual adaptation.40 Traditional views of women in our
society have tended to focus on certain ideals of attractiveness,
often focusing on the breasts as a prime asset and object of
desire. Although many women and men have eschewed such
ideals, the cultural overlay remains strong. If a woman’s emo-
tional investment in her breasts is essential to her self-esteem,
her feelings of loss and reduced self-worth will be dispropor-
tionately experienced. A minority of men—primarily those
who receive a sense of reflected self-approval from a “beauti-
ful” woman—may have disproportionately negative reactions
to the loss of or disease in their partners’ breast.41

Even men who adapt well to the changes wrought by breast
cancer and who give their partners support may struggle with
overwhelming fears about losing the woman they love. In a
study of spouses 18 months after their wives’ breast cancer
diagnosis, 27% of men reported distress characterized by fear
of disease recurrence, difficulty communicating their feelings
about breast cancer, or changes in their sexual relationship
with their wives.42 A similar longitudinal study of 143 pairs of
patients and their significant others documented significant
psychological distress in a substantial minority of significant
others up to 1 year after the patient’s initial diagnosis.43

Feelings of depression and dependency and the belief that
such feelings should not be shared with their partners can
result in the man’s unconscious withdrawal both physically
and emotionally as a means of self-protection. A member of a
support group for spouses of breast cancer patients at George
Washington University Cancer Center confessed that he was
afraid to talk to his wife about his fears because he didn’t want
to upset her. “I’m supposed to be strong for her. I can’t let her
see how scary this is.” With the group’s help, he was able to
articulate his concerns and eventually told his wife how he felt.
The wife confessed that she too had been holding back, for
fear of upsetting her husband. Being able to “practice” talking
with his wife in the group enabled this husband to reestablish
comfortable communication and intimacy.

Which patients are at risk for experiencing 
significant diminished sexuality?

Not all women experience changes in their sexual self-concept
or behavior as a result of the cancer experience. Schain’s41
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review of the literature suggests that women at extremely high
risk for difficulties and in need of early intervention are
women who (1) are young and have high emotional invest-
ment in their breasts, (2) have not had the children they
hoped for or consider having children a major life goal, (3)
may have been sexually abused, (4) did not get the treatment
of their choice, (5) have few areas of gratification and sources
of self-esteem outside of intimate interaction, (6) have a his-
tory of substance abuse, (7) have a history of psychiatric mor-
bidity, and (8) have had multimodal therapy.40,41 Infertility is
often induced by chemotherapy, although patients of younger
age and those who do not receive chemotherapy may escape
treatment-related premature menopause.44 The threat of
infertility looms until treatment is complete, however, and
creates distress.

The sexual issues of single women with breast cancer are
receiving more attention as the age at which women marry
increases and the age at which women are diagnosed with
breast cancer decreases. The impact of the cancer on single
women’s sexuality and sexual activity differs according to their
life goals and expectations. Some single women report intense
grief at the loss of fertility and the ability to have children.
Other issues involve whether and how to tell potential sexual
partners or significant others about the diagnosis and its
implications. The demise of significant relationships seems 
to occur more frequently with unmarried women, although 
it is true that some marriages break up in the aftermath of a
cancer diagnosis. Single women face a difficult challenge in
maintaining a secure emotional attachment or initiating 
emotional attachment. The sexual and relational issues of
lesbian or bisexual women with breast cancer have not been
explored adequately. Only recently have national studies of
women’s health begun to incorporate information on sexual
orientation.32,45

What are the psychological stresses on the 
patient before a definitive diagnosis?

The period of uncertainty after finding a lump and before
diagnosis can be the most stressful period of the entire cancer
experience. Northouse and colleagues46 found significant
emotional distress in more than 200 women awaiting breast
biopsy. Some studies suggest that fear of cancer itself is the
primary stressor; others report the focus of concern to be the
possible loss of the breast. Whatever the reason, women expe-
rience tremendous anxiety in this anticipatory phase. The
danger here is that the fear will become so overwhelming that
women will defend against it through denial, suppression, or
avoidance and delay consulting a doctor.

Some researchers use the term neglected breast cancer syn-
drome to refer to this pattern of ignoring or denying breast
cancer.47 The researchers found that women with this syn-
drome often seek treatment because of symptoms of locally
advanced disease, rather than self-discovered lumps or abnor-
mal mammograms. When they do seek treatment, they
behave in erratic, unpredictable ways, often denying or delay-
ing treatment recommended by their physicians. It is impor-
tant for these patients to be followed by a mental health
professional in order to address issues such as fear, denial, and
distrust that arise in breast cancer treatment.

What are the most common responses when  
a woman is told she has breast cancer?

The woman’s response to hearing the words “You have cancer”
vary according to the perceived nature of the cancer, the man-
ner in which she is told the news,48 her earlier experience with
cancer, her defense mechanisms, the social support provided
by those close to her, and her philosophy of life. Some patients
respond with shock and disbelief and may later report that
they heard no other information after getting the bad news,
so overwhelming was their emotional reaction. Others display
an almost stoic reaction, as if the diagnosis were inevitable.
Health practitioners often experience anxiety when telling the
news and are concerned about giving a proper response to
whatever the patient’s reaction.

Fallowfield and colleagues29 studied 101 women with early
breast cancer (T0–2, N0–1, M0) who were randomly assigned
to mastectomy or breast conservation. They found that
patients who perceived that the information they were given
about diagnosis and treatment was inadequate were more
likely to become anxious or depressed. In this study, contrary
to some others, anxiety states and depressive illness, or both,
were high in women who underwent mastectomy (33%), but
not as high as in women with breast conservation followed 
by radiation therapy (38%). The authors concluded that 
radiation therapy itself carries considerable psychological
morbidity.

Being told the diagnosis in the absence of a close friend 
or family member increases the psychological morbidity.
For this reason, many oncologists make it a point to deliver
information about the illness and treatment options over 
the course of several office visits, so that their patients have
time to assimilate it. Patients are encouraged to bring a
spouse, partner, family member, or friend to appointments—
for emotional support, but also for another set of ears to hear
important information. Some patients take notes or ask 
their doctor for permission to tape-record their conversations
so that they can review later. More and more, patients are
finding the information they need through the Internet, the
American Cancer Society, or the National Cancer Institute. It
is important for health care professionals to understand that
the patient’s efforts to overcome anxiety may manifest in
incessant information gathering on one end of the spectrum,
or in psychic numbing that can impede the necessary assimi-
lation of data important for treatment decision making on the
other.

How does defensiveness affect a patient’s 
adaptation to a breast cancer diagnosis?

The adaptation process may include a number of defensive
postures that have been traditionally characterized as patho-
logic in the psychoanalytic literature, including suppression,
repression, and denial. We have noted how denial can be
destructive if it hinders a person from receiving treatment 
in a timely manner. But denial, and the related defense 
mechanisms that alter the perception of reality, can serve 
very important functions as well. “[Denial] is positive and 
an advantage to the person to the degree that it allows the 
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reality to be integrated without too much disturbance to an
individual’s psychic equilibrium. It is also positive to the
degree it contributes to an individual’s potential to counter
maladaptive tendencies to give up, and not fight to live and do
well”.49

Rather than trying to confront what appear at first glance 
to be maladaptive defensive patterns, the clinician can attempt
to expand the range of coping mechanisms open to the
patient.50 He or she can encourage patients to seek informa-
tion, to take direct action in gaining control of their situation,
and to activate their support networks, among other coping
strategies.51

How does the woman’s relationship 
with her physician and other health care 
professionals affect her adaptation to the 
breast cancer experience?

In adapting to the cancer experience, the woman’s relation-
ship with her surgeon, oncologist, and others on the health
team is of critical importance. Benson52 wrote that the inter-
action between physician and patient was one of the crucial
elements in the placebo effect, or the body’s ability to heal
itself. Harris and Templeton53 also discuss that positive 
interactions between physicians and patients can facilitate
improved physical and mental health.

One potential barrier to a patient securing a workable
attachment to a surgeon or medical oncologist is a perceived
societal power differential between patients and physicians—
and more particularly between women and men. A certain
godlike mythology still attaches itself to the role of physician,
despite the changes in the health care system wrought by man-
aged care and the increased activism of patients as medical
consumers. Women patients may inadvertently accept a more
passive, subordinate role, allowing the oncologist, who is usu-
ally a man, to make important treatment decisions. This can
be an adaptive arrangement for some patients, eliminating
anxiety and simplifying the decision-making process, and a
comfortable role for some doctors who perceive themselves as
parental figures. But most patients today prefer a more active
role in their health care, and most physicians look forward to
having the patient act as a partner.

Lesbian women face significant barriers in communicating
honestly with their physicians. Many lesbian women are 
not comfortable disclosing their sexual orientation, and the
standard medical history taking questions presumes hetero-
sexuality and often corners the responder, as in “Are you sex-
ually active?” and the follow-up question, “Which form of
birth control do you use?” Health care providers’ reactions 
to disclosure of a homosexual orientation ranged from
“embarrassment and discomfort to patronizing attitudes,
outright hostility, and refusal to treat.”45 Some lesbian women
may not be getting the routine care they need, including 
regular breast examinations and Papanicolaou smears,
because of these barriers. It is not difficult to establish a 
comfortable setting for any sexual orientation. Helpful traits
for clinicians included showing a willingness to listen; appear-
ing to be accessible, attentive, and open; treating the patient
respectfully; using neutral language (such as “partner” or
“mate” rather than “boyfriend” or “husband”); taking time

during the visit; and showing gentleness during the physical
examination.45

How can the physician enhance the 
physician–patient relationship?

Although there are no definitive models for the ideal 
physician–patient relationship, several guiding principles can
be gleaned from a review of the literature. Patients’ main com-
munication issues revolve around maintaining a sense of con-
trol, seeking information, disclosing feelings, and searching
for meaning.54 Because the disease is so frightening and
unpredictable, patients need interpersonal and environmental
contexts that allow them to regain a sense of communication
competence and therefore control.55,56 For the physician,
establishing consistent patterns of interaction with patients
may be one of the means of enhancing their patients’ sense of
control. If patients are communicated with and treated in 
predictable ways, they will feel they are handling their illness
more competently.

A moderate level of self-disclosure of feelings is key to
healthy adjustment of cancer patients. It is important for
physicians to remember that self-disclosure serves several
important purposes: (1) it allows for catharsis, or draining of
the tension and anxiety, (2) it allows people to receive feed-
back from others that normalizes the cancer experience, and
(3) it enhances problem solving. The most effective response
to patients’ self-disclosure is simply “listening” or “being
there.”54 In a qualitative study of 15 women living with breast
cancer, Harris and Templeton53 found that active listening was
the most helpful characteristic for physicians to demonstrate
when communicating with their patients. Further disclosure
can be prescribed by referral to a support group.

On the health professional’s side of the transactional
process, literature points to three areas of communication that
are important: (1) imparting information, (2) communicat-
ing hope, and (3) sharing control. Health care professionals
struggle with what and how much to say to patients about
their condition as well as how to say it in a way that is both
honest and hope enhancing. In addition, they must deal 
with the growing complexity of a health care system in which
various “players” have input and influence in the treatment
process. No longer is the physician in complete control of
health care decisions. Fortunately, sharing of control benefits
the patient, allowing for the distribution of power in
provider–patient relationships and the regaining of a sense of
personal control.

In the end, the physician–patient relationship often defies
easy formulation. It is as unique as the two individuals
involved. What is important is that it be grounded in mutual
trust and respect.

What are the most common diagnosable 
mental disorders among breast cancer 
patients and what are the warning signs?

Adjustment disorders are the most common psychiatric diag-
noses in breast cancer patients, followed by depression and
anxiety. Studies suggest that about 25% of patients with breast
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cancer experience depressed feelings significant enough to
affect their daily functioning.21,57 For most patients, these feel-
ings lessen in a few weeks as their coping skills become acti-
vated and as they reconnect with people who care about them.
It is important not to downplay severe depressed feelings,
however, especially if they persist. Women who have had a
premorbid clinical depression are more susceptible to the
stress of a cancer diagnosis and treatment and are at greater
risk for a depressive episode.21

A study of 205 newly diagnosed breast cancer patients
assessed at 3 months after diagnosis found that 15% of
patients experienced marked distress with a wide range of
possible symptoms, including anxiety, depressed mood, social
withdrawal, or unexplained physical complaints. Women with
stressful life events in addition to breast cancer were found to
have a greater likelihood of high emotional distress, ranging
from 17% to 37% of patients, depending on the magnitude of
their other stressors.12 A history of depression or suicidality
and regrets regarding the past are also associated with high
vulnerability to psychiatric disorders and require early mental
health interventions.12,58 Mental health treatment is indicated
if the patient’s social, occupational, or academic functioning is
impaired, or if the distress is not alleviated by supportive
interactions with family, friends, or a breast cancer support
group. Women who are isolated and who anticipate little 
emotional support from others in response to their breast
cancer are more vulnerable to mental illness.43 Women who
are unhappily married, divorced, or widowed are particularly
vulnerable.38 Therefore, patients who cannot name a confi-
dant or who say they have little personal support should
always be strongly encouraged to participate in a support
group and should be referred for mental health care as soon as
psychological distress is reported.

Although most women have adequate inner resources 
and family and social supports to take them through this 
most devastating of life experiences, some are at higher risk
for depression because of social isolation. A prospective 
study of 458 working-class women59 found that women with-
out a confidante were 30% more likely to suffer a major
depression within 2 years after a severely stressful life event.
Furthermore, studies report that depression in chronic illness
is associated with increased morbidity and greater overall 
disability.60

Some women find themselves preoccupied with thoughts 
of death after receiving a breast cancer diagnosis. This is 
an expected response when one is confronted with a poten-
tially life-threatening illness. Cancer is still associated with
death for the general public, although today nearly half of
people with cancer are cured or live with the disease for many
years. Thoughts of death should be carefully differentiated
from suicidal ideas or plans, which are much less common but
require direct action. Physicians need to ask directly about
suicidality when their patients mention thoughts of death. A
statement such as “Some people feel so bad that they think
they’d be better off dead. Have you been feeling that way?” can
be used to avoid insulting the patient with such inquiries.
Women with a plan for suicide should not leave the physi-
cian’s office but should be seen directly by a psychiatrist to
ensure safety and to begin appropriate treatment.

Supportive, problem-focused psychotherapy is indicated
for adjustment disorders.61 Psychotherapists with a range of
backgrounds including psychiatry, psychology, social work,

and mental health nursing can provide this treatment. It is
preferable to refer patients to mental health providers with
some experience in medical settings who can integrate the
patient’s illness experience with her psychiatric treatment.
Physicians should develop a collaborative relationship with a
mental health professional or group, which allows a smooth
referral to be made. Such referral practices make it more 
likely that the patient’s emotional problems will be adequately
addressed. When a woman’s surgeon, oncologist, or other
medical treatment provider recommends that she see a specific
mental health professional, the patient is much more likely to
follow the suggestion than she would be if only a general rec-
ommendation of psychotherapy or psychotropic medication
is made.

When are antidepressant medications 
indicated for breast cancer patients?

Depressive disorders and anxiety disorders in breast cancer
patients should be treated with antidepressant medications as
well as psychotherapeutic interventions. Moderate to severe
symptoms of anxiety or depression that persist for more than
2 weeks require a thorough review of psychiatric symptoms to
determine their breadth and severity. If persistent depressed
mood or loss of pleasure in all life activities is accompanied by
thoughts of suicide, diminished ability to think or concen-
trate, or feelings of worthlessness or excessive guilt nearly
every day, the patient may be suffering from a major depres-
sive disorder. It is important to make this diagnosis because
treatment can markedly reduce suffering and associated work,
social, and family problems. Depressive disorders left un-
treated can result in hospitalization or even suicide. Fatigue,
changes in weight or appetite, and trouble getting to sleep or
staying asleep are also signs of major depressive disorder, but
surgery, chemotherapy, and radiation therapy can induce
these symptoms in many breast cancer patients. When they
are combined with moderately severe sadness or lack of
interest in life, however, they are also indicators of the need 
for treatment of a depressive disorder.

Some nonpsychiatric physicians elect to provide phar-
macologic treatment without psychiatric consultation for
depressive and anxiety disorders in their patients. Such phar-
macologic intervention needs to continue for at least 6
months in order to prevent psychiatric morbidity. A physician
who treats depressive disorders must maintain a close rela-
tionship with the patient in order to monitor symptom
response to treatment, to interpret side effects, and to help
patients to tolerate side effects until the full therapeutic anti-
depressant effect occurs. After the initial treatment response,
patients should be seen at least monthly to monitor ongoing
effectiveness and to strongly encourage continued medication
compliance. Some patients believe that their symptom relief
indicates that they can stop the treatment. However, just as
stopping antibiotics for a severe wound infection after 5 days
of treatment would undermine the full resolution of the 
infection, so too does stopping antidepressant treatment
undermine the full resolution of a depressive disorder.

Bupropion is the preferred medication for starting 
treatment of depression in women who are sexually active.
Although the serotonin-reuptake inhibitors fluoxetine, sertra-
line, paroxetine, citalopram, and escitalopram are often the
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first-line antidepressants used by general physicians and can
reduce depressive symptoms, as many as one third of patients
who take them experience changes in libido or anorgasmia as
a side effect.61 The Handbook of Psychiatric Drug Therapy, 4th
Edition,62 is a very good reference for the pharmacologic treat-
ment of patients with psychiatric disorders.

When is anxiety a symptom warranting 
psychiatric intervention?

Patients who describe re-experiencing a highly traumatic
event, such as being told they have breast cancer, may be suf-
fering from an acute stress disorder. Re-experiencing involves
feeling as if or dreaming that the trauma is happening again,
some time after the actual occurrence. More than one third of
breast cancer patients experience some of the symptoms of a
stress disorder, including intrusive thoughts and symptoms 
of increased arousal. Trouble sleeping was found in 36%, and
easy startling and hypervigilance were found in 27% of
patients in a recent study of 160 patients with stage I breast
cancer diagnosed 4 to 12 months before assessment.63 Stress
disorders of a more chronic nature are often related to past
experiences of violence or sexual abuse. Women with such his-
tories may be more vulnerable to psychiatric symptoms at the
time of a breast cancer diagnosis. Persistence of intrusive
thoughts, hyperarousal, sleep disturbance, and avoidance of
medical care facilities for more than 8 weeks indicate that psy-
chiatric evaluation and treatment are needed.

Women with anxious temperaments that predate the breast
cancer and involve chronic worry, muscle tension, fatigue,
chest tightness, or pain are at risk for flooding with these
symptoms when they receive the cancer diagnosis. Such symp-
toms can be effectively treated with antidepressants. These
drugs are preferable to benzodiazepines because they are
equally effective while free of the risk for drug tolerance or
dependence. Short-term benzodiazepine use for 1 to 2 weeks,
however, can be very helpful while antidepressant medications
are becoming effective. Alcohol abuse and dependence are
prevalent in women with anxiety disorders and should be
considered at the same time as any diagnostic assessment for
anxiety disorders.

What is the role of support groups?

The ultimate challenge to a person’s sense of place in the
world is to know that she will die “before her time.” Support
groups can enhance patients’ sense of control over their lives
despite loss of control over the cancer. They can help women
recognize and become more tolerant of strong, painful feel-
ings, at the same time revealing and discarding unhelpful
beliefs about not complaining and “toughing it out alone.”
Many patients believe it is unacceptable to speak of one’s pos-
sible death from cancer because such talk might indicate loss
of hope and a morbid preoccupation with negative outcomes.
If they do speak of their fears, they are often silenced or
pathologized by those they open up to, including health care
providers and virtually everyone in their social networks.
As Spiegel64 wrote: “Paradoxically, we observed that when
patients openly discussed the most serious issues [in group],
such as dying and death, their fears were detoxified. They

came to realize that they feared the process of dying more than
death itself. They were able to parse the fear into a series of
problems: pain control, participation in medical decision-
making, [and] making the best possible use of remaining
time.” A belief system that rigidly dictates positive thinking at
all costs gives way to an empowering sharing of common fears
in a group context that enhances coping and strengthens the
patients’ hold on the time remaining.

Some oncology clinicians routinely prescribe participation
in a support group for women with breast cancer, regardless of
the patient’s degree of social support. The importance of sup-
port groups for maintaining one’s quality of life has been doc-
umented. One study, for instance, found that participation in
a breast cancer support group contributed to an improvement
in psychological well-being, and this improvement continued
1 year after participating in the group.26

A more startling finding was a correlation between partici-
pation in weekly group therapy and increased longevity for
women with advanced breast cancer. In a study that began at
the time of their onset of metastatic breast cancer, 88 women
were randomly assigned to either a professionally led, weekly
group therapy or to no systematic psychosocial care. At 
follow-up 7 years later, the women in the intervention group
had an average survival time of 36 months, compared with 
18 months’ average survival for the controls.65 A study by
Cunningham and coworkers66 also found that women with
metastatic breast cancer who “worked through” their feelings
during supportive expressive group therapy benefited with
better psychological well-being and longer survival.

A more recent study by Goodwin and colleagues67 in-
volved 235 women with metastatic breast cancer who were
randomly assigned to supportive-expressive group therapy or
no systematic psychosocial care. Adherence to the interven-
tion methods used by Spiegel and associates65 was rigorously
enforced. Women assigned to supportive-expressive therapy
had greater improvement in psychological symptoms and
reported less pain than women in the control group. The psy-
chological intervention did not prolong survival.

What can be concluded, then, about the effect of supportive
expressive group therapy? It clearly benefits women who are
distressed and in pain by reducing these symptoms. Whether
it increases longevity will not be determined until further
research is available.68

What is the impact of confronting death 
for the breast cancer patient?

Thinking excessively about death can contribute to depression
and despair, but an honest confrontation with the reality of
one’s mortality can also have positive benefits. The sociologist
Ernest Becker69 postulated that our scientific society’s insis-
tence on “denying” the reality of death has led to a kind of psy-
chic numbing. The “heroic” individual, according to Becker, is
one who embraces more of the ambiguities and pain of life,
not less. “Taking life seriously means that whatever man [or
woman] does on this planet has to be done in the lived truth
of the terror of creation, of the grotesque, of the rumble of
panic underneath everything. Manipulative, utopian science,
by deadening human sensitivity. . . falsifies our struggle by
emptying us, by preventing us from incorporating the maxi-
mum of experience.”
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Numerous cancer patients have reported that a brush with
death helped give meaning to their lives. They feel motivated
to live life more fully, to appreciate each moment, to do now
what they might have put off until tomorrow, to confront old
hurts and resolve them. In short, their lives are enriched by the
cancer experience.70 On the other hand, there are some
women who resent the suggestion that they must have a life-
altering spiritual experience as a result of having breast cancer.
As one breast cancer survivor aptly put it, “Cancer is a growth,
not a growth experience.”

What are the particular challenges faced 
by women who experience a recurrence 
of their cancer?

A recurrence forces the woman and her close significant
friends and relations to revisit previous stages and renegotiate
the psychological landscape. The return of cancer shatters
hopes that the initial cancer was cured and heightens fears
that this time the cancer will be fatal.71 The recurrent phase of
cancer has been reported as one of the most stressful phases
over the entire course of illness.72 Patients report shock and
depression, anxiety and powerlessness, fears about death, dis-
ability, and pain, and a sense of injustice at the renewed assault
of the cancer.73 On the other hand, women bring to the expe-
rience of a recurrence the knowledge gained from their previ-
ous cancer journey. They know the intricacies of the health
care system and how to marshal their inner resources and
social supports to meet the new challenge.

