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Introduction

Breast cancer is still the most frequently diagnosed cancer in women. Despite a
continuous increase in incidence, mortality has decreased dramatically and
great steps have been made in the knowledge of this malignant disease.

Large amounts of literature on the subject are available; just during the last
12 months more than 12,000 new articles have been reported in PubMed and
innumerable other publications have appeared in the scientific as well in the lay
press.

Why another book? In the arena of immediate information transfer, why
should somebody be interested in a new volume?

Because. . . knowledge on breast cancer is evolving constantly; new
laboratory and translational research results are allowing us a better
understanding of the disease separating different types of breast cancer. With
increasing insight into the disease, increasing focus on molecular, genetic,
pathologic, biologic, polymorphisms, genomic, proteomic . . . aspects of
breast cancer, we run the risk of forgetting the woman behind the disease, the
woman facing the disease, the woman living with the disease, the family around
the woman.

Because. . . despite the fact that we are moving toward targeted therapies for
the individual patient, the current reality is unfortunately not yet there.

Because. . .wewanted a book in which the woman with breast cancer is at the
center.

Because. . . we wanted a practical book reporting on the current aspects of
the disease, with special emphasis on clinical aspects.

Because. . . we wanted a book accessible to educated patients looking for
information on the disease.

Because. . . we wanted a book written by women scientists for scientists on
this typically feminine disease.

So, some may ask: Is it necessary to have a ‘‘feminine’’ perspective to a
particular disease? Obviously not! You do not need to be a man for better
care of a prostate cancer patient and you do not need to be a woman for better
care of patients with breast cancer. However, men and women still look at

xv



things differently. Despite the criticisms of some friends, in our opinion the
chapters, besides having an excellent scientific content, also have a special
feminine flavor.

We would like to acknowledge one of the contributors, Dr. Pia Huguenin,
who prematurely died just after completing her chapter. She was a talented
physician, and a sweet, courageous person and we remember her with love.

Bern, Monica Castigllione-Gertsch
Brussels, Martine Piccart-Gebbhard
December 2008
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History of Adjuvant Therapy

Pinuccia Valagussa

Breast cancer is a significant public health problem in virtually all industrialized
societies. In many developed countries it is the most common life-threatening
malignancy and the second most frequent cause of cancer-related mortality.
After peaking in the 1990s, and despite a gradual increase in incidence [1], the
overall mortality for breast cancer has been declining in theUnited States and in
some European countries [1, 2].

The fact that so many women with breast cancer are cured, i.e., that their risk
of dying from all causes is similar to that of a normal population of the same
age, is probably due both to the more frequent detection of smaller cancers with
better prognosis as well as to a better understanding of the biology of the disease
and to the use of effective adjuvant treatment modalities [2].

For most of recorded history, breast cancer was recognized as almost uni-
versally fatal. For this reason, the available treatments – largely surgical,
including oophorectomy as well as mainstay local control procedures – were
intended to be palliative [3].

A major shift occurred in the late nineteenth century with the popularization
of a theory of cancer spread that suggested a curative role for local surgery [4].
According to this hypothesis, first proposed by William Steward Halsted
around 1880, breast cancer spread first by direct extension into contiguous
tissues and then, by an orderly progression through the lymphatic circulation,
to the rest of the body. Were this hypothesis correct, total resection of the
primary cancer and the immediate lymphatic drainage could provide a cure if
the disease had not yet spread beyond this anatomical location. By the end of
the nineteenth century, improvements in surgical technique had made it possi-
ble to resect local disease with a wide margin, including axillary lymphadenect-
omy, in an attempt to catch all cells before they could infiltrate locally or break
through the nodal filter. In the 1898, in New Orleans, the American Surgical
Association established that this surgical intervention was to be considered the
standard of care for breast cancer patients.

P. Valagussa (*)
Operations Office, Fondazione Michelangelo, Milano,

M. Castiglione, M.J. Piccart (eds.), Adjuvant Therapy for Breast Cancer,
Cancer Treatment and Research 151, DOI 10.1007/978-0-387-75115-3_1,
� Springer ScienceþBusiness Media, LLC 2009
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The operation described above, known as Halsted’s radical mastectomy [4],
was indeed able to decrease both local and distant failure rates compared with
historical series. Postoperative irradiation was added years later to improve
prognosis further, but even such an extended local regional approach failed to
cure a large proportion of breast cancer patients.

During the 1960s, Bernard Fisher, an American surgeon, and his brother
Edwin, a pathologist, conducted a series of seminal studies which began to
dismantle the concept of anatomical importance in the spread of cancer. Their
laboratory experiments revealed for the first time that regional lymph nodes
were not an effective barrier to tumor cell dissemination. Evidence indicated
that regional nodes were of biological rather than anatomical importance in
cancer, and the observed findings led to the conclusion that the lymphatic and
blood vascular systems were so interrelated that it was impractical to consider
them as independent routes of neoplastic cell dissemination [5]. The laboratory
studies provided a matrix upon which an alternative hypothesis, i.e., biological
rather than anatomical and mechanistic, could be formulated. Bernard Fisher
synthesized that hypothesis in 1968 [6] and selected breast cancer to test in a
series of controlled clinical trials conducted by the National Surgical Adjuvant
Breast and Bowel Project (NSABP).

The Guiding Principles of Adjuvant Therapy

The experimental foundations of systemic adjuvant therapy were derived to a
great extent from studies performed by investigators at the Southern Research
Institute [7, 8]. Their observations of the survival of mice with transplantable
solid tumors of varying age and size subjected to resection led them to
postulate a great variability in metastatic body burden at the time of surgery.
Because of this, empirical considerations had to be utilized in the selection of
drugs, treatment schedule, and duration of treatment. Surgical cure rates in
solid tumors of mice also showed a relationship to the size of the tumor. Of
interest was the ‘‘break’’ point in survival curves, after which no further
recurrences were noted. These break points appeared at similar times after
surgery, although the percentage of survival was different in each case, indi-
cating that the biology of the tumor was similar in the various animals, but the
tumor cell burden accounted for the variability experienced. A corollary to this
was that definitive conclusions about therapeutic effectiveness must be with-
held until this ‘‘break’’ point is reached, since it is the patients with large tumor
burdens who are least likely to benefit from adjuvant chemotherapy and who
make up the first portion of the survival curves. As for selection of drugs and
treatment schedules, they must be effective to achieve a net reduction in cell
burden by the next cycle; it is apparent that the optimal treatment intensity
must generally be identical to the intensity that yields the optimal results in
advanced disease.

4 P. Valagussa



Martin et al. [9] demonstrated that both drug combinations and surgery were
essential in making an optimal impact on the survival of mice with mammary
tumors. However, since the tumor burden is generally lower if therapy is started in
adjuvant situations, the duration of treatment needed to assure eradication is likely
to be briefer. The emergence of drug resistance is also likely to advance in parallel
with the progress of the disease and constitutes amajor element in adjuvant therapy
failure. As a corollary to these studies, it was assumed that with lower tumor
burdens the emergence of primary resistant cells would occur to a lesser degree.

Starting from the mid-1970s, hormones began to receive renewed attention as
potential adjuvant treatments [10, 11]. In carcinogen-induced mammary tumors
inmice, demonstration that the antiestrogen compound tamoxifen was able both
to delay the appearance of tumors and to decrease their overall frequency has
been of great interest not only for its relevance in adjuvant treatment of breast
cancer but also because of its possible inhibition of carcinogenic influences.

Trials with Endocrine Therapy

Many clinicians have always thought that the complex problem of breast cancer
could be interpreted, and therefore managed, through hormonal mechanisms.
Adjuvant endocrine therapy dates back to 1889 when Schnizinger suggested
that ovariectomy be done before or at the time of mastectomy.

A number of attempts with adjuvant ovarian ablation followed, but failure to
implement correct methodology and apparently minimal therapeutic effects led
to loss of interest in this modality. Later, between 1948 and 1974, a total of nine
randomized trials were activated, consisting of either surgical or radiotherapeutic
ablation alone. A detailed overview of the ovarian ablation studies activated
before 1990 was published in 1996 by the Early Breast Cancer Trialists’ Colla-
borative Group (EBCTCG) [12]. In women aged under 50 years, ablation of
functioning ovaries significantly improved long-term survival, at least in the
absence of chemotherapy. In contrast, in women aged 50 or over when
randomized, most of whom would have been menopausal, there was only a
non-significant improvement. Subgroup analyses on hormonal receptor status
were not feasible because this assay was not available in many of these old trials.

The benefits achieved in the premenopausal subset renewed interest in this
modality of treatment because of the availability of medical ovarian suppres-
sion which became the subject of new trials around the end of the 1990s. All
these new trials will be discussed later in this book.

Mainly because of minimal toxicity, the antiestrogen tamoxifen has most
often been for many decades the drug of choice in trials of adjuvant endocrine
therapy. The first study to randomly test tamoxifen for 2 years vs no further
treatment after locoregional therapy was launched by Nolvadex Adjuvant Trial
Organization in the early 1970 and was chaired by Michael Baum [13]. Patients
were eligible to participate in this study regardless of menopausal, nodal, and
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receptor status. Subsequently, because preliminary results from clinical trials
showed that the treatment benefit was higher with extended duration of tamox-
ifen, and because the drug has a good safety profile, tamoxifen began to be
administered for longer periods, mainly to patients with hormonal receptor
positive tumors.

The EBCTCGmeta-analysis [14] convincingly showed that tamoxifen adminis-
tered for 5 years to womenwith estrogen receptor (ER) positive tumors reduces the
risk of recurrence and death, with absolute improvements in 10 year survival of
12.6% for node-positive and 5.3% for node-negative patients. These benefits are
independent of patient age, menopausal status, progesterone receptor status, and
the use of adjuvant chemotherapy. By contrast, no advantage was demonstrated in
women with ER-negative tumors for whom tamoxifen is no longer recommended.

The optimal duration of tamoxifen administration is still undefined, even if it is
well known that 5 years of treatment are superior to shorter periods. Prolonging of
the duration (10 years or indefinitely) did not provide evidence of clinical benefit in
two trials [15, 16]. Currently, two large randomized trials are trying to answer this
question of optimal duration. The ‘‘Adjuvant Tamoxifen Longer Against Shorter’’
(ATLAS) study has randomized 15,254 patients with ER-positive or unknown
breast cancer between tamoxifen given for 5 years and tamoxifen given for 10
years. Similarly, the ‘‘adjuvant TamoxifenTreatment, offermore?’’ (aTTOm) study
was closed to accrual in 2006. Preliminary results from both trials [17, 18] suggest
tamoxifen, when delivered beyond 5 years, continues to decrease breast cancer risk,
but endometrial risk was also increased in postmenopausal women. At the time of
the present writing, the median observational time of the both studies prevents any
firm conclusions on mortality rates.

Tamoxifen is quite well tolerated, and the most common side effects consist
of hot flushes and vaginal discharge; however, a two- to threefold higher risk of
uterine cancer and thromboembolic events in postmenopausal patients has
been reported. However, the benefits obtained with tamoxifen clearly outweigh
its side effects [14].

A revolutionary change in the adjuvant treatment of postmenopausal
patients with breast cancer has occurred since the publication of the results
(reported later in this book) of the first large adjuvant trials that investigated the
use of third generation aromatase inhibitors as replacement for or in sequence
with tamoxifen. These generations of drugs have been shown undisputedly to
improve breast cancer outcome, and several other drugs are being considered.

Trials of Chemoendocrine Therapy

The combination of chemotherapy and endocrine therapy is empirically based
on the assumption that each modality exerts its effect on different tumor cells
and that the toxicities are different. However, there are theoretical arguments
suggesting that the simultaneous administration of these two therapies may not
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be optimal, because an interaction between the different mechanisms of action
may occur, at least with given chemotherapy agents and tamoxifen [19]. On the
other hand, tamoxifen demonstrated an additive effect when it was combined
with doxorubicin and cyclophosphamide in vitro [20].

The EBCTCG meta-analysis [14] and several adjuvant trials have shown
that, in tumors with positive hormone receptors, the combination of che-
motherapy and endocrine therapy significantly increases the benefits in terms
of disease-free and overall survival achieved with either modality alone.

Trials with Chemotherapy

The first trials of adjuvant chemotherapy in the treatment of breast cancer were
launched in the 1950s. They mainly consisted of single agent chemotherapy, in
some studies given for a short period of up to 2 months after mastectomy
(perioperative chemotherapy). Their results were difficult to interpret because
of lack of accurate methodology in some of the studies, which also included
only a few dozens of patients [21].

Themodern generation of prospective randomized adjuvant treatments began
with the studies started in the United States in September 1972 [22] and inMilan
in June 1973 [23], respectively. Both studies had similar eligibility criteria for
patient selection (tumors with positive axillary nodes) and the experimental arms
(single agent phenylalaninemustard or L-PAM in theAmerican study; cyclopho-
sphamide, methotrexate and fluorouracil or CMF in the Italian study) were first
tested and found effective in clinically advanced disease.

The preliminary results of the two trials [22, 23] raised unexpected hopes and
controversies. A decade of countless debates on the role of adjuvant chemother-
apy, made people aware that there was no single or simple solution for a
complex biological problem such as breast cancer. Today, more than 30 years
after the first publications, we should all recognize that, beside demonstrating
that adjuvant chemotherapy can achieve a long-lasting [24] and humanly
worthwhile benefit in patients with moderate and high-risk breast cancer,
they contributed immensely to a better understanding of a complex discipline
involving almost all the techniques and knowledge of biology, epidemiology
and therapeutics. Last, but not least, they have also contributed in the crossing
of medical compartments and to the adoption of a correct methodology in
cancer research.

Following these first two studies, numerous prospective randomized trials
were designed over the years to answer specific questions: single agents vs
combination chemotherapy; optimal treatment duration; addition of new
classes of drugs such as anthracyclines, taxanes and, more recently, targeted
monoclonal antibodies; use of sequential drug regimens; use of high-dose and
dose-dense regimens. Available results are summarized in the EBCTCG paper
published in 2005 [14].
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It is beyond the scope of this introductory chapter to list all these studies
which will be discussed in the following sections, but a few comments are
needed. With the aim of further improving the prognosis of operable breast
cancer patients, in the early 1980s many research groups designed and carried
out randomized trials including tests on anthracyclines. The international over-
view [14] confirmed that anthracyclines were able to achieve a modest but
humanely worthwhile benefit in decreasing the annual odds of recurrence and
death compared with so-called CMF-like regimens. Of note, the many
anthracycline-containing regimens used in the studies that were part of the
international effort consisted mainly of the substitution of either methotrexate
alone or of both methotrexate and fluorouracil with either doxorubicin or
epirubicin. The anthracyclines were given at different doses and the regimens
were administered at various intervals and for a different number of cycles.
Although many individual trials failed to observe a true benefit for the anthra-
cycline regimen, the arithmetic construction onwhich themeta-analysis is based
(i.e., the summing up of many individual trials to increase the statistical power)
allowed researchers to assess that there was a reduction in the risk of disease
relapse and death of approximately 10%, corresponding to an absolute
difference of approximately 3%.

The treatment results observed after sequential doxorubicin and CMF in a
poor-risk subset [25] could probably be explained by an increased density of
doxorubicin that was delivered within 9 weeks, whereas in the alternating regi-
men it was spread over 27 weeks. The concept of dose density has been
confirmed by the National Cancer Institute’s Breast Intergroup INT C9741
trial [26], in which patients who received the dose-dense regimens had a sig-
nificantly improved early treatment outcome compared with their counterparts.

The role of sequential non-cross-resistant regimens was tested in many other
trials. Of note, the joint efficacy analysis of the National Epirubicin Adjuvant
Trial and of the Scottish Cancer Trials Breast Group [27] reported a highly
significant benefit in favor of the sequential administration of epirubicin for
four cycles followed by CMF compared with CMF alone, supporting the
hypothesis that single-agent anthracyclines given first, before CMF, can indeed
ameliorate treatment outcome. The addition of taxanes after delivery of dox-
orubicin and cyclophosphamide contributed to improving therapeutic results
compared with the non-taxane regimen both in the adjuvant and neo-adjuvant
settings.

In summary, the long-term results of available trials indicate that the sequen-
tial delivery of two effective non-cross-resistant regimens such as doxorubicin
and CMF is a valid, safe, and reproducible treatment approach to attain an
improved outcome. Although we await more mature results of the modern
adjuvant taxane studies, we can conclude that doxorubicin and/or taxane-
containing regimens represent a recommended treatment option for moderate-
to high-risk patients with operable breast cancer [28], in whom the significant
improvement in the reduction of the odds of recurrence and death is not
counterbalanced by an increased risk of life-threatening sequelae.
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Concluding Remarks

Approximately 30 years ago, delivering systemic adjuvant therapy to patients

who were free of identifiable metastatic disease because some of them might

eventually develop distant disease was a revolutionary departure from prior

treatment approaches [6]. Long-term experience with conventional adjuvant

systemic therapies has demonstrated that this treatment modality, by suppres-

sing micro-metastases regardless of their anatomical location, can effectively

decrease the risk of disease relapse and death.
Randomized clinical trials are an important tool by which to set the standard

of care for early breast cancer, but the low event rates in a stage of disease that is

potentially curable require large sample sizes and long follow-up to demon-

strate improvements in patients’ outcome. In all clinical trials what is measured

is indeed an ‘average’ effect and the experience gained through the past three

decades has led us to a growing recognition that not all breast cancers with

seemingly similar clinical and morphological features have the same behavior.

Because of this heterogeneity, adjuvant systemic therapy involves the possibility

both of over-treating certain patient subsets who have truly localized disease

cured by surgery and of an ineffective treatment for other patients’ subsets

whose cancer is not sensitive to the delivered drug treatments.
As both physicians and investigators, our ultimate goal is to tailor treatment

approaches, so that only patients who are at risk of disease relapse will receive

adjuvant systemic treatments with drugs that can achieve complete eradication

of metastatic cells [28]. Over the past few decades, hundreds of biochemical

markers have been tested and individual markers in individual studies raised

great promise in their abilities to predict either breast cancer prognosis or

treatment responsiveness. Unfortunately, and because of the biases inherent

to many of the research designs (e.g., specimen assessment, use of continuous or

discrete values, lack of definition of inclusion criteria, adequacy of statistical

power, analysis, and data interpretation) the results of many of these studies

failed to be reproducible between different research groups and, at times, also

within the same research group when the same markers were tested on inde-

pendent case series or after a prolonged period of observation. So, we continued

our clinical studies by using the old standards of tumor stage, grade, and

axillary involvement for predicting prognosis and of hormone receptor status

and, in the past few years, of HER2 expression for predicting sensitivity to

endocrine therapy and trastuzumab treatment, respectively. However, the

many studies of single markers published over the past three decades have

made amply clear that there is no single marker that provides reliable prog-

nostic information for an individual patient, nor can it predict response or

resistance to specific treatments with a high degree of accuracy.
Recently, the development of molecular genetic techniques has allowed the

identification and analysis of molecular factors that have an important role in

normal cell growth and differentiation. Such factors have also been shown to
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influence the behavior of tumors with respect to cellular differentiation, growth
rate, metastatic pattern, and response to therapy. We now trust that the devel-
opment of innovative tools, such as micro-array analysis or real time reverse
transcription polymerase chain reaction (RT-PCR), can shed some light on the
complex interplay of tumor markers, prognosis, and responsiveness. As
reported later in this book, the ability to assess multiple markers simultaneously
provides an added dimension to our biological understanding of tumor
behavior, and profiles based on multiple, independent markers of prognosis
or response appear to have higher precision than any single marker.

Intuitively, patients with a good prognostic signature could be spared sys-
temic adjuvant chemotherapy. However, it must be kept in mind that the
definition of good prognosis, either through gene expression profiles or more
conventional guidelines, does not take into consideration the personal estimates
of each individual patient with breast cancer, who may regard her own risk of
disease relapse, albeit low, worthy of systemic treatment. In fact, balancing the
long-term benefits and risks associated with an adjuvant treatment, it can be
concluded that some months of adjuvant chemotherapy and/or some years of
tamoxifen produce worthwhile effects for a wide range of women with early
breast cancer. Furthermore, recurrent disease usually translates into a fatal
outcome and surely impairs the quality of life of the patients. Thus, predictors
of good prognosis must have a very low rate of false-negative prediction (i.e.,
the overwhelming majority of patients with a good prognosis profile should in
fact remain relapse-free) in order for the predictor to be clinically useful.

An even more appealing way of using molecular markers is in fact the
possibility to select, among effective available drug regimens, the one with the
highest probability of cure for the individual patient. The ability to predict who
will or will not respond to a given drug or drug regimen has important implica-
tions regarding clinical decision-making and treatment recommendations.
Although predictive accuracy may not be an all or nothing phenomenon,
patients can be spared treatments that are devoid of efficacy, but are associated
with toxicity. Furthermore, delivering treatments that are associated with a
more pronounced anti-tumor activity against tumors with specific molecular
features will lead to improved benefit, making for the patients the real difference
between cure and palliation.

All of the observations reported in recent years in the medical literature need
to be confirmed in large validation trials, performed with statistical rigor and
reported clearly and with unbiased statistics. An important goal for the next
generation of genetic profiles will also be to test whether the predictive accuracy
is specific to a defined drug therapy or whether it simply predicts response to a
variety of regimens with different drug associations. Only if there is a regimen-
specific predictive accuracy will we have in our hands a powerful tool to tailor
treatment to individual patients.

As investigators, we will continue our studies in future years, raise and test
hypotheses, and accept or reject them based on the findings obtained. As
physicians, we want to provide our patients with the most effective therapy
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and minimal toxicity and we want to do so as soon as such therapy becomes
available. How can innovative approaches based on very preliminary findings
be used for the care of patients with early breast cancer, a disease where long-
term follow-up data are required to judge the cost/benefit of the delivered
treatments? Overly cautious interpretation of pilot studies could delay imple-
mentation of potentially more effective treatments in routine clinical practice.
Conversely, overly enthusiastic interpretation of such studies may lead to
inappropriate use, causing more harm than good for patients.

The major lesson learned over the past few decades is that good ideas and
good hypotheses are insufficient for changing our routine treatment strategy.
Selecting optimal treatment from all existing options and alternatives should be
based on more than provocative outcome statistics of early data. Evidence in
support of new therapies and new technologies must come from well-designed,
well-conducted and analyzed clinical trials before such therapies and technol-
ogies can be adopted into standard practice. We can be of more help to our
patients by fully informing them about ongoing clinical trials and supporting
their participation in these studies.
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Prognostic and Predictive Factors

Laura Biganzoli

Prognostic factors are key elements for medical oncologists to select, among the
group of patients with early breast cancer, those who are candidates for an
adjuvant treatment based on their risk of tumor relapse. Predictive factors drive
the decision of which type(s) of treatment should be given.