Breast cancer recurrence affects the functioning of relation-
ships between patients and their partners.74 Women’s ad-
justments are affected by the amount of symptom distress,
hopelessness, and emotional support they perceive in them-
selves as well as the amount of emotional distress they per-
ceive in their partners. Husbands’ adjustments are affected by
their own health problems and by feelings of hopelessness as
well as by the symptom distress they observed in their wives.71

Other family members can also experience a reduced quality
of life in response to a recurrence, which can be influenced 
by the degree of hardiness in the family.75 A family-focused
approach to the care of women with recurrent disease that
includes their partners and their family is recommended as
each member in some way influences the adjustment of the
others.

What is the impact on the breast cancer 
patient of contemplating a recurrence?

The possibility of recurrence is an ongoing mental health con-
cern for most breast cancer patients regardless of prognosis.
After treatment ends, many patients report feeling vulnerable
because they are no longer actively “doing something” about
their illness. Trigger points for anxiety about recurrence seem
to intensify in relation to anniversary events (date of original
diagnosis, date or surgery, date of completion of treatment),
suspicious symptoms (particularly those that mimic feelings
at the time of the original illness), any illness or change in
health (particularly weight loss or fatigue), illness in a family
member, recurrence or death of a fellow survivor, or times of

particular life stress. To combat anxiety related to recurrence,
patients can employ behavioral actions such as connecting
with support systems, planning pleasurable activities, seeking
professional counseling when needed, providing support 
to others, and learning and using relaxation techniques.
Cognitive-emotional approaches include recognizing that
trigger points exist and that anxiety fluctuates, enjoying life
one day at a time, reframing feelings, and reflecting on posi-
tive changes that have resulted from the illness.76

How do people’s belief systems affect their 
ability to handle the psychosocial impact 
of cancer?

Cancer challenges people’s assumptions about life and their
place in it. A breast cancer patient brings her beliefs about the
world and her place in it to her experience of cancer and uses
those beliefs to shape its meaning to her life.77 Belief systems
can assist the patient to weave the changes brought by cancer
into the tapestry of her life, strengthening her identity, helping
her to affirm: “I am a survivor, therefore I can overcome this.”
Conversely, belief systems can impair the patient’s ability to
cope with each aspect of cancer, sapping hope from a woman
who believes “once more, I am a victim of a cruel world.” The
concept of meaning derives from a person’s unique perception
of her place in the world; these perceptions give a sense of
coherence to life in the face of loss, change, and personal
upheaval.78 The search for meaning is a powerful component
of coping and a method of reasserting cognitive control;79 for
example, a patient might decide that “I did not need this expe-
rience, and did not cause it, but I can and will learn from it.”
One study found that positive meaning ascribed to the pain of
cancer, such as viewing it as a challenge, was associated with
lower levels of depression.80 Other studies found that a belief
that control of the illness experience was within the control of
the individual patient herself was associated with a positive
“fighting spirit,” an attitude associated in previous studies
with longer survival, whereas the belief that external factors
were in control of the illness was associated with anxious pre-
occupation about cancer.81,82

Can a patient’s beliefs about life and about 
cancer hinder the adaptation process?

Misguided beliefs about cancer causation can be damaging to
patient adjustment. A cancer diagnosis challenges people’s
assumptions about “the way life ought to be.” One such
assumption is that doing the “right” things—eating right,
doing good deeds, believing correctly—will shield them from
negative life events. These beliefs have deep roots in religion
and in every culture, with more recent offshoots found in
some of the popular writings about the mind–body connec-
tion. The news of a breast cancer diagnosis can often set
patients on a life review in search of a deficiency that caused
the cancer. They are encouraged by much of the cancer self-
help literature, such as Siegel’s83 million-selling Love, Medicine
and Miracles, and sometimes by well-meaning friends or fam-
ily. The most common concern voiced by patients seems to be
that an inability to deal well with stress might result in
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impaired immunity against cancer, and yet the relationship
between stress and cancer is far from clear. A related belief
states that cancer is, on some level, a psychological event.
Writer Susan Sontag84 wrote a polemic against such ideas,
protesting that “People are encouraged to believe that they get
sick because they (unconsciously) want to, and that they can
cure themselves by the mobilization of will. . . . Psychological
theories of illness are a powerful means of placing blame on
the ill.”

It is helpful to inform patients that our very human natures
yearn for theories of causation. Finding “reasons why” pro-
vides a buffer against the random danger we all face. However,
the search for the cause of a particular woman’s breast cancer
may divert emotional energy away from constructive coping
with the urgent treatment decisions and tasks at hand.
Patients can be encouraged to shift their focus toward reduc-
ing the negative impact of cancer in the present. There is evi-
dence that social support from family, friends, or support
groups counteracts the effects of stress, buffering people
against negative life events and contributing to improved
health and disease resistance.16 Health care providers can reas-
sure patients that the connections between mind and body are
extremely complex indeed.

Breast cancer patients can use the mind–body literature 
for health-strengthening techniques, while setting aside self-
blaming messages. Emotional well-being can be enhanced
through new and old techniques such as yoga, biofeedback,
meditation, and visualization, and from support groups. A
patient can always use the cancer event as a catalyst for chang-
ing the things about her life that she already wanted to change.
This “wake-up call” phenomenon, often remarked on by can-
cer survivors, is one of the ways in which positive meaning
and purpose can derive from the cancer experience and serves
to enhance rather than undermine personal power and life
coherence.

The Danish writer Isak Dinesen said, “All sorrows can 
be borne if you can put them into a story or tell a story 
about them.”85 Health care providers can assist patients in
integrating their cancer experience into their life story in a
positive, creative way, and listening to the statements patients
make during clinic or hospital encounters is an important first
step.

Are there long-term psychological 
consequences of having had breast cancer?

The psychological impact of the illness may continue well
beyond the end of treatment. A study of 127 women with
breast cancer86 found that the illness not only added to ongo-
ing life stress but also increased the negative events or diffi-
culties in other areas such as relationships with family and
external stressors (e.g., education, work, housing, money,
crime). The women continued to experience a higher level 
of perceived “threat” to their well-being in these “nonhealth”
categories in each of the 3 years after their cancer diagnosis
than they had reported before the diagnosis. However, it is
important to keep in mind that most women cope well with
the disorder, and factors such as emotional expression, social
support, and psychosocial interventions can help minimize
the negative effects of breast cancer.87

FAMILY CONSIDERATIONS

How does the diagnosis of breast cancer 
affect the patient’s family?

Different families feel the reverberations of a woman’s cancer
very differently. Carter and McGoldrick88 suggested that the
individual, the family, and the illness each have a “life cycle,”
and how and at what stage these intertwine will determine the
overall impact on the psychosocial system. The degree of dis-
ruption to the family system is affected by a number of factors,
the most significant of which are (1) the timing of the illness
in the life cycle, (2) the nature of the illness, (3) the openness
of the family system, and (4) the family position of the ill fam-
ily member. More recently, Veach and Nicholas89 discussed a
similar view of family development. They highlighted the
unique stressors faced by families, depending on the clinical
course of the cancer as well as the stage of the family life cycle.
Using these views, a woman in her early 40s with breast can-
cer is out of sync with the expected natural process of illness
and possible death. At this phase in the life cycle, the woman
is at her peak in terms of family responsibilities and produc-
tivity; all things being equal, her illness leaves a gap in family
functioning that is difficult, if not impossible, to fill. At the
same time, the woman’s adolescent daughter is at the life stage
of moving away from the cocoon of family. The unique course
of the illness can add additional stress to the individual and
the family system, particularly if there are unexpected compli-
cations, debilitation, or an increased possibility of death. The
significance of the ill person in the family constellation will
contribute to the degree of distress. Understood in terms of
functional role and the degree of emotional dependence of the
family on the individual, the woman’s significance is practi-
cally beyond measure.

Most families mount a resilient response, despite the 
suffering that is universal for those living with cancer.90 They
report feeling closer to one another after marshaling 
resources to fight the disease.56,91 Although many families
report this positive response, the physical and emotional pres-
sures during the different stages of cancer can strain family
relationships, even among families who cope well with can-
cer.3,90 Multiple investigators have reported that about one
third of adult cancer patients, their spouses, and their children
have clinically significant distress and psychosocial dysfunc-
tion.92,93 Some families of cancer patients express psychol-
ogical distress as much as, if not more than, the patients
themselves.94,95

The quality of the family environment affects the outcome
of its members. Family environments experienced as cohesive
and low in conflict include family members who are less dis-
tressed and have better coping than patients, partners, and
children whose families are detached or high in conflict.42,90,96

The latter family characteristics have also been linked to
behavioral disorders in children whose parents have cancer.96

The importance of family function for the psychological
adjustment of its members becomes evident when it is
assessed along with physical disability in the same patient
population. Family function has a much greater effect than
physical disability on the patient’s mental health.97
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Families whose members have the best mental health are
likely to perceive their family environments to be cohesive and
expressive, without the burden of excessive conflict. Research
has shown that high emotional expressiveness and cohesion in
family relationships predict better psychological adjustment
to cancer in all family members.98–100 Correlations of depres-
sion and anxiety among family members suggest that some-
thing shared by members of the same family influences the
mental health of its members. Some attributes of the family
may also influence the course of the biologic disease process.
It is not yet clear whether the latter attributes are the same as
those that correlate with psychological adjustment.

Cancer poses the risk for separations and losses that can
best be contained in relationships that are secure.
Psychological adjustment depends on adaptation of family
relational processes in response to these threatened separa-
tions and losses that are related to cancer. The specific nature
of the cancer threat, because of its potential for loss and sepa-
ration, can set in motion either constructive or destructive
transformations of family relationships. These trans-
formations occur through the activation of attachment and
care-giving relationships, which give rise to new forms of
communication, joint problem solving, mutuality, and, at
times, intimacy.101

How do family beliefs about illness affect 
patients’ and family members’ adjustment?

Family beliefs about illness may help or hinder adjustment. A
family’s belief system may need to expand during the time of
acute illness; for example, if the patient has always been the
children’s primary parent, and she is profoundly debilitated 
by chemotherapy, the father/husband will need to expand his
underutilized competencies for parenting, and the mother/
wife/patient will need to let go of some control over this area
in their family life.102 Ideally, a renegotiation of roles should
occur so that flexibility can replace time-worn routine in the
household. The cycles of treatment require families to make
ever-changing adjustments to the energy level of the patient,
which should be made without denying the reality of fatigue
at one extreme, or infantilizing the recovering patient at the
other. These changes pose challenges to the most supportive
and communicative of families.

The research of Reiss and colleagues103 on chronic illness in
families has shown that long-term accommodation of the
family to illness can endanger other family priorities and 
lead to a neglect of normative family developmental issues.
Particularly for the family of a woman with recurrent,
advanced, or “chronic” breast cancer, belief systems may need
to be examined so that the needs of both the well and the ill
are validated, thus sparing the family the additional burdens
of guilt, resentment, and truncated development. A working
metaphor that Reiss’ team found useful in removing guilt
from the family dynamic was to view the illness as a 2-year-old
tyrant who disrupts family life with excessive demands and
threatens catastrophe if demands are not met. They103 found it
important to “separate the patient from the illness and to
place all family members, including the patient, on the same
team, a team whose joint task it is to evaluate current coping
strategies and to experiment with more equitable and satisfy-
ing coping responses.” In this era of outpatient mastectomies

and home hospice care, families will assume more of the
responsibility for medical care; programs to support family
coping are needed to produce good medical outcomes with
the use of fewer traditional medical resources.

How should information about the cancer 
be conveyed to children and other 
family members?

Children can sense when something is not right in their fam-
ily environment. A child has a right to know about anything
that affects the family as cancer does. The question is, how and
at what level of detail should children be told? Knowledge of
children’s normal growth and development can be a guide in
this regard. Very young children are dependent, are present
oriented, and have a limited grasp of concepts. Breast cancer
in the mother threatens their sense of predictability and con-
sistency of nurturance. Thus, a seemingly selfish response of
“Who will fix my breakfast?” when told of his mother’s illness
is normal for a 4-year-old. School-aged children, with their
growing understanding of concepts and language, have the
capacity to see their mother’s illness as separate from them
and may be curious about it. Children at this age also can
engage in the magical thinking that may lead them to believe
that they did something to cause the illness. Older school-aged
children view death as a natural biologic process and have
concerns about its effect on their own lives. Young teens 
and adolescents generally feel that they are not vulnerable to
their mother’s death. They will be challenged by the conflict-
ing drives to pull away from the family toward independence
and draw closer as they accept more responsibility for care
giving.89

At the most basic level, children of all ages need to know (1)
what has happened, (2) what will happen next, (3) that they
did not cause the cancer, (4) that there is hope, even though
they are upset now, and (5) that they are and will be loved and
cared for.104 Parents should feel free to communicate feelings
as well as facts because that gives permission for children to
acknowledge their own scary feelings. The first explanation
can be as simple as the following:

I have a sickness. It is called cancer. The doctor is giving me
medicine to help me get well. Sometimes I will feel sick or tired
and sometimes I will be just fine. Dad will help me take care of
you until I feel better.

Being sick makes me feel sad. You are a help. But it’s OK for
you to feel sad or angry or happy or whatever. Our feelings
change but love is always there.

Listening to children’s responses to the initial explanation
will let parents know what the children can handle. Then 
parents can follow up with further explanation or ask their
children if they’re worried or have other questions.

One study showed that some children are not told about
their mother’s breast cancer until after surgery, if they are told
at all.105 The study also found that older children are often told
about their mother’s breast cancer earlier, and are provided
with more information, than younger children.105 It is impor-
tant for health care professionals to support mothers in com-
municating with their children in the early phases of breast
cancer, in age-appropriate ways.
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As for telling other family members, the woman should not
feel compelled to tell everyone right away. She may begin by
telling the people with whom she feels most safe. Women
report that concern about how people will react often delays
their disclosure: “I’m having a hard enough time with this.
I don’t want to have to comfort someone else.” In reality,
family members react very differently to bad news. Some do
get upset. Some people react in fear. Others, in their compul-
sion to help, offer unwanted advice or “war stories” from oth-
ers’ cancer experience, unintentionally increasing distress. The
woman can be reassured that she need not feel responsible for
people’s reactions and assume the caretaker role. Recruiting
her partner or a close friend to help in giving the news can be
a significant buffer.

What are the particular psychosocial risks 
for children of breast cancer patients?

In most cases, mother–child relationships tend to stay strong
or grow stronger following breast cancer. In interviews with 78
breast cancer patients, Lichtman and colleagues106 found dete-
rioration in only 12% of the relationships. Problems with chil-
dren were more likely when the patients had a poor prognosis,
more severe surgery, poorer psychological adjustment, and 
to a lesser extent, more difficulty with radiation therapy or
chemotherapy. Interestingly, the mothers’ relationships with
their daughters were at a significantly greater risk than were
their relationships with their sons. Seventeen percent of the
patients reported that their daughters were fearful, with-
drawn, hostile, or rejecting; only 8% reported having prob-
lems with their sons. Their fear of inheriting breast cancer and
the mother’s demands on the daughter for support were
judged to be major contributing factors to the difficulties with
adolescent and preadolescent daughters.

In another study of daughters of breast cancer patients,
Wellisch and colleageus107 reported that daughters who were
adolescents at the time of their mother’s illness had greater
adjustment problems later on than daughters who were either
latency age or young adults. Girls of this age group had greater
feelings of discomfort about their mother’s illness and more
often changed their long-range life plans as a result of the
experience. They also reported less sexual satisfaction later on
in adult life.

How does the experience of breast 
cancer shape a woman’s definition of 
self and her role within her family?

Many women are socialized to care for others, and caring for
oneself can seem like a disavowal of an appropriate concern
for other people. Requesting time and specific kinds of atten-
tion from others may represent for the woman with breast
cancer a loss of role, such as manager in the family and
provider of emotional sustenance.

A woman’s struggle to see herself as a unique individual in
the presence of breast cancer is shaped by ongoing changes in
self-image for women in contemporary Western cultures.
Carol Gilligan108 described dilemmas in women’s perceptions
of themselves as they move toward defining themselves in
their own terms. Gilligan and Belensky109 found that women

who cope well with illness defined self-care as one of the
aspects of their ability to be a caring person. In this schema,
caring for others and caring for oneself are no longer in 
conflict but instead become an integrated part of one’s core
identity. Gilligan and Belensky110 describe this critical step in
women’s adult development to be the transition from a con-
ventional feminine role in which “goodness” is self-sacrifice,
toward a truthful acknowledgment of oneself as deserving of
the consideration one grants others. They call this evolution a
movement from goodness to truth.

The urgent need for self-care often brings women with
breast cancer to an awareness of the deception inherent in 
the feminine role of selflessness. They become aware of the
destructiveness to self and other which that deception breeds.
“The incongruity between the experience of self and the
demands of role generates the movement from an under-
standing of self and other through roles, to an understanding
of self and other beyond roles.”111 Weingarten,102 a family ther-
apist who has had breast cancer, described growth beyond the 
traditional parental role. In her book, The Mother’s Voice:
Strengthening Intimacy in Family Relationships, she described
how breast cancer stimulated her realization that her children
have strength to care for her and that she can be closer to them
by being more genuine in disclosing her own needs along with
attending to theirs.

What impact does the diagnosis of breast 
cancer have on a woman’s relationship 
to the community?

Breast cancer patients and family members draw their percep-
tions of cancer from the attitudes of the larger society, their
own ethnic group, their religious-spiritual community, their
work community, and their own families of origin. The expe-
rience of illness cannot be adequately understood without
understanding the larger cultural context. At the societal level,
for example, a diagnosis of cancer still engenders fear and 
stigma, despite advances in the understanding of the disease,
and this can be a hindrance in seeking and receiving treat-
ment. McGoldrick and colleagues112 wrote that the medical
model’s emphasis on diagnosing and curing disease often ren-
ders it inattentive to the patient’s or family’s perception of
what is wrong and that this inattention accounts for at least
some of the noncompliance, dissatisfaction with clinical care,
and treatment failure experienced.

A woman’s social network provides many positive resources
as well. It acts as a buffer during times of crisis, protecting 
her from potential declines in physical and emotional well-
being.9,10,98,99 Weihs and associates13 identified the provisions
of social integration, nurturance, reassurance of worth, a
sense of relative alliance, and guidance. No relationship can
adequately furnish all provisions, but a network of relation-
ships can. Social support is multifaceted and serves multiple
functions, yet the underlying thread is that support reinforces
the individual’s sense of worth and being loved.

Of what influence are ethnic factors in the 
detection and treatment of breast cancer?

Certain ethnic groups suffer disproportionately from breast
cancer. For example, the incidence is lower but mortality rates
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are higher for breast cancer in African American women than
in women of other ethnic groups.113 Studies that establish risk
factors for breast cancer often do not include minority groups,
however, making it difficult to determine the causes for these
group differences. Many researchers believe that ethnicity is
not an independently significant risk factor for breast cancer
survival; factors such as age, socioeconomic status, stage of
disease, and treatment are more important to consider in all
ethnic groups.114

Attitudes toward health and illness are also influenced by
ethnic factors. Zborowski’s classic study115 of 146 Jewish,
Italian, Irish, and white Anglo-Saxon Protestant veterans hos-
pitalized with painful physical illnesses found marked differ-
ences among the ethnic groups in response to pain and in
their expectations of treatment. Through the use of structured
interviews, the research demonstrated that Jewish and Italian
patients tended to complain about their pain, whereas the
Irish and white Anglo-Saxon Protestants did not. The Italians
worried about the effects of their pain on their immediate sit-
uation, but once the pain was relieved, they easily forgot their
suffering. The Jewish patients feared anything that stopped
the pain, such as a pill, because they felt it would not deal with
the real source of the problem. The Irish patients did not
expect a cure, were fatalistic, and did not complain or even
mention their pain.

African Americans tend to use more emotional restraint
than their European American counterparts, a factor that 
may be associated with decreased survival time in women
with recurrent breast cancer.24 Higher emotional constraint in
African Americans than in European Americans has been
attributed to their predicament as members of a nondomi-
nant social group. This negative effect of racial discrimination
on health has begun to be documented for other medical con-
ditions.116 African Americans enter a medical establishment
designed by and for European Americans, for which they are
sometimes not socialized. However, they must perceive the
nuances of that system, of themselves, and of other people 
in it, in order to obtain medical treatment. In this con-
text, intense effort to control oneself and to determine and
meet others’ expectations is understandable and probably
advantageous.

Discussion of cancer is considered taboo in some African
American southern communities. This taboo is based on a
view of cancer as a minion of fate, which is active, powerful,
and impossible to stop.117 As a result, family and friends who
might discuss the patient’s cancer with her may consider such
behavior to be tempting fate.

Further study of emotional constraint and control is 
needed to clarify the ways in which African American women
may be emotionally overtaxed in obtaining social support and
medical care when they have cancer.

What are the socioeconomic and class 
issues related to breast cancer?

Poverty has been associated with late diagnosis of cancer, bar-
riers to treatment, and lower survival rates.118 Studies show
women from more deprived areas are less likely to get breast
cancer but experience poorer survival than women from less-
deprived areas.119 Several barriers prevent poorer women from
receiving mammograms and participating in breast cancer

early-detection programs, including high costs, limited avail-
ability to screening, physician referral requirements, fear of
breast cancer detection, fear that detection will necessitate
mastectomy, mammogram-related pain, and fear of radiation,
which can affect their survival rates. One study showed that
screen-detected cases of breast cancer had a better prognosis
at diagnosis, regardless of the socioeconomic status of the
patient.119 Thus, increasing access to screening, helping 
poorer people to finance breast cancer care, and providing
culturally sensitive cancer education programs might improve
the survival rates for lower income groups.

Health care professionals also report numerous obstacles in
providing cancer care to poor people: (1) fatalistic beliefs and
attitudes among their peers regarding the prevention, control,
and curability of cancer, (2) processes and systems that dis-
courage providers from making referrals, and (3) limited
access to resources to serve the needs of the disadvantaged.
Strategies to enhance the delivery of care and services include
greater involvement in community cancer control efforts,
more focus on issues of poverty in medical training, more
public advocacy for access to health care for all people, and the
creation of delivery systems that better accommodate the
needs of the disadvantaged. As one health care provider testi-
fied: “Our clinics could be of major assistance in screening
patients for prevention and early detection of disease. These
facilities need to be more accessible, and they need to require
a minimal amount of their time per visit.”120

In what ways does religious affiliation affect 
the woman’s experience of breast cancer?

Religious beliefs and affiliation can play a key role in how a
woman understands and copes with breast cancer. We have
examined earlier how belief systems both are challenged by
the cancer experience and provide needed succor. For African
Americans, in particular, concepts of health and religion are
closely meshed. Spirituality has been found to be a major
resource for managing illness and stressful life events.121

One study found that African Americans use prayer and 
spirituality as the primary source of support in coping with
breast cancer.122,123

In other ethnic groups, religion and spirituality can also
play a role in coping with breast cancer. One study of 39
women living in or near Ottawa, Canada, found that religion
and spirituality can help patients to understand their illness,
to strengthen their relationships, and to foster their support
networks.124

An exploratory study found that women with metastatic
breast cancer who rated spiritual expression as important had
greater numbers of circulating white blood cells and total
lymphocyte counts (both helper and cytotoxic T-cell counts)
than those who were not as spiritually expressive, even after
controlling for demographic, disease status, and treatment
variables.125 Although the mechanism for this relationship is
not clear, the study indicates that there may be both physical
and mental health benefits of spirituality in breast cancer
patients.

Clinicians must work to understand their patients’ religious
beliefs and the role of their religious community in their expe-
rience of cancer. The community aspect of religious belief
offers an important social and spiritual “holding space” for
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many in coping with their illness. The relationship of social
support to overall health and well-being has been well estab-
lished in the literature, and religious communities are key
sources of that support. Churches and synagogues also can be
important centers for community education about cancer.
Some African American churches have nurse auxiliaries that
can provide education about the importance of cancer pre-
vention and early detection. These “insiders” have been quite
successful in recruiting members to screening programs.126

WORKPLACE CONSIDERATIONS

What are the most important workplace 
issues for women with breast cancer 
who work outside the home?

Most women who enter the cancer clinic for treatment will
have at least a part-time job outside the home. The workplace
is an important component of most women’s social network
and provides resources, both emotional and financial, for
weathering the cancer experience. The world of work is also a
significant stressor for many women who are balancing the
demands of home and career. The most important workplace
issues for women with breast cancer are preserving income
and access to health insurance benefits and setting a realistic
pace at work during the acute phase of treatment.

Many people, both patients and employers, remain igno-
rant of the reality of breast cancer treatment, from the overall
good prognosis to the odd rhythm of treatment side effects
that leave many patients too ill to work for several days out of
each chemotherapy cycle. Ignorance can translate into dis-
crimination by employers based on expectations of negative
outcome and, conversely, unrealistic expectations for normal
productivity by the patients themselves. Working Woman127

conducted a survey of 500 patients who continued to work
while receiving treatment. Twenty five percent of the patients
said that their job responsibilities were cut or that they were
demoted, denied promotion, or passed over for a raise. Seven
percent said they were fired as a result of their cancer. This
survey also polled managers and colleagues and found a far
more pessimistic view of the impact of cancer on job per-
formance than the patients had.

People who have no first-hand knowledge of the improve-
ments in breast cancer treatment and prognosis will not
understand that most patients in active treatment can still
perform adequately on the job and will resume previous per-
formance ability following treatment. This survey revealed
that 60% of the cancer patients undergoing treatment were
able to maintain their regular hours during treatment. The
challenge for society is to minimize the job stressors of those
60% as they undergo treatment and to protect the jobs and
health insurance benefits of the sicker 40%.

How much and to whom should breast 
cancer patients reveal details of their 
medical condition?

Legal experts recommend that patients tell their supervisor
soon after learning their diagnosis, thus setting the tone for

open communication.128 This period just after diagnosis is
often the most anxiety provoking as women begin to gather
opinions and make decisions about treatment. Once a course
is chosen, patients need to learn about the likely side effects of
treatment from their oncologists, and again inform supervi-
sors of what may happen. In breast cancer support groups,
women have learned that some patients are unable to work for
4 or 5 days after an infusion of doxorubicin despite antiemet-
ics and rehydration therapy, whereas other women feel a slight
nausea and miss only 1 day. Once patients have experienced
their first treatment, they will have a better sense of how to
pace their work lives (and home lives) around the dictates of
side effects and fatigue.

Even when fully informed about the physical toll of treat-
ment, patients may have unrealistic expectations of their abil-
ity to perform at work. Breast cancer is a blow to self-esteem,
and although women may try to minimize the impact, certain
biologic realities will intrude on their best intentions to main-
tain as “normal” a schedule as possible. Conscientious work-
ing women will experience the dilemma of not wanting to be
excluded by coworkers from important tasks, yet not feeling
“totally there” either. Well-meaning advice to “take it easy”
does not validate the importance of women’s jobs to their self-
esteem and ignores the pressure to minimize cancer treat-
ment’s impact on household income. A woman’s self-esteem
may be tied to a social role of being the reliable one in both
family and workplace. To preserve health and minimize guilt,
roles and expectations in general need to be flexible during
treatment and renegotiated during recovery.

What legal or legislative measures 
protect breast cancer patients’ rights 
in the workplace?

Four laws protect breast cancer patients in the workplace: the
Americans with Disabilities Act (ADA) of 1990, the Family
and Medical Leave Act (FMLA) of 1993, the Health Insurance
Portability and Accountability Act of 1996, and the related
Consolidated Budget Reconciliation Act of 1985 (COBRA).
Under the ADA, cancer is considered a disability and requires
that employers who have 15 or more employees provide “rea-
sonable accommodation” of the disability, which may include
flexible work hours or leave policies, unless the accommoda-
tion would impose “undue hardship” on the employer. The
Family and Medical Leave Act handles temporary, serious
health conditions like cancer (or cancer in a spouse or child)
for employees who have completed 1 year of service for at least
25 hours per week and who work for employers with 50 or
more employees. The FMLA allows up to 12 weeks of unpaid
leave in a 12-month period. The FMLA allows leave to be
taken intermittently, which is particularly useful for breast
cancer patients who may need to stay home for a few days out
of every month during chemotherapy. The FMLA allows for
up to 1 week absence per month for 12 months and allows a
shorter workday; if medically required, a worker can reduce
the workday from 8 hours by increments of 1 hour (a useful
strategy for accommodating weeks of daily radiation therapy
after lumpectomy).

The Health Insurance Portability and Accountability Act
(HIPAA) of 1996 is most relevant to breast cancer survivors
who are making a job change. It protects workers who have
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been covered under a group policy for a minimum of 18
months from losing health insurance, ensuring “portability”
without waiting periods or preexisting condition limitations.
This law should help with the “job lock” many cancer sur-
vivors experience. If the breast cancer survivor moves to a job
that does not offer group health insurance, the law gives the
right to purchase individual coverage; however, it does not
protect against unreasonably high premiums for individuals
outside of groups. The COBRA requirements (passed in the
Consolidated Budget Reconciliation Act of 1985) allow indi-
viduals to keep their coverage after leaving an employer group
for 18 months and protect against high premiums during that
period.

Individual states are passing health insurance reforms, and
survivors may want to consider a move to a state in which
access to health insurance is facilitated, especially if they 
cannot find coverage in their current situation. Supporting
advocacy groups like the National Coalition for Cancer
Survivorship are also an important option for expanding
breast cancer survivors’ rights.

CONCLUSION

The cancer experience challenges not only the individual
woman but also her entire network of affiliations, relation-
ships, and support. Yet even as the experience reverberates
through the system, numerous resources can emerge to help
her mount a resilient response. Clinicians who are alert to the
many levels of relationships that affect the woman’s life will be
able to accompany her more fully and helpfully as she fills
gaps and calls forth resources in a successful adaptation to
breast cancer.
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ADDRESSING PATIENT CONCERNS

How can a nurse reassure a patient who has 
just been diagnosed with breast cancer?

Most often, women want to get treatment started as soon as
possible. The nurse can help to reassure the patient that breast
cancer is not an emergency. Breast cancer may be present for 5
to 8 years before a tumor becomes clinically apparent, either
by physical examination or by mammography. A woman with
a new diagnosis of breast cancer should explore all her options
before making decisions about her therapy. In most cases,
waiting several weeks for definitive treatment will not com-
promise the long-term prognosis.

The nurse should explain that there is no known cause of
breast cancer. Although there are many factors associated with
an increased risk for developing the disease, about 75% of
women who are diagnosed with breast cancer have no known
risk factors. When breast cancer is detected early (<1 cm in
size), long-term survival is greater than 90%. In fact, even
though the incidence continues to rise in the United States,
the mortality rate from breast cancer remains steady, and this
rate experienced the first decline in 50 years in the early
1990s.2 The nurse should promote positive thinking, guide 
the patient to gather information, and help her process the
information.

What should nurses tell patients who seek
to learn more about their disease?

The nurse should encourage the patient to incorporate her
family or support network into the information-gathering
phase of her treatment. Breast cancer is often a family issue.
Encourage the patient to have another person with her when
she visits with the physician. If that is not possible, a tape
recorder might be helpful for information gathering. The
patient should realize that breast cancer encompasses a broad

CHAPTER 39

Rehabilitation and 
Nursing Care
Jean Lynn

Nurses in a collaborative multidisciplinary setting are the
indispensable members of breast health teams that develop
supportive strategies to meet the growing demand for com-
prehensive, service-oriented care. The nurse’s involvement
includes, but is not limited to, patient triage, patient and fam-
ily education, psychosocial support, administrative responsi-
bilities that include financial and clinical management, and
ultimately, patient advocacy.1

The nurse can also have an impact on breast cancer aware-
ness in the community. She or he can offer lectures to increase
awareness about early detection, screening guidelines, and risk
factors and can promote the legislative and political agenda as
a breast cancer advocate. Involvement with professional
organizations and breast cancer advocacy groups comple-
ments the nurse’s clinical skills, which, in turn, enhance the
care of the breast cancer patient. This role expansion is an
asset to the nurse and hence to the other members of the
breast health team.

Nursing and patient advocacy go hand in hand. The 
continued increase in rates of breast cancer has become a very
political issue, and consequently, nurses have become involved
not only as participants in the breast cancer advocacy move-
ment but also as partners in research, both as scientific re-
viewers and as a resource to investigators.

The period between the diagnosis of breast cancer and the
selection of definitive surgery is an extremely stressful time for
the patient. Because breast cancer treatment is highly complex
and is a paradigm for multidisciplinary care, the nurse is
instrumental in providing emotional and physical support for
the woman and her family. Furthermore, nurses can play an
essential role in providing continuity of care and individual-
ized treatment plans for each patient. Ideally, the nurse
becomes the patient’s navigator. The nurse helps to educate
the patient and her family about all aspects of treatment,
follow-up, and subsequent therapy. Preoperative teaching is
an integral component of the patient’s preparation for and
recovery from surgery.

The following text describes how the nurse can effectively
care for the newly diagnosed breast cancer patient.
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spectrum of lesions with varying patterns of behavior.
Therefore, there is no “one way” to treat breast cancer, and 
the patient should not compare her treatment with that of
other women. Each breast cancer behaves differently, and the
physician and nurse should provide the patient with informa-
tion about the specific type of breast cancer she has and
explain in detail the rationale behind her personalized treat-
ment plan.

If the patient has access to a computer, there is a myriad of
information on the Internet. (See “Internet Resources for
Breast Cancer.”) In addition to the informational pamphlets
provided by the American Cancer Society and the National
Cancer Institute, many books are available for the patient with
a new diagnosis.

How should the nurse explain the various 
treatment options to the patient?

The nurse should emphasize that women are encouraged to
become empowered with information that will help them 
participate in the decision-making process. Evidence-based
decisions are the standard of care. The nurse should have up-
to-date knowledge about the evidence supporting the choices
that are being presented to patients. If there is no evidence to
support a recommendation, the nurse should be able to dis-
cuss clinical trials that the physician feels may be appropriate
for the patient.

Most often, women are not sure what type of questions 
to ask. The Susan G. Komen Foundation has provided a very
useful pamphlet entitled “Questions to Ask the Doctor 
about Breast Cancer.”3 The Susan G. Komen website
(www.komen.org) also has an interactive video titled Anatomy
of Breast Cancer, available in English and Spanish, that the
patient can refer to for additional information. The nurse
should be prepared to discuss the answers to the questions in
the pamphlet, which will complement the information
already provided by the surgeon. Several of these questions are
addressed in the following list:

1. What are my treatment options? What is the surgeon rec-
ommending for me and why?

2. What are the potential risks and benefits of these 
procedures?

3. Will the tumor be analyzed for estrogen and progesterone
receptors? This is important information because it will
help the oncologist who prescribes the definitive systemic
therapy. When a tumor is estrogen or progesterone recep-
tor positive, the tumor cells are binding to estrogen, prog-
esterone, or both, and these hormones are promoting
tumor activity.

4. Will other special tests for HER-2/neu and proliferation rate
be done on the tissue? How this test is performed is as
important as the information it provides. The most accu-
rate method is the fluorescence in situ hybridization
(FISH) test to determine HER-2/neu status. If the tumor
is HER-2/neu positive, the oncologist will recommend an
anthracycline-based chemotherapy regimen with or with-
out trastuzumab (Herceptin) therapy.

5. In addition to the radiation therapy, will I need additional
treatment with drugs if I have breast-conserving surgery?
The surgeon will most likely not be able to give a defini-
tive answer until the immunohistochemistry analysis
(which detects molecular markers [proteins] in breast

tumors) is performed on the sentinel lymph node or the
axillary node dissection, and the complete pathologic
examination of the tumor is completed.4,5

6. Is breast reconstruction something I should consider? There
is no time limit on this decision; hence, the woman
should not feel pressured into making this decision until
she is ready to do so.

7. Should I consider a prophylactic mastectomy? Most sur-
geons do not recommend this procedure, except in
unusual circumstances. For many women the peace of
mind that comes with not having to worry about breast
cancer recurrence is very comforting, but the patient
should understand that prophylactic mastectomy does
not provide a 100% guarantee. In many cases, not all of
the glandular tissue is removed. In most cases, however,
mastectomy does reduce the risk for a second primary
tumor.

8. Is it necessary to evaluate the lymph nodes when treating
breast cancer? Most often, yes, if it is an invasive cancer.
The nurse should explain that if the patient has a prein-
vasive cancer, there is no need to perform an axillary node
dissection. However, if the preinvasive cancer is extensive,
a sentinal lymph node biopsy may be performed. When
lymph node dissection is performed, instruction about
care of the affected arm will need to be incorporated into
the preoperative teaching (Table 39–1).

9. How long will I need to stay in the hospital? Will I need
nursing care at home? Generally speaking, most patients
are in the hospital for a period of 6 to 23 hours. Ideally,
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If the sentinal lymph nodes are positive for cancer cells, the
surgeon will proceed with an axillary node dissection to
determine whether the nodes have any cancer cells.

Lymph nodes are located throughout the body. They filter
fluids, proteins, and bacteria that are in our bodies. Occasionally,
the removal of lymph nodes causes an ineffective filtering of this
fluid, which sometimes results in edema (fluid accumulation) in
the arm. This happens in a very small percentage of patients.
The following guidelines have been established to help prevent
lymphedema from occurring. It is important to review these
guidelines and to incorporate them into your daily life:

1. Practice good skin hygiene; use lotion after bathing. When
drying the arm, be gentle but thorough.

2. Avoid venipuncture, injections, and infusions into the
affected arm.

3. Wear protective gloves when working outside or with water
or cleaning products and during all activities that might
result in injury to the affected arm.

4. Wear sunscreen to protect against sunburn, and use insect
repellent to protect against bites and stings.

5. Do not cut hangnails or cut nails too short; do not push
cuticles back to the nail bed.

6. Exercise and use the affected arm; full range of motion and
return of strength should return within 2 months.

If a cut, insect bite, or other break in the skin occurs, wash the
area with soap and water, use an antiseptic, and cover with a
sterile dressing. Watch for any signs of infections, warmth,
redness, pain, and/or tenderness.

Contact a physician immediately if an infection develops in the
affected arm. She or he will most likely prescribe an antibiotic.

Table 39–1 Precautions for Patients Who Undergo an Axillary
Node Dissection

From Precautions for Patients Who Have an Axillary Node Dissection
[pamphlet]. Washington, DC, The George Washington University Breast Care
Center.



the nurse should see the patient for preoperative teaching
a few days before the scheduled procedure. If this is not
possible, the nurse should be sure that the patient receives
written information about the proposed procedure, and
the nurse should have a telephone consultation with the
patient. Alternatively, patients may wish to correspond by
e-mail. A written documentation of this correspondence
is then placed in the patient’s chart. Unless the patient has
specific physical limitations, home nursing care is not
necessary.

10. Are there any special precautions or side effects from the
axillary node dissection in addition to the lymphedema 
precautions? Although special care is taken to prevent
damage to the intercostobrachial nerve of the affected
arm, many patients experience numbness in the armpit
and inner arm down to the elbow. Sensation usually
returns to the affected arm within several months, or per-
haps even up to a year. Some patients indicate that the
numbness never diminishes completely. When the numb-
ness starts to dissipate, many patients experience a “pins
and needles” sensation in the arm. This is quite common
and reflects nerve regeneration. The nurse should instruct
the patient to refrain from shaving with a razor in the
affected armpit, because of the lack of feeling in that area;
she should instead be instructed to use an electric razor to
prevent cutting herself.

11. What is radiation therapy? The nurse can explain that
radiation therapy is the use of high-intensity x-rays
directed at the breast tissue to kill off any microscopic
cells in the breast. This is given to prevent local recurrence
of the breast cancer in the affected breast. The treatment
is spaced over a period of 5 to 7 weeks. The nurse can also
explain that before the treatment begins, the patient is
“simulated.” This procedure entails having the patient 
lie down on a hard table, with the affected arm hyperex-
tended, which may be uncomfortable if it has been only a
few weeks since surgery. This procedure takes about an
hour; the technologists place markings on the breast sur-
face to serve as landmarks for the daily treatments. These
markings may be tattoos, which are permanent. The
patient may request a nonpermanent marker, in which
case the markings may fade and will require reapplication
or touch-up during the treatment process. The simulation
procedure is the longest session of radiation therapy. The
actual time in treatment generally lasts only 20 minutes.
An extra “boost” of radiation may be given to the area of
the breast where the primary tumor originated. As
detailed in Chapter 26, the usual dose of radiation is 5000
cGy, with a daily dose of 180 to 200 cGy/day. The nurse
can suggest that the patient bring a book or portable
music source to pass the time and should reassure the
patient that the technologist is always within hearing dis-
tance and she is never alone.

12. How soon will I begin radiation treatments? This will
depend on what the medical team decides is best. In any
event, radiotherapy will not begin until the patient is
completely healed from surgery.

13. How many treatments will I receive? The nurse can explain
that the patient will be receiving treatments on a daily
basis for about 20 minutes a day over a period of 5 to 7
weeks. Although this is an interruption of the patient’s
daily schedule, it is a relatively short period of time in the
major treatment plan. Most women work full-time while

receiving their therapy and schedule their appointments
early in the morning, on their lunch hour, or after work.
Once treatment is begun on a particular machine, the
patient will have to stay with that machine for the dura-
tion of her therapy.

14. What are the side effects of radiation therapy? Although
many women tolerate radiation therapy to the breast
without any significant side effects, the nurse should
inform the patient that one side effect from radiation may
be fatigue due to the cumulative effect of radiation toward
the third to fourth week of therapy. This usually subsides
several weeks after radiation therapy is completed. Other
side effects may be some breast tenderness and soreness,
which gradually disappear over time; however, the irradi-
ated breast may never feel completely normal compared
with the other breast. Some women also describe “shoot-
ing pains” within the breast after receiving radiation that
may or may not disappear. Another common side effect is
skin redness, the “sunburn” effect. This side effect is more
pronounced in fair-skinned people and usually subsides
with time. As the redness goes away, there may be a dark-
ening of the skin, and the pores can become enlarged and
more noticeable. Fibrosis (thickening) of the breast tissue
is a significant long-term effect. If the axilla has been irra-
diated, the patient may be prone to the subsequent
appearance of lymphedema because the radiation com-
pounds the scarring from surgery. The patient will also be
unable to lactate from the irradiated breast.

15. What should I do for my skin when receiving radiation ther-
apy? The nurse should advise the patient to follow these
guidelines:
a. Wash with mild soap (e.g., Dove, Neutrogena, Basis).
b. Do not wear deodorant on the affected side because

deodorants usually contain aluminum, which can
interact with the radiation. Use cornstarch or talc-free
baby powder as an alternative to deodorant. Health
food stores may also have deodorant alternatives.

c. Shave only with an electric razor. There will be no feel-
ing or sensation in the armpit area because of nerve
manipulation, and you might cut yourself without
realizing it. This could increase the incidence of lym-
phedema or infection.

d. Do not use any over-the-counter creams or lotions
without checking with the nurse or physician in radia-
tion therapy. Avoid direct sunlight to the area, and use
sunscreen (SPF 15 or higher).

e. Avoid tight bras or underwire bras. Wear a sports bra if
possible.

f. Use only unscented hydrophilic creams such as
Aquaphor, Biafine Unscented, 99% to 100% pure aloe
vera gel (with no added perfumes or dyes), or
Radiacare gel or gel pads.

Although radiation therapy is generally used for women
who choose breast-conserving therapy, some women may
require it after a mastectomy to help prevent local recurrence.

What other information should patients 
receive preoperatively?

Before surgery, the physician may order several radiographs or
blood tests to evaluate for metastatic disease. Routine labora-
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tory tests include a complete blood count, which measures
hemoglobin and hematocrit (red blood cell production).
Other tests include liver chemistries and perhaps tumor
marker studies as a baseline. A chest radiograph will be done,
and the physician may order a bone scan and a computed
tomography (CT) scan of the abdomen, depending on the
clinical stage of presentation of disease. These are done to
evaluate the lung, liver, and bones, which are the most com-
mon sites for breast cancer to spread. These tests may provoke
some tension and anxiety, but they are performed to get a
thorough overall picture of the patient and to have an estab-
lished baseline from which to prescribe the most appropriate
therapy.

The patient should be instructed before surgery that she
will meet with the anesthesiologist. Encourage the patient to
share any concerns she may have and to inform the anesthesi-
ologist of any over-the-counter medicines, especially herbal
medicines, that she may be taking.

Patients are admitted to the hospital on the day of surgery
and usually stay in the hospital from 6 to 23 hours, depending
on the type of surgery performed. On the day of surgery, the
patient should wear a loose-fitting blouse that buttons down
the front for the trip home. This will facilitate dressing
because she should not need to raise her arm over her head
owing to the incision in or near the axilla. She should also be
instructed not to wear jewelry or contact lenses or to take any
valuables with her to the hospital. If she is taking medications,
advise her to check with the anesthesiologist to see if they
must be taken on the morning of surgery. Also, if patients have
dentures, hearing aids, canes, or walkers, these items should be
labeled with the patient’s name and placed in a secure area
during the surgery.

How should nurses instruct patients 
during the postoperative period and
adjuvant therapy?

It is unlikely that any side effects will occur, but patients
should be made aware that there is potential for the following
problems.

Seromas: These are fluid collections beneath the surgical site.
Fluid leakage from the drain: If the drain is not functioning

properly—that is, if the suction device is malfunctioning—
fluid may accumulate beneath the incision. If the patient
notices that fluid accumulation has ceased in the drainage
bulb or canister, the nurse may assess whether the tube is
blocked with a clot and may then gently “milk” the tubing
to clear the blockage.

Infection: If there is any fever or swelling (edema) around the
drain site or incision, the patient should contact the physi-
cian immediately.

What care is required during the 
postoperative period?