If we perform a literature search on prognostic and predictive factors in
breast cancer we immediately realize how redundant is the number of markers
that have been/are being evaluated and a dedicated book would be needed to
review all of them critically. So, for the purpose of writing this chapter, I have
decided to start from markers whose roles have been established to be relevant
for patient care by an international panel of breast cancer experts [1].

Prognostic Factors

Three risk categories have been defined for patients with operated breast cancer by
the St. Gallen Consensus’s Panel. These categories are defined by patient’s age,
tumor size, axillary nodes status, histologic and/or nuclear grade, HER2/neu
status, and presence or absence of peri-tumoral vascular invasion.

Age

Despite controversial data available on the value of age as a prognostic factor,
the prognosis of breast cancer in very young women is generally considered to
be unfavorable. Park and colleagues retrospectively evaluated the 10-year out-
come of 1,098 breast cancer patients divided into 2 age groups (<35, n¼ 183,
and>35 years) [2]. Age was observed to be an independent prognostic factor in
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the multivariate analysis with women aged 35 years or younger presenting a

shorter loco-regional recurrence-free distant relapse, and overall survival.

When the data was matched for stage and lymph node status, patients � 35

years continued to show a poorer 10-year distant relapse free survival. Similar

results were produced by Aebi and colleagues who evaluated the outcome of

adjuvant therapy in a population of young (<35 years) premenopausal patients

treated in four randomized trials [3]. Ten-year disease free survival and overall

survival were worse in younger than in older (�35 years) patients. Of interest,

younger patients with estrogen receptor (ER) positive tumors had a poorer

disease free survival than patients with ER negative tumors. In contrast, among

older patients the DFS was similar irrespective of ER status. These data have

been recently confirmed. Saghir et al. showed that young age had a negative

impact on the survival of patients with positive axillary lymph nodes and

positive hormonal receptors [4]. According to Colleoni and colleagues,

compared with less young, very young patients with endocrine responsive and

node-negative breast cancer have a worse prognosis [5].

Tumor Size

Tumor size is one of themost important independent prognostic factors for overall

and recurrence free survival in breast cancer. Mirza and colleagues reviewed the

literature looking for the role of prognostic factors in patients with node negative

tumors entered in studies with sample size>200 patients and a follow-up in excess

of 5 years [6]. In multivariate analysis, tumor size was an independent prognostic

parameter for overall survival, being the second strongest factor after axillary

lymphnode status. A positive correlation has been found in several studies between

tumor size and the frequency of axillary nodes involvement [7]. According to the

St. Gallen experts, tumors larger than 2 cm indicated intermediate- or high-risk

allocation, even in the absence of other adverse prognostic features [1]. The risk

allocation of tumors below 1cm in size and negative nodes remained controversial.

Axillary Nodes

Nodal status is the most powerful independent prognostic factor in breast

cancer. There is evidence that overall survival decreases as the number of

positive nodes increases [8, 9]. According to the St. Gallen experts, involvement

of four or more nodes in the axilla by itself indicated high-risk, but patients with

one to three nodes involved required HER2/neu overexpression or amplifica-

tion to be included in the high-risk group, with other patients with one to three

nodes included in the intermediate-risk category [1]. Although nodal micro-

metastases were prognostically relevant in several studies [10, 11], the panel

considered that neither they nor isolated tumor cells in lymph nodes should

influence risk allocation.
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Tumor Grade

The histological grade of breast carcinomas has long provided clinically
important prognostic information. Elston and colleagues showed that patients
with grade 1 tumors have a significantly better survival than those with grade
2 and 3 tumors [12]. Gene expression grade index appeared to reclassify patients
with histologic grade 2 tumors into two groups with high vs low risks of
recurrence [13]. Debate exists about the real role of grade 2 in defining patients’
prognosis, i.e., intermediate risk.

HER2/neu Status

Several studies,mainly retrospective, have evaluated the prognostic role ofHER2
overexpression or gene amplification in early breast cancer [14]. Of the 81 studies
considering 27,161 patients reviewed by Ross et al., 73 (90%) of the studies and
25,166 (92%) of the cases found that either HER-2/neu gene amplification or
HER-2 protein overexpression predicted breast cancer outcome on either
univariate or multivariate analysis. In 52 (71%) of the 73 studies that featured
multivariate analyses of outcome data, the adverse prognostic significance of the
HER-2 gene, message, or protein overexpression was independent of all other
prognostic variables. Thirteen (16%) of the studies reported prognostic signifi-
cance on univariate analysis only (in eight studies, multivariate analysis was not
performed). Only 8 (10%) of the studies encompassing 1,995 (8%) of the patients,
showed no correlation betweenHER-2/neu status and outcome.According to the
St. Gallen panellists, HER2 status should be regarded as useful for patient care,
with overexpression indicating a worse prognosis [1].

Peritumoral Vascular Invasion

The prognostic significance of involvement of lymphatic or microvascular spaces
in the primary tumor has been variably described [15–18]. There are data coming
from retrospective studies indicating this to be an independent prognostic factor
in both node-positive and node-negative patients [19, 20]. The St.Gallen panelists
agreed that the presence of peritumoral vascular invasion defined intermediate
risk for patients with node-negative disease but its value for patients with positive
axillary lymph nodes was considered uncertain [1].

Others

Among the many putative prognostic factors, the detection of bone marrow
metastasis, the expression of UPA/PAI-1 by the primary cancer, and the
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recognition of simultaneous multiple gene expression patterns, or ‘‘signature’’
appear to be particularly promising.

The presence of tumor cells in the bone marrow of primary breast cancer
patients at surgery has been shown to be an independent prognostic indicator
of relapse [21]. This prognostic factor was not considered adequate by the
St. Gallen panelists because of the absence of a standardized examination for
detecting these cells.

UPA/PAI-1 over-expression, as determined by a highly validated and accu-
rate ELISA in relatively large cancer sections, appears to be strongly prognos-
tic. As shown by Harbeck et al., high levels indicates dire prognosis [22]. In
contrast, patients with low UPA/PAI-1 and ER showed a particularly good
prognosis [23].

Data in breast cancer have demonstrated the ability of microarray-based
expression profiling to predict disease-free survival and overall survival from
profiles in breast cancer surgical specimens [24–29]. Different microarray
platforms have been used. Recently Hu and colleagues utilized a micro-
array data set combining method to create a large validation test set of
over 300 tumors, and used it to validate a newly derived gene list for breast
cancer prognostication and prediction [30]. When the new intrinsic gene set
was used to cluster hierarchically this combined test set, tumors were grouped
into LumA, LumB, Basal-like, HER2+/ER�, and Normal Breast-like tumor
subtypes demonstrated by Perou et al. in previous datasets. These subtypes
were associated with significant differences in relapse-free and overall
survival. Multivariate Cox analysis of the combined test set showed that
the intrinsic subtype classifications added significant prognostic informa-
tion that was independent of standard clinical predictors. From the com-
bined test set, the authors developed an objective and unchanging classifier
based upon five intrinsic subtype mean expression profiles (i.e., centroids),
which is designed for single sample predictions (SSP). The SSP approach
was applied to two additional independent data sets and consistently pre-
dicted survival in both systemically treated and untreated patient groups.
According to the authors this study validates the ‘‘breast tumor intrinsic’’
subtype classification as an objective means of tumor classification that
should be translated into a clinical assay for further retrospective and pro-
spective validation.

Predictive Factors

In the following paragraphs, an overview of the different predictive markers
already tested or under evaluation in patients with early breast cancer, for both
hormonal therapy and chemotherapy, will be presented. For each marker, the
level of evidence reached so far will be stated. Table 1 reports the type and
grading of evidence for recommendations.
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Predictive Markers for Adjuvant Hormonal Therapy

The last overview performed by the EBCTCG (R. Peto, 2006, unpublished)

provides data regarding the predictive power of ER when the efficacy of adjuvant

tamoxifen given for approximately 5 years is evaluated. From these data it may be

concluded that the activity of tamoxifen is strictly dependent on the ER status, and

that there is a correlation between the level of ER positivity and the efficacy of

tamoxifen. To date, ER is the only firmly established factor known to predict the

efficacy of adjuvant hormonotherapy with level I/category A evidence. Never-

theless, about one-third of ER and/or PgR-positive tumors do not respond to

endocrine therapy, clearly indicating the need for additional predictive markers.
With the exception of ER and PgR, the proto-oncogene HER-2 and its

encoded protein have been the most extensively evaluated markers. Preclinical

data suggest that HER-2 overexpression may be associated with decreased

efficacy of tamoxifen, and even with a potential detrimental effect [31]. Several

clinical studies, both in the metastatic and the adjuvant settings, have addressed

this issue and provided contradictory results (Table 2) [32–37]. De Placido et al.

[33] published the results of a retrospective study in which the activity of

adjuvant tamoxifen was correlated with the expression of HER-2. They con-

cluded that tumors overexpressing the HER-2 protein, measured by IHC, are

less responsive to tamoxifen. Updates of the Swedish Breast Cancer Group

study [34] and a study from a Spanish group [35] have been published, support-

ing the association between HER-2 overexpression and resistance to tamoxifen.

Table 1 Type and grading of evidence for recommendations

Level Type of evidence

I Evidence obtained from meta-analysis of multiple well-designed controlled
studies; randomized trials with low false-positive and low false-negative errors
(high power)

II Evidence obtained from at least one well-designed experimental study;
randomized trials with high false-positive and/or negative errors (low power)

III Evidence obtained from well-designed quasi-experimental studies; such as
nonrandomized controlled single-group pre-post, cohort, time, or matched
case-control series

IV Evidence from well-designed non-experimental studies, such as comparative and
correlation descriptive and case studies

V Evidence from case reports and clinical examples

Category Grade of evidence

A There is evidence of type I or consistent findings frommultiple studies of types II,
III, or IV

B There is evidence of types II, III, or IV and findings are generally consistent

C There is evidence of types II, III, or IV, but findings are inconsistent

D There is little or no systemic evidence

NG Grade not given
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On the other hand, the Cancer and Leukemia Group B (CALGB) and the
Danish Breast Cancer Cooperative Group reported two trials in which no
such association was found [36, 37].

Several facts could account for these conflicting results: (1) all the studies are
retrospective; (2) the actual number of HER-2-positive patients who received
adjuvant tamoxifen is low in all the studies; and (3) there is lack of standardiza-
tion of methods for assessing HER-2 overexpression across different
laboratories. More recently, early results from the TransATAC study suggest
that in the adjuvant setting HER-2 and hormone-receptor positive breast
cancer tends to be less sensitive to tamoxifen and aromatase inhibitors than
HER-2 negative and hormone-receptor positive disease. The magnitude of
anastrozole superiority over tamoxifen seems to be independent of the primary
tumor HER-2 status [38]. This recent finding contrasts the main conclusions
from two previously reported neoadjuvant studies, suggesting an increased
superiority of aromatase inhibitors over tamoxifen in the presence of HER-2
and hormone-receptor positive disease [39, 40]. Of note, the two neoadjuvant
studies correlated HER-2 status with objective response rates to neoadjuvant
hormonotherapy [39, 40], while in the TransATAC study, disease-free survival
was the main clinical outcome correlated with the primary tumor HER-2 status
[38]. This difference between TransATAC and the two neoadjuvant studies
might explain the apparent discordance.

The level of evidence regarding HER-2 as a predictive marker for adjuvant
tamoxifen is, therefore, level II, category B.

Overexpression of the anti-apoptotic molecule bcl-2 is usually associated
with high ER concentration and, contrary to expectation, has been associated
with a higher likelihood of response to tamoxifen. In a total of 205 tumor
samples from ER-positive metastatic breast cancer patients, high bcl-2 expres-
sion correlated with a better clinical response to tamoxifen (62% vs 49%;
p¼ 0.07) and longer survival [41]. In the adjuvant setting, in 81 patients treated
with tamoxifen, a significantly better relapse-free survival was found among
those with bcl-2-positive tumors than in those with bcl-2-negative disease
(p ¼ 0.02) [42]. In another retrospective study, the interaction between bcl-2
and response to tamoxifen was evaluated in 289 patients with ER- and/or
PgR-positive early breast cancer. This is the only study in which a ‘‘control’’
group of patients who did not receive treatment with tamoxifen exists, although
the assignment to each group was not randomized. Despite the relatively small
number of patients in each subgroup, there was a trend towards a greater
benefit of tamoxifen in ER+/bcl-2-positive patients, as opposed to ER+/
bcl-2-negative patients [43].

The potential predictive role of other markers, such as the b isotype of ER,
p-53 mutations, the proliferation marker Ki67, and intra-tumoral aromatase
activity (for aromatase inhibitors) is still under evaluation.

The National Surgical Adjuvant Breast and Bowel Project (NSABP) group
has recently reported the results of a retrospective study evaluating the prog-
nostic value of a recurrence score for hormone-receptor positive early breast
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cancer patients treated with tamoxifen in the adjuvant setting [44] . The level of
expression of 16 cancer related genes was measured by reverse-transcriptase-
polymerase-chain-reaction (RT-PCR) in 668 archival samples from patients
treated with adjuvant tamoxifen 20 mg daily for 5 years in the context of the
NSABP B-14 trial. A prospectively defined algorithm led to the calculation of a
recurrence score and allowed for the segregation of the study population into
three distinct cohorts with different clinical outcomes. The Kaplan-Meier
estimates of the rates of distant recurrence at 10 years in the low-risk, inter-
mediate-risk, and high-risk groups were 6.8%, 14.3%, and 30.5%, respective1y
[44]. In a multivariate Cox model, the recurrence score provided significant
predictive power that was independent of age and tumor size. In addition, the
recurrence score was also predictive of overall survival. Of note, the 16 genes
allowing for the determination of the recurrence score are involved in prolifera-
tion, invasion, HER-2, or hormone-receptor pathways [44].

The same group has recently reported the results of a second retrospective
study in which node-negative ER positive patients were treated with either
adjuvant tamoxifen or same treatment combined with a CMF-like adjuvant
chemotherapy. The results of this study show that the benefit deriving from
chemotherapy seems to be confined to the group of patients with a high
recurrence score [45]. An adjuvant therapy clinical trial is ongoing in the U.S.
to test the predictive value of the 16-gene signature in a prospective setting.

Predictive Markers for Adjuvant Chemotherapy

HER-2 as a Predictive Marker

The 2006 EBCTCG overview has confirmed the superiority of an
anthracycline-based regimen over CMF in the adjuvant treatment of early
breast cancer patients. The benefit is, however, modest and is associated with
a definite increase in toxicity. This is the typical clinical situation in which the
use of a predictive marker might help in selecting those patients for whom the
benefits of the more aggressive treatment might be substantial and justify the
increased toxicity.

HER-2 has been investigated in this setting, Data suggesting that HER-2-
positive tumors might be resistant to adjuvant treatment with CMF (with or
without prednisone) comes from three retrospective studies (Table 3) [46–48]. In
two of these trials, when patients were divided into two subgroups according to
the expression of HER-2, as measured by IHC in primary tumor samples, it was
observed that adjuvant CMF (plus prednisone) was more effective than no
adjuvant treatment only in the subset of HER-2-negative patients [46, 47]. In
the third trial, all patients benefited from adjuvant CMF, but the magnitude of
the benefit was superior in HER-2-negative patients [48]. However, in a study
reported by the Milan group, HER-2 failed to show any predictive activity in a
population of node-positive breast cancer patients randomly allocated to
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receive CMF or no treatment [49]. Albeit based on a limited number of patients,
this study is in contradiction with the previous ones. Therefore, regarding the
predictive value of HER-2 for CMF-like chemotherapy regimens, the evidence
is level II, category C.

Three retrospective studies performed by the National Surgical Adjuvant
Breast and Bowel Project (NSABP), the Belgian Adjuvant Study Group, and
the Milan group [50–52], evaluated the predictive value of HER-2 in a popula-
tion of node-positive breast cancer patients, randomly assigned to receive CMF
or anthracycline-based chemotherapy. These reports suggest reduced CMF
efficacy in patients overexpressing the HER-2 oncoprotein, and all three studies
agree in defining the HER-2-positive subgroup as the most sensitive to
anthracycline-based adjuvant chemotherapy. Two other retrospective studies
[53, 54] generated similar results regarding HER-2 overexpression and respon-
siveness to anthracyclines. Additionally, an Intergroup Study, presented at the
1998 ASCO meeting, showed that, in tumors overexpressing HER-2, chemo-
endocrine therapy with cyclophosphamide, doxorubicin, 5-fluorouracil (CAF),
plus tamoxifen seemed to yield better results than tamoxifen alone [55].

More recently, the Canadian group (NCI-C) has reported the results of a retro-
spective study exploring the predictive value of HER-2 gene amplification in a
population of node-positive pre-menopausal patients treated in the context of the
MA-5 phase III trial with either CMF or CEF [56]. This study suggests that the
superiority of CEF over CMF is seen only in the population of HER-2 positive
patients [56]. Conversely, the Danish group (DBCG) has not found a similar inter-
action betweenHER-2 and anthracyclines in their study comparing CMF and CEF
in the adjuvant treatment of breast cancer patients [57]. Taken together, these studies
provide level II, category C evidence concerning clinical practice recommendations.

Topoisomerase II Alpha (Topo IIa)

The topo IIa gene is located next to the HER-2 gene on chromosome 17q12-
q21, and its amplification may lead to overexpression of the topo IIa protein.
Because this enzyme is inhibited by anthracyclines and is the main target of
these drugs, its overexpression may render the cells more sensitive to topo IIa
inhibitors [58, 59]. Studies have shown that topo IIa amplification only occurs
with concurrent HER-2 amplification, and it is possible that the predictive
value of HER-2 regarding anthracycline-based chemotherapy is explained by
the concomitant amplification of the topo IIa gene [58, 60–62]. Preclinical data
also indicate that intra-tumoral topo IIa levels may explain some forms of
resistance to anthracyclines observed in in vitro systems [63].

Table 4 shows the results of those studies that have explored the predictive
value of topoisomerase IIa gene aberrations in a population of early breast
cancer patients treated in the context of phase III trials with an anthracycline or
non-anthracycline-based adjuvant chemotherapy [57, 64–66]. Based on the
results of these retrospective studies, we have to conclude that the level of
evidence for topo IIa gene amplification is II category B.
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Factors preventing the use of topo IIa gene amplification as a marker
predicting the activity of anthracyclines in the adjuvant setting are: (1) the
fact that also topo IIa gene deletion seems to predict response to anthracyclines
and this is hard to explain biologically [57, 65]; (2) the lack of correlation
between gene status and topo IIa protein levels evaluated by IHC [67–69]; (3)
the lack of reproducibility studies showing an acceptable level of inter-
laboratory agreement when topo IIa gene status is evaluated on the same
samples in different laboratories.

Markers Predicting the Activity of Taxane-Based Regimens

Taxanes have been evaluated in the adjuvant setting only recently. Therefore,
most of the available results regarding possible predictive factors were obtained
in the context of metastatic or neoadjuvant breast cancer studies. Three rando-
mized studies have suggested that tumors overexpressing HER-2might be more
sensitive to a taxane-based than to anthracycline-based regimens (Table 5)
[70–72]. Based on these results, the level of evidence is II category B. More
clinical evidence is needed to implement the results of these retrospective studies
into clinical practice.

In a clinical study of neoadjuvant chemotherapy, p-53 mutated tumors
showed a high response rate when treated with taxanes, but a low response
rate when treated with anthracyclines [73]. This and other in vitro and in vivo

studies have raised the hypothesis that p-53-mutated tumors might be less

sensitive to anthracyclines, while retaining sensitivity to taxanes [74]. To test

this hypothesis, a large multicenter international prospective trial has been

Table 5 HER-2/neu and taxanes

Group Design Setting
No.
pts.

HER-2
technique Results

TAX
30370

A

TxT

Advanced 176 IHC/FISH HER-2+TxT> A

HER-2� TxT¼ A

UCLA71 EC

ET

Advanced 297 FISH HER-2+ ET > EC

HER-2� ET ¼ EC

CALGB72
AC

AC→T

Early 1,500 IHC/FISH HER-2+AC!T>AC
HER-2- AC! T¼AC

EC¼Epirubicin-Cyclophosphamide; ET¼Epirubicin-Paclitaxel; A¼Doxorubicin; TxT¼
Docetaxel;
AC¼Doxorubicin-Cyclophophamide; T¼Paclitaxel; FISH¼ fluorescence in-situ hybridi-
zation;
IHC¼ immunohistochemistry
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opened under the auspices of B.I.G. (Breast International Group) and coordi-
nated by the EORTC.

The most attractive markers as far as taxane treatment is concerned are
probably the microtubule-associated parameters (MTAP). These are a specific
target for taxanes because these drugs interact with microtubules. Preclinical
data suggest that mammary and pancreatic tumors with exquisite responsive-
ness to docetaxel in in vitro models have the highest expression of the Tau gene
(MTAP-2 family) and of the a-tubulin protein [75]. Assessment of MTAP-2
expression by IHC in paraffin-embedded samples is feasible, making possible
retrospective studies correlating MTAP-2 levels and docetaxel activity in both
the metastatic and adjuvant settings.

The M.D. Anderson group has evaluated the predictive value of TAU
protein in the context of a neoadjuvant phase II trial in which breast cancer
patients were treated with a paclitaxel-based chemotherapy. The results of this
retrospective study seem to suggest that TAU protein down-regulation is
associated with a 44% pathologic complete response (pCR) rate, while in the
TAU overexpression group pCR rate is 17% [76]. The same group has
produced similar results in a pre-clinical study where TAU gene has been
down-regulated and this has produced increased sensitivity of breast cancer
cells to paclitaxel but not to epirubicin [76].

Of note, proteins associated with the mitotic spindle regulation have been
suggested as markers predicting sensitivity or resistance to taxanes also in two
different phase II neoadjuvant studies in which response to single-agent
docetaxel or to paclitaxel-based sequential chemotherapy has been correlated
with gene expression profiles evaluated by gene microarray technology on pre-
treatment primary tumor samples [77, 78].

Although data exist on p-53 gene mutation or MTAP expression and resis-
tance to taxanes, current levels of evidence do not recommend the use of these
tools in clinical practice (level II C for p-53, level III B for MTAP).

Markers Predicting the Activity of Anti-HER-2 Therapies

The identification of patient candidates for anti-HER-2 therapies either in the
early or in the metastatic setting is by far the most relevant information
provided by HER-2 testing of breast cancer samples. Large phase III trials
have unequivocally proved the efficacy of anti-HER-2 agents such as trastuzu-
mab and lapatinib in patients carrying HER-2 positive tumors [79–84].

The identification of molecular markers complementing HER-2 scores with
the aim to define better the profile of anti-HER-2 compound sensitive tumors is
certainly a relevant research area. Different events seem to play a role in the
onset of clinical resistance to anti-HER-2 compounds. Among these, activation
of the insulin-like growth factor 1 (IGF-1) pathway, PTEN deficiency, PI3K
gene mutations, compensatory signalling from other HER family members,
and polymorphism of the FC receptor, have been suggested as potential
markers of resistance [85]. Ongoing clinical studies will likely clarify the role
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of these markers in predicting the likelihood of response of HER-2 positive
tumors to anti-HER-2 therapies.

Conclusions

Hormone receptor expression for adjuvant hormonotherapy and HER-2 over-
expression for anti-HER-2 compounds are the only predictive markers for
which level I category A evidence justifies use in routine clinical practice.

The significant translational research efforts carried out in the past decade in
this field have led to the generation of some fascinating hypotheses. New
techniques now exist to test a number of these hypotheses. In particular, the
use of cDNA micro-arrays will permit a better biological characterization of
breast cancer, and perhaps even a new classification of the disease, based on
distinct molecular profiles, which may be of prognostic and/or predictive value.
It is now time to test these hypotheses in a new generation of prospective
predictive marker studies, some of which are already ongoing, and the results
of which are eagerly awaited. Their outcome may radically change the ther-
apeutic approach to early breast cancer in the future.
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New Perspectives for Therapy Choice

Anne-Catherine Andres

Introduction

Carcinogenesis is a multi-step process involving the successive accumulation of

genetic mutations which provoke the initiation of uncontrolled growth, allow

the cell to progress and lose differentiation capacity and eventually lead to

transformation into the invasive, metastatic phenotype. Mutations can either

lead to the inactivation of genes involved in growth suppression (tumor sup-

pressor genes) or to the activation of growth promoting genes (oncogenes).

Some mutations frequently affect the same gene in different individuals, such

as the inactivation of BRCA-1 and -2 in heritable breast cancer [1] or the

activation of c-ErbB2 in about 30% of spontaneous breast cancer [2]. Addi-

tional mutations, however, are not predictable and can occur in a broad variety

of genes. The only prerequisite is that they complement each other and in their

concerted action enable carcinogenic growth. The fact that multiple combina-

tions can lead to the development of cancer implies that each tumor possesses

individual growth characteristics and, thus, women with similar breast cancer

types may respond differently to the various standard treatment protocols. In

general, the treatment benefits cannot be reliably predicted for an individual

patient and over-treatment with unnecessary side effects or under-treatment

with fatal consequences for survival are presently unavoidable. Thus, a major

effort has been initiated to achieve individual profiling of cancerous lesions

facilitating the choice of the most effective treatment protocol and aiming at

the elaboration of new ‘‘tailor-made’’ treatment strategies. In this chapter I

will summarize different molecular approaches for tumor fingerprinting and

discuss their benefits, pitfalls, and prospects for diagnosis, prognosis, and

treatment.
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‘‘Omics’’ in Cancer Diagnosis and Prognosis

Gene Expression Profiling: Genomics and Transcriptomics

Micro-array based technologies allow screening for the expression of many
thousands of individual genes in a given tissue sample. RNA is isolated from
the tissue of interest and in the presence of labelled nucleotides reversed tran-
scribed into cDNA. This cDNA (referred to as target) can subsequently be
hybridized to chips containing immobilized gene-specific oligonucleotide
probes (20–80 nucleotides) (conventionally termed reporter platform) (Fig. 1).
Since the human genome sequencing project suggests that the total number of
human genes is approximately 25,000 [3], it is possible to analyze simultaneously
the expression of all known human genes in one experiment. Usually reporter
platforms contain only a selection of genes either customized to address specific
questions or are commercially available with random selections or with pathway
related subgroups of genes. These analyses allow the detection of the transcribed
(switched on) genes in a given sample, not only qualitatively but also quantita-
tively. This diagnostic approach is referred to as transcriptomics.

In breast cancer, transcriptomics has allowed the identification of the expres-
sion profile (signature) of luminal and basal-like breast tumor subtypes and has
revealed that c-erbB2 positive tumors represent an intrinsic subtype of breast
cancer [4–6]. Moreover, an expression profile has been proposed which predicts
clinical outcome, metastasis formation and survival in node-negative patients
[7–9]. Classical grading of breast cancer allows the distinction between low and
high risk groups with the corresponding treatment consequences. However,

RNA

Tumor biopsy

RNA isolation

cDNA synthesis in presence
of labelled nucleotides

Target

Reporter
platform

Hybridization to microarrays
of defined gene sequences

Qualitative and quantitative
evaluationFig. 1 Schematic

representation of the gene
expression profiling
technique
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micro-array technology offers the possibility to characterize also the intermediate
groups. An effort in this direction has recently been undertaken for grade 2
breast cancers and has enabled the distinction of two groups, one resembling
grade 1 expression profiles and the second corresponding to grade 3 breast
cancer [10]. If validated, such refined sub-classifications may allow the avoid-
ance of under- or over-treatment for these intermediate groups of breast
cancers.

Transcriptomics has also recently been used to predict response to chemo-
therapeutic or hormonal treatment. Gene expression profiling of pre-treatment
breast tumor biopsies has allowed the characterization of the constellation of
gene expression identifying responders to docetaxel, doxorubicine/cyclopho-
sphamide and tamoxifen treatment [11–13]. These promising studies raise the
hope that predictive gene expression profiles could indeed be defined for any
given adjuvant therapy.

Gene expression profiling has also been applied to characterize tumors from
patients carrying a germ-line mutation in the BRCA-1 or BRCA-2 gene. These
analyses revealed that BRCA-1 tumors are mainly of the basal subtype whereas
BRCA-2 tumors mainly belong to the luminal category [4]. This finding sug-
gests that the genetic background of an individual may influence tumorigenesis
and outcome. Transcriptomic analysis has been applied to experimental mouse
mammary tumors in different inbred mouse strains exhibiting different rates of
metastasis formation and has revealed strain-specific tumor expression profile
signatures [14]. These findings demonstrate that indeed the genetic background
may predispose an individual to the development of breast cancer and its
progression. The assessment of germ line DNA polymorphisms predicting
metastasis risk would offer technical advantages over expression profiling on
the tumor itself. Genomic DNA preparation entails fewer pitfalls than RNA
extraction and the analyses can be made from small biopsies of any tissue of the
patient at any time before or during treatment. In humans, however, the genes
and polymorphisms associated with increased risk of carcinogenesis and pre-
disposition to metastasis remain in large to be identified [15].

Protein Profiling: Proteomics

Genomics and transcriptomics provide information on mutations in the genetic
information (DNA) and on the constellation of genes which are activated and
transcribed into RNA. DNA and RNA, however, are only carriers of informa-
tion which has to be translated into proteins in order to become functional. The
total protein content of a cell (the proteome) is a highly versatile and dynamic
population and its complexity cannot entirely be predicted from transcriptomics.
A variety of control mechanisms and modifications occur post-transcriptionally
and post-translationally such as alternative RNA splicing, RNA silencing, RNA
and protein stability, co- and post-translational protein modifications which
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make the qualitative and quantitative prediction of protein constellation (¼ func-
tion) difficult. Proteomics aims at identifying the proteins expressed in a given
cell or tissue, cataloguing them and in the best case assigning them to cellular
functions.

Three conceptually distinct technologies are mainly used to analyse the con-
stellation of proteins in biological materials: Forward phase arrays (FPA), tissue
lysate arrays (TLA) and matrix-assisted or surface-enhanced laser desorption
and ionization with time of flight spectrometry (MALDI-TOF, SELDI-TOF).

FPA (Fig. 2a) employs capture proteins which are covalently bound to
nitrocellulose filters. These capture proteins are usually a mixture of antibodies
directed against a selection of proteins. Protein extracts are prepared from the
tissue of interest and incubated with these nitrocellulose filters. If present in the
lysate, proteins will bind specifically to the immobilized antibody capture
proteins. Binding can be visualized either by directly labelling the protein
extracts or by a second reaction with a specific labelled antibody. This method
allows the analysis of one tissue sample for a variety of different proteins [16]. In
oncological applications, the antibody capture proteins are selected to represent
defined proteins involved in signalling pathways controlling cell survival, apop-
tosis or angiogenesis [17].

In the TLA methodology (Fig. 2b), entire protein extracts of tissue samples
are immobilized on nitrocellulose filters and subsequently incubated with a
defined, labelled reporter protein. As in FPAs, these reporter proteins are
usually antibodies raised against signalling pathway components. The TLA
approach enables the immobilization of many protein extracts and thus a
variety of different patient samples can be simultaneously analysed for the
presence of a given protein. Since the protein arrays have a shelf life of up to
2 years, extracts of the same patient at different stages of diagnosis and treat-
ment can be investigated [18].

The above-mentioned screening methods are so called ‘‘low-throughput’’ in
the sense that they allow the search for only a limited number of known, selected
proteins, a limitation of the methods. In contrast, MALDI- and SELDI-TOF
assays can be used for ‘‘high throughput’’ screening of complex proteinmixtures
also including unknown proteins (Fig. 2c). Proteins extracted from a tissue of
interest are separated by two-dimensional gel electrophoresis according to their
charge and size. Selected spots are isolated, proteolytically digested and cap-
tured to an energy absorbing matrix (MALDI) or a selective surface (SELDI).
Subsequently the bound proteins are ionized by laser energy and fly from the
matrix through a vacuum tube onto a detector plate. The time of flight is
dependent on the mass and charge of the particle (m/z ratio) which is recorded
at the detector plate. Complex bioinformatics and extensive databases allow
then the identification of the protein fragments based on these values [19, 20].

To date proteomic approaches are mainly limited to research purposes and
are not yet suitable for clinical diagnostics. However, strenuous efforts are
currently under way in many laboratories to translate the benefits of these
techniques to clinical applications and first trials can be expected soon. For
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breast cancer, the SELDI-TOF technology has been applied to analyse human

blood serum. Li et al. have identified three proteins discriminating between stage

0–1 cancer patients and unaffected controls [21].Moreover, HSP27, 14-3-3 sigma

and the mammaglobin/liophilinB complex were identified as breast cancer bio-

markers in blood serum [22, 23]. These studies, however, included relatively small

patient numbers and need to be confirmed in additional studies.
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Profiling of Metabolic Endproducts: Metabolomics

Classically, the functioning of a cell has been considered as a unidirectional

process in which the genetic information is processed via RNA to proteins

which then lead to changes in the cellular phenotype. It is now acknowl-

edged that cellular processes are much more complex and are networked by

complex feed-back loops, often driven by enzymatic end-products, the

metabolites. Metabolomics aims at the quantitative assessment of all meta-

bolites present in a given tissue at a given physiological or developmental

stage (the metabolome). Metabonomics is similar, however, is restricted to

the comparative analysis of pathological conditions. Analysis of the meta-

bolome has several advantages over transcriptomics or proteomics: Firstly,

moderate changes in enzyme levels have little influence on metabolite fluxes;

however, they have significant effect on the accumulation of metabolic end-

products. Secondly, since the metabolites are the most downstream

evidences of gene expression, their accumulation effectively amplifies the

often modest changes in gene expression and thereby offer increased

sensitivity. Thirdly, metabolic pathways are not only regulated by gene

expression but also by post-translational regulation often initiated by the

metabolic end-product itself [24].
Currently, the most widely used strategies comprise (1) metabolite target

analysis which restricts itself to the analysis to metabolites of a particular

enzyme system suspected to be affected by a particular biological change,

(2) metabolite profiling which is confined to metabolites associated with

specific cellular pathways targeted by pharmacological interventions, and (3)

true metabolomics or metabonomics which involves qualitative and quanti-

tative profiling of all metabolites in a tissue. Methodologically, the procedures

for all three strategies are similar: Tissues of interest are immediately snap-

frozen in liquid nitrogen (to arrest all enzymatic activity), extracted by heat-

assisted acid, alkaline or ethanol treatment and resolved by high resolution

separation techniques such as gas or liquid chromatography mass spectro-

scopy or nuclear magnetic resonance. As for proteomics and transcriptomics,

interpretation of the data requires bioinformatics and data-bases which are

still under development [24].
Matabolomics not only offers the possibility to analyse the metabolites in

body fluids or tissue biopsies, but also knowledge of tumor associated metabo-

lites that would allow highly sensitive and specific imaging of small tumor

nodules based on magnetic resonance imaging (MRI) or Positron Emission

Tomography combined with computer tomography (PET/CT).
So far, the applications of metabolomics are mainly concentrated with

pharmaceutical evaluations aspects and toxicity studies of new compounds.

Moreover, the conceptual possibilities of using metabolomics to predict a

patient’s responsiveness to treatment and to monitor therapeutic tolerance

and success are under intense investigation [25].
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In oncology, metabolomics is still in the research and evaluation phase. The
first promising results have been reported for the diagnosis of ovarian cancer.
The NMR based metabolic spectra of patient’s serum have allowed the diag-
nosis of ovarian cancer with high fidelity [26]. Moreover, analysis of the
metabolome in fine needle ovarian biopsies by mass spectrometry has allowed
the distinction between borderline tumors and cancer [27]. Asmentioned above,
metabolite analysis can also be restricted to metabolites specific for defined
signalling pathways (metabolite target analysis). This approach may have an
important potential in the assessment of breast cancer risk and breast cancer
diagnosis. It is generally accepted that the exposure to estrogen is a main risk
factor for breast cancer and that oxidative metabolites of estrogen may be
causally involved in the development of the disease. Crooke et al. recently
presented a mathematical model of the normal mammary gland estrogen meta-
bolism, which was confirmed by in vivo studies. This in silico model was then
applied to a breast cancer case-control study and identified a patient population
with increased risk of breast cancer based on their enzyme haplotype and the
calculation of E(2)-3,4-quinone production, a transient metabolite which so far
has not been amenable to chemical quantification [28].

Nano-Particles in Diagnosis and Therapy

Nano-particles are very small particles of 1–1,000nm diameter comprising a core
element used for their detection and a shell allowing the interaction with biological
systems. The shells of nano-particles are composed of an organic layer made of a
variety of components such as polyethyleneglycols, silicon, or albumin (Fig. 3).
Tissue-specific ligands such as tumor specific antibodies can be linked to these
organic molecules, enabling targeting of the particles to the desired tissue. The core
consists of either fluorescent crystals (quantum dots), metals which are magneti-
cally active (super-magneitic nano-particles) or gold (Raman probes) [29].

The fluorescent quantum dots allow the detection and quantification of the

target proteins in tumor sections. Since quantum dots can be tuned by changing

their size and core composition to emit light with a variety of different wave-

lengths (450–850 nm), they can be specifically visualized with one light source.

Thus, the use of differently fluorescing quantum dots, coated with different

antibodies, allows the simultaneous detection of multiple molecular targets in

one tumor section or, theoretically, also intra-corporally. The considerable toxi-

city of quantum dots, however, presently limits their use for diagnostic purposes

Y
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Fig. 3 Basic structure of
nano-particles
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in vivo [30]. For diagnostic purposes of tumor biopsies, quantum dots are super-
ior to classical immunohistochemistry: (1) they allow the detection of multiple
target molecules in one tumor section, (2) they posses a long photostability, and
(3) due to their bright fluorescence they allow the accurate detection of low
abundant proteins. This technique is not yet widely applied in clinical diagnostics;
nevertheless, the recent convincing simultaneous demonstration of c-ErbB2,
estrogen receptor, and progesterone receptor in breast cancer cell lines and
biopsies suggests their use in clinical practice in the near future [29, 31].

Super-magnetic nano-particles are a powerfulmeans to enhance the sensitivity
of MRI and are already widely used in clinical practice and in experimental
studies of tumor-associated gene expression, angiogenesis and cellular
trafficking. The key advantages of magnetic nano-particles are their low
toxicity, high biocompatibility, and efficient accumulation in the target
tissue, thereby enabling the imaging of small tumor nodules by safe and
non-invasive methods [32, 33].

Gold based nano-particles are very attractive, since they can not only serve
diagnostic purposes but also enable therapeutic applications. The concept
involves antibody coated gold nano-particles which specifically accumulate in
the target tissue. They can be excited by lowest-dose laser energy which in turn
can be converted into images by opto-acoustic tomography. By increasing the
laser energy to levels still far below the dosage leading to damage of untreated
cells, the excited nano-particles convert photo-energy into thermal energy and
lead to heat-induced killing of the targeted cells [34]. Ito et al. could show that
gold nano-particles bio-conjugated with c-ErbB2 antibodies specifically accu-
mulated in the c-ErbB2 over-expressing SKBR-3 cells and that laser irradiation
caused irreversible heat-induced damage leading to cell death [32]. Thus, tar-
geted gold nano-particles may be a potent mean to achieve not only improved
imaging of tumor nodules but also their systemic photo-thermal ablation.

Taken together, nano-particles represent a powerful new method of tumor
imaging and targeting which promises to improve detection sensitivity and safety
and tumor irradiation efficacy. It is to be hoped that the encouraging results of
the experimental studies will soon be confirmed by pre-clinical and clinical trials.

Perspectives

Undoubtedly, tumor profiling and nano-technology are powerful means to
achieve revolutionary progress in the clinical management of breast cancer.
For example, tumor profiling has led to the understanding that estrogen recep-
tor positive and negative breast tumors are different biological diseases which
can be further sub-grouped with respect to prognosis and treatment response
[35]. Ideally, profiling of an individual tumor by one or a combination of the
‘‘omics’’ approaches will allow the administration of an effective tailored treat-
ment regimen. In the case of recurrence, further profiling of the relapsed tumor
cells could reveal their biological changes and treatment could be adapted
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accordingly. The consequence of this development, however, is that patient
groups sharing similar characteristics will get smaller and smaller. Thus, it will
be difficult to include enough patients into a clinical study to obtain statistically
meaningful data. There is an urgent need to adapt prospective clinical study
design to the overwhelming information which can potentially be gained from
an individual patient [35, 36]. Primarily, a standardized methodology for tumor
profiling has to be established to prevent the presently existing variability
and inconsistencies due to technical variations. Moreover, the predictive value
and therapeutic suitability has to be proven for every molecule suspected of
contributing to the tumor’s characteristics. Finally, the benefit of the tailored
therapy has to be analysed not only in terms of individual success but also in
terms of cost effectiveness. The translation of the technical possibilities into
clinical practice will be a major challenge in oncology and will require a
comprehensive international collaboration between study groups, clinical cen-
tres and research laboratories.
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Pathology Role in Adjuvant Setting

Angelika Reiner-Concin

Introduction

Histopathology provides relevant information on tumors and is generally
considered to be the gold standard for diagnostics in oncology. In the last few
decades much information on oncology has been gained and tumor character-
ization has been achieved by histology, including many more details than in
former times. In association with this the classification and characterization of
tumors have become more complex and therefore communication between
clinicians and pathologists needs to be intensified. This becomes evident by
the increased implementation of interdisciplinary tumor boards where pathol-
ogists take part as important players in a multidisciplinary team.

In this chapter, basic information on histology of breast cancer and conven-
tional histoprognostic factors is given. In addition, the current knowledge on
critical questions like observer variability is addressed. Some clinically relevant
questions regarding technical aspects are discussed and finally a look is taken at
future aspects.

Examination of Pathology Specimens

Core Needle Biopsy – Preoperative Diagnosis

Core needle biopsies (CNB) are widely accepted for preoperative diagnosis in
breast lesions. Their diagnostic reliability is very high. The lesion miss rate and
the false negative rate are reported in several studies and clinical follow up,
being 1.1% and 1% respectively [1]. Taking five or six cores, the diagnostic rate
for breast masses is increased up to 97% and for microcalcifications to over
90% [2]. Due to increased mammography screening, preoperative diagnosis on
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CNB is recommended as a quality criterion with respect to preoperative plan-
ning of therapy for breast cancer and should be performed at a very high
frequency. Also, with respect to neoadjuvant therapy, CNB is a valuable tool
for pretherapeutic diagnosis. In CNB, histologic diagnosis can be performed
reliably and additional information on prognostic and predictive markers can
be obtained by applying immunohistochemistry (IHC) and fluorescent in situ
hybridization (FISH). By these methods, steroid hormone receptors and HER-
2/neu can be determined very reliably [3–6]. Preoperative profiling with respect
to tumor typing and grading is less reliable and reaches only 60–70%. The
major problem is of undersampling informative areas in the CNB due to
heterogeneity within the tumor. This is especially true for examination of the
number of mitoses which is a major factor contributing to tumor grade [7, 8].

To achieve diagnostic accuracy, proper specimen handling is obligatory.
This includes that CNB specimens of masses are placed in fixative immediately
and that CNB performed due to microcalcifications are X-rayed and also fixed
properly. Frozen sections on CNB are not recommended because tissue arte-
facts due to the freezing procedure may interfere seriously with microscopic
interpretation.

Surgical Specimens

In all cases, careful specimen handling and optimal fixation are mandatory. The
specimen must not be incised before arriving in the histologic laboratory. For
palpable tumors, in case of proven malignant lesions, the surgeon removes the
tumor together with an additional rim of surrounding parenchyma in order to
achieve clear margins. To guarantee histological orientation, clear marking of
the specimen by the surgeon is obligatory. He should preferably attach sutures
at the external surface of the specimen. At least three stitches are needed for
proper orientation, one to the lateral, one to the medial and one to the superior
part of the specimen. For each breast unit it is advisable to establish a code for
the orientation of the sutures to avoid misinterpretation. The pathologist
should ink the entire surface of the specimen with proper dyes resistant to
histologic work up and thus evaluate the margin status exactly. The distance
from the tumor to the margins needs to be measured histologically and carefully
documented. In case of tumor involved margins at the first excision, the reexci-
sion specimen needs to be oriented again and marked following a standardized
protocol. For these specimens, special care needs to be taken on the peripheral
margins and they should be sampled exhaustively in histology. The original
tumor cavity should be sampled as well in order to detect residual tumor tissue.

In impalpable tumors, which are frequently detected by screening, the lesion is
usually localized by wire. Also, for these specimens, orientation using sutures as
described above is mandatory. The specimens need to be X-rayed without incision
prior to histologic work up. A correlation between the X-ray and the result of
histology is necessary to determine whether the relevant lesion has been removed.
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Specimens from axillary dissection need to be sliced thinly and palpated. For all
identified lymph nodes, histologic examination is necessary. Lymph nodes smaller
than 5mm should be paraffin embedded entirely. Larger lymph nodes need to be
cut in half or sliced and then paraffin embedded. To increase diagnostic accuracy,
all paraffin blocks from lymph nodes should be step sectioned at three levels.

For sentinel lymph nodes, special standardized work up protocols need to be
followed. Sentinel lymph nodes need to be embedded completely and step
sectioned till extinction of tissue. Steps should be taken at defined intervals
and conventional hematoxylin eosin (H&E) stained sections should be followed
by immunhistochemically stained sections using an anticytokeratin antibody.
Immunohistochemistry (IHC) should be performed in all sentinel lymph nodes
presenting free of tumor on H&E sections.