Pain should be controlled before patient discharge. The nurse
can explain to the patient that there will be some discomfort in
the axilla. A prescribed pain medication or over-the-counter
analgesic should be used. The nurse should encourage the

patient to take rest periods, pace herself, and seek the support
of friends and family during the first 2 weeks after the opera-
tion. Usually, many people are willing to help out. Suggest 
that a friend organize dinner meals for the next couple of
weeks.

Exercises are commonly advised following breast surgery,
usually beginning 24 hours after the drain has been removed.
Exercising may be uncomfortable, and ibuprofen or aceta-
minophen may be taken before commencing exercise.

Most women are so busy that they do not “have time” for
breast cancer. Obviously, there is no good time to have breast
cancer, but it is also unrealistic to think that patients’ sched-
ules can be resumed as if nothing has happened. Encourage
patients to allow time for processing this event. Support
groups are very helpful. If a patient does not have access to a
support group, the nurse may suggest an online support
group provided through the Wellness Community by a
licensed social worker (www.thewellnesscommunity.org). It is
comforting for many women to talk to others who are under-
going the same experience.

What might nurses convey to patients about 
systemic treatments?

After surgery is completed and all the information has been
obtained from the breast tumor, a consultation with a medical
oncologist will be scheduled to discuss the possibility of adju-
vant hormonal therapy, chemotherapy, or a combination of
the two. The following questions are similar to ones that may
be asked of the nurse.

Will I receive hormonal therapy?
The nurse should explain that if the tumor is estrogen or
progesterone receptor positive, hormonal therapy may be pre-
scribed by itself or in addition to chemotherapy and radiation.
Hormonal therapy is used to prevent recurrence of the tumor
and to reduce the patient’s risk for developing a contralateral
or ipsilateral breast tumor. Tamoxifen blocks tumor cells from
binding with estrogen and stops tumor growth. Tamoxifen has
been the gold standard for decades, but newer studies show
that for postmenopausal women, aromatase inhibitors such as
Arimidex are becoming the treatment of choice.6 Although
tamoxifen is well tolerated, it has side effects: hot flashes,
decrease in libido, depression, vaginal dryness, and irregularity
in the menstrual cycle. Patients, especially postmenopausal
women, may also be at increased risk of thromboembolytic
events. Women taking tamoxifen may also be at a slightly
increased risk for developing cataracts. Other eye problems
that have been reported are corneal scarring and retinal
changes. Some benefits of using tamoxifen are that it increases
bone augmentation and has a beneficial effect on coronary
heart disease. Even though tamoxifen is an anti-estrogen drug,
patients can still become pregnant while taking it. The nurse
should instruct patients to use birth control while taking
tamoxifen. There is also a risk for developing endometrial
cancer. Therefore, annual gynecologic examinations should be
performed.

In premenopausal women, tamoxifen stimulates the
ovaries, which in turn increases estrogen and progesterone
levels and may increase the incidence of ovarian cysts and
stimulate ovulation while blocking estrogen in the breast. Side
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effects of aromatase inhibitors include hot flashes, arthralgias,
fatigue, and occasional nausea. Women taking aromatase
inhibitors are also more prone to fractures. The nurse should
inform the patient about appropriate calcium intake
(1200–1500 mg/day), and a DEXA (dual energy x-ray
absortiometry) scan should be obtained prior to initiating
treatment with an aromatase inhibitor. Vaginal dryness is a
side effect of both of these therapies. Over-the-counter vagi-
nal lubricants (e.g., Replens, Astroglide) can be used to allevi-
ate this symptom. The usual course of therapy for tamoxifen
and aromatase inhibitors is 5 years.

Will I have chemotherapy?
To many patients, chemotherapy sounds frightening, and
questions about it are usually asked in the preoperative stage.
To treat breast cancer aggressively and effectively and to
decrease the possibility of a recurrence of the breast cancer or
of a second primary cancer, chemotherapy is the most effec-
tive treatment we have at this time, in addition to surgery and
radiation. The patient probably knows someone who has had
chemotherapy in the past and whose memory of this experi-
ence is unpleasant. The side effects of chemotherapy are more
manageable now than they were in years past. New medica-
tions minimize nausea and vomiting, and most women are
able to work full-time while they are receiving chemotherapy.

How does chemotherapy work? 
The nurse may explain that cancer cells proliferate at an
uncontrolled rate. The cell division process is interrupted by
chemotherapy, so that the cells cannot continue to multiply
and divide. The drugs chosen to treat breast cancer have been
shown to be effective against breast tumors through previous
clinical trials. These drugs interfere with the cell division at
different points in the cell cycle. This is why a combination 
of two or three drugs may be chosen as part of the treatment
regimen.

Most women who undergo adjuvant chemotherapy tolerate
it quite well. Because the chemotherapy affects fast-growing
cells (i.e., tumor cells), it often affects other healthy, fast-
growing cells in the body. These include the hair, the lining of
the mouth, the lining of the gastrointestinal tract, and the
blood cells in the bone marrow. The most devastating side
effect for many women is hair loss.

Hair loss does not occur all at once. It is a gradual process
that begins most often about 2 to 3 weeks after chemotherapy
is administered. Many of my patients have shared that the hair
loss occurs first in the pubic area and then on the head. Of
course, this process depends on the drugs that are prescribed.
Assurances that the hair will grow back do not necessarily
diminish the patient’s sense of loss. Some women have stated
that they would endure more of the other side effects to avoid
this one. When the hair does resume its growth, it takes 
about 3 months to grow in; most often, the hair is fine and is
initially curly or wavy.

If the patient is likely to receive a drug that will definitely
cause hair loss, the nurse should tell the patient where she can
purchase a wig. It is very important to purchase a wig before
the onset of hair loss. If the patient is receiving chemotherapy,
the Look Good Feel Better Program of the American Cancer
Society can help her with cosmetics application and styling of
her wig. It is a half-day of pampering, and many women enjoy
it.

How are chemotherapy side effects managed?
Although the nurse can facilitate access to resources and edu-
cation, educating the patient to advocate for herself is just as
important. Patients should be encouraged to ask questions. As
the patient begins treatment, the nurse can teach her about
the following:

1. Keeping track of blood counts. Blood counts are monitored
on a weekly basis to evaluate the impact the chemotherapy
has had on the bone marrow. The goal of chemotherapy is
to give the maximum amount of drug in the shortest peri-
od of time, but at the same time, not to compromise the
patient so that she will be susceptible to infection. If white
blood cell counts fall below a certain point, patients can be
more susceptible to infection. Therefore, the physician may
prescribe filgrastim or pegfilgrastim to be used with
chemotherapy. Filgrastim or pegfilgrastim is administered
to stimulate the bone marrow to produce white blood 
cells.

2. Eating a well-balanced diet. Patients who are undergoing
treatment always ask questions about food. The patient
should avoid foods that are high in fat. This may be difficult
to do on some days because the medications may cause
patients to be hungry. Patients may experience waves of
nausea and find that snacking on crackers or other light
foods helps to alleviate this feeling. It is not uncommon for
patients to gain weight while they are on chemotherapy.
Other side effects that are not unusual include alterations 
in taste. Certain odors or food aromas may precipitate a
wave of nausea. It is hard to predict just who will experi-
ence these symptoms, but patients who do should keep a
record of the symptoms so they can avoid these foods in the
future.

4. Avoiding alcohol. It is best not to drink alcohol. The drugs
being given to the patient are metabolized in the liver,
which is where alcohol is also metabolized. Liver enzyme
values will also be monitored.

5. Learning the dosage of drugs. The drug dosage is deter-
mined by the patient’s height and weight (body surface
area). If the patient should gain or lose weight while 
on chemotherapy, the dosage may be changed. When
chemotherapy is started, the patient should ask what her
body surface area is, and what is the dosage of each drug
being prescribed. Each time she receives chemotherapy, she
should check the dose with the nurse.

6. Chemotherapy-induced menopause. If the patient is pre-
menopausal, the chemotherapy may precipitate an early
menopause. This depends on the patient’s age at diagnosis.
In some women, menstruation becomes irregular during
chemotherapy. When chemotherapy is finished, the men-
strual cycle may return to normal. Menopausal symptoms
include hot flashes, vaginal dryness, sleep disturbances,
mood swings, and decreased libido. The decrease in 
libido is also experienced while patients are undergoing
chemotherapy because of alteration in body image, fatigue,
and nausea. Because it is not advisable to use estrogen
replacement therapy for these symptoms, other alternatives
including vitamin E (400 IU daily) and the use of selective
serotonin reuptake inhibitors (SSRIs; paroxetine and fluox-
etine), venlafaxine, or gabapentin may also be prescribed.7

As mentioned previously, the nurse should instruct the
patient about using calcium supplements to help prevent
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osteoporosis. The recommended dose of calcium for post-
menopausal women is 1500 mg per day. The body can
absorb only 500 mg at a time, so the supplements should be
spaced out throughout the day. Low-dose vaginal estrogen
is also used to help with vaginal dryness. Vagifem 25-mg
tablets and an estradiol vaginal ring (Estring) are the most
commonly prescribed medications that provide a local
estrogenic effect. Vagifem tablets are inserted 1 tablet
intravaginally each day for 14 days, then 1 tablet twice
weekly thereafter. Estring is inserted into the upper third of
the vaginal vault and is worn continously for 3 months.
Estring releases estradiol, approximately 7.5 mg over 24
hours. Side efffects from both of these medications may
include headache, vaginal spotting or discharge, allergic
reaction, and skin rash.

The above therapies should be combined with an exercise
routine such as walking or swimming to achieve maximum
benefit.

How might breast cancer affect sexuality 
and intimacy?

Many women at the time of diagnosis may have a strong need
for intimacy; others, conversely, may withdraw from their
partner. As mentioned earlier, breast cancer is a life-changing
event in a woman’s life. Sexual arousal may take longer
because of the side effects from medications and other treat-
ments. Libido may not be very strong because of physical and
emotional stress. Women may feel that they have become
unattractive to their partners if they have had a mastectomy or
have alopecia. However, the sexual health of the woman is
important to the process of recovery. Some women may not
feel comfortable initiating the discussion of side effects and
what other women undergoing therapy have experienced.
Chances are that if the nurse initiates the discussion, the
patient will be relieved to be asked.

How is a prosthesis selected?

A Reach to Recovery referral should be made preoperatively.
This allows more time for the American Cancer Society to
match the woman with a volunteer who has had a similar
experience. These volunteers are often able to offer their per-
spective on the healing process. They will also bring a tempo-
rary (cotton) prosthesis and a mastectomy bra for the woman
who has not had reconstruction. The surgical healing process
takes about 6 weeks, after which the patient can be fitted for a
permanent prosthesis. Permanent prostheses vary in size,
weight, texture, and—most significantly—price. The physi-
cian will provide a prescription for a breast prosthesis. Most
health insurance plans cover from 50% to 80% of the total
cost. If the patient needs financial assistance in procuring a
prosthesis, the American Cancer Society has resources to assist
the patient. The Reach to Recovery program will also provide
a list of stores that sell prostheses.

When the woman is ready to have a fitting for a permanent
prosthesis, she should make an appointment. The fitting takes
about an hour, and she should not feel rushed. The breast tis-

sue needs to be matched in weight to give a good body align-
ment. Mastectomy bras will also be needed. These, too, may be
covered by insurance.

The nurse should become familiar with the shops in the
area and visit them before making referrals. If the nurse can
establish relationships with the fitters, it facilitates streamlin-
ing the care for women needing prostheses.

What are the interventions for 
menopausal symptoms?

As more young women are diagnosed with breast cancer,
premature menopause is becoming more common. These
symptoms affect the woman’s quality of life and can be very
uncomfortable.

Hot Flashes
Hot flashes are the most common side effect. The physiologic
mechanism responsible for menopause is poorly understood.
Some scientists postulate a pulsatile release of luteinizing hor-
mone secreted from the ovary. This accompanies the decreas-
ing levels of estrogen just before menopause. This release of
luteinizing hormone may cause an alteration in sympathetic
tone, causing vasodilatation, perspiration, and changes in
blood flow, temperature, and heart rate. Hot flashes usually
begin as a feeling of pressure in the head, neck, and upper
chest and back that spreads to the entire body. The range and
duration of hot flashes may vary; a woman may experience 
as few as one a day or as many as three an hour. Hot flashes
interrupt sleep, causing irritability and insomnia. The good
news is that hot flashes usually decrease with time as onset 
of menopause approaches.

To manage hot flashes, the nurse should provide the fol-
lowing suggestions:

• Wear absorbent cotton clothing.
• Dress in layers that can be removed as needed.
• Lower the thermostat.
• Avoid caffeine, spicy foods, and alcohol.
• Exercise regularly.
• Learn relaxation techniques.
• Record the number of hot flashes each day, and report this

to the nurse or physician.

Nonhormonal interventions may include the following:

• Vitamin E, 400 IU twice a day (no side effects at this dosage)
• Black cohosh (over the counter in capsule form)
• SSRIs (paroxetine and fluoxetine)
• Antihypertensives (transdermal clonidine)

Atrophic Vaginitis
A drop in estrogen levels results in decreased elasticity of the
vaginal wall. The vaginal lining becomes thinner and more
fragile, and the pH becomes more alkaline, causing a woman
to be at risk for vaginal or urinary tract infections. There is
also decreased vaginal lubrication, which leads to dryness and
dyspareunia.

Interventions for vaginal dryness include warm baths to
alleviate vaginal itching and discomfort. Douches, feminine
hygiene sprays, perfumed soaps, and perfumed toilet paper
should be avoided. Over-the-counter agents are available to
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counteract vaginal dryness. For everyday dryness, Replens,
Gyne-Moistrin, Lubrin vaginal suppositories, Astroglide, or
K-Y Jelly (or other water-soluble lubricant) may be used.
Pharmacologic interventions include Estring and Vagifem
tablets.

Vaginal Discharge and Yeast Infections
Vaginal discharge most often represents a yeast infection. It is
exacerbated by factors that normally increase vaginal dis-
charge, such as diabetes, antibiotic therapy, and extreme stress.
Interventions include the use of Monistat, Femstat, or Diflucan.

Breast Self-Examination
After the acute phase of treatment is over, most women 
may benefit from individualized instruction in breast self-
examination. The MammaCare method is a highly effective
step-by-step program using the vertical strip technique.
Certification to teach this technique can be obtained from the
Mammatech Corporation (Gainesville, FL). Nurses can call 
1-800-626-2273 for more information.

What are the long-term rehabilitation issues?

Although the diagnosis of breast cancer may pose adjustment
issues later in life, it is important for women to try to find an
appropriate balance. As breast cancer survivors, patients can
become advocates for other women like themselves, either 
by volunteering for the Reach to Recovery program of the
American Cancer Society or by becoming involved with other
breast cancer support organizations. The National Breast
Cancer Coalition, a grassroots advocacy effort, is a good

example of how survivors have become advocates for them-
selves and other women. It has been very successful in secur-
ing money for breast cancer research and is influential on
Capitol Hill, where breast cancer policy and legislation are 
initiated.

The nurse’s role in the surgical setting is quite challenging,
but it can be very rewarding. Roles continue to evolve as new
treatment strategies become available. Promoting quality can-
cer care is the best gift nurses can provide to their patients.
In addition to the Quality of Care Standards position by the
Oncology Nursing Society, the National Breast Cancer
Coalition Fund released the Guide to Quality Breast Cancer
Care in 2002.8 This is a comprehensive guide that provides
excellent information for the breast cancer patient. This guide
can be obtained free of charge by calling 1-866-624-5307 or
through their website, www.natlbcc.org.

How should patients be instructed in drain 
care after surgery?

See Table 39–2 and Figure 39–1 for patient instructions on
drain care after surgery.
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After your surgery, you will notice a bulblike drain connected to
tubing coming from your incision. This device suctions and
collects fluid from the incisional area. The drain promotes
healing and reduces the chance of infection.

The drain will be in place for 5 to 10 days after surgery. (The
time varies from surgeon to surgeon.) You will most likely be
discharged from the hospital with the drain in place. Your nurse
will review the care of the drain with you. Remember to empty
the drainage bottle every 12 hours or as often as directed. Refer
to these instructions as needed:

1. Obtain a measuring cup to collect the fluid, and then wash
your hands thoroughly.

2. Unpin the bottle from your dressing or your shirt.
3. Remove the rubber stopper from the bottle. Turn the bottle

upside down, and squeeze the contents into the measuring
cup. Empty the bottle completely, and keep a record of the
amount of fluid in the measuring cup. Note: To prevent
infection, do not let the rubber stopper or top of the bottle
touch the measuring cup or any other surface.

4. Use one hand to squeeze all the air from the bottle. With the
bottle still compressed, use your other hand to replace the
rubber stopper. Do this to make sure the drain suction works
well.

5. Pin the bottle back on your dressing or your shirt to avoid
pulling it out accidentally. Wash your hands again (see Fig.
39–1).

Table 39–2 Drain Care after Surgery: Instructions for 
the Patient

From Drain Care after Surgery: Directions and Information [pamphlet].
Washington, DC, George Washington University Breast Care Center.

Stopper closed

Tubing from incision

Drainage bottle

Stopper open

Figure 39–1 Postoperative drainage bulb. (From Drain Care
after Surgery: Directions and Information [pamphlet]. Washington, DC,
George Washington University Breast Care Center.)
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Pendulum Exercises

While standing, bend forward at the hips, and 
allow the affected shoulder to hang loosely in 
front of the body. Place the uninvolved hand 
on a table or chair for support.

Swing the arm in a clockwise circle, beginning 
with small circles and gradually increasing the 
size. Make 10 circles, then make 10 circles in 
a counterclockwise direction.

Swing the affected 
arm side to side 
across the chest 
10 times in each 
direction.

Swing arm forward 
and backward as 
far as possible 
without any pulling 
at your incision.

Stand facing the wall, 
and extend the 
affected arm directly in 
front of you so that 
your fingertips touch 
the wall (at arm’s 
length from the wall). 
Creep up the side of 
the wall with your 
fingertips, taking a 
step toward the wall 
as you reach higher 
and higher up the wall. 
Repeat the procedure 
going down the wall, 
but taking a step 
backward this time.

Repeat the above 
procedure, but this 
time position yourself 
perpendicular (at a 
right angle) to the wall 
so that the affected 
arm extends sideways 
up the wall. Keep your 
trunk straight, not 
leaning toward the 
wall or shrugging your 
shoulders. Place a 
pencil mark on the 
wall each day, and try 
to go a bit farther 
every day.

Wall Climbing with the Fingertips

Figure 39–2 Patient exercises to be performed after breast-conserving surgery or mastectomy. (From Breast Care Center. Washington,
DC, George Washington University Medical Faculty Associates.)



What postoperative exercises should patients 
perform after breast-conserving surgery 
or mastectomy?

See Figure 39–2 for patient exercises to be performed after
breast-conserving surgery or mastectomy. Patients should be
advised not to start active range-of-motion exercises until
they have been instructed to do so by their surgeon.

INTERNET RESOURCES FOR BREAST CANCER

• American Cancer Society: www.cancer.org
• National Institutes of Health: www.nci.nih.gov
• Breast Cancer Education Network: www.healthtalk.com
• Breast Cancer.Net: www.breastcancer.net
• Breast Health Network: www.breasthealthnetwork.com
• Breast Cancer Research Foundation: www.bcrfcure.org
• Cancer Care, Inc.: www.cancercare.org
• National Breast Cancer Coalition: www.stopbreastcancer.org
• National Coalition for Cancer Survivorship: www.cancer

advocacy.org
• People Living With Cancer: www.plwc.org

• Susan G. Komen Foundation: www.komen.org
• Women’s Cancer Network www.wcn.org
• Y-Me National Breast Cancer Organization: www.y-me.org
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cancer and a concomitant willingness by juries to compensate
patients for those perceived failures.

Medical professionals are certainly familiar with a wide
variety of stressors, uncertainties, and hurdles inherent to the
practice of medicine, and the practitioner has learned and
developed methods and algorithms to deal with them. When
physicians are named as defendants in a lawsuit, however, it is
akin to entering a foreign land without a passport or an appre-
ciation of the language. It drags practitioners outside the med-
ical arena and subjects them to forces over which they have
little, if any, control and often even less knowledge.

The patients who bring such suits, particularly in the realm
of breast cancer litigation, have their own significant stressors
and anxieties. Both sides going forward must understand this
fact. It serves no one to engage in characterizations of those
who sue, or those who are sued.

This chapter seeks to raise questions and, whenever possi-
ble, to suggest answers as to why the national court system has
seen such a steady influx of claims alleging practitioners’ fail-
ure to diagnose and treat breast cancer in a timely fashion and
the manner in which that influx has caused, and should cause,
physicians to take stock in and accommodate their methods of
practicing medicine in an increasingly litigious environment.
Through our own experiences as medical malpractice litiga-
tors and through the analysis of jury verdicts and insurance
claims made and paid in lawsuits arising from claims of fail-
ure to diagnose and treat breast cancer in a timely manner, we
aim to enlighten the reader as to the legal theories and hurdles
applicable to such claims and the medical theories most often
elucidated and litigated by the patients who bring them.
Although it is neither our intent nor our desire to offer sug-
gestions as to the clinical management of patients, at the con-
clusion of this chapter, we offer suggestions as to the manner
in which the practitioner may be proactive in both preventing
and defending exposure to malpractice litigation.

What is malpractice?

We have always found it instructive, whether discussing the
matter with physicians or laypersons, to educate the listener
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OPENING STATEMENT

According to the last Annual Report of the National
Practitioner Data Bank (NPDB), the central repository of
information regarding malpractice payments made on behalf
of physicians nationally, during calendar year 2002, 80.6% of
new reports concerning malpractice payments were physician
related, with the median and mean malpractice payment
amounts totaling $150,000 and $275,094, respectively.1

Significantly, diagnosis-related payments were the most fre-
quently reported (36.7% of all payments).1

Although there is no comprehensive database tracking 
the basis, theory, and result of all medical malpractice claims
in the United States, the Physician Insurers Association of
America (PIAA), an association of more than 50 medical mal-
practice insurance carriers, regularly compiles malpractice
claims data from more than 20 member companies to publish
reports on national trends involving malpractice claims, par-
ticularly those involving breast cancer. According to the PIAA’s
2000 Research Notes, the average indemnity paid on breast
cancer claims has consistently increased over the past 15 years.
The average indemnity paid on breast cancer claims from
1990 to 1994 was $224,509, whereas the average indemnity
from 1995 to 1999 was $231,596. Of note is the fact that 
the average indemnity paid for breast cancer claims over the
entire 15 years from 1985 to 1999 was $251,505, well above the
average indemnity of $163,743 for all other malpractice claims
made during that time period.2

In fact, the most recent data accumulated by the PIAA sug-
gest that the allegation of an error in the diagnosis of breast
cancer has become the most prevalent condition precipitating
medical malpractice lawsuits against all physicians. More than
41% of all claims involving breast cancer result in an indem-
nity payment to the claimant/patient. The latest figures
released by the PIAA indicate that overall indemnification for
all breast cancer malpractice litigation averaged $438,000 in
2002, a 45% increase in the corresponding figure from 1995.3

Quite obviously, the public perception that earlier diagnosis
virtually guarantees a cure, combined with the belief that clin-
ical evaluation and mammography should be 100% accurate,
has led to a deluge of claims for failure to diagnose breast 
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(or, in this case, reader) as to the charge delivered by the court
to the average jury member sitting in judgment in a medical
malpractice action, just before commencing deliberation.
The Pattern Jury Instructions define malpractice as follows:

Malpractice is professional negligence and medical malpractice
is the negligence of a doctor. Negligence is the failure to use
reasonable care under the circumstances, doing something 
that a reasonably prudent doctor would not do under the
circumstances, or failing to do something that a reasonably
prudent doctor would do under the circumstances. It is a
deviation or departure from accepted practice.4

A doctor who renders medical service to a patient is obli-
gated to have that reasonable degree of knowledge and skill
that is expected of an average specialist who performs or  pro-
vides that medical service in the medical community in which
the doctor practices.