Frozen Sections

Frozen sections for palpable breast tumors arewidely used intraoperatively.With
the invention of preoperative diagnosis on CNB their use is limited mainly to
assessmargin status and sentinel lymph nodes. It is a reliablemethod for palpable
lesions and especially for those larger than 1 cm in diameter [9]. Some authors
were able to show that it was also reliable for non-palpable lesions [10]. However,
it is not recommended for impalpable lesions and lesions smaller than 1 cm. In
most cases with discrepant results between frozen sections and following paraffin
histology, the discrepancies are false negative results with a frequency of approxi-
mately 1–2% [9]. False positives with frozen sections are very rare events of fewer
than 0.1%or do not even occur [11].However, in some cases (approximately 5%)
definitive diagnosis in frozen sections has to be deferred to paraffin sections. Thus
sensitivity is over 90% and specificity is around 97%. The main reasons for
failure are due to sampling errors, histologic misinterpretation, ignorance of
macroscopic features, and poor technical quality of the frozen sections [12].

Frozen sections for margin assessment are described as having a lower
diagnostic accuracy. A sensitivity and specificity of 86% and 83% respectively
are described [13]. This is mainly due to intraductal tumor components not
included in frozen sections but detected only by examination in paraffin
sections. The third field of application of frozen sections is intraoperative
examination of sentinel lymph node biopsies for the purpose of sparing patients
with a positive sentinel lymph node a two step surgery.

Tissue Banks

With growing interest in proteomic and molecular genetic profiling of tumors
the interest in establishing multiinstitutional tissue banks for research and its
translational application for patients is growing [14].The conventional role of
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pathologists is professional management of tissue for diagnosis. With this new
interest in mind, and the need for high quality removal of representative tumor
areas and storage of frozen and paraffin embedded tumor tissue, pathologists
need to be involved in these projects. The pathologist can guarantee that tissue is
removed from representative areas within a tumor since he recognizes necrotic or
fibrotic areas macroscopically which are not applicable to laborious and expen-
sive analysis. In a second step he can prove areas of tissue removal by histologic
analysis of corresponding tumor areas. In any event, for high quality biological
specimens it has to be guaranteed that tissue removal and freezing is performed
immediately after biopsy and tissue fixation has to be performed properly.

Tumor Classification

Malignant breast tumors are divided into epithelial and mesenchymal tumors.
Epithelial tumors are far more common and are discussed in this chapter. They
are designated as carcinomas and subdivided into invasive and in situ carcino-
mas. Classification should be performed according to WHO [15]. The classifi-
cation is based only on the morphological picture of presentation and does not
reflect a cell of origin. It distinguishes invasive ductal carcinomas NOS (not
otherwise specified) as the major tumor type at a frequency of 75%. Beside this,
there occur invasive lobular carcinomas in 10–15%. They almost consistently
lack E-cadherin expression [16]. Invasive ductal and lobular carcinomas do not
differ in their prognostic significance. More important because of their more
favorable prognosis are several rare types of cancers. These include special types
as invasive tubular, mucinous, or cribriform carcinomas. These rare tumor
types occur at frequencies between 1% and at the most up to 3% (for an
overview see [17]). Rather frequently, mixed patterns also occur. Ductal carci-
nomas in situ are detected at increasing frequencies due to increased use of
screening mammography and their increased detection of up to 20% is agreed
upon to be a quality parameter for screening mammography. They present with
different architectures as solid, comedo, cribriform, and papillary type. Their
biological potential is mainly influenced by nuclear grade. They should be
carefully sampled for possible microinvasion (invasive focus smaller than
1mm) which occurs with increasing frequency at higher nuclear grades
[18, 19]. Any intraductal carcinoma with an invasive focus larger than 1mm is
classified according to the rules concerning invasive carcinomas.

Histopathologic Prognostic Factors

Tumor and Axillary Lymph Node Staging

Staging of breast cancer applies to the definitions of UICC [20]. Thus, accord-
ing to tumor size, several tumor stages are discriminated. Traditionally, tumors
are staged from category T1 to T4. Due to the increased use of screening
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mammography, most tumors detected meanwhile are in the T1 category. This
made a subdivision into T1a (<5mm), T1b (5–10mm) and T1c (10–20mm)
necessary. Today most tumors occur in the T1c category. In addition, axillary
lymph node staging is performed. Ipsilateral axillary lymph node status is the
most important prognostic indicator. It is well known that the number of
axillary lymph node metastasis is associated with increasing probability of
recurrences andmortality [21]. According to the TNM staging, the main groups
are negative axillary lymph nodes, one to three positive and more than three
positive lymph nodes. Additionally, in the most recent edition of the TNM
classification, patients with minor lymph node involvement are classified. These
are isolated tumor cells (ITC) in the category pN0(i+). ITC are defined as
single tumor cells or small clusters of tumor cells measuring not more than
0.2mm without evidence of a stroma reaction or invasion through vascular
channels or lymph node sinuses. A second category of minor lymph node
involvement consists of micrometastasis defined as lymph node involvement
smaller than 2 mm and larger than 0.2mm (pN1mi).

Accurate axillary lymph node staging depends critically on the accuracy of
pathohistological work up. This is true for conventional axillary lymph node
dissection and for sentinel lymph node biopsy. For a correct lymph node
staging of conventional axillary lymph node dissection a critical number of
lymph nodes needs to be examined. This is usually given when at least ten
axillary lymph nodes are examined [22]. If only the low axillary level is removed
at least six lymph nodes need to examined for a reliable staging. But several
other factors also contribute to accurate lymph node staging. These include the
surgeońs skills, as well as hospital and patient factors [23]. However, the main
factor seems to be the ability of the pathologist to retrieve the nodes from the
axillary fat [24]. The number of axillary lymph nodes removed has an impact on
local control of the disease even if it is negative. Regional relapse is significantly
increased with smaller numbers of nodes removed when patients do not receive
systemic therapy [25]. This means that recovery of only small numbers of
negative lymph nodes at axillary dissection likely understages patients and
leads to undertreatment.

Besides conventional axillary lymph node dissection, a routinely applied
lymph node staging procedure is sentinel lymph node biopsy (SLN). It is
accepted as an alternative to routine staging axillary lymph node dissection
for patients with early-stage breast cancer with clinically negative axillary nodes
[26] and also for intraductal carcinomas with microinvasion [27].

The very high predictive value of SLN biopsy in staging allows avoiding of
conventional axillary dissection in approximately 65–70% of patients. This
results in a significant reduction in morbidity, especially lymph edema. In
cases of positive SLN biopsy the standard therapy is completion of axillary
dissection for a complete lymph node staging. The critical question remaining is
patient selection after SLN biopsy for conventional lymph node dissection to
avoid understaging of axillary lymph nodes. Because the existing criterion is
negative histology of SNL, avoiding false negative diagnosis of sentinel lymph
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nodes is an important issue. Therefore the histopathologic examination of each
SLNmust be particularly accurate. Unfortunately there still exists considerable
heterogeneity of pathological examination of SLN biopsies. Furthermore, no
standardized guidelines or protocols for SLN examination exist. Substantial
differences exist in work up regarding the number of sections cut and the cutting
intervals ranging from 50 mm or less to more than 250 mm or even more. In
addition, for detection of micrometastasis IHC is used, more or less, and with
the application of various antibodies [28, 29]. Moreover, there exist consider-
able differences in reported histological findings in SLN. Especially regarding
minimal lymph node involvement, various terms like submicrometastases and
varying definitions of ITC exist [28]. Therefore, despite existing national or
regional guidelines, effort needs to be undertaken in formulating widely
accepted international guidelines which focus on standardizing histological
work up and microscopic examination. The guidelines should recommend
techniques that identify macro- and micrometastases as a minimum standard.
Very importantly, they also need to focus on a commonly used terminology to
lead to uniform histological reporting. This is necessary to be able to compare
patients included in different clinical studies. Such work has already been
undertaken but still needs further attention [30]. With respect to ITC, it is
important to define strictly the criteria for histological detection, including
application of IHC or evenmolecular methods to clarify the biological potential
of such minor lymph node involvement. At the moment it seems likely that ITC
are indeed clinically relevant as could be demonstrated from a recent study [31].

Lymph and Blood Vessel Invasion

Tumor cell invasion into both lymphatic and blood vessels are defined by the
UICC and specified as L1 and V1 respectively. In routine histology using H&E
sections, differentiation between lymphatic and small blood vessels may be
difficult due to the lack of a muscular wall in both of them. This is of practical
importance because tumor emboli mostly affect small vessels without a
muscular wall. In addition, cleft artifacts which occur quite frequently around
the tumors may pose diagnostic problems. It is currently believed that they are
retraction artifacts due to tissue fixation and processing. For discrimination of
lymph and blood vessels from cleft artifacts, special techniques like IHC using
antibodies for endothelial markers such as, for example, CD 31 or CD 34 may
be used. However, in routine diagnostic pathology this cannot be performed on
a regular basis. This point is reflected further by studies which found rather low
consistency levels of reproducibility of identification vascular invasion [32].
With respect to patient outcome, it is known that lymphatic invasion correlates
with axillary lymph node involvement and with survival and local recurrence
[33]. Moreover, lymphovascular invasion was proven to be an independent
prognostic factor in node-negative breast cancer and could be considered in
decisions about adjuvant treatment in these patients [34]. Not much is known
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about the significance of tumor cells in cleft artifacts. In a recent study a
significant correlation between cleft artifacts and unfavorable tumor parameters
such as tumor grade could be demonstrated. In addition, tumors with significant
amounts of cleft artifacts were associated significantly with lymphatic invasion
and axillary lymph node metastasis. In a multivariate analysis, prominent cleft
artifacts were associated with overall and disease-free survival even in lymph
node negative patients [35]. Due to this data it was speculated that the cleft
artifacts were not due to an artifactual phenomenon explained by fixation and
tissue processing. However, it could well be that this phenomenon was due to
abnormalities in the basement membrane and to altered tumor stroma interac-
tions. For this hypothesis further investigation is needed.

Tumor Size

Tumor size is critical for tumor staging and is also used as a quality assurance
parameter in breast cancer screening programs with respect to judging the
ability of the radiologist in the detection of small impalpable cancers. There
exist no strict rules how measurement of tumor size should be performed.
Preferably the tumor should be measured on the fresh tissue before fixation.
Dimensions should be taken in three planes and the biggest is recorded as the
maximal tumor diameter and thus is the basis for the T stage. If the specimens
arrive in the laboratory fixed in formalin one has to keep in mind that fixation
results in insignificant shrinkage of the tissue and thus the tumor diameter may
be underestimated insignificantly. Problems may arise in cases where multiple
CNB have been taken from a small tumor and only small parts of residual
tumor are left in the surgical specimen. In these cases, one has to estimate tumor
size by adding together the size of the residual tumor in the excision specimen
and the tumor in the CNB and correlate it with tumor size in the mammogram.
This may help to avoid significant underestimation of tumor size. If there exists
any doubt on tumor size of the fresh tissue, it is recommended tomeasure tumor
diameter on the histologic sections. For the tumor stage the invasive component
only should be taken into account. It is important that intraductal parts of the
tumor must not be considered. Questions still difficult to answer are posed by
cases with multiple tumor nodules. The question of how far apart tumor
nodules have to be to be considered as two separate tumors will in most cases
be answered subjectively. In such cases the diameter of the larger tumor is taken
into account for T staging. Summarizing tumor size is reported as one of the
problematic areas of interpretation for staging [36]. There also exist some data
on variability of measurement of tumor size [37]. Overall, in this study size
determination was generally acceptable. Size was more consistent for invasive
breast cancers than for in situ cancers and it was related to tumor subtypes. This
was also confirmed by measuring tumor size on histologic slides [32]. This
finding is probably due to clearer circumscription of invasive than of intraduc-
tal cancers and to clearer circumscription in certain invasive tumor types.
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Tumor Grading

For many years a large number of publications has confirmed a powerful

prognostic value of histologic tumor grade in terms of overall and recurrence

free survival. Tumor grading was proposed first in the 1920s and in a simpli-

fied modification suggested by Bloom and Richardson in 1957 [38]. It uses

three variables: tubule formation, nuclear pleomorphism (variability in size

and shape of nuclei), and mitotic counts. The basic principle of tumor grading

is summation of scores of the three variables. For each variable one to three

points are given according to the degree of deviation. A total score of 5 or less

defines grade 1, a score 6 to 7 grade 2, and a score of 8 and 9 grade 3. Tubule

formation and nuclear pleomorphism are determined throughout the whole

tumor. Tubule formation is defined by the area containing tubules compared

to the whole tumor. Thus if more than 75% of the tumor is composed of

tubules, score 1 is allocated. Two points are given if the tumor contains

between 10% and 75% tubules and score 3 contains less than 10% tubules.

Nuclear pleomorphism is the least defined variable in tumor grading. In the

Nottingham modification [39] it was suggested to use the size and shape of

normal epithelial cells present in the breast tissue adjacent to the tumor as a

reference. If normal epithelial cells are not present, lymphocytes could be

used. If tumor cell nuclei are small and show little variation in shape com-

pared with normal nuclei, score 1 should be given. Score 2 should be allocated

when tumor cell nuclei are larger than normal and show little variation and

small nucleoli. Marked variation and large size of tumor cell nuclei with

vesicular appearance and prominent nucleoli is designated as score 3. Most

importantly, the Nottingham modification of tumor grading also suggested a

standardized semiquantitative evaluation of mitotic counts. It was suggested

to use a defined field area in the microscope for determination of the number

of mitoses. It is known that the high power fields which are used for counting

of mitoses vary in size depending on the type of the microscope. Therefore

one has to adapt the mitotic numbers to the field diameter of the microscope

used. Mitotic counting should be performed in ten high power fields contain-

ing the highest numbers of mitotis in the tumor. This is usually given at the

periphery of the tumor. Only mitotic figures which clearly fulfill the morpho-

logic criteria for mitoses should be included for counting. Hyperchromatic

nuclei which could well represent apoptotic figures should not be taken into

account. This modification of the histologic tumor grading is now recom-

mended by the WHO for all invasive carcinomas [15]. This includes invasive

lobular and mucinous carcinomas. Only medullary carcinomas which are by

definition grade 3 are not to be graded.
A major concern regarding histologic tumor grading in patient manage-

ment is interobserver variability. The existence of a wide variation in the

proportion of each grade is well known. Grade 1 carcinomas are described

in the literature at frequencies between approximately 10 and 30%. For grade
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2 carcinomas frequencies are reported between 25 and 55% and for grade 3
carcinomas between 25 and 65% (for an overview see [40]). These differences
are affected by several factors. Criteria not fully defined or agreed upon or
difficulties in the application of these criteria are a main source of variability.
The variability in interpretation is also partly due to tumor heterogeneity and
the borderline nature of the presentation of the single factors used for grad-
ing. Several studies from the 1980s and even before have shown acceptable
levels of agreement between 70 and even 90% between observers. It has to be
mentioned that in these studies extremely subjective methods were used. In
addition it can be assumed that at that time not so much care was taken on
tissue fixation. Immediate tissue fixation is also critical for tumor grading
because it is known that the number of mitoses is reduced significantly with
delay of fixation. This may result in an underestimation of tumor grade. In
the 1990s it became evident that tumor grading is possible with a good
interobserver agreement if applied criteria are defined relatively strictly and
followed strictly and if training of pathologists is carried out. Thus in several
studies, interobserver agreement of almost 90% could be achieved. This
corresponds in statistical terms in kappa-statistics to very good overall agree-
ment of 0.7 [41, 42]. Further detailed analysis demonstrated that major
differences in grading are attributed by grade 2 cancers. The accuracy for
grade 1 and 3 is substantially higher. Thus for grade 1 an agreement with a
mean of 83% and for grade 3 a mean of 92% could be achieved when 13
pathologists reviewed breast cancer cases. In contrast, the mean for grade 2
cancers was only 64% [43]. Similar results were found by the European
Working Group of Breast Cancer Screening Pathology. Kappa-statistics
demonstrated only poor consistency for grade 2 cancers while it showed
higher consistency for grades 1 and 3 [32]. Regarding the three factors con-
tributing to tumor grading, it was demonstrated that tubularity and mitotic
index were associated with good kappa-statistics and are thus rather robust
factors while nuclear pleomorphism showed only poor kappa-statistics [44]. In
conclusion, and bearing these difficulties of tumor grading in mind, one can
conclude that for selection of patients for therapy it would be wise to put
more weight on grade 1 and 3 cancers and to use combinations of different
prognostic factors, especially for grade 2 cancers. Further, one should pay
attention to the ‘‘gray zones’’ of grading. A grade 1 carcinoma with a score 5
may behave more like a grade 2 cancer score 6 in contrast to a grade 1
carcinoma score 3 [45].

Immunhistochemical Assays

Immunohistochemical analyses (IHC) of biomarkers in breast cancer is exten-
sively used for tumor characterization and to predict prognosis and response
or resistance to therapy, respectively. Markers examined on a regular routi-
nely basis are steroid hormone receptors and HER-2/neu.
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Steroid Hormone Receptors

Steroid hormone receptors determined in breast cancer are estrogen (ER) and

progesterone (PR) receptors. ER in primary breast cancer occurs at a fre-

quency of approximately 75–80% and PR at approximately 60%. ER should

be determined on every primary breast cancer prior to decision regarding

systemic adjuvant therapy. ER is able to identify patients who are likely to

benefit or fail to respond to endocrine therapy. The prognostic value of ER

with respect to overall survival is difficult to interpret. There exist many

reports in the literature finding positive correlations for ER positive tumors

with overall and disease free survival [46–48]. However, one has to keep in

mind that there exist strong correlations between steroid hormone receptor

positivity and high tumor differentiation. Thus, regarding current opinion,

the importance of steroid hormone receptors is mainly given by its predictive

value for therapy. Additional PR assays should be performed to characterize

patients whose tumors are ER low or negative. The subset of patients with

ER low/negative and PR positive tumors may also respond to endocrine

therapy [49].
The preferred method for steroid hormone receptor determination is IHC.

This is now applied on paraffin sections of formalin fixed tissue. The success of

using paraffin sections is founded on the fact that it can be performed on

routinely prepared diagnostic sections and that by this method the receptors

can be localized to the specific tissue compartment, thus avoiding false assay

interpretation. Therefore it is thought that IHC is more reliable and reproducible

compared to the formerly used ligand binding assays which used cytosolic pre-

parations of the tissue. Moreover, it could be demonstrated that immunohisto-

chemical detection of ER is superior compared to ligand binding assay [50]. These

authors suggested that IHC is easier, safer, and less expensive, and has an

equivalent or better ability to predict response to adjuvant endocrine therapy.
However, despite these advantages, there still exist some problems with

immunohistochemical assays. One reason for discrepancies in results is the

fact that the robustness of IHC is susceptible to differences in tissue fixation

and processing. In histopathology, morphology and thus preservation of anti-

gens to be detected in IHC is influenced for example by the type of fixative,

delay of fixation after tumor removal, duration of fixation, and the paraffin

wax processing schedule. Several studies were performed on these topics. It is

recommended that fixation takes place immediately after tumor removal.

Therefore it is also recommended that tumor specimens be sent to the pathology

laboratory immediately after surgical removal. As fixative, ideally 10% buf-

fered formalin should be used. Fixation time should be at least 6 h and should

not be extended to more than 48 h. Too short or prolonged fixation times cause

decreasing positivity of ER [51]. For IHC there exist many clones of antibodies

against ER and PR and to date by comparison none seems to be superior to
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another. This is also true for the secondary detection systems. Most of the

modern antibodies for paraffin sections need antigen retrieval. Antigen retrie-

val is needed to overcome some of the problems caused by suboptimal tissue

fixation. The method superior to others for ER and PR is heat mediated either

using microwave or pressure cooker techniques. In fact, antigen retrieval seems

to be a crucial point for obtaining reliable receptor IHC [52, 53]. These studies

demonstrated that participating laboratories adequately detected tumors with

high levels of receptor expression but a significant number of laboratories failed

to detect receptors in low or medium ER expressing carcinomas and this was

mainly due to non-exhaustive antigen retrieval. To avoid underestimation of

steroid hormone receptor IHC and thus prevent patients with low levels of ER

in their cancers from not receiving needed endocrine therapy, much care needs

to be taken in raising assay sensitivity. Some improvement regarding variability

could be achieved by using automated staining systems for ER and PR IHC

which were shown to give better consistency compared to manual staining

methods [54].
Another as yet unanswered question concerns scoring of ER and PR IHC

and definition of a threshold for discrimination between receptor positive and

negative breast cancers. Most laboratories and clinical studies use the 10%

receptor positive threshold. This was validated in many clinical studies but it

has to be mentioned that this cut off is selected arbitrarily. Other thresholds,

like any positive cell or 1–20% receptor positive cells are also used [49, 50].

From the standpoint of laboratory procedure, the problem for setting a cut-

off to distinguish between receptor negative and positive carcinomas is criti-

cally associated with achieving a balance between assay sensitivity and speci-

ficity. This question was discussed nicely by Barnes and coworkers and these

authors suggest that rather high cut-offs with respect to response to endocrine

therapy may be reasonable [55]. There also exist different systems for scoring.

Practically all of them use percentage of positively stained cells and staining

intensity as the basis. It was shown that simple scoring systems are most

effective. Therefore a ‘‘quick score’’ has been recommended [56]. This awards

points for nuclear staining and staining intensity and results in a score from

zero to eight points
To overcome the problems with IHC, at least partly technical guidelines

for steroid hormone receptor assays and for interpretation and scoring

should be formulated urgently. To improve consistency of steroid hormone

receptor IHC participation of laboratories in quality assurance programs

with slide circulations and bench marking between laboratories on a regu-

larly basis is recommended. These have been set up successfully for many

years, for instance by UK NEQAS-ICC or College of American Patholo-

gists. EUSOMA suggests that ER and PR IHC must only be performed in

laboratories working with internal and external quality assessment schemes

to assure the major goal for the patients in guaranteeing consistency and

quality of receptor measurements [49].
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HER-2/neu

For several years there has existed a major interest in HER-2/neu (HER-2) for
breast cancer patients. The development of Trastuzumab (Herceptin) therapy
made testing necessary to consider a patient́s eligibility in the metastatic disease
and adjuvant setting. Accurate assessment of HER-2 status is essential to
ensure that patients who may benefit from Trastuzumab are correctly identi-
fied. Because of considerable and particularly cardiovascular side effects and
high costs of this therapy, it is necessary that patients with HER-2 negative
tumors are identified correctly. As revealed in recent extensive and critical
studies, approximately 20% of HER-2 positive cancers can be expected [57].

HER-2 status is assessed routinely by IHC at the level of protein expression and
by fluorescent in situ hybridization (FISH) assays at the DNA level of gene
amplification. It is recommended that it is determined in all primary breast cancers.

HER-2 Immunohistochemistry

In contrast to steroid hormone receptor IHC, many guidelines exist for HER-2
assessment [58, 59]. These focus on technical questions as well as interpretation.
As was described above for steroid hormone receptor IHC, the quality of the
assays are also influenced by the type of fixative, delay of fixation after tumor
removal, duration of fixation, and the paraffin wax processing schedule. The
American Society for Clinical Oncology and the College of American Pathol-
ogists recommend optimal tissue handling and fixation in a recent publication
of their guidelines. As suggested for steroid hormone receptors, fixation should
be performed using 10% buffered formalin and last between minimally 6 and
maximally 48 h. Time from tissue acquisition to fixation should be as short as
possible. In a recent paper, acceleration of fixation by applying high frequency,
high intensity ultrasound is suggested, which is proven to preserve uniform
tissue morphology and less altered protein antigenicity [60]. This approach may
be useful in the future. As for other IHC assays, HER-2 IHC is also influenced
by various other factors like the antibodies used, the methodology – especially
with respect to antigen retrieval, and the experience of the personnel. Many
HER-2 polyclonal and monoclonal antibodies and test kits are commercially
available. Some of them are approved by the FDA.Many studies demonstrated
broad variations in staining results depending on the antibody. Press and
collaborators demonstrated these differences convincingly and the variation
affected the FDA approved antibodies as well [61]. It was suggested to use cell
lines with differing but constant levels of HER-2 expression as standard
material against which assay sensitivity could be checked. In these studies,
HercepTestTM had the highest level of reproducibility in sensitivity and evalua-
tion [62, 63]. Laboratories using other individually set up assays were able to
improve their sensitivities over several runs of a quality assessment scheme but
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did not reach results obtained with the HercepTestTM. Further it was suggested
that IHC can be performed at a higher level and thus more reliably when a large
enough number of specimens is examined in a laboratory. For HER-2 IHC it
could be demonstrated that in a central reference laboratory there was less
discrepancy with HercepTestTM compared to small volume community based
laboratories. A substantial proportion of assays (18%) of these small labora-
tories could not be confirmed by the reference laboratory [64].

HER-2 FISH

The other routinely applied assay method is fluorescent in situ hybridization
(FISH). The product identified by this method is gene amplification determined
by assessment of copy numbers of the HER-2 gene. Tissue requirements are
similar to IHC and the method can be performed on formalin fixed paraffin
embedded tissue. Basically, two tests are available. One determines the copy
number of the HER-2 gene only. The other test determines the gene copy level
as the ratio of the copies of chromosome 17 centromere and theHER-2 gene. By
this test aneuploidy of chromosome 17 can be excluded because the HER-2 gene
is located on chromosome 17 and its centromeric probe is used as an internal
control for aneuploidy of chromosome 17. The specific test product is labeled
by fluorescent dyes and can be visualized using a fluorescent microscope. The
slides are not permanent and fade rather rapidly. Both tests are approved by the
FDA. Several studies compare results of FISH and IHC assays. All of them
prove that FISH based tests resulted in more accurate determination of HER-2
expression levels [61, 65]. This higher accuracy of FISH assays may partly be
due to microscopic interpretation which is described below. In the future an
alternative to FISH testing could become chromogenic in situ hybridization
(CISH) or the rather new concept of SISH (silver in situ hybridization). These
are modifications of the FISH technique for detection of amplification of genes
in paraffin embedded material. The methods are based on the same principle
but detection of the oncogene probe is based on a peroxidase or silver reaction
which allows the use of a conventional light microscope rather than a fluor-
escent microscope. Another advantage lies in the fact that permanent slides are
produced. Recent studies revealed concordant results between FISH and CISH
in more than 90%. Just a few tumors were amplified only in either FISH or
CISH respectively [66]. Thus this method may become a reasonable alternative.

Interpretation and Scoring

Immunohistochemistry

For IHC, scoring is performed by determination of the proportion of cells with
positive and complete membrane staining and evaluation of the staining inten-
sity. Only membrane staining is to be evaluated. Cytoplasmic staining may
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occur and sometimes be intense but should be omitted from evaluation. This
may result in difficulties in interpretation because discrimination between these
closely adjacent regions may be difficult, especially when stained in the same
color. The scoring system was published by DAKO Corporation and is part of
the FDA approved HercepTestTMKit. Negative IHC results are achieved by
score 0 and 1+.A positive result is given at score 3+. IHC scores 0, 1+ and 3+
are accepted as reliable and need no further testing. An equivocal result is
represented by IHC score 2+. Guidelines recommend retesting all cases with
IHC score 2+byFISH. In IHC score 2+ some cases may turn out to beHER-2
positive on retesting by FISH and are then eligible for Herceptin treatment.
However, the majority of IHC score 2+ cancers are not accompanied by gene
amplification and represent ‘‘false positive’’ IHC. Only a small proportion of
IHC score 2+ represent true 2+ IHC positivity accompanied by gene ampli-
fication [67]. One has to stress that interpretation in IHC is subjective in any
case and thus includes observer bias. Interpretation of staining intensity and
estimation of membrane staining in a percentage of cells compared to the total
of cells within a tumor is variable. Regarding this topic, it was demonstrated
that overall discrimination between HER-2 negativity and positivity in IHC
(score 0, 1+ vs score 2+, 3+) was very high, kappa statistics being 0.96. The
main difficulty derives from distinguishing weakly from highly positive cases
(score 2+ vs 3+), their kappa statistics being only 0.38 [68]. Therefore, in these
cases, retesting by FISH is very important. In addition, with respect tominimize
subjectivity in microscopic evaluation there exist efforts in application of auto-
mated image analysis systems for scoring. Applying such systems which are able
to evaluate membrane staining only and exclude cytoplasmic staining from
evaluation and evaluate percentage of stained cells, these biases may be over-
come in the future.

FISH

Scoring FISH affords determination of the copy number of the gene and
chromosome 17. This simply requires counting of two colored signals and
therefore is easier to perform compared to immunohistochemical evaluation.
For such analysis, interscorer errors are reported below 10% [64] and therefore
FISH scoring seems to be rather robust against observer bias. According to the
guidelines at least 20 nonoverlapping cells in two separate areas of the invasive
cancer need to be counted [58]. Based on the counting test interpretation is
performed as follows. For HER-2 gene copy number, more than six copies are
scored as amplified which means HER-2 positivity, four to six copies are scored
equivocal and less than four copies are regarded nonamplified or HER-2
negative. For the HER-2 gene/chromosome 17 ratio a positive result is given
by HER2/CEP17 ratio >2.2. A ratio of 1.8–2.2 represents an equivocal result
and a ratio of <1.8 is a HER-2 negative result.
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Which Score to Be Used?

In conclusion, and taking the recommendations of the guidelines into account,
every primary breast cancer should be tested for HER-2. The best method with
respect to type of assay and optimal performance remains controversial. The
most reasonable way is screening breast cancers for HER-2 using IHC for the
purpose of identification of HER-2 negative cases or exclude them. HER-2
positive cancers and especially equivocal score 2+ cases need validating by
further testing by FISH prior to therapy. For quality assurance it is strongly
recommended that performing laboratories participate in an appropriate exter-
nal quality assurance program such as the UK NEQAS. On a regularl basis,
unstained slides are circulated to the laboratories and are requested to be
stained by the routine laboratory method. In addition, their own in house
control needs to be returned to the organizing center. All sections will be
reviewed by an expert panel. In case of inappropriate results, advice for
improvement should be given.

Future Aspects

Microarray Technology

Microarrays can be described as large numbers of samples in an ordered
arrangement on a grid. Depending on the specimens to be analyzed, several
arrays can be distinguished. Tissue arrays contain patients specimens. Using
this technology, a bioprobe can be analyzed for hundreds of patients at a time in
a very economic way. The second approach uses hundreds to thousands of
biomarker probes upon which a single patient biospecimen can be examined.
Most of these arrays use nucleic acid – preferably DNA but also RNA. In these
microarrays the nucleic acid is hybridized against the patient specimen and
quantified. This means that thousands of genetic markers can be determined at
once. Problems have been identified regarding sensitivity because, due to using
such large numbers of genetic markers, each single marker cannot be optimized
for its sensitivity. This may be a problem for markers expressed at a low level.
Another limiting factor is tissue quality. High quality of the samples is required
and immediately snap frozen tissue remains the gold standard for such analy-
sis. However, for patient material this cannot be guaranteed in any case within
the routine practice in a hospital. Another problem arising with this high
complexity technology is the creation of huge data sets which need to be
analyzed and interpreted. For this purpose specialized algorithms and IT
programs have been developed to convert the raw data into numerical values
ready for interpretation. To date this technology can only be applied in very
specialized laboratories. Therefore microarray technology today still remains a
research tool.
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Nevertheless, several interesting and intriguing studies have been performed.
Many studies have used gene expression profiles for creating predictive signa-
tures of prognosis such as local recurrences and metastasis. Breast cancer gene
signatures have been identified that predicted absolute survival [69]. Patients
with cancers with a good prognosis signature have an overall survival of
approximately 95% at 10 years compared to only approximately 55% in
patients with tumors with poor prognosis signature. The difference remained
significant even after stratification into lymph node negative and positive
patients respectively. The usedprognostic marker gene profile consisted of 70
genes and the poor prognosis signature included genes regulating the cell cycle,
angiogenesis, invasion and metastatis [70]. This suggests that it should be
possible to identify patients who are at very low risk of metastasis and therefore
adjuvant chemotherapy could safely be omitted. This concept is intriguing
because a large number of patients with breast cancer are candidates for
adjuvant therapy and as many as up to 80% do not develop metastasis and
therefore probably do not need adjuvant chemotherapy. The advantage for
these patients is avoiding unnecessary side effects. Other studies demonstrated
that microarray analysis is able to identify subgroups of patients for prediction
of treatment response. A set of genes identified patients who show significant
differences with respect to response to endocrine therapy [71]. Other studies
identified patients by their gene signature who are likely to respond at a high
probability to neoadjuvant chemotherapy or their gene profile correlated to
response to certain chemotherapeutic agents like docetaxel [72, 73]. A step
further this leads to the possibility of tailored adjuvant chemotherapy for
individual patients [74].

Another field of application of microarray technology regards
reclassification of present tumor types. Conventional morphologically based
tumor classification relies on anatomic site and tissue of origin. Of special
clinical interest – keeping this in mind – is subclassification of histologically
nondistinguishable tumor entities with respect to differences in prognosis and
treatment. Thus the new technologymay be used as a ‘‘microarraymicroscope’’.
Microarray technology can clearly demonstrate different tumor types among
breast cancers. Amongst others, basal cell and luminal cell type cancers were
first characterized differently by gene profiling [75].Meanwhile, it is known that
among invasive ductal carcinomas grade 3 approximately 20% and among
invasive ductal carcinomas in general 10% are of basal cell type. They are
usually triple negative which means they are negative for estrogen and proges-
terone receptors and for HER-2. In addition, they frequently present with
negative axillary lymph nodes. They tend to develop less bone and liver
metastasis but more frequently brain metastasis, and they are reported to be
associated with a poor clinical outcome [76]. Furthermore, there exists an
association between basal cell carcinoma and medullary breast carcinoma. In
a large study on medullary breast carcinomas, many showed a basal phenotype
[77]. This finding is interesting with respect to the fact that medullary breast
carcinomas have an excess of BRCA1 germ-line mutations and, therefore, an
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association even with hereditary breast cancer may exist. There exists currently
no internationally agreed consensus for diagnostic criteria of basal cell carci-
nomas, nor are they searched for in routine histology. In many studies they are
identified by positivity for cytokeratin 14, cytokeratin 5/6 or P-cadherin in IHC.
Within the basal cell carcinomas different patterns of cytokeratin 14 expression
are associated with differences in prognosis and response to chemotherapy [78].
These findings suggest that in this field new clinically relevant tumor identities
may be recognized in the future. It may also be speculated that a combination of
conventional histoprognostic factors and the molecular signatures of tumors
may be used for determination of prognosis and prediction of therapy in
individual patients. If this indeed happens, it will be a real advantage in
comparison to our present knowledge.

Summarizing the present possibilities for microarray technology for breast
cancer, there remains much to be clarified and optimized. One has to keep in
mind that transferring this currently scientifically applied method into widely
applied clinical diagnostic assays may have a long way to go. Scientific data
have to be reproduced, compared to each other, and clinically proved. Cur-
rently results in the literature are often not comparable to each other. Agree-
ments have to be established on the relevant gene profiles for answering specific
questions. For a successful application of microarray technology to therapeutic
decision-making, high sample quality is required and thus the sample collection
under routine hospital conditions has to be optimized. Finally, much more
clinical correlative data need to be validated.
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Guidelines, Consensus Conferences and Overviews

(Meta-analysis)

Kathleen I. Pritchard

Introduction

In the practice of oncology, and even in sub-specialties such as the care of women

with breast cancer, it can be challenging and sometimes overwhelming to keep up

to date with the latest discoveries and publications. In past years, the review

article [1, 2] was the standard vehicle for keeping up to date for most clinicians.

Review articles of this type, while often excellent summations of the available

data, did not use explicit criteria for the inclusion or weighting of evidence from

articles which often had wide variability in methodologic quality. Furthermore,

today’s methods of rapid computer-based formalized literature retrieval were not

available at that time. In spite of that limitation, however, published articles were

usually accessible using hand searchingmethods which are still an important part

of all literature reviews and guideline production [3–5].More problematic in such

reviews was the lack of access to unpublished material, since review articles and

indeed even consensus documents, guidelines and meta-analyses of published

data do not usually attempt to retrieve such data.
In 1984, the first formal meeting of investigators and statisticians devoted to

the conduct of ameta-analysis of all data concerning the treatment of early breast

cancer took place. Although meta-analysis was actually an older technique, used

mainly in the social sciences literature, it had not been widely appreciated in

medical circles until around this time. The first meeting of the Early Breast

Cancer Trials Collaborative Group (EBCTCG) Overview, or meta-analysis,

colloquially referred to as the Oxford Overview, actually took place in Heathrow

Airport. Here for the first time clinicians from all over the world involved in

studies of treatment of early breast cancer gave 1-min summaries of their data

and Richard Peto and others described the techniques for meta-analysis and the
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then startling results of the application of this technique to adjuvant systemic
therapy with tamoxifen and chemotherapy.

Consensus meetings are held and documents written in many venues but the
prototype consensus conferences and documents for adjuvant therapy of breast
cancer as well as for many other medical topics are those of the National
Institutes of Health in the United States (NIH US). Subsequently a wide variety
of consensusmeetings have been held by other organizations such as theNational
Comprehensive Cancer Network (NCCN), the European Organization for
Research and Treatment of Cancer (EORTC), and many other national and
international groups. In particular, the biannual St. Gallen Primary Therapy of
Breast Cancer Meeting traditionally holds a consensus panel which is then
written up as a consensus guideline. The American Society for Clinical
Oncology (ASCO) also publish guidelines in particular areas such as the role
of sentinel node biopsy, the role of bisphosphonates in breast cancer, the role of
aromatase inhibitors in breast cancer and others. Guidelines such as those put
forward byNCCN and the St. Gallen Group tend to be less evidence driven and
more consensus based then those of ASCO or other organizations. Particularly
evidence based guidelines include those written by the Practice in Evidence
Based Care (PEBC) Program of Cancer Care Ontario (CCO).

The advantage of Consensus Meetings held by organizations such as NIH is
that they frequently find and present unpublished and preliminary data from a
variety of groups. This can only occur in so far as these data are known to exist
because they are funded through NIH or other major agencies or are registered
as part of the current required world wide trials registration mechanisms [6].

All of these newer processes, like those associated with the traditional review
article, suffer from the problems of rapid data accumulation and hence a
requirement for frequent updating. Often literature searches are out of date
and evidence based guidelines can require last minute additions of data before
publishing. Decisions as to whether to include only fully published and peer
reviewed articles or also abstracts frommeetings plague these processes, as they
did the production of up-to-date review articles in the 1970s and earlier.
Computer access to on-line publications which presage printed material is a
help in this process, as is the availability of slides from major meetings such as
the ASCOmeetings and the SanAntonio Breast Cancer Symposiums (SABCS).
The fact that such materials do represent preliminary data is sometimes proble-
matic however, since data may change when final analyses are made [7].

Meta-analysis or Overviews

The concept of pooling or summing of clinical trials results, themeta-analysis or
overview technique was originally developed by T.C. Chalmers and others and
was initially used in the medical field to examine the role of anticoagulants
following myocardial infarction [8]. The first so-called ‘‘Oxford’’ Overview

64 K.I. Pritchard



Groupmeetings were in fact held inHeathrowAirport in London in 1984 and in

Bethesda, Maryland in 1985. Prior to each of these meetings, Sir Richard Peto

of Oxford and his team requested raw data from all investigators who had

carried out randomized trials of adjuvant therapy of any type. By literature

searches and communication with individual investigators, the Oxford group

eventually obtained raw data from virtually every randomized trial of

(1) tamoxifen as adjuvant therapy, (2) radiation as adjuvant treatment, (3)

chemotherapy of any type as adjuvant treatment and (4) ovarian ablation �
prednisone as adjuvant treatment. The Overview was subsequently expanded to

include randomized trials of immunotherapy (never much of a rewarding

exercise) and more modern endocrine and targeted treatments such as the

aromatase inhibitors (AIs) and trastuzumab (Herceptin). Initially in 1984

only crude mortality data were requested as outcome endpoints but by the

time of the Bethesda meeting more detailed data including time of first recur-

rence, nodal and receptor status were being collected. Since these initial meet-

ings, quinquenial data collections and meetings have been held. More recently

the EBCTCG exercise has taken on an ongoing nature in which data is con-

tinuously retrieved and updated from all known randomized studies.
A number of mathematical techniques are available [9] for conducting an

overview or meta-analysis. The use of correct methodology in assembling the

data to be included is muchmore crucial than themathematical techniques to be

used however. The basic principle of overview or meta-analysis is that treated

patients from one study are compared only to controls from the same study and

never directly to patients in other studies. The results of each individual com-

parison from each trial are then pooled to obtain an overall estimate of treat-

ment effect. One excellent discussion of overview methodology is entitled ‘‘The

problems of pooling, drowning and floating’’ by Goldman and Feinstein [10].

Some of the issues of meta analysis are briefly discussed below:

1. Patients from various studies being pooled must have the same diagnosis.
This may seem obvious and in the case of adjuvant treatment of breast
cancer it is probably a fairly simple matter but it is crucial to the technique.

2. Patients from various studies being pooled may have mixes of clinical
severity of disease. Meta-analysis can use stratification to select groups of
patients from each study who have similar characteristics, for example
positive axillary nodes versus negative axillary nodes, estrogen receptor
positivity versus negativity, etc.

3. If data are to be pooled each studymust use the same therapeutic maneuver.
This sounds obvious but may not always be so simple. For example, some
studies of adjuvant tamoxifen gave tamoxifen for 1 year, others 2 years and
5 years. Doses varied. Should all of these studies be pooled or separated?
More complex difficulties arise when looking at studies of combination
chemotherapy. The cyclophosphamide, methotrexate, and five fluorouracil
(CMF) regimens were generally grouped together and single agent regimens
were grouped. However, amongst different studies, regimens of CMF
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known to be differentially effective are used. Single agents were different in
both types of drug and scheduling.More recently the issues of how to group
‘‘dose dense’’ therapies and various ‘‘intense’’ and less intense anthracycline-
containing regimens have added complexity. For example, regimens such as
AC are not the same as regimens such as CEF or FEC 100 but have been
generally grouped as anthracycline-containing regimens in the EBCTCG
meta-analyses.

4. Studies to be pooled will need the same outcome measures. Mortality
should be specified as cause specific or crude mortality and disease free
survival or event free survival differentiated. Any of these outcomes are
valid but different ones should not be mixed.

5. When a number of studies are pooled, the results are weighted so that
studies containing more patients have more weight than studies containing
fewer patients. Each trial is analyzed separately producing one log rank
statistic per trial. Trials can be stratified by age, nodal status, receptor
status and then combined to give an overall estimate of the effect of
different treatments overall and in different subgroups.

6. One must be careful in applying the results of pooled ‘‘old’’ data to current
medical practice. For example, the pooling of data from radiation therapy
techniques of 20 and 30 years ago may not give the same results as one
might achieve with more sophisticated techniques today.

7. Only data from strictly randomized studies should be included in meta-
analysis. The results of any meta-analysis are only as valid as the data from
the original studies pooled. If individual studies did not have strictly
blinded randomization, they may be biased and such bias will be reflected
in the meta analysis.

8. Pooled results must include the results of all patients randomized in each
trial, at risk of creating bias.

9. Any overview of a given therapeutic maneuver must include all of the
randomized studies which exist of that maneuver. If only the published
studies of a given maneuver are included in an overview, a bias toward
positive results might occur. This publication may occur because investiga-
tors are more likely to submit positive studies for publication and journals
more likely to accept them.

10. Above all, it must be remembered that an overview is only as good as the
individual trials included in it. Some of the data included in overviews such
as the EBCTCG are unpublished. These data may not have been peer-
reviewed and therefore must be carefully and accurately scrutinized within
the overview process. Breaks in randomization may have occurred in
individual trials which could be unknown to the overview investigators.
Therefore the input of the investigators responsible for each study in the
overview is essential at all stages of the overview process. The EBCTCG
Group have had considerable strength concerning these matters since, as
part of the EBCTCG Process, collaboration amongst statisticians, metho-
dologists and clinicians has been sought, built, and sustained.
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Over the history of the EBCTCGOverview, the first data from 1984 showed
that tamoxifen [4] CMF chemotherapy [4] and ovarian ablation [11–13] each
improved survival. While this seems obvious in retrospect, at that time North
Americans were very skeptical about the efficacy of tamoxifen while the British
and Europeans were more skeptical about the efficacy of CMF. Everyone was
dubious that ovarian ablation was effective because such small trials had been
done and few had shown any statistically significant benefits. Themeta-analytic
summing however showed clear benefit for all three approaches.

By 1990 the Overview showed that longer tamoxifen treatment seemed better
and that tamoxifen effects were clearly greater in ER positive women. It was
also shown that tamoxifen reduced the rate of contralateral breast cancer and
that chemotherapy was effective in both older and younger women [14].

By 1995 the huge magnitude of effect of 5 years of tamoxifen had been seen
and it was very clear from direct and indirect comparisons that tamoxifen given
for 5 years was better than 1 or 2 years. It also became clear, somewhat unex-
pectedly, that tamoxifen prevented contralateral breast cancer only in women
with ER positive disease. The 1995 Overview also showed that anthracycline-
containing regimens in general were better than CMF although it seemed that
some anthracycline containing regimens were better than others [15].

The 2000 Overview was able to demonstrate clearly the persisting benefits of
both polychemotherapy and of tamoxifen at 15 years. (Figs. 1 and 2). Ovarian
oblation or suppression was also shown to be effective at 15 years of follow up
(Fig. 3). It remained clear that while ovarian suppression or ablation was
effective when given alone, it was not significantly so when added to chemother-
apy. Because of the availability of early data from the Adjvuant Tamoxifen
Longer versus Shorter (ATLAS) and Adjuvant Tamoxifen or More (ATOM)
trials the door was opened to the suggestion that more than 5 years of tamoxifen
might be even better than 5 years of such therapy [5].