The law recognizes that there are differences in the abilities
of doctors, just as there are differences in the abilities of
people engaged in other activities. To practice medicine, a
doctor is not required to have the extraordinary knowledge
and ability that belongs to a few doctors of exceptional 
ability. However, every doctor is required to keep reasonably
informed of new developments in his or her field and to prac-
tice medicine or surgery in accordance with approved meth-
ods and means of treatment in general use. A doctor must also
use his or her best judgment and whatever superior knowl-
edge and skill he or she possesses, even if the knowledge and
skill exceed that possessed by the average specialist in the
medical community where the doctor practices.

By undertaking to perform a medical service, a doctor does
not guarantee a good result. The fact that there was a bad
result to the patient, by itself, does not make the doctor liable.
The doctor is liable only if he or she was negligent. Whether
the doctor was negligent is to be decided on the basis of the
facts and conditions existing at the time of the claimed 
negligence.

A doctor is not liable for an error in judgment if he or she
does what he or she decides is best after careful evaluation, if
it is a judgment that a reasonably prudent doctor could have
made under the circumstances.

If the doctor is negligent—that is, lacks the skill or knowl-
edge required of him or her in providing a medical service, or
fails to use reasonable care in providing the service, or fails to
exercise his or her best judgment, and such failure is a sub-
stantial factor in causing harm to the patient—then the doc-
tor is responsible for the injury or harm caused.

Breast cancer litigation is a form of tort litigation wherein a
patient, termed the plaintiff, brings the action accusing a
physician, the defendant, of a civil wrong. That civil wrong is
negligence—failure to act as a “reasonable person,” or to
adhere to a particular standard of care. Negligence by a pro-
fessional is termed malpractice; by a physician or hospital,
medical malpractice. The burden of proving every essential
element that constitutes malpractice in any given case remains
with the patient from institution of the proceeding until the
verdict is rendered and judgment entered.

In medical malpractice litigation, the standard of care 
arises from the physician’s responsibility to possess and apply
that reasonable degree of skill, learning, and ability ordinarily
possessed by physicians within the community in which he or

she practices. The standard of care within the community in
which the defendant practices changes on a case-by-case basis;
prior trial court decisions in similar actions have no prece-
dential or binding effect. Thus, there is no set “standard of
care” adherent to the management of patients with breast dis-
ease, nor could there be one. In each individual situation, it is
the duty of the fact-finder—the jury (and occasionally of the
appellate courts, in situations in which the jury’s decision is
inconsistent with the facts or the law presented)—to deter-
mine just what the applicable standard of care is in any given
situation and to determine whether the defendant physician
met that standard.

To establish a claim for civil negligence, there must first be
proof of a duty owed (a physician–patient relationship). That
relationship arises any time a physician undertakes to diagnose
or treat conditions of the patient’s breast, whether it be during
examination within the confines of the office, in rendering
advice over the telephone while “on call”for a colleague, or even
in the performance and interpretation of mammography,
despite the rarity of the interpreting radiologist’s actually
meeting the patient at all. In fact, according to the most recent
PIAA statistics, radiologists are the specialists most frequently
named as defendants in malpractice litigation, accounting for
33% of all claims. Obstetrician-gynecologists are second at
22.8%, and surgeons are third at 10.6%.5

Once it has been established that a duty to render appro-
priate care exists, the next prong in establishing a claim for
medical malpractice lies in proving a breach of duty (com-
monly defined as a departure or deviation from good and
accepted practice or care). Whether the physician breached is
a determination made by the jury based on the medical evi-
dence in the case and the testimony of the witnesses. More
often than not, it is the testimony and the credibility of the
expert witnesses in the case on the subjects of standard of care
in the community and whether the particular practitioner 
on trial adhered to or departed from that standard that 
influence a jury’s decision. Those experts are subject to cross-
examination by opposing counsel, not only on the medical
testimony given on the stand but also on their qualifications
and credibility, and in the face of inconsistent sworn testimony
they may have given previously on similar topics in other
courts of law.

Medical treatises or guidelines applicable to the period of
treatment at issue, as well as the defendant’s own prior testi-
mony, publications, and office protocols, may also come into
play in the jury’s analysis. Most courts adhere to the common
rule that a text or treatise must first be acknowledged as
authoritative in the field before it may be read to the jury, but
once acknowledged as such, it may be used to establish that
the defendant practitioner deviated from the authoritative
standards as set forth within the publication and thus com-
mitted malpractice.

Most attorneys who select juries on behalf of patients will
tell those juries that they are not claiming that the practition-
er acted, or failed to act, intentionally, or that they are “bad”
doctors. Instead, they allege one act, or series of acts, of
malpractice as isolated incidents of breach of care in a longer
history of good practice. Without a “bad result,” meaning
without injury, there is no case, but every jury is charged that
a bad result, in and of itself, is not evidence of malpractice. It
is not the result that legally determines whether there was neg-
ligence. Practically speaking, however, a jury faced with a bad
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result will undoubtedly consider that result in the exercise of
deliberation.

An error in medical judgment is not evidence of malprac-
tice, either. In context, the use of the word judgment here has
a specific meaning. Judgment comes into play in the arena of
malpractice litigation where, and only where, there are two (or
more) ways for a physician to approach a situation. If there are
two ways to deal with the situation, each acceptable in the
medical community, the choice by the physician of the one
over the other is the exercise of judgment, and if exercised
appropriately, the physician can be defended, even if the cho-
sen treatment failed.

Many a practitioner has attempted to defend an allegation
of malpractice by asserting that an exercise of judgment can-
not constitute negligence, and many a tribunal has allowed the
pursuit of just such a defense. In reality, however, almost every
action involving a physician’s decision making as it pertained
to a patient could conceivably be defended as such, and so the
courts have attempted to limit the defense of judgment to
those situations in which the practitioner had two very real
and very acceptable treatment options available and chose one
over the other to the unfortunate but unpredictable detriment
of the patient.

In that regard, jurors are cautioned against casting their
judgment on the defendant physician based on outcome, but
rather are directed to consider what the physician had in front
of him or her at the time care was rendered and decisions
made. The reason for this directive, as would appear to be
obvious, is that in hindsight we are almost all correct. Even
claims brought against radiologists for the misreading of
mammograms, which come as close as any case can to a ques-
tion of accurate interpretation, are not immune from hind-
sight analysis because of the unique nature of breast imaging.
The difficulty of getting the exact same view twice, the nature
of the image, particularly of dense breasts, and the require-
ment of significant experience and ability can place these cases
in the realm of hindsight as well. Any radiologist can tell you
it is easier to spot a cancer on mammography once you know
it is there.

The third, and most essential, prong in establishing medical
malpractice—particularly in the realm of breast cancer litiga-
tion—is causation. It must be shown that the practitioner’s
action or inaction was the competent producing cause of
injury to the patient. In other words, the burden is on the
patient to prove that, more likely than not, earlier or alternative
diagnosis or treatment would have positively affected outcome.
Thus, it is not the patient’s burden to establish that appropriate
care would have resulted in cure (though in some situations
that is the very allegation made); rather, it is enough to estab-
lish that it would have affected the quality and duration of life
to the patient’s benefit. So significant is the subject of causation
that it maintains its own Pattern Jury Instruction. Proximate
cause is defined in the Pattern Jury Instructions as follows:

An act or omission is regarded as a cause of an injury if it was
a substantial factor in bringing about the injury, that is, if it
had such an effect in producing the injury that reasonable
people would regard it as a cause of the injury. There may be
more than one cause of an injury, but to be substantial, it
cannot be slight or trivial. You may, however, decide that 
a cause is substantial even if you assign a relatively small
percentage to it.6

Acknowledging, then, that a delay in diagnosis, even a neg-
ligent delay, may not affect the patient’s ultimate outcome,
the law interposes the evidentiary requirement of “proximate
cause” on plaintiffs seeking monetary damages in medical
malpractice cases. Technically, if a physician’s negligence did
not cause harm, as it were, the patient should be unable to
make out what is known as a prima facie, or sufficient on its
face, case of medical malpractice that will survive dismissal at
the close of plaintiff ’s evidence rather than reach the deliber-
ation of the jury. In reality, however, rare is the action in which
medical negligence is proven yet the claim dismissed by court
or jury. As will be discussed further, the public perceives 
that earlier and accurate diagnosis alters outcome, and the
public is often unwilling to forgive the practitioner who has
breached the standard of care or accept that “it didn’t make a
difference.”

The final prong in establishing a claim of medical malprac-
tice, and perhaps the most obvious one, is that the patient
must have sustained an actual injury as a result of the practi-
tioner’s malpractice in order to obtain reward for financial
damages. Although punitive or punishment damage awards
are rare, juries are instructed that under the appropriate cir-
cumstances, they can award noneconomic damages for pain
and suffering as well as loss of consortium or society (an
award made for harm to a close relationship, such as with a
spouse or child). Indeed, it is common for a patient’s spouse
to be named as co-plaintiff in a malpractice action, to seek
redress for loss of society, comfort, and companionship due to
the injuries alleged, and to obtain remuneration in significant
amounts in those cases in which a jury determines that plain-
tiffs have proven their claims.

Economic damages such as loss of earnings incurred to date
and in the future, medical costs, rehabilitation and therapy
costs, and out-of-pocket expenses for goods and services can
be granted as well, and often constitute a hefty portion of the
fees awarded. The fact is that cases involving allegations of
negligence in the diagnosis and treatment of patients with
breast cancer often involve devastating injuries, both emo-
tionally and financially, to those who bring suit. In fact,
according to the PIAA, the average award in medical malprac-
tice actions involving breast cancer is second only to those
cases involving brain damage suffered by infants at or around
the time of delivery.5

As a caveat, although the burden of proof in all cases rests
on the party asserting the claim, the defense, alternatively,
must prove those issues raised by the defense, which are
deemed affirmative defenses, and which must be set forth in
the initial answer to the complaint. Perhaps the most signifi-
cant of these affirmative defenses in the realm of breast cancer
litigation is termed culpable conduct, or more correctly,
comparative negligence, which is conduct by the patient that
caused or contributed to her own damages and may reduce
the ultimate verdict by the percentage of that culpability. In
the area of breast cancer litigation, this usually means that the
patient did not follow an instruction, which, if followed,
would have improved her outcome or prognosis. Because in
many instances in this area of litigation, the patient has died
from her disease or likely will, this defense is one approached
with care and trepidation. The patient’s attorney will no doubt
attempt to portray the defense and the doctor as “blaming the
patient.” Thus, to be effective, not only must such a defense 
be medically valid, but, as will be discussed further in this
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chapter, the basis for the defense must be well documented in
the defendant physician’s records and, preferably, supported
by the records of the other nonparty treating practitioners.

Who sues whom and why?

Statistical analysis reveals that although most breast cancer
occurs in women older than 50 years, most malpractice suits
regarding breast cancer are brought by women younger than
50 years. In fact, according to the PIAA’s 2002 Breast Cancer
Study—a data-sharing study of 450 paid malpractice cases in
which the central allegation cited a delay in the diagnosis of
breast cancer—the average age of claimants in breast cancer
litigation is 45 years, with 68% of claimants younger than 50
years and 33% younger than 40 years.5 Patients younger than
40 years accounted for 47.5% of the claims in which wrongful
death as a result of missed diagnosis was pled.

By the same token, research reveals that the average indem-
nity payment for younger plaintiffs was significantly higher
than that for older patients. Patients younger than 40 years
accounted for 33% of claims made and 42.9% of indemnity
reported. The average indemnity for patients younger than 30
years was $603,537, and younger than 40 years, $508,606,
compared with an average award of just under $300,000 for
patients between the ages of 50 and 70 years.5 Almost one
third of patients (31.3%) had a family history of breast cancer,
and most patients—55.1%—were premenopausal.5

That younger patients bring the majority of claims and
recover the largest awards for those claims stands to reason,
particularly given the nature of malpractice litigation. In
terms of awards, juries are given wide latitude, within certain
established parameters, in determining damages, both eco-
nomic and noneconomic. Life expectancy had timely diagno-
sis been made is a significant factor in the determination of
compensation, not only for future loss of earnings but also for
deriving the almost incalculable compensation for the loss of
months, days, or weeks with loved ones left behind. Patients
with young children inevitably garner more significant
indemnity for the potential loss of parental guidance occa-
sioned on their offspring.

The overwhelming majority of malpractice claims related
to breast cancer involve failure to timely diagnose, as opposed
to less frequently seen claims such as iatrogenic injury, unnec-
essary mastectomy, or burns related to radiation oncology. We
undertook a simple Lexis/Nexis analysis, which revealed that
of the 20 judicial decisions rendered in breast cancer matters
at both the state and federal levels since January 2003 (not
only jury verdicts but also decisions rendered on pretrial dis-
covery issues), the underlying facts reflected that 16 of the 20,
or 80% of the cases reviewed, revolved around allegations of a
failure to timely diagnose and treat breast cancer. Two cases
involved injuries secondary to radiation, and the other two
alleged the unnecessary performance of mastectomy.7

Of the 17 jury verdicts or settlements in breast cancer 
litigation reached and reported to the National Jury Verdict
Reporter in 2004, over the preceding 2-year period, 15 of the
17—or 88%—were matters involving radiologists or sur-
geons, and only one involved anything other than a failure to
diagnose breast cancer in a timely manner.7 Five of the 17
matters resulted in jury verdicts between $1.5 and $5.25 mil-
lion, with an average jury verdict of $2,144,375. Only 3 of the

17 cases reported resulted in verdicts in favor of the defendant
at the conclusion of trial. Ten of the 17 plaintiffs, or nearly
60%, were younger than 50 years, and two women younger
than 50 years accounted for the two highest reported verdicts
of $5.25 million and $4 million. The overwhelming majority
of cases reported involved misread mammograms, and more
than 50% also involved patients whose self-detected lumps
had been diagnosed as benign or fibrocystic.7 Given the diffi-
culty in defending against public perception and intrinsic
sympathy for the patient and her family, it is not difficult to
understand why most breast cancer claims settle before a jury
can price them.

Increased awareness of breast health, particularly the
encouragement of earlier and more regular self-breast exami-
nations, has led to not only earlier diagnosis of suspicious
lesions but also increased awareness of their presence.
Nonetheless, statistics seem to support that practitioners 
are often unimpressed with the presence of a painless, self-
discovered mass in patients younger than 50 years, particul-
arly those that have had a negative or equivocal mammogram.
According to PIAA’s report, in 58.9% of breast cancer claims,
the patient found the lesion herself. In 38.7% of the cases, the
patient’s presenting symptom at the first physician visit was a
lump in the breast, yet 24.4% of all patients in the study—110
of the 174 claims for which the patient presented with a spe-
cific complaint of a breast lump—were initially diagnosed
with a benign condition such as a cyst, fibrocystic disease, or
benign lump.5 By way of comparison, the second most preva-
lent physical finding on examination in the cases cited, after
palpable mass, was “pain in breast,” and this appeared in only
16.2% of cases.5 As will be discussed in the ensuing section,
the practitioner must do more, particularly in the younger
patient, to ensure the benignity of any palpable lesion appre-
ciated by the physician or patient.

Accordingly, the specialists most often named as defendants
in the cases cited (both by PIAA and in the informal survey 
by the authors) were radiologists, followed by obstetrician-
gynecologists and surgeons.5 Obviously, the most common
allegation against radiologists was the failure to properly
interpret mammography—at first blush, perhaps, somewhat
surprising given the continued advancement and sensitivity of
the technology. This may, however, also be reflective of the
increased use of screening mammograms that, when used in
hindsight, may be deemed by a plaintiff ’s expert to depict an
undiagnosed mass, suspicious microcalcifications, or quality
too poor to merit accurate and reliable interpretation.

For surgeons, obstetrician-gynecologists, and general prac-
titioners, the most common theme in breast cancer litigation
continues to be physical findings failed to impress, which 
PIAA found in 44% of claims, followed by failure to refer to
specialist for biopsy in 40.5% of cases involving obstetrician-
gynecologists or general practitioners.5 Medically, this is
equally unsurprising.

As mentioned, younger patients have lower indicia of sus-
picion for breast cancer from the moment they walk into the
examination room. Doctors are less likely to order a biopsy or
strict follow-up for younger patients, who are statistically less
likely to have breast cancer. In addition, younger patients have
denser breast tissue, which can obscure or obstruct the per-
formance of physical examination as well as mammography.
Pregnancy, breast-feeding, and hormonal changes can also
cause changes in breast tissue, and—absent a family history of
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breast disease—younger patients are often poorer historians
of breast health and less likely to seek medical attention expe-
ditiously on the first potential signs of concern or irregularity.

Public perception cannot be discounted in its impact on
breast cancer claims and verdicts. In this context, we would
point out that even though there are extant studies that seem
to indicate that delay, at times, does not affect outcome, this is
a “hard sell” to jurors, indoctrinated as they are by campaigns
that indicate that early detection saves lives. Once a patient or
a potential juror accepts such a theory as truth, then, by defi-
nition, any delay is “bad,” meaning that the delay in diagnosis
is a compensable item of damages.

Clearly, survival is not the same as cure, but once a patient
and a juror hear “survival” rates discussed in the examining
room or the courtroom, the natural inclination is to tune 
out the pessimistic evidence of the natural biology of cancer
and tune into the optimism of early detection and timely
treatment in effectuating “cure.” Well-publicized advances in
technology benefit the practitioner and patient alike but 
also indoctrinate the mindset that failure is unacceptable.
Accuracy at all times becomes mandatory and is, of course,
impossible to achieve, particularly in those situations in which
the patient maintains a level of responsibility for failure to
heed the clinician’s recommendations or warnings.

A patient’s attorney will almost always argue that the
response of the practitioner—radiologist, surgeon, gynecolo-
gist, or general practitioner—to complaints or findings was
not nearly aggressive enough in the face of a potentially 
deadly yet curable disease. The mammography warranted
magnification; the cyst warranted aspiration; the lump war-
ranted biopsy, the pain required referral; her complaints
necessitated follow-up in 3 months, not 6 months or a year. As
long as the public perceives or misperceives that earlier diag-
nosis of breast cancer virtually guarantees a cure and that any
delay in diagnosis is a death sentence—even in the face of
objective medical expert testimony to the contrary—the num-
ber of malpractice claims related to the failure to diagnose
breast cancer in a timely way will continue to rise, as will the
rate of compensation for those claims, accordingly.

What is a physician to do?

Fortunately, many of the issues of the actual practice of breast
care are, and should be, designed to avoid delay, and although
it is an issue more for the practitioner than for the lawyers
who represent them, the concept of “delay avoidance” ulti-
mately inures to the benefit of the practitioner in the court-
room as well as the examination room.

At the outset, it is imperative for all physicians to be aware
that the most important requirement of effective defense in
litigation is documentation. If a fact, finding, or recommen-
dation is not documented, the issue of its existence becomes
almost purely one of credibility, a contest between the healthy
physician or institution against the individual, frequently ill,
patient. In context, it is important to realize that the physician
will have many patients and will have seen many of them
between the incidents complained of and the lawsuit. The
patient, however, will have only one thing to recall: her own
treatment.

This is not to say that the patient’s recall will be at all times
accurate or that the physician’s will not be. However, common

sense dictates that in this area the patient has an advantage,
which can be reduced or removed by appropriate, thorough
documentation. It is not really enough to say, “I always do it.”
If “it” is important enough to “always do,” it is important
enough to always document.

Documentation of a pertinent finding or recommendation
and the fact that it has been conveyed to the patient or appro-
priate physician serves not only to contemporaneously estab-
lish the nature and purpose of treatment recommended and
given but also to aid in the practitioner’s legal defense months
or years down the road, when memories have faded or have
become biased by health problems and when credibility
between the parties is at issue. Documentation of pertinent
family histories, all breast complaints, and tactful notification
of the risks of undiagnosed breast cancer for patients who do
not follow up is mandatory in maintaining a complete chart.

Jurors have a natural inclination to accept what is written in
a medical record as truth, or to at least provide the docu-
mented medical chart with the preferential inference of accu-
racy. In this way, communication and documentation truly go
hand in hand. The passage of time, the backdrop of litigation,
the sympathy afforded an ill patient or her family, and 
the suspicion of a physician’s presumed self-interest can all 
be countered by a medical record replete with pertinent 
findings and recommendations entered contemporaneously
with treatment, long before the prospect of litigation was ever
entertained.

Insofar as charting is concerned, as time has passed, the
charting requirements of the various insurance programs,
both private and government, have increased to the point at
which computer assistance has become available and may well
become standard. It is not our purpose to deal in depth with
this issue, but some observations are in order.

The practitioner and counsel are always advantaged by the
maintenance of a complete chart. By complete, we mean one
that contains all notes by the physician, all reports received,
and, importantly, all memoranda that have to do with follow-
up. Given the prevalence of claims against radiologists, docu-
mentation of the receipt and comparison of prior studies and
inclusion of copies of those reports in the chart are extremely
helpful. Telephone messages received should be acknowledged
in the chart (stapled to a page is always good), and the
response to them documented.

In addition to documenting all recommendations, docu-
mentation of the physician’s thought process, including the
diagnoses and tests considered and ruled out, as well as why,
provides credible explanations of the judgment applied to
potential jurors down the road. Documenting follow-up on
any and all recommendations is imperative. A physician might
recommend mammography, a mammographer might recom-
mend sonography, a sonographer might recommend biopsy,
and all three (or two, if the mammographer also performs
sonography) might recommend a breast surgeon be con-
sulted. On the next visit, a follow-up note can, and should, be
generated. Did the patient comply? If not, why not? If so,
when? Again, the testimony that “I always ask” is not as effec-
tive as a note documenting that the question was asked and a
response received.

Some patients do not return after a recommendation for
treatment or consult is made. Because most of these recom-
mendations are or should be timed (mammogram “next
week,” for example), a follow-up system that accounts for the
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receipt of an appropriate report or consult note is helpful in
countering the subtle, and sometimes not so subtle, indication
by the patient’s attorney that the physician in question did not
care or, worse, abandoned the patient. These allegations are
based on the unspoken but real supposition that in medical
matters patients have given up the skills and knowledge they
use in their everyday lives and have become dependent on the
special skills of others. Because most jurors are patients as
well, this argument holds weight and can sway opinion.
Accurate documentation of a patient’s reluctance to follow
recommendations, pursue treatment, or keep appointments
can help to counter the allegation that any delay was necessar-
ily occasioned by the physician.

We believe that documentation of findings is an area with
which most physicians are familiar. It is in the area of absence
of findings where we find cases that are sometimes difficult to
defend. Although the patient might complain of a mass or
other abnormal finding, that finding at times cannot be, or is
not, replicated on the physician’s examination. Because there
would be no suit without a later finding of a mass, a lesion, or
the like, the inevitable allegation is that the malignancy was, in
fact, the previously “missed” mass.

Here is where documentation can be of great assistance. A
clear and accurate picture (literally, a drawing) of the area
indicated by the patient will do much to assist in the defense
of these cases, presuming, of course, that the malignancy is
not where the patient initially felt a mass. To defend cases such
as this, however, more is needed than good documentation.
Appropriate referral (to a mammographer, sonographer,
breast surgeon) is the best defense for the primary care physi-
cian, whether obstetrician-gynecologist or internist. If there is
one lesson to be learned from the PIAA study, it is that a breast
mass should always be resolved, whether it be by aspiration,
biopsy, or appropriate referral. For the physician who receives
the referral, the above rules for documentation apply, pre-
suming nothing is found.

As an aside, we may be asked why we suggest that a physi-
cian go through these steps for something not clinically felt or
appreciated. The answer lies in the reality that many jurors
will believe that a patient is more familiar with her body than
the physician is and, concurrently, that we are dealing with a
common (an often-cited statistic is that one out of nine
woman will suffer breast cancer) disease. If a disease is “com-
mon” and life threatening, an attorney will argue that its mor-
tality demands that any and all steps be taken to rule it out,
and this argument is a telling one.

In terms of mental approach, despite cliché, the courtroom
is not a theater or a sports arena. There are, indeed, both the-
atrical and sports analogies used in the description and prac-
tice of the litigation process, but these analogies are often
suspect. Using them, however, is helpful in developing the
concept of breast cancer litigation and the appropriate litiga-
tion mindset.

Language is important to all of us, and in the courtroom it
is particularly important. In the context of litigation, however,
it takes a back seat to attitude. This is why physicians are
directed to consider themselves as fact witnesses, not “defen-
dants,” and that they are not to “defend” their case, which is
the responsibility and province of counsel. The reasons for
this are multifactorial. First, once words such as defense are
being used, we are in the realm of the lawyer, not the realm of

the doctor. The simple reality is that the defense of a breast
cancer case is the attorney’s job, whereas the careful and truth-
ful rendition of the facts and circumstances surrounding 
the incidents in question is the witness’ job, be that witness
another treating physician or the defendant.

It must be understood that sympathy is the unacknowl-
edged, impermissible (the court will advise the jury not to use
sympathy in its determinations) factor that must be recog-
nized and controlled when possible. The physician defendant
will not engender sympathy in the presence of the usual breast
cancer sufferer or in the presence of the grieving family. Thus,
any attitude other than professional commitment and con-
cern works against the physician as a witness.

This does not mean that true sincerity, or caring, cannot be
shown. It is antagonism toward the process, or the partici-
pants, that must be avoided. Thus, whereas the sporting arena
analogy with its theme of two sides in competition is compa-
rable, it is often, ultimately, counterproductive. Similarly, the
“courtroom as theater” analogy distracts. Jurors, increasingly
more sophisticated and litigation savvy, will detect actors and
disregard them. Conversely, they will respond to a knowledge-
able professional who presents without obvious ego, calmly
indicating facts and opinions that bolster the reality of the
defense.

Communication is the key element in establishing credibil-
ity and rapport with a patient and in gaining a patient’s trust.
In the breast cancer cases that we have litigated, invariably,
either at the time of her deposition or at trial, the patient sets
forth the basis for bringing suit: “He didn’t tell me a thing.”
“She ignored my complaints.” “He showed no compassion.”
“She never told me I needed a follow-up appointment.” “No
one ever suggested mammography,” or “ultrasound,” or “aspi-
ration,” or “biopsy.” The list is endless, but it always centers on
the patient’s underlying mistrust of the physician for failing to
simply and accurately convey pertinent findings and recom-
mendations in a professional and timely manner.

As clichéd as it may seem, the “relationship” between physi-
cian and patient is often a key determining factor in whether
a patient chooses to pursue legal remedy against a physician,
irrespective of whether a cancer was “missed” or a departure
from appropriate care occurred. The way the patient views her
relationship with the physician matters.

By the same token, we often encounter, in the course of
litigation, prior, contemporaneous, and subsequent treating
physicians who we believe would be appropriate parties to the
action, but for the patient’s refusal to sue them. Our ability to
implead these physicians, where applicable, is irrelevant for
the purposes of this discussion, but, ultimately, it is our expe-
rience that the patient’s rationale for excluding these physi-
cians as party defendants is directly related to the basis for
suing the party defendants: “He was the only one who was
straight with me,” or “I love Dr. Brown. She really listened to
what I had to say.” Rare is the patient who will pursue litiga-
tion against a physician with whom she has developed a rela-
tionship of mutual trust, courtesy, and respect.

It is certainly not the rule, but quite often a physician’s hon-
esty and ability to “connect” with the patient can overcome the
inclination to sue for even the most damaging of medical
errors. In fact, from the perspective of trial preparation, a
physician’s ability to build a rapport with his or her patients—
and, specifically, what types of people or patients an individ-
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ual physician best connects with—can assist counsel in deter-
mining what types of people would be preferential jurors.

SUMMATION

It has been neither the purpose nor the intent of this chapter
to presume to advise physicians on practicing “good medi-
cine,” because that is the responsibility of the practitioner.
Rather, it is our desire to address the recurrent themes in this
area of litigation and to alert the reader to the pitfalls and
potential perils that exist in the hopes of avoiding them.
Although practicing with “litigation in mind” is distasteful to
most physicians, the fact is that the prevention and the defense
of a potential malpractice suit begin long before the patient
retains an attorney and files a complaint.

In a society obsessed with litigation and saturated by the
legal news media, physicians can no longer afford to remain
ignorant of the legal ramifications of their actions or inac-
tions. National financial constraints render malpractice insur-
ance coverage and potential health maintenance inclusion or
exclusion for individual physicians or physician groups pre-
carious at best and often dependent solely on the number of
malpractice claims instituted against the physician or entity,
irrespective of the merits of those claims.

Just as preventive medicine affords the patient optimal
opportunity to avoid disease, so too does the practice of pre-
ventive medicine afford the physician optimal odds for avoid-
ing litigation. Quite simply, the best way to avoid litigation is
to consistently render care that is in accord with good and
accepted standards and to render care that is consistently care-

ful; to communicate and to document; and to update not only
one’s medical education but also one’s knowledge of the law as
it applies to one’s specialty and the practice of medicine as a
whole. It is not necessary that the physician practice with liti-
gation in mind, but it is imperative that the physician not
ignore the prospect of litigation entirely.

In terms of preventing litigation, the role of physician as
compassionate caregiver should not be underestimated.
Reality informs us, however, that even thoughtful physicians
who communicate well can be and are sued. As verdict awards
increase, even the most conscientious of practitioners may
ultimately find themselves in the role of defendant.
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for bilateral breast cancer, 563–564, 564f
for breast cancer with extensive intraductal

component, 368–369, 368t
for breast sarcoma, 709
for ductal carcinoma in situ, 391, 391t, 413–416

clinical outcome of, pathologic determinants of,
89–91, 89f–93f

effectiveness of, 513–514
excision site management in, 392
impact of multicentricity and multifocality on, 414
incisions for, 418
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Breast conservation surgery (Continued)
operative specimen handling in, 392–393
postbiopsy mammography in, 391
recurrence after, 414–415
selection criteria for, 512–513, 513t
surgical approach to, 415–416
surgical margins in, 391–392
with radiotherapy, 92–94, 393, 393t, 415, 512–515
without radiotherapy, 394–396, 394t, 397

for in situ carcinoma, 413–416
for invasive lobular cancer, 104–105
for locally advanced breast cancer, 571–572
for nonpalpable carcinoma, 416–424
for Paget’s disease of nipple, 94–95, 701, 701t
for palpable carcinoma, 422–423
for radiation-associated breast cancer, 706
for recurrent breast cancer, 440
goal of, 412–413
indications for, 368–369
magnetic resonance imaging after, 297–298, 299f
multicentric breast cancer and, 414, 502–503, 517
radiation therapy after. See Radiation therapy, after

breast conservation surgery.
recurrence after, 414–415, 439–441, 585–586
segmental excision in, 416–424

anesthesia for, 417–418
closure of, 423–424, 424f
frozen section diagnosis in, 422
hemostasis in, 418
incisions for, 418, 419f
nonconfirmation of lesion during, 422
operative specimen handling in, 419–420, 420f
pitfalls of, 423t
preoperative measures in, 416–417, 417f
wire localizer handling in, 418–419, 419f

terminology for, 412
vs. mastectomy, 350–351, 350f, 351f
with axillary dissection, 433–434
with radiotherapy, vs. mastectomy, 350, 351f,

515–516, 515t
Breast cyst. See Fibrocystic breast disease.
Breast histopathology, characterization of, 78t
Breast Imaging Reporting and Data System (BI-RADS)

lexicon, 216–217
Breast mass

ablation of, 575–580, 576f–578f
benign. See Benign breast lesions.
in clinical breast examination, 185, 188f
in clinical history, 182
in young women, 193
palpable

core needle biopsy for
diagnostic accuracy of, 271–272, 272f
role of, 279–280, 279f

during pregnancy or lactation, 723–725, 724f
fine-needle aspiration biopsy of

aspiration technique in, 272
diagnostic accuracy of, 271–272
diagnostic pitfalls in, 287–288, 287t

in clinical breast examination, 191–192
mammography of, rationale for, 217, 217f
ultrasonography of, 247, 248f–252f

resolution of, risk management and, 792
solid, management of, 200f

Breast problems, delay in seeking medical attention for,
181

Breast prosthesis, selection of, 782
Breast reconstruction, 461–496

after breast conservation therapy, 495
after prophylactic bilateral mastectomy, physical and

psychological consequences of, 68
bilateral, with pedicled TRAM flap, 483, 485, 486f
delayed, 462
flap

after breast conservation therapy, 495
deep inferior epigastric artery perforator, 489, 489f
gluteal free, 489–491, 490f
lateral thigh, 491, 491f
latissimus dorsi myocutaneous, 471–476,

473f–476f
TRAM, 476–491. See also TRAM flap breast

reconstruction.
types of, 464

forms of, 464
history of, 461



Breast reconstruction (Continued)
immediate, 461–462
implant

clinical assessment in, 196
one-stage, limitations of, 464–465
tissue expansion, 465–471, 466f–471f
types of, 464
ultrasonography in, 247, 262

nipple-areolar, 492f–493f, 492–494
operative planning for, 462–463, 463f
psychological impact of, 495–496
symmetry procedures in, 494
timing of, 410, 461–462
type of, factors influencing, 463–464
unilateral, with pedicled TRAM flap, 476–483,

477f–479f, 481f–482f, 484f–485f
Breast self-examination

effectiveness of, 171
in carriers of BRCA gene mutations, 325
in diagnosis of bilateral breast cancer, 558–559
instructions on, 184, 185f–187f, 783
role of, 184
“shower cards” for, 184, 185f

Breast tumor of pregnancy, 724
Breast-feeding

after breast surgery or radiation therapy, 733
benign lesions during, 719–721, 720f, 721f
bloody nipple discharge during, 721
breast biopsy and, 725
breast cancer management and, 730
breast cancer risk and, 44, 53, 59–60
chemotherapy and, 730
clinical assessment for breast cancer and, 194
fine-needle aspiration biopsy and, 277
physiologic changes in breast during, 718–719

Breast-ovarian cancer, 694t
familial early-onset, 20

Bupropion, for breast cancer patients, 766–767
Burkitt’s lymphoma, 130, 131, 710

CA-15-3
for detection of metastatic disease, 551, 597
in follow-up, 586–587

CA-27.29, 587
CA-125, 325–326
Cachexia, cancer, 688
Cadherins, in breast cancer, 30–31, 30f, 157, 157f, 158f,

362
Calcification. See also Microcalcification.

in ultrasonography, 255, 257, 257f
Calcitonin, for hypercalcemia in metastatic breast

cancer, 632
Calcium

excess of, in metastatic breast cancer, 632–633
in breast cancer prevention, 63
supplementation of, 781

Calcium glucarate, chemoprevention with, 67
Calvarial metastasis, 637
Cancer

etiology of, ancient world view of, 333
genetic model of, 15

Cancer cachexia, 688
Cancer cells, biology of, 146, 146f
Cancer dissemination

halstedian view of, 342
needle localization and, 222
through blood, 633–634
through cerebrospinal fluid, 635

Cancer predisposition testing. See Genetic testing.
Capecitabine

for metastatic breast cancer, 604–605
with docetaxel, 605
with trastuzumab, 611

Capsular contraction, after breast reconstruction, 471,
476

Carboplatin, with trastuzumab, 610, 611t
Carcinoembryonic antigen (CEA)

for detection of metastatic disease, 551, 597
in follow-up, 587

Carcinoma in situ. See In situ breast cancer.
Carcinoma-associated retinopathy, 658
Carcinomatous displacement, after stereotactic core

needle biopsy, 285, 286f

Carcinomatous meningitis
clinical presentation of, 635
symptoms of, 638
treatment of, 642–643

Carcinosarcoma, 118–119, 118f
Cardiac disease, treatment decisions and, 365–366
Cardiotoxicity

of doxorubicin, 601, 602
of trastuzumab, 609

Cartilage graft, for Montgomery gland reconstruction,
492

Catenins, mutation of, in breast cancer, 31
Cathepsin D

in breast cancer, 158
treatment decisions and, 362

Cauda equina metastasis, 637
Celecoxib, chemoprevention with, 67
Cell adhesion molecules

in breast cancer, 157–158, 157f, 158f
treatment decisions and, 362

Cell cycle
p53 gene and, 153–154, 154f
radiation sensitivity and, 499
regulation of, and checkpoints, 19–20, 19f, 153, 153f

Cell cycle proteins, in breast cancer, 33–34, 33f
Cell cycle system, 19, 19f
Cell death, markers of, 156–157
Cell growth, in breast cancer

assays of, 150–152, 150f
prognosis and, 355–357, 357f–358f

Cell proliferation
during irradiation, 500
in breast cancer, 15

assays of, 152, 152f, 361–362
prognosis and, 315–316

postmenopausal, 52
premenopausal, 51–52, 51t, 52f

Cell surface receptors, in breast cancer, 150, 150f
Cellular biology of breast cancer, 27–38
Cellular heterogeneity, molecular pathology assays and,

159
Cellular systems, in cancer cell, 146, 146f
Cellularity, atypia and, patterns of, in benign vs.

malignant breast aspirates, 274t, 277f–279f,
278–279

Cellulitis, of breast, 188f
Celsus, 333
Central nervous system. See also Brain; Spinal cord.

metastasis to
anatomic patterns of, 633–634
diagnosis of, 638–639, 638f
workup for, 314

Cerebrospinal fluid, metastatic tumor cell dissemination
through, 633–635

Cerrobend blocking, in radiation therapy, 509, 509f
Cervical cytology, in breast cancer patient, 750
Cervical metastasis, 645, 651, 651f
Charting, risk management and, 791–792
Checkpoint system, 19–20, 19f, 153, 153f
CHEK2 gene mutation, male breast cancer risk and, 738
Chemoprevention of breast cancer, 63–67, 696
Chemotherapy/chemotherapeutic agent(s)

adjuvant
bisphosphonates as, 550
cosmetic result after, 525
disease evaluation in, 550–553
dose-dense regimens in, 546, 546f
duration of, 543–544
for male breast cancer, 741–742
impact of, 541t, 543
in node-negative patients, 547–548
in older patients, 545
indications for, 373–374, 373t
local recurrence after, 520
long-term side effects of, 588
new directions in, 549–553
optimal regimen for, 543
pitfalls in interpreting trials of, 538
plus microwave ablation, 579
plus oophorectomy, 545
plus tamoxifen, 542
regimens used in, 543–545
risk assessment in

estimation of, 547–548
influence of, 546–547
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Chemotherapy (Continued)
taxanes as, 545–546
timing of, in relation to surgery, 548–549
with radiation therapy, 500, 520, 525, 548–549

development of, 348, 349
during pregnancy, 729–730
effects of, on breast cancer markers, 161
for bone metastasis, 670
for breast sarcoma, 709
for metastatic breast cancer, 600–613, 628

agents used in, 601–606, 601t
combination vs. sequential or single-agent,

606–608, 607t
high-dose with hematopoietic support, 608
history of, 600–601
optimal duration of, 606

for ocular metastasis, 659
for spinal metastasis, 648
history of, 600–601
ineffective, avoidance of, 688
intrathecal, for brain metastasis, 642–643
neoadjuvant, 548–549

during pregnancy, 729
for inflammatory breast cancer, 572
for locally advanced breast cancer, 568–570, 569t,

570t
nursing instructions on, 781–782
response to, molecular pathology assays for

predicting, 160–161
side effects of, 781–782
teratogenicity of, 729–730
with hormonal therapy, 628
with radiation therapy, 520, 525, 548–549, 572

Chest radiography, 313, 313t
after breast cancer treatment, 586
during pregnancy, 727
for detection of metastatic disease, 551

Chest wall
asymmetrical, in Poland’s syndrome, 185
discomfort in, after axillary dissection, 448
neurologic structures of, 409f
reconstruction of, in breast cancer patients, 664–665
recurrence in, radiation therapy for, 682
resection of, for recurrent breast cancer, 450, 450f

Chest wound, after mastectomy, 466f
Chicotot, George, 344, 344f
Children of breast cancer patients

communication with, 770–771
psychosocial risks for, 771

Choroidal hemangioma, 657
Choroidal melanoma, 657
Choroidal metastasis, 653, 655, 656–657, 656f, 658,

659–660
radiation therapy for, 681

Choroidal osteoma, 657
Choroiditis, 657
Chromogenic in situ hybridization (CISH), 148, 148f,

149
Chromosomal translocation, oncogene activation by,

16–17, 16f
Chronic pain syndromes, 685, 685t
Ciliary body metastasis, 653, 656, 657
Circulating endothelial progenitors (CEPs), in breast

cancer, 37
Claus model of breast cancer risk, 322, 322t, 694
Clavipectoral fascia, 403, 403f
Clear cell carcinoma of breast, glycogen-rich, 120
Clinical assessment

after breast surgery, 196–197, 196f, 197f
after breast trauma, 197
breast examination by physician in, 184, 185–192,

187f–191f
breast self-examination and, 184, 185f–187f
ductal lavage in, 200–201
endoscopy in, 201
fine-needle aspiration biopsy in, 199–200, 200f
galactography in, 201
history in

clinical, 181–182
family, 183
of breast surgery, 184
of hormonal therapy, 182–183
of treatment for Hodgkin’s disease, 183–184

in diabetic women, 195–196
in elderly women, 195



Clinical assessment (Continued)
in men, 195
in pregnant or lactating women, 194
in young women, 193–195
magnetic resonance imaging and, 198–199
mammography and, 192–193, 197–198
of adenoma, 207
of benign breast disease, 201–208
of benign papillary lesions, 206
of breast cancer, 181–201
of fat necrosis, 206
of fibroadenoma, 206–207, 207f
of fibrocystic disease, 201–203, 203f
of granular cell tumors of breast, 208
of juvenile papillomatosis, 207
of mammary duct ectasia, 203–204, 204f
of Mondor’s disease of breast, 208
of nipple discharge, 204–206, 204f, 205f
of warfarin-induced breast necrosis, 208
ultrasonography and, 198

Clinical breast examination (CBE)
components of, 185–192, 187f–191f
recommendations for, 184

Clinical history, components of, 181–182
Clonal expansion of tumors, 18
Clonal heterogeneity, molecular pathology assays and,

159
C-myc oncogene, 22, 23f
Coagulopathy, as contraindication to ultrasound-guided

core biopsy, 265
Cognitive-behavioral therapy, for pain management,

687–688
Collagenases, type IV, in breast cancer, 158
Collagenous spherulosis

vs. adenoid cystic carcinoma, 123, 123f
vs. atypical ductal hyperplasia, 80

Collagen-vascular disease
and breast conservation surgery plus radiation

therapy, 503
and breast reconstruction technique, 463

Colloid, radioactive
for sentinel lymphadenectomy, 427
safety of, 431

Colloid carcinoma. See Mucinous carcinoma of breast.
Colorectal cancer, age-specific incidence of, 49, 50f
Columbia staging system for breast cancer, 309, 346,

347t
Columnar alteration with prominent snouts and

secretions (CAPSS), 287
Columnar cell hyperplasia, on core needle biopsy, 272f,

284
Columnar cell lesion, on core needle biopsy, 287
Comedo ductal carcinoma in situ

on fine-needle aspiration biopsy, 278, 287
on mammography, 222, 222f, 224f

Communication
in physician-patient relationship, 765
risk management and, 792–793
with children, 770–771

Community, relationship to, of breast cancer patients,
771

Comorbid medical conditions, and breast conservation
surgery plus radiation therapy, 503

Comparative genomic hybridization (CGH), 149
Compton effect, in ionizing radiation, 501, 501f
Computed tomography

diagnostic, 364
of bone metastasis, 667
of liver metastasis, 314
of metastatic brain tumors, 638–639
of ocular metastasis, 658, 659t
of spinal metastasis, 645–646, 647f, 648
positron emission tomography and, fusion imaging

technology for, 303–304
Computed tomography scan simulation, in radiation

therapy, 503, 504f, 505, 506f, 507f
Computer-aided detection algorithms, for

mammography, 218
Confidentiality, in genetic counseling, 326
Conjunctival metastasis, 657
Connective tissue disorders, treatment decisions and,

366
Consolidated Budget Reconciliation Act (COBRA), 774
Contraception options, of breast cancer patient,

747–748

Contralateral breast biopsy, 559–560, 560t
Contralateral breast cancer. See Bilateral breast cancer.
Contralateral prophylactic mastectomy, 68, 562–563,

563f
Contralateral reduction mammoplasty, 494, 560, 564,

564f
Core needle biopsy, 279–287

benign lesions requiring excision on, 286–287
mammography after, 283–284
MRI-guided, 297
of atypical ductal hyperplasia, 284, 284f, 285
of atypical hyperplasia, 82
of bone metastasis, 669
of invasive duct cancer, 226, 231f
of invasive lobular cancer, 279, 279f, 284–285
of palpable breast mass

diagnostic accuracy of, 271–272, 272f
role of, 279–280, 279f

of papillary lesions, 276, 277f, 286
pathologic diagnosis on, reporting considerations for,

284–285
specimen number in, 280–281
stereotactic, 280–281, 280f

accuracy of, in predicting invasion, 285
carcinomatous displacement after, 285, 286f
complications of, 282
cost effectiveness of, 286
equipment for, 281, 281f
image acquisition and processing in, 281–282
procedure for, 282, 282f, 283f

surgical excision after, indications for, 411
ultrasound-guided, 265

accuracy of, 265
advantages of, 265, 282
contraindications to, 265
disadvantages of, 265
equipment for, 266
indications for, 264–265
patient preparation for, 265–266
rebiopsy rate in, 265
technique for, 266, 266f, 283, 283f
three-dimensional, 283
vacuum-assisted, 266, 581

underdiagnosis of invasion by, 285
vacuum-assisted, 266, 280, 280f, 581
yield of breast cancer at, 286

Corticosteroids
for cancer pain, 687
for spinal metastasis, 648
teratogenicity of, 730

Cortisol, during pregnancy, mammary oncogenesis and,
719

Cowden syndrome, breast cancer in, 22, 35–36, 694t
Cranial nerve compression, in metastatic brain tumors,

636
Craniocaudal view, in mammography, 213, 213f–214f
Craniotomy, for metastatic brain tumors

nonstereotactic, 640
stereotactic, 640–641, 641f

Cribriform carcinoma of breast, 112–113
clinical features of, 112–113
pathology of, 113, 113f
vs. adenoid cystic carcinoma, 123

Cribriform pattern, adenoid cystic carcinoma with,
122–123, 122f

Cryoablation, 576–578, 577f
Culpable conduct, in malpractice, 789
Cyclin(s), 19, 19f, 34
Cyclin D oncogene

function of, 22, 23f
in breast cancer, 22, 23f

Cyclin D1, 34
Cyclin D–CDK-4 complexes, 153, 153f
Cyclin E, 153
Cyclin-dependent kinases, 19, 19f, 34
Cyclooxygenase-2 (COX-2)

in breast cancer development, 66–67
inhibitors of, chemoprevention with, 67

Cyclophosphamide
with doxorubicin, 601
with doxorubicin, 5-fluorouracil, and tamoxifen,

429–430
with doxorubicin and docetaxel, 604
with doxorubicin and 5-fluorouracil, 429, 601,

741–742
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Cyclophosphamide (Continued)
with epirubicin and 5-fluorouracil, 601
with methotrexate and 5-fluorouracil, 543–544,

741–742
CYP17 gene mutation, male breast cancer risk and, 738
Cyst, breast. See Fibrocystic breast disease.
Cystosarcoma phyllodes. See Phyllodes tumor,

malignant.
Cytogenetics, molecular, 149
Cytokeratin immunostain

for diagnostic subtyping of carcinoma in situ, 384
in metastatic lobular cancer, 104, 104f
in sentinel lymph node metastasis, 139, 139f, 142f

Cytomegalovirus retinitis, 657
Cytospin method of specimen preparation, in fine-

needle aspiration biopsy, 273

“Dab” smearing technique, in fine-needle aspiration
biopsy, 273, 273f

Daunorubicin, liposomal, for metastatic breast cancer,
601–602

DDE, breast cancer risk and, 8
Death

appropriate settings for, 688
confronting, 767–768
palliative care prior to. See Palliative care.