In 2005, the main comparisons included (1) chemotherapy subdivided by
(i) high dose therapy (transplant-type therapy), (ii) taxanes, (iii) anthracyclines
and (iv) CMF-type chemotherapy, (2) ovarian ablation/suppression, (3) tamox-
ifen, (4) aromatase inhibitors, (5) neoadjuvant therapy, and (6) local therapy.
New baseline data requested included sentinel node biopsy and HER2 data. By
September 2006, 37 more groups and 182 more trials had been added to the
EBCTCG database and processed. The 2006 Overview included 76 groups and
389 trials of which 112 were new and 277 updated, and 264,000 women, 70,000
in new and 194,000 in updated trials [16]. About 80,000 women had been
studied in chemotherapy trials of whom 4,000 were in trials of single agents
versus nil, more than 30,000 were in trials of prolonged chemotherapy versus
nil, more than 30,000 were in trials of anthracycline versus non-anthracycline
based chemotherapy, more than 10,000 were in trials of taxane versus non-
taxane containing therapy, and more than 6,000 were on trials of bone marrow
(BMT) or stem cell transplant (SCT) associated with high dose chemotherapy.
More than 80,000 women had been studied in tamoxifen trials, more than
50,000 of whom were in trials of tamoxifen versus none and about 30,000 in
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Fig. 1 Early breast cancer trialists collaborative group 2005/2006

Fig. 2 Early breast cancer trialists collaborative group 2005/2006
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direct comparisons of a longer versus shorter tamoxifen treatment. In addition

about 12,000 women were in trials of ovarian ablation or suppression versus

none and 30,000 women in trials of aromatase inhibitors (AIs).
An AI meta analysis process has been carried forward by a subgroup of the

Oxford Overview acting independantly as the AI Overview Group but collabor-

ating with the EBCTCG trialists. This group presented data at the San Antonio

Breast Cancer 2008 Symposium (SABCS) [17] which will be published shortly. In

summary, the 2006 ASCO Overview shows that AIs reduce recurrence and

appear to add to survival overall although the early termination and cross-over

seen in many of these trials makes overall survival difficult to assess. These trials

however require separation by control group (tamoxifen versus placebo/control),

sequenced versus primary after 2–3 or 5 years and possibly by type of AI.
Meta-analysis of the newer chemotherapy trials is now ongoing. This meta-

analysis will include for the first time a specific meta-analysis of BMT/SCT

supported high dose therapies. This meta-analysis is plagued however by the

problems of differing control arms, some of which are less than standard

treatment. Similarly, the taxane trials will be separated into trials of taxane

versus no taxane and taxane versus taxane trials including a grouping for

concurrent versus sequential trials of taxanes. Once again the grouping of

taxane trials is problematic since all taxane regimens are not the same and

control arms also differ. A subcommittee of Oxford investigators are working

Fig. 3 Early breast cancer trialists collaborative group 2005/2006
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together to classify these trials and hence most appropriately structure their

meta-analysis which is currently ongoing. The EBCTCG 2005 Overview will

also attempt to look at ‘‘dose dense’’ versus ‘‘non-dose dense’’ regimens and dose

intense versus non-dose intense regimens. Table 1 lists a general grouping of the

types of trials and the numbers of patients in them.

In the 2005 Overview of tamoxifen trials the protracted advantages of tamox-

ifen at 15 years follow up are seen. It seems clear that ER poor PR poor patients

show no benefit and similarly that ER poor PR positive show no benefit either.

ER positive PR negative and ER positive PR positive patients showed similar

and impressive benefits (see Figs. 4 and 5). The Overview of 5 years versus longer

tamoxifen also appeared to show significant improvement in recurrence free

survival for longer therapy. These results together with those of both ATLAS

[18] and ATOM [19] as individual trials have been shown.
The strengths of the Oxford Overview remain the power of the technique and

the processes that assure that the data are correct and comprehensive. The

meta-analysis technique gives the ability to assess both the magnitude and

length of effects and improves understanding of the long term natural history

of breast cancer. The collaboration between methodologists, statisticians, and

investigators is extremely strong.
The EBCTC Overview has however been plagued by weaknesses and frus-

trations that include long timelines because of the data collection and verifica-

tion required. In addition, there are genuine intellectual disagreements about

how much one can split or one should split or lump the data. For example,

although we lose quite large amounts of the data when we try to assess treat-

ment effects within clinically relevant subgroups that include grade, nodes, and

ER and PgR we must nonetheless look at these subgroups since the largest such

subgroups are available within the EBCTCG Overview. Some involved in the

EBCTCG Overview continue to be frustrated by the reluctance of others to

Table 1 Early breast cancer trialists collaborative group 2005/2006 overview

Trials exploring dose or schedule questions (except BMT/SCT trials)

Type of question No. of trials No. of pts.

� DI(dose level) 3 �4,000
� CD (treatment duration) 16 �10,000
� DI þ CD 10 �10,000
� DD (dose interval) 3 �3,500
�Weekly vs q 3 wks (different dose levels) 2 �5,000
� Sequential vs Combo (same agents) 5 �14,000
BMT ¼ Bone marrow transplant
SCT ¼ Stem cell transplant
DI ¼ Dose intensity
CD ¼ Chemotherapy duration
DD ¼ Dose density
q ¼ every
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Fig. 4 Early breast cancer trialists collaborative group 2005/2006

Fig. 5 Early breast cancer trialists collaborative group 2005/2006
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explore subsets while some remain concerned about over-interpretation of
subset analyses and attempting to take the data far beyond what the subset
sizes can carry. These differing scientific points of view will continue to be
explored in vigorous debate in the EBCTCG process.

In addition, all involved in the Overview process fear the loss of long term
follow up in the individual trials that make up the Overview. Currently many
groups are no longer following their breast cancer trial patients beyond 10 years
because of lack of funding. However, it seems very clear from the most inter-
esting results seen after 15 and 20 years of follow up in the EBCTCG Overview
that such follow up is crucial and should be continued at all costs.

The future potentials of the EBCTCGOverview include further elucidation of
long term recurrence and mortality patterns, examination of the long term
efficacy of tamoxifen, the AIs and chemotherapy as well as the potential to
describe long term side effects of these therapies. Regardless of the limits asso-
ciated with subgroup analysis there will clearly be the potential for more analyses
concerning predictive factors such as HER2. In summary, the EBCTCG
Overview exercise is still extremely valuable. The potential remains enormous,
collaboration remains crucial and flexibility amongst investigators will be key.

Consensus Meetings and Documents

While a broad variety of consensus exercises and documents are held and
published, the prototype probably remains the NIH US consensus process
[20]. The number of NIH Consensus Development Conferences covering the
area of adjuvant therapy of breast cancer have been held as part of the overall
NIH program. The NIH, the lead government agency for federally sponsored
research in the United States, beginning in 1977, organized Consensus Devel-
opment Conferences to review controversial areas of medical research [21].
Several hundred such conferences were subsequently held on a wide variety of
diseases and medical disciplines. Adjuvant therapy of breast cancer has been
one of the most popular topics for consensus development conferences with
meetings held in 1980, 1985, 1990 and 2000 [22–25].

NIH Consensus Development Conferences are structured to emphasize a
balanced critical review of the scientific evidence. A planning committee devel-
ops key questions and selects experts in the field who then present pertinent
research results to an independent non-governmental panel consisting of aca-
demic and community-based physicians, biostatisticans, nurses, basic research-
ers and members of other appropriate disciplines along with lay patient advo-
cates. The panelists are selected for their general expertise in their chosen field
but they can not have published extensively or be considered opinion leaders on
the topic selected for Consensus Development. The most recent Consensus
Conference on the adjuvant therapy of breast cancer held November 1–3,
2000 was open to the public and admission was free. The Panelists had reviewed
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the existing literature prior to the conference and their review was then supple-
mented by presentations from 33 expert speakers, most of whom contributed
original articles to the subsequently published monograph. The Consensus
meeting reviewed a series of questions which included (1) which factors should
be used to select systemic adjuvant therapy? (2) for which patients should
adjuvant hormonal therapy be recommended? (3) for which patients should
adjuvant chemotherapy be recommended, which agents should be used and at
what dose and schedule? (4) for which patients should postmastectomy radio-
therapy be recommended? (5) how do side effects and quality of life issues factor
into individual decision making about adjuvant therapy? and (6) what are
promising new research directions for adjuvant therapy? Discussion sections
were interspersed through the formal presentations. At the conclusion of the
expert presentations the panelmet in closed sessions anddeveloped a draft consensus
statement. The panel chair person read the entire draft to all meeting participants
who offered suggestions before the panelists finalized the statement. At the close of
the conference the Consensus Statement was presented to the National Press, made
available on the NIH website, http://consensus.nih.gov, and was subsequently pub-
lished [26]. The entire statement was reproduced in amonograph [26] and provided a
useful summary recommendation to professionals and the public.

The advantage of a Consensus Conference such as this is that invited expert
speakers presented data that had not previously been published or presented.
For example, Bryant, Fisher and Dignam published data on optimal duration
of tamoxifen therapy [27]. Similarly data from investigators on topics such as
ovarian ablation with or without chemotherapy, that had not previously been
published, were presented for the first time [28].

Such Consensusmeetings certainly provide a focus pulling together data that
has emerged over the preceeding number of years. The lack of systemic search-
ing for data in specific areas such as occurs in an exercise like the EBCTCG
Overview, however, sometimes leads to problems. For example, the early pre-
sentations and publication of data on length of tamoxifen suggested that longer
tamoxifen might be worse than 5 years of tamoxifen. This has turned out with
further follow up and results of other studies probably not to be the case. Thus,
a more systematic process that collects data from all of available sources over a
more protracted period of time is likely more useful.

Clinical Practice Guidelines

Clinical practice guidelines have gained increasing visibility and importance in
clinical practice. They are also used for health policy formulation and reimbur-
sement. Such guidelines may be based on expert consensus or highly evidence
based. The translation of clinical research results into practice guidelines can be
slow but methods are evolving to improve the timeliness of guideline creation
and maximize their impact on the quality of cancer patient care.
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The guidelines created by ASCO have been viewed as among the most
influential. ASCO began publishing guidelines in 1994 and has since published
25 guidelines. They subsequently began producing clinical guideline tools and
resources and are currently developing 9 new and 11 updated guidelines. ASCO
now conducts full updates of guidelines every 3 years and conducts an annual
surveillance for literature focusing on evidence which could potentially affect
previous recommendations. The ASCO Health Services Committee also
publishes Provisional Clinical Opinions (PCOs) which are based on the
expedited review of potentially practiced containing changing evidence. None-
theless, the ASCO guidelines are limited by their small number and by difficulty
of implementation into daily practice. A number of new initiatives by ASCO
and others in partnership with a variety of commited professional organizations
such as Cancer Care Ontario have resulted in improvements to the timely
development, dissemination and implementation of Clinical Practice
Guidelines. These initiatives include the development of rapid updating
options, a guideline endorsement policy, and the development of mutiple
derivative products including an executive summary, a patient guide, or power-
point slides with each guideline in order to enhance dissemination [29].

The ASCO and the Program in Evidence Based Care (PEBC) group of
Cancer Care Ontario Guidelines are both based on systematic reviews of
evidence defined by critically developed criteria. The PEBC of Cancer Care
Ontario is a guidelines program of the cancer system in Ontario, Canada. It is a
key initiative of Cancer Care Ontario (CCO), the advisory body of the Ontario
government in matters related to cancer. The Evidence Advice Cycle (formerly
called the Guideline Development Cycle) [3] serves as the map to guide the
development of all PEBC Guidelines. Systematic review has been the metholo-
gical foundation of all PEBC produced clinical guidelines. Formally structured
reviews address explicitly framed questions formulated to be answered by
analysis and interpretation of the synthesized evidence. The PEBC process,
while strongly evidence driven, has recently also expanded to look beyond the
published literature in order to consider the environmental scan, an explicit and
transparent search and review of the ‘‘gray’’ literature that features descriptions
of or data related to solving an organizational or system problem that could be
applied locally – and formalized consensus methods. The Provincial Disease
Site Groups of the PEBC as part of their overall portfolio have developed 143
practice guidelines related to chemotherapy and a number of others related to a
variety of other aspects of care. There are 25 breast cancer guidelines [29].

Many organizations such as the NCCN, EORTC and a wide variety of
others have developed guideline programs which are not perhaps as strongly
evidence based as those of ASCO or the PEBC of CCO. As the practice
environment changes, every organization involved in composing and adminis-
tering clinical guidelines will need to remain alert and willing to adapt to that
change in order to achieve more effective guideline implementation. Well done
practice guidelines such as those of ASCO or the PEBC of CCO reflect the
evidence-based approach of meta analysis at one end and the less formalized
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consensus conference approach at the other. While largely evidence driven,
practice guidelines may also take into account practice activities through envir-
onmental scans or practitioner feedback that are not based on such hard
evidence. The need for constant updating remains problematic. Barriers to
the incorporation of clinical guidelines can exist at physician, patient, technical,
and economically based levels. However, the role of clinical practice guidelines
will continue to evolve and such guidelines will prove useful in day to day care of
women with breast cancer. Collaboration amongst various groups such as that
between ASCO and the PEBC will help to conserve resources, not reinvent the
wheel, and generally provide better quality guidelines available to all [29].

Summary

In summary, traditional reviews, consensus conferences, practice guidelines, and
meta-analyses can each provide relevant data that is useful in patient care. It is
clear that the traditional review has to some degree fallen out of favor but may in
fact still be extremely useful. Meta-analysis is dependent on collaboration
amongst investigators, together with vigorous data cleaning, processing and
analysis by expert statistical and methodologic groups. The interactions between
clinicians, methologists and statisticans in this area are clearly pivotal. The
EBCTCG meta-analysis in particular has clearly provided new insights into
adjuvant therapy. The extension of this process to look in more detail at pre-
dictive factors, while controversial, may prove useful over the coming decades.In
the meantime, rigorously conducted consensus processes and well done guide-
lines developed according to rigorous approaches and meeting quality stan-
dards will continue to prove useful.

References

1. Henderson IC, Canellos GP. Cancer of the breast: The past decade (first of two parts). N
Engl J Med. 1980;302:17–30.

2. Henderson IC, Canellos GP. Cancer of the breast: The past decade (second of two parts).N
Engl J Med. 1980;302:78–90.

3. BrowmanGP, LevineMN,Mohide EA, et al. The practice guidelines development cycle: A
conceptual tool for practice guidelines development and implementation. J Clin Oncol.
1995;13:502–12.

4. Early Breast Cancer Trialists’ Collaborative Group. Effects of adjuvant tamoxifen and of
cytotoxic therapy on mortality in early breast cancer: An overview of 61 randomized trials
among 28,896 women. N Engl J Med. 1988;319:1681–92.

5. Early Breast Cancer Trialists’ Collaborative Group. Effects of chemotherapy and hormo-
nal therapy for early breast cancer on recurrence and 15-year survival: An overview of the
randomised trials. Lancet. 2005;365:1687–717.

6. De Angelis C, Drazen JM, Frizelle F, et al. Clinical trial registration: A statement from the
International Committee of Medical Journal Editors. Ann Intern Med. 2004;141:477–8.

7. Tam VC, Hotte SJ. Consistency of phase III clinical trials abstracts presented at an annual
meeting of the American Society of Clinical Oncology compared with their subsequent
full-text publications. J Clin Oncol. 2008;26:2205–11.

Guidelines, Consensus Conferences and Overviews 75



8. Chalmers TC, Matta R.J., Smith H Jr, Kunzler AM. Evidence favouring the use of antic-
oagulants in the hospital phase of acute myocardial infarction.N Eng JMed. 1977;297:1097.

9. Rosenthal R. Combining results of independent studies. Psych Bulletin. 1978;85:185–93.
10. Goldman L, Feinstein AR. Angicoagulants and myocardial infarction: The problems of

pooling, drowning and floating. Ann Inter Med. 1979;90:92–4.
11. Delozier T, Juret P, Couette JE, Mace-Lesech J. Ovarian irradiation in postmenopausal

women with breast cancer and positive axillary nodes. In: Early Breast Cancer Trialists’
Collaborative Group, ed. Treatment of Early Breast Cancer. Worldwide Evidence
1985–1990. A Systematic Overview of all Available Randomized Trials of Adjuvant Endo-
crine and Cytoxic Therapy. Oxford: Oxford University Press; 1990:114.

12. PritchardKI. Ovarian ablation as adjuvant therapy for premenopausal women with early
breast cancer: Phoenix arisen? (Editorial). Lancet. 1992;339:95–6.

13. Early Breast Cancer Trialists’ Collaborative Group. Ovarian ablation in early breast
cancer: An overview of the randomized trials. Lancet. 1996;348:1189–96.

14. Early Breast Cancer Trialists’ Collaborative Group. Tamoxifen for early breast cancer:
An overview of the randomized trials. Lancet. 1998;351:1451–67.

15. Early Breast Cancer Trialists’ Collaborative Group. Polychemotherapy for early breast
cancer: An overview of the randomized trials. Lancet. 1998;352:930–42.

16. Personal communication with Sir Richard Peto. 2008.
17. Ingle JN, Dowsett AG, Cuzick J, Davies C, Early Breast Cancer Trialists’ Collaborative

Group. Aromatase inhibitors versus tamoxifen as adjuvant therapy for postmenopausal
women with estrogen receptor positive breast cancer: Meta-analysis of randomized trials
of monotherapy and switching strategies. Br Cancer Res Treat. 2008;106. Abstract 107.

18. Peto R, Davies C. ATLAS (Adjuvant Tamoxifen, Longer Against Shorter): international
randomized trial of 10 versus 5 years of adjuvant tamoxifen among 11 500 women
preliminary results [abstract]. Br Cancer Res Treat. 2007;106.Abstract 48.

19. Earl H, Gray R, Kerr D, Lee M. The optimal duration of adjuvant tamoxifen treatment
for breast cancer remains uncertain: Randomize into ATom. Clin Oncol (R Coll Radiol).
1997;9:141–43.

20. Abrams JS, Eifel P. Monograph Overview. Monogr Natl Cancer Inst. 2001;30:1–4.
21. Office the Director NIH. Guidelines for the planning and management of NIH Con-

sensus Development Conferences. NIH. 1993. Report http://consensus.nih.gov
22. Moxley JH, Allegra JC, Henney J, Muggia FM. Treatment of primary breast cancer:

Summary of the National Institutes of Health Consensus Development Conference.
JAMA. 1980;244:797–803.

23. Consensus Conference. Adjuvant chemotherapy for breast cancer. JAMA. 1985;
254:3461–3.

24. NIH Consensus Conference. Treatment of early stage breast cancer. JAMA.
1991;265:391–5.

25. National Institutes of Health Consensus Development Panel. The National Institutes of
Health Consensus Development Conference: Adjuvant therapy for breast cancer. J Natl
Cancer Inst. 2001;30:1–152.

26. National Institutes of Health Consensus Panel. National Institiutes of Health Consensus
Development Conference statement: Adjuvant therapy for breast cancer, November 1–3,
2000. J Natl Cancer Inst. 2001;93:979–89.

27. Bryant J., Fisher B, Dignam J. Duration of Adjuvant Tamoxifen Therapy. J Natl Cancer
Inst. 2001;30:56–61.

28. Davidson N.E. Ovarian ablation as adjuvant therapy for breast cancer. J Natl Cancer
Inst. 2001;30:67–71.

29. Balaban EP, Brouwers M, Temin SB, Lyman GH. Issues in clinical practice guideline
implementation and utilization. ASCO Educational Book. In press 2009.

76 K.I. Pritchard



Statistical Issues and Challenges

Meredith M. Regan

Adjuvant therapy clinical trials for early breast cancer have historically been

treatment focused—for example assessing the role of chemotherapy, tamoxifen,

ovarian ablation—rather than patient-population focused. Therapeutic effects

of adjuvant therapies for early breast cancer have been assessed ‘‘across the

board’’ and implemented using the principle that if a treatment is effective ‘‘on

average’’ then it is effective ‘‘for all patients.’’ There is new effort to tailor early

breast cancer clinical trials to populations of patients who might have the best

chance to benefit from the therapies being studied. For example, estrogen

receptor (ER) and progesterone receptor (PgR) are the most important factors

used today to tailor adjuvant therapies [1, 2], and recent pivotal trials of

adjuvant trastuzumab (Herceptin) demonstrated its benefit among patients

whose tumors overexpressed HER2/neu [3–5]. Exploration and improved

understanding of the biological basis for predicting response to available adju-

vant therapies is essential to enhance patient care.
Completed clinical trials, initiated and matured as biological knowledge

developed inparallel, present an opportunity to learn from the past. The novel

STEPP (Subpopulation Treatment Effect Pattern Plots) method was motivated

by the inadequacy of statistical approaches for presenting results of clinical

trials to tailor treatments properly. The future looks forward to usingmolecular

profiling or gene expression of a tumor to tailor treatments for early breast

cancer. Two landmark clinical trials, MINDACT and TAILORx, were

launched in 2006 with the objective to validate the utility of a signature of

molecular profiling or gene expression in clinical practice.

M.M. Regan (*)
IBCSG Statistical Center, Department of Biostatistics and Computational, Biology,
Dana-Farber Cancer Institute and Harvard School of Public Health, Boston,
MA, USA
e-mail: meredith_regan@dfci.harvard.edu

M. Castiglione, M.J. Piccart (eds.), Adjuvant Therapy for Breast Cancer,
Cancer Treatment and Research 151, DOI 10.1007/978-0-387-75115-3_6,
� Springer ScienceþBusiness Media, LLC 2009

77



Learning from the Past

The setting. Adjuvant therapy trials for early breast cancer are often designed as

blinded or unblinded, randomized controlled trials in which patients are ran-

domly assigned to receive one of two therapies. The primary analysis tests the

null hypothesis (H0) of treatment equality vs an alternative hypothesis (HA) of a

difference in treatment efficacy. The primary outcome measure is usually a

time-to-event variable (e.g., disease-free survival; DFS), defined as the duration

of time from the date of randomization to the date of an event of interest (e.g.,

breast cancer recurrence or death from any cause) or to the date of last follow-

up when the patient was known to be free from the event of interest (censored

observation). The survival distributions for patients randomized to each

therapy arm are calculated and displayed using the method of Kaplan and

Meier [6]. The hazard ratio (HR) and 95% confidence interval (CI) for the

treatment comparison (the ‘‘treatment effect’’) are estimated from a Cox propor-

tional hazards (PH)model and a log-rank test [6] is used for the hypothesis test (H0:

HR¼ 1 vsHA:HR6¼1). If the hypothesis test indicates rejecting the null in favor of
the alternative hypothesis (i.e., a statistically significant p-value is obtained and one

treatment is declared superior to the other treatment), then a secondary analysis

may re-evaluate the treatment effect after ‘‘adjusting’’ or ‘‘controlling’’ for other

known prognostic factors, e.g., nodal status and tumor grade and size, using Cox

PH modeling. If the hypothesis test for the treatment comparison in this model

reaches the same result, then one concludes that, in patients who have the same

nodal status, tumor grade and tumor size, the one treatment is superior to the other

treatment. These analyses address the average treatment effect in the population of

patients who were eligible for the trial. These analyses do not help to discover in

which patients the treatment might be most beneficial.
The subgroup controversy. To address this issue, the subsequent analyses in

most clinical trials will estimate the treatment effect (i.e., HR and 95% CI)

within different subgroups of patients, e.g., groupings of age at randomization

(e.g., <35, 35–49, 50–59, �60 years), nodal status (negative, positive). An

appropriate hypothesis test would be to test for a treatment-by-covariate inter-

action in a Cox PH model, e.g., testing whether the magnitude of the treatment

effect is different for patients with node-positive than for those with node-

negative disease.
Subgroup analyses are controversial because of concerns of spurious results

and incorrect conclusions [7, 8]. There are concerns of inflating alpha (type I

error) levels because of repeated hypothesis testing (i.e., false-positive results

wherein statistically significant results emerge by chance alone). On the other

hand, when the trial is statistically powered only for the primary treatment

comparison in the entire trial population and not for a smaller subgroup of the

trial population, then false-negative results are likely. Similarly tests for

treatment-by-covariate interactions may produce false-negative or false-

positive results [7, 9] when in fact the magnitude of the treatment effect is not
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different between subgroups. Thus recommending treatments based only on the

overall results from a clinical trial and avoiding recommendations based on

subgroup analyses is advocated by many. However, this approach again applies

an average treatment effect ‘‘across the board.’’
Some argue that limited, pre-specified, hypothesis-based subgroup analyses

can be useful in the appropriate context, with recognition that results of sub-

group analyses must always be presented and interpreted cautiously [10, 11].

Coates et al. [11] argued that the primary question is whether the treatment

works; but if it does work, then the emergent secondary question concerns the

magnitude of the therapeutic benefit, and that the analytical approach and use

of subgroup analyses for these two questions differ. That is, the primary

analytical hypothesis test is to be undertaken in the entire trial population

(log-rank test of H0: HR ¼ 1 vs HA: HR 6¼1; estimating HR and 95% CI) and

if this result is statistically significant then estimating the treatment effect in

clinically-relevant subgroups is valuable.
Recently Lagakos [12], who has been widely referenced as opposed to sub-

group analyses, restated the need for cautious interpretation of subgroup ana-

lyses writing ‘‘When subgroup analyses are properly conducted, presentation of

their results can be informative, especially when the treatments being compared

are used in practice. . .avoiding any presentation of subgroup analyses because of

their history of being over-interpreted is a steep price to pay for a problem that

can be remedied by more responsible analysis and reporting. Ultimately, medical

research and patients are best served when subgroup analyses are well planned

and appropriately analyzed and when conclusions and recommendations about

clinical practice are guided by the strength of the evidence.’’
Forest plots. Borrowed from meta-analysis, forest plots [13] now abound in

the adjuvant therapy literature to summarize subgroup analyses; Fig. 1 provides

an example from the HERceptin Adjuvant (HERA) trial [3]. The horizontal

axis is the value of the HR, displayed as a box with the size proportional to the

information for the subgroup (the larger the box the more information avail-

able for the subgroup, which is based on the number of patients in the subgroup

who experiencing events), and the 95% CI is indicated by ‘‘whiskers’’ which

extend from the box. A vertical line is indicated at HR ¼ 1.0, the null value for

the primary analysis of treatment equality, and a second vertical line is indicated

at the overall HR of treatment effect among all trial patients. Traditionally the

vertical line at 1.0 is solid, and the line indicating the overall treatment effect is

dashed. However Cuzick [14] recommended using the solid line to indicate the

overall treatment effect which provides a visual reminder that the focal question

of subgroup analyses is of heterogeneity in themagnitude of the treatment effect

among subgroups relative to the overall treatment effect. This approach was

implemented in the HERA trial report [3] with the solid vertical line at

HR ¼ 0.54, the treatment effect among all patients, and the dashed vertical

line at HR ¼ 1.0. The authors concluded that there was no evidence of hetero-

geneity in the relative treatment effect among the selected subgroups [3].
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0.51 (0.36–0.74)

0.56 (0.34–0.92)

0.70 (0.40–1.23)

0.53 (0.36–0.79)

0.52 (0.37–0.72)

0.47 (0.23–0.94)

0.90 (0.33–2.48)

0.31 (0.15–0.65)

0.42 (0.21–0.84)

98 vs. 159 0.58 (0.45–0.75)

Hazard Ratio (95% CI)

Fig. 1 Analyses of disease-free survival according to subgroup in the HERA trial (from
Piccart-Gebhart et al. [3]. by permission). The hazard ratios (with 95% confidence intervals)
are for the patients assigned to trastuzumab for 1 year, as compared with those assigned to
observation, and were obtained from an unadjusted Cox model. The solid vertical line
indicates a hazard ratio of 0.54, which is the value for all patients, and the dashed vertical
line indicates the hazard ratio of 1.00, which is the null-hypothesis value. The size of the
squares is proportional to the number of events in the subgroup. CI denotes confidence
interval, N.Z. New Zealand, ER estrogen receptor, and PgR progesterone receptor
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Cut-points for defining subgroups. The subgroups in subgroup analyses are
sometimes formed by dividing a continuously-measured variable of interest
into two or more categories; for example, age at randomization and pathologi-
cal tumor size were divided into categories in the HERA trial report [3].
Laboratory values or biomarkers such as ER expression level are frequently
categorized. The cut-points may be based on those previously proposed or
established in prior research, based on observed quantiles of the distribution,
or may be derived by using a statistical method of finding an ‘‘optimal’’
cutpoint. Clinical decision-making is facilitated by considering prognostic/
predictive factors in categories rather than along a continuum. However, for
statistical analysis categorization is unnecessary, results in loss of information
and power, may lead to bias by using data-derived optimal cutpoints and
incorrect conclusions, and is not recommended [15–16].

STEPP. The novel STEPP (Subpopulation Treatment Effect Pattern Plots)
method was motivated by the inadequacy of statistical approaches for present-
ing results of clinical trials to tailor treatments properly [17–19]. STEPP is a
nonparametric methodology developed to explore the pattern of treatment
effects across subpopulations defined by a continuously-measured variable,
e.g., degree of ER expression or patient age. Its aim is to identify features that
predict responsiveness to the treatments under study in a randomized clinical
trial and generate biologically-plausible hypotheses to be tested further using
other clinical trial datasets. The STEPP method avoids arbitrary division of a
continuously-measured variable into categories and, by focusing on the con-
tinuum rather than on categories, it reduces the risk that individual subgroup
analyses might be over-interpreted.

STEPP involves defining several overlapping subpopulations of patients on
the basis of a variable of interest and studying the resulting pattern of the
treatment effects estimated within each subpopulation. The subpopulations
contain a fixed number of patients; the patients are ordered according to the
value of the variable of interest and each subpopulation is formed starting with
the fixed number patients with the lowest variable values and then dropping
approximately 10–20 patients with the lowest variable value and adding
approximately 10–20 patients with the next highest variable values. This is the
‘‘sliding-window’’ approach. The fixed number of patients and the number
dropped and added with each subsequent population are chosen in considera-
tion of the sample size. The plot’s x-axis indicates the median variable value of
patients in each subpopulation; the y-axis indicates the measure of treatment
effect in each subpopulation, either t-year time-to-event percentage (e.g., 5-year
DFS) estimated in each therapy arm using the Kaplan-Meier method, or the
HR estimated from a Cox PH model.

Figures 2,3,4 provide examples from IBCSGTrial IX [20], a randomized trial
investigating whether sequential treatment with three 28-day courses of
‘‘classical’’ CMF (cyclophosphamide, methotrexate and 5-fluorouracil) che-
motherapy followed by tamoxifen for 57 months significantly improved DFS
as compared with tamoxifen alone for 5 years in postmenopausal women with
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Fig. 2 Kaplan-Meier plots
of disease-free survival
(DFS) for postmenopausal
women with lymph
node-negative breast cancer
according to randomized
treatment group (CMF
followed by tamoxifen or
tamoxifen alone for 5 years)
at a median follow-up time
of 6 years in IBCSG Trial IX
(adapted from IBCSG [20]).
a For all 1,669 women. c For
382 women with ER-
negative breast cancer. e For
1,217 women with
ER-positive breast cancer.
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lymph node-negative breast cancer. IBCSG reported, at a median follow-up of
6 years, that CMF followed by tamoxifen significantly improved DFS as
compared with tamoxifen alone (HR ¼ 0.80; 95% CI 0.64–1.00; Fig. 2).
ER-status of the primary tumor was determined by the local pathologists
prior to randomization and used as a randomization stratification factor. For
ER-status, the test of treatment-by-covariate interaction in the Cox PH model
was statistically significant (p¼ 0.01), as the effectiveness of adding CMF to the
adjuvant treatment regimen was observed exclusively among women with ER-
negative disease (HR ¼ 0.52, 95% CI 0.34–0.79) and no treatment difference
was observed for women with ER-positive tumors (HR ¼ 0.99; 95% CI
0.75–1.30).

Figure 3 presents the STEPP analysis according to quantitative ER values
measured using biochemical assays. Figure 3a measures the treatment effect as
5-year DFS percent and Fig. 3b measures the treatment effect using the Cox
model HR. The two STEPPs highlight the strong treatment effect associated
with adding chemotherapy for women with tumors expressing no or low levels
of ER compared with virtually no treatment effect on DFS for women with
tumors having higher values of ER (those subpopulations with median ER
exceeding 10 fmol/mg cytosol protein). Because ER-status was defined for most
women based on biochemical assays as �10 vs >10 fmol/mg cytosol protein to
indicate ER-negative vs ER-positive tumors, respectively, the conclusions
based on the analysis using categorical or using continuous ER levels are
consistent.

Figure 4 presents the STEPP analysis according to the women’s age at
randomization, using 5-year DFS as the measure of treatment effect; there is
no obvious pattern differential treatment response according to age (i.e., of age-
by-treatment interaction). Note, however, that if subgroup analysis had been
undertaken with age dichotomized as<60 vs�60 years then the analysis would
have concluded that there was no age-by-treatment interaction (p ¼ 0.42) with
estimated treatment effect stronger among younger (HR ¼ 0.71, 95% CI
0.50–1.02) than older women (HR ¼ 0.87, 95% CI 0.65–1.16). If instead age
had been dichotomized as <65 vs �65 then the analysis would have concluded
no interaction (p ¼ 0.52) but with estimated treatment effect stronger for older
(HR ¼ 0.72, 95% CI 0.49–1.06) than for younger women (HR ¼ 0.84, 95% CI
0.64–1.11). Examining the pattern of treatment response across the continuum
of age would reduce the risk that a subgroup analysis based on a single selected
cut-point might be over-interpreted.

The STEPPmethod was developed because of the inadequacy of approaches
for presenting results of clinical trials to properly tailor treatments. It estimates
the treatment effect within each subpopulation by well-known statistical mea-
sures, the Kaplan-Meier estimate of t-year survival or hazard ratio. The STEPP
method focuses on the patterns of treatment response across the continuum,
avoiding the need for arbitrary cut-points while generating biologically-plau-
sible hypotheses to be tested further using other clinical trial datasets. The
method also investigates an alternative ‘‘tail-oriented’’ pattern, which
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concentrates on the influence of extreme values of the covariate on the magni-

tude of the treatment effect [17, 19]. An S-Plus (Insightful Corp., Seattle, WA)

function is available from the original authors or through the IBCSG (http://

www.ibcsg.org).
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Fig. 3 STEPP analysis of disease-free survival (DFS) according to quantitative ER values for
postmenopausal women with lymph node-negative breast cancer according to randomized
treatment group (CMF followed by tamoxifen vs tamoxifen alone for 5 years) in IBCSGTrial
IX [20]. For these sliding-window STEPP analyses, each subpopulation contained
approximately 200 women, and each subsequent subpopulation was formed by moving
from left to right by dropping approximately 10 observations with the lowest values for ER
and adding approximately 10 observations with the next higher values of ER. The x-axis
indicates the median ER value for the women in each subpopulation. a STEPP showing 5-year
DFS percent. b STEPP showing Cox model HR. Horizontal dashed line ¼ no difference
between treatments (HR ¼ 1.0); horizontal dotted line – the observed treatment difference
for the overall population (HR ¼ 0.80). Solid circles ¼ HRs for each of the sliding-window
subpopulations; bands around these points – the simultaneous (across all subgroups) 95%CI
for the HRs
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Planning for the Future

Developing and validating genomic classifiers. The introduction of DNA micro-
array technology has brought about exciting possibility for tailoring treatments
in early breast cancer. With the growing incorporation of this technology into
research, guidelines continue to evolve for the design, analysis and reporting of
microarray expression profiling studies [21, 22] as well as for the development
and validation of an expression signature classifier prior to clinical application
[23]. In the meantime two landmark clinical trials, MINDACT and TAILORx,
were launched in 2006 for women with early stage breast cancer with the
objective of validating the utility of signatures of molecular or gene expression
profiles in clinical practice. The trials focus on the question of whether the
signature identifies a subset of patients with node-negative early-stage breast
cancer who do not need chemotherapy.

As defined by Simon [23], ‘‘a multigene expression signature classifier is a
function that provides a classification of a tumor based on the expression levels
of the component genes.’’ The tumor classes depend on the setting, e.g., low-risk
vs high-risk of breast cancer recurrence. A classifier is developed using an
archival set of tumor samples for which the relevant, possibly long-term, clinical
outcome data are available. Ideally the samples are from a clearly-defined,
homogeneously-treated patient population, but the availability of archival
material often is limiting, and the clinical data should be uniformly collected
with standardized variable and outcome definitions for forming the classes. In
the development stage a large set of genes is screened to discover a subset of
genes whose expression is strongly correlated with outcome and a classifier
function is defined and internally validated—ideally on a subset of the samples
that were not used for selecting the genes and defining the classifier—to
estimate the error rate of the classifier. The classifier is subsequently externally
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Fig. 4 STEPP analysis of
5-year DFS according to age
at randomization for women
treated with CMF followed
by tamoxifen vs women
treated with tamoxifen alone
in IBCSG Trial IX. For this
sliding-window STEPP
analyses, each
subpopulation contained
approximately 250 patients
and each subsequent
subpopulation was formed
by dropping and adding
approximately 20 women.
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validated on a different, independent set of clinically-annotated tumor samples,
with careful attention paid to differences in the cohort characteristics and
variable definition as compared with the original samples. Expression levels
of the subset of genes comprising the classifier are determined and the classifier
function is applied to these values to assess the performance of the classifier for
predicting outcome and the rate of misclassification in the new cohort. As with
any novel drug or treatment regimen, the ultimate validation of its clinical
application is achieved by conducting a large, prospective clinical trial. The
design of such novel trials to validate a biological marker or signature classifier
presents challenges.

The MINDACT trial. A 70-gene prognostic gene expression signature for
patients with node-negative disease which was developed by researchers at the
Netherlands Cancer Institute in Amsterdam [24, 25] and validated by the
TRANSBIG Consortium [26] is the basis of the Microarray In Node negative
Disease may Avoid ChemoTherapy (MINDACT) trial [27, 28]. MINDACT is
an international, prospective, randomized phase III trial to compare the 70-
gene expression signature with the Adjuvant! Online clinical-pathological prog-
nostic tool [29] (http://www.adjuvantonline.com/) to select patients who should
and should not receive chemotherapy for node-negative disease.

Womenwith operable node-negative breast cancer are eligible. After surgery a
frozen tumor sample will be sent for evaluation of the 70-gene expression signa-
ture which will classify it as low- or high-risk molecular prognosis. The risk
classification will be compared with that determined by Adjuvant! Online using
the clinical-pathological features as assessed by the local pathologist. Patients for
whom the two risk evaluations are discordant will then be randomly assigned to
use one risk evaluation or the other to decide whether or not the patient will
receive chemotherapy, which is equivalent to randomly assigning these patients
to receive chemotherapy or not. The objective is to confirm that patients with
‘‘low-risk’’ molecular prognosis but ‘‘high-risk’’ clinical-pathological prognosis
can safely be spared chemotherapy without affecting long-term outcome, defined
as distant metastasis-free survival. The planned trial sample size is 6,000 patients,
with 672 expected to fall into this discordant group who do not receive che-
motherapy based on the low-risk molecular prognosis classification.

The TAILORx Trial. A 21-gene Recurrence ScoreTM, which was developed
and validated by Genomic Health Inc. with collaboration from the National
Surgical Adjuvant Breast and Bowel Project (NSABP) [30–33] and is marketed
under the name Oncotype DXTM (Genomic Health, Inc., Redwood City, CA),
is the basis of the Trial Assigning IndividuaLized Options for Treatment (Rx),
or TAILORx study. TAILORx is a prospective randomized Phase III trial
being undertaken in U.S. and Canada to determine whether the 21-gene Recur-
rence ScoreTM (RS) can be used to assign patients with endocrine-responsive
node-negative disease to themost appropriate and effective adjuvant treatment:
hormonal therapy alone or chemotherapy and hormonal therapy [34–36].

Women with ER-positive and/or PgR-positive, HER2-negative, node-
negative operable breast cancer are eligible. After surgery a formalin-fixed
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paraffin-embedded tumor sample will be sent for evaluation of the 21-gene RS,

which ranges from 1 to 100 with a higher score associated with increased risk of

recurrence, and which will classify patients into three risk categories: low

RS<11; intermediate RS ¼ 11–25; high RS>25. The ‘‘primary study group’’ is

the intermediate (RS ¼ 11–25) risk category; these patients will be randomly

assigned to receive or not receive chemotherapy in addition to hormonal

therapy with the objective to demonstrate that long-term outcome, defined as

disease-free survival, for patients treated with adjuvant hormonal therapy alone

is not inferior to that for patients treated with adjuvant chemotherapy and

hormonal therapy. The planned trial sample size is over 10,000 patients, with

about 44% (4,390) of the population expected to fall into this ‘‘primary study

group’’ whose use of adjuvant chemotherapy is randomly assigned.
Trial design issues. Though the conceptual objective of the trials is clear—

demonstrate that patients with node-negative disease for whom it is decided not

to administer adjuvant chemotherapy on the basis of a signature of molecular

or gene expression profile will not experience poorer than expected long-term

outcome—the differences in the designs of the two trials demonstrate that

realization of the concept is not straightforward.
Both trials will enroll a very large number of patients and focus the rando-

mization and statistical hypothesis test on a smaller subset of patients for whom

decision-making about chemotherapy is deemed less clear. For TAILORx it is

those patients with an intermediate RS (11–25), whereas for MINDACT it is

those patients with discordant gene signature and clinical-pathological evalua-

tions. Interestingly, the RS cut-off values being used to classify risk groups in

the TAILORx trial [34] (low RS<11; intermediate RS ¼ 11–25; high RS>25)
are different to those developed [31–33] and proposed for clinical practice (low

RS<18; intermediate RS ¼ 18–30; high RS �31) [37].
TheMINDACT trial did not initially focus on the patients with discordant gene

signature and clinical-pathological evaluations; in the original design, patients were

randomly assigned to have either the gene signature evaluation or the clinical-

pathological evaluation used for chemotherapy decision-making [28]. One concern

is evidenced in the revised design: for a large proportion of patients the decision

based on the gene signature and clinical-pathological evaluations would be con-

cordant and they would not inform the randomized comparison [28].
Another concern, which remains an issue for both trials, is that of non-

adherence to the signature-based decision because the clinical-pathological factors

traditionally used in decision-making are known. Non-adherence with the rando-

mized assignment in a clinical trial has the impact of diluting the treatment effect

and reducing power for the treatment comparison and hence necessitating an

increase in planned sample size. The MINDACT trial includes a pilot phase at 7

centers in 7 countries among the first 800 patients to evaluate adherence with the

randomization and alsowhether there is bias in patient selection for the trial [28]. In

the TAILORx trial, the planned sample size was increased in anticipation of non-

adherence following a standard methodology [34].
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An issue fundamental to the design of both trials is that the conceptual
question is fundamentally one of equivalence or non-inferiority: that omitting
chemotherapy will not result in poorer outcome. Non-inferiority trials are
difficult to conduct, are subject to criticism regarding the choice of ‘‘non-
inferiority’’ threshold, and often require larger sample sizes than superiority
trials [8]. Each trial avoids a classical statistical non-inferiority design and
hypothesis testing. Part of the concern about the original design of the MIND-
ACT trial was the use of a non-inferiority design [28]. The new design resulted in
formulation of a one-sample statistical hypothesis test (H0: 92% 5-year DMFS
vs HA: 95% 5-year DMFS; DMFS ¼ distant metastasis-free survival) among
the subset of patients with discordance of low-risk gene signature and high-risk
clinical-pathological evaluation who are randomly assigned to use the gene
signature for decision-making and thus not receive chemotherapy; the sample
size was planned with one-sided type I error a¼ 2.5% and type II error b¼ 20%
(i.e., 80% power) [28]. Thus if the lower confidence interval on the observed 5-
year DMFS is above 92%, then the trial will conclude that the omission of
chemotherapy was not unacceptably detrimental. The TAILORx trial suggests
a non-inferiority design, but uses a null hypothesis of no difference between the
two groups assigned by randomization, as when testing for superiority, and
specifies larger type I error (one-sided a ¼ 10%) and smaller type II error
(b ¼ 5%) than would be used in planning a superiority trial to detect an
unacceptably large decrease in 5-year DFS from 90% with chemotherapy to
87% or lower without chemotherapy [34]. This allows a larger chance of
erroneously rejecting the null hypothesis of no treatment difference (i.e., con-
cluding that chemotherapy is superior than no chemotherapy) when in fact there
is no treatment difference, and a smaller chance of erroneously failing to reject
the null hypothesis of no treatment difference (i.e., concluding that chemother-
apy is not better than no chemotherapy) when in fact there is a treatment
difference and chemotherapy is superior to no chemotherapy.

The trials also have other differences between them, and each has differences
from their developmental research which underscores the need for the trials. The
TAILORx andMINDACT trials both have broader eligibility criteria than were
used in their developmental and validation studies, but differ with respect to the
eligible patient population; both enroll only patients with node-negative disease,
but TAILORx is limited to patients with ER and/or PgR-positive, HER2-
negative disease whereas MINDACT is not [28, 34]. The trials use different
endpoint definitions, both of which are different to those used in the development
and validation of the studies. Both of the trials face the logistical hurdles of
submitting material for central laboratory evaluation before the patient is
treated; theMINDACT is using the pilot phase to assess logistical problems [28].