Deep inferior epigastric artery, 477–478, 478f
Deep inferior epigastric artery perforator flap breast

reconstruction, 489, 489f
Deep superior epigastric artery, 477, 478f
Defense mechanisms, after diagnosis of breast cancer,

764–765
Denial, breast cancer and, 764–765
Dense breast tissue

magnetic resonance imaging of, 297, 297f, 299f
ultrasonography of, 247, 252, 252f–256f

Depot medroxyprogesterone acetate (DMPA), breast
cancer risk and, 54

Depression, breast cancer and, 762, 765–767
Dermal lymphatics, in inflammatory breast cancer, 124,

124f, 703, 703f
Desmoid breast tumor, mammography of, 216f, 239,

240
Desmoplastic stromal response

in invasive breast cancer, 146, 146f
in invasive duct cancer, 98–99, 99f
molecular pathology assays and, 158–159

Desquamation, moist, after radiation therapy, 522
Developmental biology of breast cancer, 27–38
DHEA (dehydroepiandrosterone), chemoprevention

with, 67
Diabetic fibrous breast disease, 196
Diabetic mastopathy, ultrasonography of, 260, 261f
Diabetic women

breast reconstruction in, 463, 479
clinical assessment in, 195–196

Diagnosis of breast cancer. See also Clinical assessment;
Screening tests for breast cancer.

genetic testing after, 694
in contralateral breast, 558–560, 559f, 559t, 560t
magnetic resonance imaging for, 292–301. See also

Magnetic resonance imaging (MRI).
mammography for, 211–244. See also

Mammography.
medicolegal issues in, 787–793
needle biopsy for, 271–289. See also Core needle

biopsy; Fine-needle aspiration biopsy.
nursing care after, 777–785
patient information gathering after, 777–778, 785
positron emission tomography for, 301–304
pregnancy after, 46
proto-oncogenes and, 316
psychological responses to, 764–765
psychological stresses prior to, 764
timing of treatment after, 777
ultrasonography for, 247–268. See also

Ultrasonography.
Diet

during chemotherapy, 781
for prevention of breast cancer, 61–62

Digital imaging, in stereotactic core needle biopsy, 281,
282

Digital mammography, full-field, 212



Dilation and curettage, in abnormal vaginal bleeding,
751

DNA analysis
of ploidy status, 147
of S-phase fraction, 147
treatment decisions and, 356, 361–362

DNA damage, radiation-induced, 499
DNA mutation, in breast cancer, 15
DNA repair, after radiation therapy, 500
DNA repair genes, in breast cancer, 35
DNA repair system, 19–20, 19f
Docetaxel

for metastatic breast cancer, 603–604
neoadjuvant, for locally advanced breast cancer, 569,

570t
with capecitabine, 605
with cyclophosphamide and doxorubicin, 604
with doxorubicin, 604
with trastuzumab, 609, 610t

Documentation, risk management and, 791–792
Dose-dense regimens, in adjuvant chemotherapy, 546,

546f
Doxorubicin

adjuvant, 544–545
cardiotoxicity of, 601, 602
for metastatic breast cancer, 601
liposomal

for metastatic breast cancer, 601–602
with trastuzumab, 609, 610t

neoadjuvant, for locally advanced breast cancer,
569–570, 569t

teratogenicity of, 730
with cyclophosphamide, 601
with cyclophosphamide, 5-fluorouracil, and

tamoxifen, 429–430
with cyclophosphamide and docetaxel, 604
with cyclophosphamide and 5-fluorouracil, 429, 601,

741–742
with docetaxel, 604
with paclitaxel, 603

Drain care, postoperative, nursing instructions on, 783,
783f, 783t

Duct carcinoma of breast
benign simulators of, radiographic, 240, 241f–243f
histologic grading of, 99, 99t, 100f
incidence of, 4
magnetic resonance imaging of, 294f, 295f
mammography of, 226, 226f–230f
metastatic, 103–104, 105f
microinvasive, 107, 107f
on core needle biopsy, 279f, 284
Paget’s disease of nipple with, 700
pathology of, 98–99, 99f
subtypes of, with benign sonographic features,

258–259, 258f–259f
Duct extension, in ultrasonography, 257, 257f
Ductal carcinoma in situ, 386–398

bilateral breast cancer risk in, 561
breast conservation surgery for, 391, 391t, 413–416

clinical outcome of, pathologic determinants of,
89–91, 89f–93f

effectiveness of, 513–514
excision site management in, 392
impact of multicentricity and multifocality on, 414
incisions for, 418
operative specimen handling in, 392–393
postbiopsy mammography in, 391
recurrence after, 414–415
selection criteria for, 512–513, 513t
surgical approach to, 415–416
surgical margins in, 391–392
with radiotherapy, 92–94, 393, 393t, 415, 512–515,

513t
without radiotherapy, 394–396, 394t, 397

classification of, 388
clinical, significance of, 387
comedo

on fine-needle aspiration biopsy, 278, 287
on mammography, 222, 222f, 224f

detection of, 88–89
diagnosis of, histopathologic dilemma in, 387–388
extending into lobules, vs. lobular carcinoma in situ

extending into ducts, 383–384
follow-up of, 583–584, 584t
heterogeneity in, 93f

Ductal carcinoma in situ (Continued)
histologic features of, 81f
hormonal therapy for, 397
in nipple epidermis. See Paget’s disease of nipple.
incidence of, 5
mastectomy for, 389, 391, 416
microcalcification in, 92f, 222, 222f–225f, 224
microscopic considerations in, 388
nuclear grading for, 86t, 89, 89f
on core needle biopsy, 279, 279f, 284
on mammography, 222–224, 222f–225f

surgical approach to, 415–416
pathology of, 89–94, 89f–93f
presenting as nipple discharge, 389–390
radiation therapy for, 92–94, 393, 393t, 415, 512–515
recurrence of

age and, 91, 396
criteria for predicting, 396–397, 396t
nuclear grade and, 583
treatment of, 397–398

screen-detected, 177
sentinel lymphadenectomy for, 432
subclinical, 387

axilla management in, 393
diagnosis of, 390
treatment options for, 390

tamoxifen for, 397, 583–584
threat to life from, 398
treatment of, 388–398

goal of, 391
hormonal, 397
initial experience in, 386
options for, 512
pathology practice and, 91–94
prognostic index and, 396–397, 396t
reasons for reassessment of, 386–387

Van Nuys Prognostic Index for, 89–90, 89t, 90t
vs. atypical ductal hyperplasia, 77, 78t, 82–83,

387–388, 397
Ductal hyperplasia, atypical

core needle biopsy of, 284, 284f, 285
histologic definition of, 79–80, 80f, 81f
incidence of, 80
surgical excision of, 411
vs. ductal carcinoma in situ, 77, 78t, 82–83, 387–388,

397
Ductal lavage

for detection of atypical ductal hyperplasia, 695
for early detection of breast cancer, 146
in clinical assessment, 200–201

Duty
breach of, 788
proof of, 788

Dyes, for sentinel lymphadenectomy, 426–427
Dyson, W. H., 347–348

Early Breast Cancer Trialists’ Collaborative Group, 538
Early detection of breast cancer

molecular pathology assays for, 145–146
surveillance strategies for. See Follow-up; Screening

tests for breast cancer.
E-cadherin immunohistochemistry

for diagnostic subtyping
of carcinoma in situ, 384
of invasive breast cancer, 284

in lobular carcinoma, 157, 157f
in pleomorphic lobular carcinoma in situ, 87–88, 88f

E-cadherin mutation, in breast cancer, 22, 23f, 30–31,
30f

Eczema, of nipple, 205f, 699, 700f
Edema

of breast
after radiation therapy, 522
in clinical breast examination, 186, 189f
in inflammatory breast cancer, 702
postoperative, 262, 447

of lymph node. See Lymphedema.
EGFR oncogene, 22, 23f
Elderly women

adjuvant therapy for, 545
clinical assessment in, 195
treatment of breast cancer in, 366–367

Electric blanket use, breast cancer risk and, 8
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Electrocautery, in breast conservation surgery for
nonpalpable carcinoma, 418

Electromagnetic fields (EMFs) exposure, breast cancer
risk and, 8, 63

Electromagnetic radiation, 500
Ellipse mastectomy incision, 463, 463f
Ellipsoid shape, as benign feature on ultrasonography,

258, 258f
Emboli, tumor, in dermal lymphatics, 124, 124f
Embolization, of spinal metastasis, 646–647
Endocrine carcinoma of breast, 121, 121f
Endocrine therapy. See Hormonal therapy.
Endocrine-disrupting chemicals, breast cancer risk 

and, 8
Endometrial biopsy, in abnormal vaginal bleeding, 751
Endometrial cancer

family history of, breast cancer risk and, 9
screening for, in hormonal therapy, 588–589, 753
tamoxifen-associated, 620, 750

Endoscopy, breast, in clinical assessment, 201
Endothelial cell antigens, assays for, 159
Enlarged lobular units with columnar alteration

(ELUCA), 82
Enucleation, for ocular metastasis, 660
Environment

and oncogenesis of breast cancer, 15, 16f
and risk of breast cancer, 8–9

Environmental exposure modification, for prevention
of breast cancer, 63

Enzymes, in breast cancer, 158
Eosinophilia, in apocrine carcinoma, 116, 116f
Epidemiology of breast cancer, 3–12, 333. See also

Incidence of breast cancer; Risk of breast cancer.
Epidermal growth factor, during pregnancy, mammary

oncogenesis and, 719
Epidermal growth factor receptor, in breast cancer, 150,

150f, 151
Epidermal growth factor receptor–tyrosine kinase

inhibitors, for metastatic breast cancer, 612
Epirubicin

for metastatic breast cancer, 601
with cyclophosphamide and 5-fluorouracil, 601
with paclitaxel, 603

Error in judgment, in malpractice, 789
Erythema

in clinical breast examination, 186, 189f
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topical, for menopausal symptoms, 748
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functions of, 42, 43f
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in metastatic breast cancer, 595–596

clinical uses of, 42–43
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treatment decisions and, 361, 619t
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Ewing, James, 346
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adjuvant, 375, 542–543, 543t
chemoprevention with, 66, 66t
for metastatic breast cancer, 624, 625t
structure of, 622, 622f
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breast cancer risk and, 9, 53
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Experimental studies, of pregnancy-associated breast
cancer, 719
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management of patients with, 368–369, 368t
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and radiation therapy, 520
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on pregnancy-associated breast cancer risk, 718
on treatment of breast cancer, 367

Farnesyl transferase inhibitors, for metastatic breast
cancer, 612

Fascial layers, of breast, 403–404, 403f
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dietary, breast cancer risk and, 61–62
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fine-needle aspiration biopsy of, 277, 277f
mammography of, 240, 243f
ultrasonography of, 260, 261f, 262–263, 263f

Fatigue, after radiation therapy, 522
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Fenretinide, chemoprevention with, 66
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489f
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Fos transcription factor, in breast cancer, 152
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429–430
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Galactorrhea, endocrine causes of, 205–206
Galen, 333
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cancer, 632
Gamma knife radiosurgery, for metastatic brain tumors,

642, 642f, 679
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with trastuzumab, 611
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clinical potential of, 149
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treatment decisions and, 363

General anesthesia, during pregnancy, 726–727, 727t
Generalized seizure, in metastatic brain tumors, 636
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Goserelin, for metastatic breast cancer, 627
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clinical characteristics of, 208
mammography of, 239

Growth factor(s), during pregnancy, mammary
oncogenesis and, 719

Growth factor pathway, in breast cancer, 46, 46f,
150–152, 150f, 316

Growth hormone
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in pubertal mammary gland development, 28, 29f
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Gynecologic management in breast cancer, 747–756
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Hair loss, after chemotherapy, 781
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Handley, William Sampson, 342, 342f
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(HIPAA), 326, 773–774
Health insurance reforms, 774
Heidenheim, Lothar, 339
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for metastatic breast cancer, 608
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metastasis, 139, 139f, 142f
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Hemipelvis, pathologic fracture of, 672, 674f
Hemorrhage, postmastectomy, 448
Hemorrhagic necrosis, in angiosarcoma, 129, 129f
Hemostasis, in breast conservation surgery, 418
HER genes, in breast cancer, 31–32
Herceptin. See Trastuzumab.
Hereditary breast cancer. See Familial breast cancer.
HER-2/neu (c-erbB-2)

as prognostic indicator, 316
function of, 22, 23f
in breast cancer, 22, 23f, 46–47, 150, 150f, 151, 362
in male breast cancer, 741
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Heterologous metaplasia, 118–119, 118f
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Heterozygosity, loss of, and oncogenesis of breast
cancer, 18, 18f
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High-risk patients
chemoprevention for, 696
evaluation of, 695
follow-up of, 325–326
lifestyle modification for, 696
management strategies for, 58, 59t, 695–697
ovarian cancer surveillance for, 696–697
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surveillance strategy for, 695–696
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incidence of, 6, 7f
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with, 67
HMG CoA reductase inhibitors, chemoprevention with,

67
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radiation therapy for
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breast cancer after, 705–706, 706f

treatment of, breast cancer risk after, 183–184
Homer needle localization system, 220
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adjuvant, 374–375, 540–542, 569
chemoprevention with, 63–67
follow-up after, 588–589
for bone metastasis, 670
for breast cancer, development of, 348, 349–350, 618
for ductal carcinoma in situ, 397
for locally advanced breast cancer, 569–570
for male breast cancer, 741
for metastatic breast cancer, 618–628, 619t
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combination, 628
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surgical, 627
tumor flare response to, 628
with chemotherapy, 628
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mechanisms of action of, 618, 619t
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nursing instructions on, 780–781
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assays of, 155–156, 155f, 155t
in breast cancer, 42–43
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prognostic significance of, 315
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Hyperthermic tumor ablation, preoperative, 579
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Hypophysectomy, for metastatic breast cancer, 627
Hypopyon, tumor-related, 657, 657f
Hypoxia-inducible transcription factor, in breast cancer,
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metaplastic, 117–119, 117f, 118f
micropapillary, 116–117, 117f
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mammography of, 226, 230, 232f
metastatic, 103–104, 104f, 105f
on core needle biopsy, 279, 279f, 284–285
on fine-needle aspiration biopsy, 278–279, 279f
pathology of, 100–103
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ultrasonography of, 259, 259f

Lobular hyperplasia, atypical
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management of, 86
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as precursor lesion, 85–86
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575–581
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Long thoracic nerve, 409f, 410
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Luteinizing hormone (LH), estrogen production and,
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definition of, 710
follicular, 131
malignant, 129–131

clinical features of, 130
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diagnostic, 364–365, 364f, 365f
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algorithm for management of, 742f
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development of
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effectiveness of, 171
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effectiveness of, 171
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of desmoid breast tumor, 216f, 239, 240
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surgical approach to, 415–416
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of inflammatory carcinoma, 236, 238, 238f, 239f
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of unusual breast tumors, 239
parenchymal pattern on, breast cancer risk and, 54
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sensitivity of, 217–218
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for ductal carcinoma in situ, 391–392
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procedure for, 68
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complications of, 446–448
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modification of, 347–348
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chemotherapy and, 526
diagnosis of, 449, 449f
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incidence of, 448–449
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incisions for, 441–442, 442f
indications for, 441
with axillary dissection, 444–445, 445f

von Volkmann, 338–339, 340
vs. breast conservation surgery, 350–351, 350f, 351f
vs. breast conservation surgery with radiation
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in tumorigenesis, 36
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in pregnancy-associated breast cancer, 732

Mediolateral oblique view, in mammography, 212–213,
213f

Medroxyprogesterone acetate, breast cancer risk and,
54

Medullary carcinoma of breast, 113–114
atypical, 113, 114
clinical features of, 113
mammography of, 233, 234f, 235
on core needle biopsy, 284
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Mucosa-associated lymphoid tissue lymphoma, 131
Multicentricity

bilateral breast cancer risk and, 561–562
breast conservation surgery and, 414, 502–503, 517

Multifocality, breast conservation surgery and, 414, 517
Multimodal treatment of breast cancer, 355–376

evolution of, 348–349
for locally advanced breast cancer, 568–572,
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of nonpalpable carcinoma, preoperative, 416–417,

417f
systems for, 220, 221f
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with doxorubicin, 603
with epirubicin, 603
with gemcitabine, 604
with radiation therapy, for locally advanced breast

cancer, 572
with trastuzumab, 572, 609, 610t

Paget, James, 336–337
Paget’s disease of nipple, 205f, 699–702

biopsy for, 412
clinical presentation in, 699, 700f
histologic features of, 700, 700f
origin of, 94, 699
pathology of, 94–95, 94f
treatment of, 94–95, 389, 700–702, 701t

Pain
after axillary dissection, 448
in bone metastasis, 669–670, 676–677, 678
in breast cancer, 684–688

acute vs. chronic, 685
assessment of, 685–686
causes of, 685t
physiologic types of, 686, 686t
significance of, 685

in clinical history, 182
in inflammatory breast cancer, 702
in spinal metastasis, 645
management of, 686–688

adjuvant analgesics in, 687
approach to, 686–687, 686f
interventional strategies in, 687
nonpharmacologic, 687–688
radiation therapy for, 669–670, 676–677, 678
radionuclide therapy for, 678

Palliative care, 684–689
and advanced care planning, 688–689
goals of, 684–685
initiation of, 688
pain management in, 684–688
radiation therapy in, 680–681
settings for, 688
symptoms during, 688

Palliative sedation, 688

Palpable breast mass
core needle biopsy for

diagnostic accuracy of, 271–272, 272f
role of, 279–280, 279f

during pregnancy or lactation, 723–725, 724f
fine-needle aspiration biopsy for

aspiration technique in, 272
diagnostic accuracy of, 271–272
diagnostic pitfalls in, 287–288, 287t

in clinical breast examination, 191–192
mammography of, rationale for, 217, 217f
ultrasonography of, 247, 248f–252f

Palpable carcinoma, breast conservation surgery for,
422–423

Palpation
in clinical breast examination, 189, 190f, 191, 191f
in diagnosis of bilateral breast cancer, 558–559

Pamidronate
adjuvant, 550
for hypercalcemia in metastatic breast cancer, 632
for metastatic breast cancer, 613

Pancoast, Joseph, 337–338
Pap smears, in breast cancer patients, 750
Papillary carcinoma. See also Micropapillary carcinoma.

intracystic, 706–707
mammography of, 235, 235f
on fine-needle aspiration biopsy, 278
ultrasonography of, 259, 259f

Papillary lesions
benign, clinical characteristics of, 206
on core needle biopsy, 276, 277f, 286
on fine-needle aspiration biopsy, 276–277, 276f
surgical excision of, 411–412

Papilloma
intraductal

nipple discharge in, 204, 204f
solitary, 206

multiple peripheral, 206
Papillomatosis

juvenile, 207
of nipple, 205, 205f

Paracrine pathways, in breast cancer, 32, 46
Paraneoplastic syndromes, ocular, 658
Parathyroid hormone–related peptide, in mammary

gland embryonic development, 27–28, 28f
Paré, Ambrose, 333
Parity, breast cancer risk and, 5, 15, 44, 52
Particulate radiation, 500
Patey, David H., 347–348
Pathologic fracture. See Fracture, pathologic.
Pathology. See also Molecular pathology assays for

breast cancer.
of atypical hyperplasia, 77–83
of in situ breast cancer, 85–95
of invasive breast cancer, 98–109
of male breast cancer, 740–741
of regional lymph nodes, 137–143
of special forms of breast cancer, 111–132

Patient-physician relationship
in malpractice, 788
risk management and, 792–793

Paul of Aegina, 333
P-cadherin mutation, in breast cancer, 31
PCBs, breast cancer risk and, 8
Peau d’orange, in inflammatory breast cancer, 702, 702f
Pectoral nerves, 408, 409f, 410

injury to, in axillary dissection, 448
Pectoralis major muscle

excision of, in radical mastectomy, 339
transection of, in tissue expansion implant breast

reconstruction, 466, 467f, 468
Pegylated liposomal doxorubicin, for metastatic breast

cancer, 602
Pelvic organ prolapse, selective estrogen receptor

modifier–associated, 755
Percutaneous tumor excision, 580–581
Percutaneous ultrasound-guided biopsy, 264–268,

282–283. See also Core needle biopsy, ultrasound-
guided; Fine-needle aspiration biopsy, ultrasound-
guided.

Perforator flap breast reconstruction, deep inferior
epigastric artery, 489, 489f

Periareolar fistula, 204, 204f
Periareolar mastectomy incision, 463, 463f
Perillyl alcohol, chemoprevention with, 67
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Peripheral neural blockade, for pain management, 687
Peritoneal cancer

risk-reducing surgery for, 749–750, 750f
surveillance for, in high-risk patients, 749

Peritoneal papillary serous carcinoma, after bilateral
salpingo-oophorectomy, 750

Peroxisome proliferator–activated receptor (PPAR)
gamma, chemoprevention with, 67

Petit, Jean Louis, 335–336, 335f
Peutz-Jeghers syndrome, in breast cancer, 36
Phantom breast phenomenon, 448
Photocoagulation, laser, for ocular metastasis, 659–660
Photoelectric process, in ionizing radiation, 500–501,

501f
Phyllodes tumor, 124–127

benign, 125, 126f
borderline, 125, 126f
clinical features of, 124–125
in clinical assessment of men, 195
malignant, 125–126, 126f–127f

clinical presentation in, 708
mammography of, 235–236, 236f
pathology of, 709
recurrence of, 708, 708t
treatment of, 709

pathology of, 125–126, 125f–127f
rebiopsy of, 265

Physical activity
breast cancer risk and, 9, 53
for prevention of breast cancer, 61

Physical breast examination
effectiveness of, 171
randomized clinical trial results of, 172, 172t

Physical therapy, after axillary dissection, 439
Physician, as witness, 792
Physician-patient relationship, 765

in malpractice, 788
risk management and, 792–793

Pituitary gland, metastasis to, 637
Placenta

growth factors produced by, mammary oncogenesis
and, 719

metastasis to, in pregnancy-associated breast cancer,
731–732

Platinum compounds, with trastuzumab, 609–610, 611t
Pleomorphic invasive lobular cancer, 101, 102f, 103
Pleural effusions, malignant, 663–664
Pleurectomy, for malignant pleural effusions, 664
Pleurocentesis, for malignant pleural effusions, 663
Pleurodesis

failed, management of, 663–664
for malignant pleural effusions, 663, 664

Pleuroperitoneal shunting, for malignant pleural
effusions, 663

Plevritis growth model, for breast cancer, 356
Pneumonitis, after radiation therapy, 522
Pneumothorax, postmastectomy, 448
Poland’s syndrome, 185, 401
Polymastia, 401
Polymerase chain reaction, 148

reverse transcriptase, 139–140, 148
Polymorphisms, in breast cancer susceptibility, 36
Polythelia, 401
Positron emission tomography (PET), 301–304

computed tomography and, fusion imaging
technology for, 303–304

diagnostic, 364
for evaluation of disease extent, 302–303, 303f
novel tracers for, 303
of isolated axillary lymph node metastasis, 705
of metastatic breast cancer, 313, 314, 597
screening, 301–302

Postoperative care, nursing instructions on, 780, 783,
783f, 783t, 785

Poverty, breast cancer and, 772
Pregnancy

after diagnosis of breast cancer, 46
after treatment of breast cancer, 732–733
anesthesia during, 726–727, 727t
as contraindication to breast radiotherapy, 502
as contraindication to breast surgery, 717
benign lesions during, 719–721, 720f, 721f
breast biopsy during, 723–725, 724f
breast cancer associated with

benign lesions mimicking, 719–721, 720f, 721f
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bilaterality in, 718
BRCA gene mutations and, 718
clinical assessment of, 194
clinical presentation in, 721
definition of, 717
diagnosis of, 721–725, 723f, 724f
ethical, psychosocial, and legal issues in, 732
experimental studies of, 719
family history and, 718
histologic forms of, 725
hormone receptor status of, 730–731
incidence of, 717–718
metastatic spread to placenta of, 731–732
prognosis in, 731
staging of, 727–728
termination of pregnancy for, 725–726
treatment of, 367, 726–732

breast cancer risk and, 59
breast conservation surgery during, 728–729
chemotherapy during, 729–730
first-full-term, age at, breast cancer risk and, 5, 14, 44,

52
imaging studies in, 722, 723f
nipple discharge during, 194

bloody, 721
physiologic changes in breast during, 718–719
radiation therapy during, 728
sentinel lymph node biopsy during, 729
termination of, for pregnancy-associated breast

cancer, 725–726
Prevention of breast cancer, 58–70, 69t

chemopreventive agents for, 63–67, 696
environmental exposure modification for, 63
in high-risk populations, 58, 59t, 695–697
lifestyle modification for, 61–63, 696
removal of target organ for, 67–69, 696
reproductive and hormonal modification for,

58–61
selective estrogen receptor modifiers for, 753–754

Primary chemotherapy. See Chemotherapy,
neoadjuvant.

Proangiogenic factors, in breast cancer, 37
Progesterone receptor

assays of, 155, 155t
in breast cancer, 32, 43

Progesterone receptor status
as prognostic marker, 315
hormonal therapy and, 618–619, 619t
in male breast cancer, 741
in pregnancy-associated breast cancer, 730–731
treatment decisions and, 361

Progestins. See also specific agents, e.g., Megestrol
acetate.

for metastatic breast cancer, 625t, 626–627
Progression of breast cancer

biological concepts in, 149–150, 150f
hormonal influences on, 42–47
mammary stem cells in, 32–33
models of, 23, 23f
psychosocial differences in, 762

Prolactin, during pregnancy, mammary oncogenesis
and, 719

Proliferating cell nuclear antigen (PCNA), 152
Proliferation, cell

during irradiation, 500
in breast cancer, 15

assays of, 152, 152f, 361–362
prognosis and, 315–316

postmenopausal, 52
premenopausal, 51–52, 51t, 52f

Proliferation markers, in breast cancer, 152, 152f
Proliferative fibrocystic disease

clinical characteristics of, 201, 202
on fine-needle aspiration biopsy, 273–274, 275f

Proof of duty owed, in malpractice, 788
Prophylactic surgery. See also Mastectomy, bilateral

prophylactic; Mastectomy, contralateral
prophylactic; Oophorectomy.

in carriers of BRCA gene mutations, 326
in high-risk patients, 749–750, 750f

Prostate cancer
family history of, breast cancer risk and, 9
screening for, in carriers of BRCA gene mutation,

326

Prosthesis
breast, selection of, 782
for pathologic fractures, 671

Prosthetic grafts, for chest wall reconstruction, 665
Proteomics, treatment decisions and, 363
Proto-oncogenes, and diagnosis of breast cancer, 316
Proximal femur, pathologic fracture of, 671–672, 672f,

673f
Proximate cause, in malpractice, 789
Pseudocapsule, as benign feature on ultrasonography,

258, 258f
Psoriasis of nipple, 205f
Psychological disorders, in breast cancer patients,

765–767
Psychosocial issues, 761–774

belief systems and, 768–769
biopsychosocial model for, 761
body image and, 762–763
ethnic differences in, 771–772
in confronting death, 767–768
in genetic counseling, 324, 326
in pregnancy-associated breast cancer, 732
in reactions to diagnosis of breast cancer, 764–765
in recurrent breast cancer, 768
in surgery for breast cancer, 410
in workplace, 773–774
long-term, 769
personal, 762–769
prior to definitive diagnosis of breast cancer, 764
progression of breast cancer and, 762
psychological distress and, 765–767
relationship to body and, 762–763
relationship to community and, 771
relationship to family and, 769–771
relationship to physician and, 765
religion and, 772–773
sexuality and, 763–764
socioeconomic status and, 772
support groups and, 767

Psychotherapy, for breast cancer patients, 766
PTEN gene mutation

breast cancer and, 22, 23f, 35–36, 320
male breast cancer risk and, 738

Pulmonary disorders, treatment decisions and, 365–366

Quadrantectomy. See Breast conservation surgery.
Quality assurance, in radiation therapy, 512
Quality of life

and psychosocial adaptation to breast cancer,
761–774

for breast cancer survivors, improvement of, 375–376

Racial/ethnic differences
in detection and treatment of breast cancer, 771–772
in incidence of breast cancer, 3, 6–7, 6f, 7f, 53

Radial scar
mammography of, 240, 241f–242f
on core needle biopsy, 287
surgical excision of, 412
tubular carcinoma vs., 112
ultrasonography of, 260, 260f

Radiation exposure
breast cancer and, 8, 15, 63, 705–706, 706f
checkpoint pathway induced by, 19–20, 19f
male breast cancer risk and, 737

Radiation necrosis, chest wall reconstruction for, 664
Radiation risk, from mammography, 177–178, 178t
Radiation sensitivity

cell cycle and, 499
variables affecting, 500

Radiation therapy, 499–527
acute effects of, 522
adjuvant chemotherapy with, 500

and local recurrence after breast conservation
surgery and radiation therapy, 520

cosmetic result and, 525
timing of, 548–549

after breast conservation surgery
angiosarcoma of breast after, 440–441, 441f
boost dose in, 508–509, 508f–509f, 518
contraindications to, 502–503, 502t
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Radiation therapy (Continued)
cosmetic result with, 524–525, 524f
for ductal carcinoma in situ, 92–94, 393, 393t, 415,

512–515, 513t
for invasive breast cancer, 515–522

effectiveness of, 515–516, 515t
local recurrence after, 516, 518, 519–521,

585–586
selection criteria for, 516–517
timing of, 519–520
volume of, 518
with extensive intraductal component, 517–518

margin status and, 517
multicentricity/multifocality and, 517
nodal status and, 521
second breast cancer after, 706
timing of, 503
treatment planning for, 503–507, 504f–507f, 508f,

509
volume considerations in, 509–511, 510f–511f
vs. mastectomy, 350, 351f, 515–516, 515t

after mastectomy, 525–527
for locally advanced breast cancer, 571
indications for, 372–373, 372t
locoregional recurrence and, 525–526
reassessment of role of, 526–527
regional nodes in, 527
survival rate and, 527

beam fields used in, 505, 506f
biological considerations in, 499–500
brachytherapy implant techniques in, 508–509,

510–511, 511f, 518–519, 519f
breast reconstruction technique and, 463
breast-feeding after, 733
computed tomography scan simulation in, 503, 504f,

505, 506f, 507f
contraindications to, 502–503, 502t
DNA damage from, 499
dose fractionation in, 499–500

for pain relief, 676–677
during pregnancy, 728
effects of, on breast cancer markers, 161
for bone metastasis, 669–670, 676–677, 678
for brachial plexopathy, 681
for brain metastasis, 642, 678–679
for ductal carcinoma in situ, 92–94, 393, 393t, 415,

512–515
for Hodgkin’s disease

bilateral breast cancer risk and, 561
breast cancer after, 705–706, 706f

for locally advanced breast cancer, 571, 572
for male breast cancer, 741
for metastatic breast cancer, 676–683

bisphosphonate use and, 677–678
in limited metastatic disease, 682–683
pain relief from, 676–677
palliative role of, 680–681

for ocular metastasis, 660, 681
for pain management, 669–670, 676–677, 678
for recurrent breast cancer, 449, 450, 681–682
for spinal metastasis, 648, 648t, 680–681
hemibody, for widespread bone metastasis, 678
immobilization device in, 503, 504f, 505f
in combination with chemotherapy, for locally

advanced breast cancer, 572
in multimodal therapy, 349
intensity-modulated, 507, 508f, 510, 519
intraoperative, 519
introduction of, 344, 344f
late effects of, 522–527
linear accelerators in, 501–502, 501f, 507–508
low LET vs. high LET, 499
megavoltage, 501–502, 501f, 507–508
nursing instructions on, 779
oxygen and, 500
partial-breast, 509–511, 511f, 518–519, 519f
patient experience during, 511–512
physical considerations in, 500–502
postoperative

for axillary metastasis with occult primary site,
705

for breast angiosarcoma, 710
for breast sarcoma, 709
for inflammatory breast cancer, 704
for Paget’s disease of nipple, 701
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for pathologic fractures, 671
lymphedema of arm after, 446–447, 522

precision in, 512
preoperative, for breast angiosarcoma, 710
previous history of

as contraindication to breast radiotherapy, 502
bilateral breast cancer risk and, 561
breast cancer and, 705–706, 706f
treatment decisions and, 367

primary, advances leading to, 346–347, 347f
quality assurance in, 512
regional nodal, 509, 510f, 521, 522
response to, molecular pathology assays for

predicting, 160
sarcoma after, 127–129, 197
second malignancies after, 523–524
slant board in, 503–504, 504f, 505f
technical aspects of, 503–512, 504f–511f
time-dose-volume relationships in, 499–500
tissue healing after, 500
treatment devices in, 505–507, 507f
whole-brain

for brain metastasis, 642, 678–679
with radiosurgery, 680

whole-breast, with axillary dissection, 705
Radical mastectomy

extended, 345, 345f
Halsted’s approach to, 339–341, 339f, 340f, 342–343
Meyer’s approach to, 341, 341f
modification of, 347–348
modified

during pregnancy, 726–727
for axillary metastasis with occult primary site, 705
for inflammatory breast cancer, 704
for intracystic papillary carcinoma, 707

permanent withdrawal from, 348, 349f, 445–446
skepticism about, evolution of, 343, 345–346

Radiofrequency ablation, 575–576, 576
Radiography

chest, 313, 313t
after breast cancer treatment, 586
during pregnancy, 727
for detection of metastatic disease, 551

of bone metastasis, 666–667, 667f
of spinal metastasis, 645, 646f
specimen

correlation between preoperative mammography
and, 224, 226, 226f

magnification, 420, 420f, 421f
Radioisotopes

for sentinel lymphadenectomy, 427
safety of, 431

Radionucleotides, systemic, for bone metastasis, 670,
678

Radioresponsiveness, 500
Radiosensitizers, for brain metastasis, 680
Radiosurgery, stereotactic

for brain metastasis, 641–642, 642f, 679–680
for metastatic brain tumors, 641–642, 642f

Raloxifene
adjuvant, 542
chemoprevention with

effectiveness of, 66, 66t
for high-risk patients, 696
rationale for, 64

development of, 350
effects of, 754–755
gynecologic effects of, 755–756
responsiveness to, estrogen receptor expression and,

29–30
Ras protein, overexpression of, in breast cancer, 150f,

151–152
Ras-raf-MAPK pathway, in metastatic breast cancer, 612
Rb gene, 22, 23f, 153
Reconstruction following breast cancer surgery. See

Breast reconstruction.
Rectus abdominis muscle, 477f
Rectus abdominis myocutaneous flap breast

reconstruction, after breast conservation therapy,
495

Recurrent breast cancer
after breast conservation surgery and radiation

therapy, 516, 518, 519–521
after mastectomy, 448–451, 585

Recurrent breast cancer (Continued)
chemotherapy and, 526
diagnosis of, 449, 449f
incidence of, 448–449
radiation therapy and, 525–526
treatment of, 449–451, 450f

chest wall reconstruction for, 664
clinical assessment of, 196, 196f, 197, 197f
in angiosarcoma, 710
in cystosarcoma phyllodes tumor, 708, 708t
molecular pathology assays for, 147
psychosocial issues in, 768
radiation therapy for, 681–682
risk of

assessment of, 547–548
treatment decisions and, 356–357

timing of, 585
Recurrent ductal carcinoma in situ

age and, 91, 396
criteria for predicting, 396–397, 396t
nuclear grade and, 583
treatment of, 397–398

Reduction mammoplasty, contralateral, 494, 560, 564,
564f

Referral, risk management and, 792
Reflex changes, in spinal metastasis, 645
Regaud, Claude, 344
Regional lymph nodes

in TNM staging system, 310t, 311–312, 311t
irradiation of, 509, 510f, 521, 522
pathology of, 137–143

Rehabilitation
in bone metastasis, 675
postoperative, nursing instructions on, 783, 784f, 785

Reifenstein syndrome, breast cancer in, 22
Religion, breast cancer and, 772–773
Renal cell carcinoma, metastatic, 237f
Renal toxicity, of bisphosphonates, 613
Reproductive factors

breast cancer risk and, 5, 15, 44, 49–52, 50t
impact of family history on, 45
racial/ethnic differences in, 7

modification of, for prevention of breast cancer,
58–61

Restaging of breast cancer, 316
Retina

detachment of, in choroidal metastasis, 656
metastasis to, 657

Retinal pigment epithelium, changes in, in choroidal
metastasis, 656

Retinitis, 657
Retinoblastoma, Knudson’s tumor suppressor

hypothesis of, 17, 18f
Retinoids, chemoprevention with, 66
Retinopathy, carcinoma-associated, 658
Reverse transcriptase polymerase chain reaction 

(RT-PCR), 148
in sentinel lymph node metastasis, 139–140

Rheumatologic disorders, treatment decisions and,
366

Rib fracture, after tissue expansion implant breast
reconstruction, 471

Risk management, 791–793. See also Malpractice.
Risk of breast cancer, 49–55, 50t, 693–697

abortion and, 44
after atypical hyperplasia, 77–79, 78f, 78t, 79f,

201–202, 695
after benign breast disease, 53–54
after lobular carcinoma in situ, 695
age and, 49, 50f
age at first birth and, 5, 15, 44, 52
age at menarche and, 15, 44, 52
age at menopause and, 15, 44, 49–51, 50t
alcohol consumption and, 8–9
breast-feeding and, 44, 53, 59–60
classification of, 58, 59t
diet and, 61–62
environmental influences on, 8–9
estimation of, 10, 10t, 322–323, 322t, 693–694
exercise and, 9, 53
family history and, 9, 9t, 53, 183, 319–321
Hodgkin’s disease and, 183–184
hormonal influences on

endogenous, 9–10, 44
exogenous, 5, 44–45, 44f
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hormone replacement therapy and, 4, 5, 54–55,

60–61, 182–183
lifetime, in carriers of BRCA gene mutations, 22
mammographic parenchymal pattern and, 54
obesity and, 53
parity and, 5, 15, 44, 52
reproductive factors and, 5, 15, 44, 49–52, 50t

impact of family history on, 45
racial/ethnic differences in, 7

statistical models for, 322–323, 322t, 693–694
Risk-reducing surgery. See also Mastectomy, bilateral

prophylactic; Mastectomy, contralateral
prophylactic; Oophorectomy.

in carriers of BRCA gene mutations, 326
in high-risk patients, 749–750, 750f

Rotter’s nodes, 406f, 407

Saline implant, deflation of, after latissimus dorsi
myocutaneous flap breast reconstruction, 476

Salpingo-oophorectomy, bilateral, 326, 749–750, 750f
Samarium 153, systemic, for bone metastasis, 670,

678
Sarcoma. See also specific type, e.g., Angiosarcoma.

breast, 708–710
after radiation therapy, 127–129, 197, 523
clinical features of, 127
clinical presentation in, 708–709
histologic features of, 709
mammography of, 239
pathology of, 128
treatment of, 709

uterine, tamoxifen-associated, 750–751
Scapula, winged, 410
Scar

abdominal, TRAM flap breast reconstruction and,
480

postoperative
mammography of, 240
ultrasonography of, 263, 264f

radial. See Radial scar.
Schinziger, Albert, 345
Scirrhous type invasive breast cancer, 98, 99f, 278
Scleroderma, and breast conservation surgery plus

radiation therapy, 503
Sclerosing adenosis, on core needle biopsy, 272f, 284
Screening tests for breast cancer, 171–179. See also

Follow-up.
adverse consequences of, 176–178
after adjuvant therapy, 550–551
at 40 to 49 years of age, 172–173, 173t, 177, 178t
at 75 years of age and older, 173
benefits of, 171–176
bias in, and measurement of benefits, 171–172
contralateral

and detection of second cancer, 558–561, 559f,
559t, 560t

MRI, 301, 302f
cost effectiveness of, 178–179
effectiveness of, 171
genetic. See Genetic testing.
guidelines for, 174, 174t
in carriers of BRCA gene mutations, 325
in high-risk patients, 695–696
mammographic. See Mammography.
molecular pathology assays as, 145–146
MRI, 171, 292, 293f–294f, 293t, 301
PET, 301–302
randomized clinical trial results of, 172, 172t,

173–174, 173t
service, in Scandinavia, 175–176, 175t
sonographic, 247, 252–253, 252f–256f
underestimation of benefits from, 173–174

Second malignancies
after radiation therapy, 523–524
risk of, 587
vs. metastatic breast cancer, 557–558, 558t

Secretory carcinoma, 120–121, 120f
Sedation, induced, 688
Segmental mastectomy. See Breast conservation 

surgery.
Seizure, in metastatic brain tumors, 636
Selection bias, in breast cancer screening, 171



Selective estrogen receptor modifiers (SERMs). See also
Raloxifene; Tamoxifen.

adjuvant, 540–543
breast cancer prevention with, 753–754
chemoprevention with, 63–66, 65t, 66t
development of, 349–350
gynecologic effects of, 751–756, 752f–753f
responsiveness to, estrogen receptor expression and,

29–30
Selenium, chemoprevention with, 67
Self-care, by breast cancer patients, 771
Self-examination of breast. See Breast self-examination.
Selflessness, feminine role of, 771
Sensory deficit, in spinal metastasis, 645
Sensory seizure, in metastatic brain tumors, 636
Sentinel lymph node

biopsy of
during pregnancy, 729
for male breast cancer, 741

definition of, 408
identification of, 137–138, 138f
mapping of. See Sentinel lymphadenectomy.
metastasis to, axillary dissection following detection

of, 430–431
pathologic examination of, 138–140, 138f–142f, 311,

429–430
status of, and metastasis in non–SLNs, 142

Sentinel lymphadenectomy, 350–351, 351
adverse reactions to, 431
and free TRAM flap breast reconstruction, 487
axillary dissection following, 430–431
contraindications to, 372, 432
current status of, 371–372
in ductal carcinoma in situ, 432
in ductal carcinoma in situ presenting as nipple

discharge, 390
in subclinical ductal carcinoma in situ, 390
internal mammary, 432
learning mechanism for, 431–432
lymphoscintigraphy in, 431
pitfalls of, 429t
procedure for, 426–429, 428f–429f
vs. axillary lymphadenectomy, 430

SERMs. See Selective estrogen receptor modifiers
(SERMs).

Seroma
after breast reconstruction, 471, 476
postoperative

clinical assessment of, 196
incidence of, 446
preoperative teaching on, 780
ultrasonography of, 262, 262f

Sexuality, breast cancer and, 763–764, 782
Shadowing, in ultrasonography, 255, 257f
Shield, A. Marmaduke, 343
“Shower cards,” breast self-examination, 184, 185f
Signal transduction pathways, in breast cancer, 46, 46f,

150f, 151–152
Signet-ring cell invasive lobular cancer, 101, 102f, 103
Skate-type flap, for nipple-areolar reconstruction,

492–493, 493f
Skeletal metastasis. See Bone metastasis.
Skin flap

elevation of, for axillary dissection, 434–435, 435f
in total mastectomy, 442
viability of, and timing tissue expansion implant

breast reconstruction, 470–471
Skin graft, for nipple-areolar reconstruction, 492
Skin island designs, in latissimus dorsi myocutaneous

flap breast reconstruction, 473, 474f
Skin retraction, in clinical breast examination, 185–186,

188f, 189f
Skin thickening, postoperative, ultrasonography of, 262
Skin-sparing mastectomy, 442, 442f, 462–463, 463f
Slant board, in radiation therapy, 503–504, 504f, 505f
Slug transcription factor, in breast cancer metastasis, 31
Small light cells, 30, 33
Smearing technique, in fine-needle aspiration biopsy,

272–273, 273f
Smoking

breast cancer and, 15
breast reconstruction and, 463, 479, 486

Snail transcription factor, in breast cancer metastasis, 31
Snowstorm sign, in ultrasonography of breast implant,

262

Social issues. See Psychosocial issues.
Social support, and progression of breast cancer, 762
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