MINDACT and TAILORx trials are expected to involve 3 years of accrual
to achieve the planned sample sizes plus about 3 to 4 additional years of follow-
up until the first reporting of results [28, 34]. Despite the challenges, these two
landmark trials offer exciting potential to tailoring treatments for women with
early stage breast cancer.
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Multidisciplinary Care: Optimising Team

Performance

Frances M. Boyle

Introduction

The 2006 ASCO-ESMO consensus statement on Quality Cancer Care states
that ‘‘optimal treatment of cancer should be provided by a team that includes,
where appropriate, multidisciplinary medical expertise composed of medical
oncologists, surgical oncologists, radiation oncologists, and palliative care
experts, as well as oncology nurses and social workers. Patients should also
have access to counselling for their psychosocial, nutritional and other needs’’
[1]. The statement highlights the need for patients to receive adequate informa-
tion to allow participation as desired in decision making, to have their privacy
protected and to be treated with dignity at all times. Access to clinical trials is
identified as a hallmark of quality care, adding yet another layer of complexity
to patients’ experience of a cancer diagnosis.

Multidisciplinary care in breast cancer, in so far as it facilitates access to all
therapeutic modalities and is a marker of volume, has been shown to reduce
mortality and improve quality of life [2–5]. In addition to those mentioned
above, core treatment team members include pathologists and radiologists.
Input from other specialties such as geneticists, reconstructive surgeons, gynae-
cologists and psychiatrists will be needed for some patients [6]. Research staff
provides valuable support and information when treatment options include a
clinical trial [7]. During a woman’s journey with breast cancer, she and her
family will meet a multitude of health professionals, and perhaps receive care in
more than one institution, as well as in her local community.

So how do we fashion ‘‘multidisciplinary teams’’ (MDTs) which are consis-
tent in their approach across these multiple settings, timely and accurate in their
communication both with one another and with the patient and her care-givers,
and at the same time conscious of protecting sensitive information?Without the
luxury of a team jersey with names and position numbers clearly labelled on the
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back, and without the defined boundaries and time-keepers of a sporting field
[8], how do we clearly identify our roles, and optimise and sustain our perfor-
mance on our patients’ behalf?

Sharing Goals and Strategies

Marshall and Begeman, drawing on their experience with ‘‘knowledge teams’’ in
technical industries, highlight the ‘‘synergy that is the real ‘gold’ of teamwork.
This involves the producing of an outcome through interaction that could not
be achieved by the same individuals working separately, either in series or in
parallel’’ [9]. They highlight the importance of shared goals, shared resources
and mutual accountability for outcomes.

A shared understanding of the ‘‘rules’’ is key to any team’s function, forming
the framework within which individual strategies can be plotted for differing
circumstances. Yet in managing breast cancer, emerging evidence results in a
complex ‘‘rule book’’ which is constantly changing. The crafting of clinical
practice guidelines with a multidisciplinary approach [10, 11] assists teams to
share relevant progress, educate new members and identify overlapping
concerns. Regular updates such as the biannual St Gallen consensus on adju-
vant therapy [12] have been shown, when implemented in MDTs in Canada, to
improve survival at a population level [13]. Team meetings provide opportu-
nities for learning around the care of individual patients [14]. More formal
educational events for team members, perhaps even an annual ‘‘camp’’ where
each discipline presents what is new in their area, may be of benefit in stimulat-
ing discussion and updating of local care plans.

A high level of technical expertise is a prerequisite for effective cancer care,
but does not in itself ensure effective team functioning in knowledge teams [13] –
tacit knowledge or ‘‘know how’’ is often as important as ‘‘know what’’ in fast
moving organisations. Developing a creative strategy to implement a newly
published recommendation, e.g. routine Her 2 testing, will require an under-
standing of local processes, identification of key individuals who can champion
change, and potential funding opportunities. This tacit knowledge is rarely
formally documented and will be unique to each MDT and indeed each patient –
it is shared in dialogue rather than in national guidelines, and is the (usually
unstated) rationale for Multidisciplinary Meetings (MDMs).

Effective Team Meetings

Regular meetings of the team to develop individual game plans and discuss
previous performance are critical to coordinating action on the field, and allow
tacit knowledge to be ‘‘extracted, explored, developed and shared quickly,
efficiently and spontaneously, and often unconsciously’’ [9]. Ideally meetings
to plan patient management should take place when all relevant information to
underpin decision making is available, along with key team members. Such
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meetings may occur face to face, or via video- or teleconference for smaller or
remote sites [6]. Hallmarks of effective MDMs include [14, 15]:

1. Facilitation of active participation by all relevant clinicians, with adequate
time to discuss contentious or emerging issues of relevance.

2. A climate of trust that allows the asking of ‘‘dumb questions’’ and the
contributions of all participants to be recognised and respected, regardless
of seniority or status [9].

3. Representation of the woman’s perspective and circumstances, either
directly or by a clinician with knowledge of her concerns e.g. a breast care
nurse or family physician

4. Documentation of attendance and decisions, and mechanisms for rapid
communication of these to relevant treating clinicians e.g. fax or email.

5. Educational opportunities for junior clinicians and students.
6. Data collection to assess both process and outcomes of care, including

patient satisfaction and waiting times, and to foster research.
7. Appropriate facilities for the meeting, including audio visual equipment for

presentation of diagnostic material e.g. data projection, and a set up of the
chairs that encourages discussion e.g. a u-shape or around a table rather than
rows of seats.

8. Regular involvement of research staff and improved accrual to clinical trials [16].
9. Adequate administrative and logistic support.

Troubleshooting

All too often, however, our experience of MDTmeetings is far from this ideal –
frustrating, time wasting and conflict ridden. We may be asked to consider too
many cases or too few, be dogged by missing results or absent decision makers,
or find our input undervalued by others. Time for MDT meetings takes a
particularly heavy toll on diagnostic specialists, who may be required to assist
multiple cancer teams within the institution, without release from their own
clinical workload. A single dominant voice may drown out more reticent
opinions. Poor remuneration for meeting time, and scheduling meetings before
or after working hours may be barrier to participation by some members [14,
17]. Concerns of some members about medico-legal exposure may inappropri-
ately discourage the recording of a dissenting view [18]. Howmight we optimise
performance when the reality falls short of the theoretical ideal?

Development and Coaching

One would not place 15 elite sportsmen on a field and expect them to win the
World Cup that afternoon. Trust, ‘‘the extent to which team members feel they
can be open, honest and direct with each other, and rely on each other for
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support. . . is a characteristic that develops over time as a result of positive

experiences and a deepening level of understanding between teammembers’’ [9].
Tuckman [19] has identified that effective teams develop through a series of
stages, and our experience working with breast cancer teams indicates that
several years may be required for this process.

1. Forming – the players are ‘‘selected’’ and make a commitment to the team,
they identify their individual roles and begin to train together.

2. Storming – in which conflicts arise due to differences of opinion and style,
different levels of skill and fitness, with the emergence of training needs.

3. Norming – in which teams develop ‘‘plays’’ – strategies for dealing with
particular challenges, which offer a smoother decision making process.
They begin to communicate in ‘‘code’’ allowing economical signalling of
intent.

4. Performing – the team has reached a satisfactory level of function and
morale rises as success is observed and trust is evident.

5. Reforming – a key player retires, or the rules change, and the process begins
again, at least in miniature.

Failure to identify and respond to the challenges of each of these phases will
lead to poor functioning. We would not expect a sporting team to achieve
success without a coach, yet it is rare for cancer teams to receive external advice
and assistance. In Australia, the National Breast Cancer Centre and the Cancer
Institute of NSW, in collaboration with the Pam McLean Centre, have
undertaken a ‘‘coaching’’ program for MDTs, leading to improvements in
satisfaction. Lesley Fallowfield is currently undertaking a training program
for MDTs in Wales, aiming to improve communication processes that will
facilitate clinical trial accrual (personal communication). Results are awaited

with interest, as this process of training may benefit MDTs in other countries.

Inspirational Leadership

Key to the successful transition through each of these phases is leadership –
someone who has the big picture in view and a sense of guardianship of the
group over an extended period of time. A recent study of breast cancer teams in
the United Kingdom [20] identified that the most effective teams were those
which utilised a dispersed model of leadership, i.e. more than one discipline led
team discussions. Absence of one person thus did not cause the meetings to
grind to a halt, and greater participation resulted. Having a single clear leader
could result in satisfactory functioning, but was less likely to promote innova-
tion. The most destructive influence on team effectiveness identified in this
study was lack of clarity or conflict over leadership.

Transition in leadership will challenge all teams and requires careful succes-
sion planning as the next generation are groomed to take on this role. Stepping
into the captaincy may also affect a clinicians’ performance in their usual role,
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since they are fulfilling two tasks in the meeting – watching and listening to the

whole group as well as considering their own clinical cases. Coaching emerging

leaders to better understand and influence team processes may be a particularly

effective strategy, although one as yet untested in the cancer arena.
The team leader may not necessarily be the best meeting facilitator – this role

can be rotated amongst those the skills necessary to ensure all relevant opinions

are expressed and consensus is arrived at and documented.

Strengthening Commitment

Lack of commitment to the process of meetings may be a particular issue for

diagnostic specialists, who tended to have the most negative perception of

MDTs in the UK study [20]. They are less likely to see the direct benefits to

patients of the process of case review, and may instead be looking for satisfac-

tion from the streamlining of their own clinical workload that comes from

better understanding of the surgeon’s and oncologists’ needs. The development

of sentinel node biopsy in particular has required closer collaboration between

diagnostic specialists. Workforce shortages are likely to be particularly acute in

these disciplines in future, particularly in academic settings. Measures to

enhance their satisfaction with MDT participation and clinical trial research

will need to be considered inmany countries if we are not to lose a vital resource,

whose involvement underpins all treatment decisions.
The responsibility of MDT members to ensure that decisions made and

recorded by the group reflect their views accurately has been highlighted

recently in discussions around the medico-legal implications of MDTs [18].

MDMs would be regarded from a legal perspective as a formal referral process

constituting a duty of care in most jurisdictions, and as such, all present are

considered responsible and potentially liable for decisions made within their

area of expertise, regardless of whether they see the patient subsequently in

consultation. Such knowledge may assist in focusing attention!
MDTs therefore require mechanisms to document decisions (including dissent-

ing views and patient choices whichmight be at variance to recommendations) and

to remind members of their responsibilities. Since MDTs are increasingly consid-

ered best practice [1], their appropriate use should in fact reduce the risk of

litigation in the future. A formal process of obtaining consent from patients to

have their situation discussed is also considered wise in view of privacy issues and

the sensitive nature of information that may be disclosed [17, 18].

Managing Conflict and Poor Performance

Poor performance in an elite sporting team leads to the player being dropped, and

disruptive behaviour leads to penalties. In most MDTs the opportunities to

remove and replace dysfunctionalmembers are limited unless truemisdemeanour
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occurs.Monitoring the team ‘‘climate’’ is another responsibility of leadership and

may be assisted by the use of diagnostic tools [9, 20].
Differences in learning styles [21] might be expected in MDTs – more

reflective types such as diagnostic specialists might enjoy dwelling on details

of immunohistochemical stains they have lovingly prepared, and the theore-

tical radiation oncologist might be keen to quote the latest data, whilst the

action oriented surgeon might prefer a ‘‘25 words or less’’ approach (‘‘Do I

need to go back, or not?’’). The pragmatic medical oncologist has already tuned

out and is checking e-mails, because the patient is 82 years old and has

significant co-morbidity, ruling out adjuvant systemic therapy. Solving any

complex problem such as breast cancer will require all to contribute, and

gaining an understanding of and respect for each other’s approach will reduce

annoyances.
Dealing with conflict in MDTs requires acknowledgement of the problem,

identification of a champion to take on the issue and get the full story, brain-

storming outside of the team meeting to identify contributing factors and

potential solutions, and gaining agreement to try out the most feasible options

[22]. Active listening and empathy are useful communication tools in this

setting, just as they would be in settings where conflict with patients occurs.

This process may also benefit from external facilitation if the problem is major,

especially if the team leader is one of the protagonists.

Preventing Burnout

Sometimes conflict and poor performance will be caused by burnout in one or

more team members [23], manifesting as emotional exhaustion, depersonalisa-

tion or a low sense of professional accomplishment. This is not surprising

considering workloads and the emotional demands of caring for cancer

patients. A well functioning team is potentially protective against burnout –

when we notice a teammember struggling with a particular patient, taking some

time outside the meeting to listen and share the burden, mobilise additional

psychosocial support for the patient, and reassure our colleague of understand-

ing will assist in maintaining team members’ mental health [20, 24].
Poorly functioning teams however can increase stress, increasing demands

on the already overburdened. Depression in team members may manifest as

disruptive behaviour and an increased frequency of errors or absenteeism.

Institutional and regulatory mechanisms for referral of health care profes-

sionals for assistance will vary from country to country, but we who are

increasingly willing to consider specialist psychological care for our patients

may be reluctant to accept it for ourselves. A team leader who encourages open

discussion of the need for management of workload and supports self-care

strategies may assist in this regard.
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Improving Communication with Patients

There is now open acknowledgement of the adverse impact of insensitive

delivery of bad news and prognostic information on patients and families

[11], and the importance of providing information in ways that meet varying

patient needs [25]. Training in small group settings which allow review of the

evidence, opportunity for discussion and practice (with actors as simulated

patients) has been demonstrated to improve communication skills of cancer

professionals [28]. In the setting of multidisciplinary care, however, the appro-

priate communication of one team member may be undermined by the less

skilful approach of another, leading to confusion and distress for patients

when the ‘‘story keeps changing’’. Finding opportunities to undertake com-

munication skills training as a team may assist members to understand the

different approach that eachmember brings to the interaction and increase the

repertoire of skills within the group [27].
Developing orientating information for patients, e.g. a brochure which

identifies team members and how the team functions, is also suggested by

research with Australian consumers [28], who report that the word ‘‘multi-

disciplinary’’ may not be readily understood by newly diagnosed women.

Local circumstances will dictate the most appropriate format for such infor-

mation, e.g. website, printed material, which will require regular updating and

consumer input.

Conclusions

Writing about keys to success in Rugby, former Australian captain John

Eales highlights the critical role of communication: ‘‘You may have the

best moves in the world, but if you don’t let others know about them, they

will never work.’’[29]. A multidisciplinary team climate which promotes

effective communication with both health professionals and patients will

also be one in which patient outcomes will be optimised and team mem-

bers health will be safeguarded. Improving our understanding of cancer

care team processes through further research, meanwhile availing ourselves

of opportunities for training, will assist cancer professionals to reach these

goals.
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Preoperative Chemo- and Endocrine Therapy

Rosalba Torrisi

Primary Systemic Therapy: Rationale and State of the Art

Primary systemic therapy (PST) or preoperative therapy has been part of the

multidisciplinary approach to locally advanced and inflammatory breast cancer

since the early 1970s. The administration of chemotherapy allowed surgical

resection of inoperable tumours and improved clinical outcome [1]. The chance

of downsizing the tumour extended its use to operable large breast tumour

candidates for mastectomy in order to reduce the extent of surgery. A series of

phase II trials reporting an objective response rate ranging from 60 to 90%,

showed the feasibility of this approach in terms of significant activity with no

detriment to survival [2]. In addition, the early administration of medical

treatment appeared an attractive means to improve clinical outcome. In fact,

according to preclinical models, it was suggested that a primary tumour may

induce the growth of micro-metastatic foci through the production of growth

stimulating factors [3]. Preoperative systemic therapy could lead to less favour-

able growth kinetics for development of micro-metastasis and decrease the

development of drug resistant clones through early exposure to systemic ther-

apy [3]. Other theoretical advantages of preoperative administration of che-

motherapy are the possibility to assess the response in vivo and tailor further

treatments accordingly.
To exploit this hypothesis, a number of randomised trials comparing PST

with postoperative administration of systemic treatment (adjuvant therapy)

were designed in the 1990s (Table 1).
Although heterogeneous in the design, the selection of patients and the

choice of chemotherapy, all these trials were consistent in showing that,

albeit a high objective response rate and a relevant proportion of patients
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submitted to breast conserving surgery, the clinical outcome in terms of

disease free survival (DFS) and overall survival (OS) was not affected by
the timing of systemic therapy [4–13] (Table 1). A meta-analysis of nine
randomised studies confirmed the equivalence between preoperative and

adjuvant therapy in terms of survival and disease progression, while pri-
mary therapy was associated with an increased risk of loco-regional recur-
rence, especially in patients who received radiotherapy instead of surgery

as local treatment [14].
The results of these studies appear to disclaim the use of PST whenever

no benefit in terms of more conservative surgery is expected. At the same
time, however, these results suggested that the administration of PST is safe
and no detriment arises from postponing surgery. In addition, no excess of

surgical complications was observed in patients receiving preoperative
therapy.

Table 1 Randomised trials of primary vs adjuvant chemotherapy

Study (year)
No. of
patients Treatment RR (%) pCR (%) DFS % OS (%)

Mauriac
(1991) [4]

272 EVM �
3!MTV � 3

33 NR 79 vs 81 55 vs
55

Semiglazov
(1994) [5]

212 TMF � 6 þ
Radiotherapy

29 NR 81 vs 72* 86 vs
78

Scholl (1994)
[6]

414 FAC � 4 þ
Radiotherapy

65 NR 59 vs 55 86 vs 78*

NSABP-B18
(1997) [7]

1,523 A C � 4 36 13 67 vs 67 80 vs 80

Makris
(1998) [8]

309 MMMþ TAM �
4-pre þ 4 adj vs
MMT � 8

83 10 ND ND

Jakesz
(2001) [9]

423 CMF � 3 preþ
CMF � 3 adj vs
CMF � 6 adj

68 6 NR 66 vs 59

EORTC
(2001) [10]

698 FEC � 4 49 4 65 vs 70 82 vs 84

NSABPB-27
(2003–2006)
[11, 12]

2,411 AC� 4 pre!D�
4 AC � 4þ D �
4 adj

91

85

14

26

71

70

ND

ECTO
(2005) [13]

1,355 A T � 4! CMF
� 4

78 23 ND ND

RR ¼ response rate; pCR ¼ pathological complete remission; DFS ¼ disease-free survival;
OS ¼ overall survival; * ¼ p<0.05 NR ¼ not reported; ND ¼ no difference; Pre ¼ primary;
adj ¼ adjuvant; EORTC ¼ European Organisation for Research and Treatment of Cancer;
ECTO ¼ European Cooperative Trial in Operable Breast Cancer; EVM ¼ epirubicin,
vincristine, methotrexate; MTV ¼ mytomicin C, thiotepa, vindesine; TMF ¼ thiotepa,
methotrexate, fluorouracile; FAC ¼ fluorouracile, doxorubicin, cyclophosphamide;
AC¼ doxorubicin, cyclophosphemide; MMM¼mytomicin C, mitoxantrone, methotrexate;
TAM ¼ tamoxifen; CMF ¼ cyclophosphamide, methotrexate, fluorouracile; FEC ¼ fluor-
ouracile, epirubicin, cyclophosphamide; D ¼ docetaxel; AT ¼ doxorubicin, paclitaxel.
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A further analysis of some of these trials led to a new insight into the
approach to PST. The NSABP B-18 study, including over 1,500 patients and
comparing 4 courses of standard AC administered preoperatively vs the same
regimen administered after surgery, showed that, although either DFS and OS
were comparable overall, patients who experienced a complete pathological
response (pCR) benefited from an improved DFS. This finding suggested that
PST may also be useful as a means to identify subsets of patients at different
prognosis [15].

The Role pf pCR

After the results of the NSABP B-18, a number of studies have confirmed that
the disappearance of neoplastic cells in the primary tumour may be considered
as a surrogate of a complete eradication of viable tumour cells either of loco-
regional or micro-metastatic systemic disease, as suggested by the improved
outcome [12, 16–19] (Table 2). Pathologic complete remission has then been
proposed as a surrogate or intermediate marker of clinical outcome and indi-
cated as the principal endpoint for subsequent trials aimed at optimising pre-
operative regimens [20, 21].

However, the heterogeneous definition of pCR used across studies renders
the comparisons of these results troublesome [20]. Even considering just large
randomised trials, the definition of pCR ranges from the disappearance of
neoplastic invasive cells in the primary tumour without considering the nodal
status [7, 11–13] to the lack of neoplastic cells both in the breast and in the axilla

Table 2 Clinical outcome and pathological complete response (pCR)

Study
No. of
patients Treatment

Definition
of pCR pCR (%) DFS % OS %

NSABP B-18
[15]

1,523 AC � 4 Breast 13 75 vs 58 85 vs
73

Royal
Marsden [16]

435 EC\CMF Breast and
axilla

23 NS 91 vs
73

EIO [17] 399 Various regimens Breast 16 NS NR

NSABP B-27
[12]

2,411 AC � 4! D � 4 Breast 14 84 vs 67 93 vs
81

MD
Anderson [18]

1,731 Anthracylines and/or
taxane based CT

Breast and
axilla

13 87 vs
61*

91 vs
80

ECTO [13] 1,355 AT � 4! CMF � 4 Breast 23 89 vs
75 #

NR

pCR¼ pathological complete response; DFS¼ disease free survival; OS¼ overall survival;
NS¼ not significant; NR¼ not reported; # freedom from progression was reported; EIO¼
EIO¼European Institute ofMilan; ECTO¼European Cooperative Trial in Operable Breast
Cancer; AC¼ doxorubicin, cyclophosphamide; EC¼ epirubicin, cyclophosphamide; CMF¼
cyclophosphamide, methotrexate, fluorouracil; D¼ docetaxel; AT¼ doxorubicin, paclitaxel
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[18, 22] to the lack of both invasive and in situ neoplastic cells [20]. The more
restrictive the definition of pCR, the greater benefit in terms of outcome may be
expected. However, while the occurrence of negative pathological nodes has
been confirmed as an independent prognostic factor in different series [12, 23], it
has been clearly demonstrated that the persistence of residual DCIS does not
affect patient outcome in terms of local recurrence or survival [24]. Another
important consideration is that the results of the studies have consistently
shown an advantage in terms of DFS but not of OS. It may be hypothesised
that, since the likelihood of achieving a pCR is diluted by the heterogeneity of
study population, the number of pCR observed in most trials is too small to
translate in a survival advantage.

However, up to now, pCR represents the best available predictor of clinical
outcome after preoperative therapy. The search of early predictors of pCR by
identifying the associated clinical and biological factors has been encouraged in
order to select patients who may benefit more from PST and to avoid unneces-
sary toxicity to others.

The studies aimed at identifying early predictors of response, particularly
of pCR, have not been fully successful. The early (short term) change of
proliferative activity during preoperative treatment rather than baseline
value was significantly correlated with clinical and/or pathological response
either after preoperative endocrine-, chemo-endocrine- and chemotherapy
[25–28]. On the other hand, the absence of a significant reduction of Ki67
did not predict lack of clinical response, rendering this marker useless for the
early identification of patients who are more likely to benefit from preopera-
tive treatment.

Hormone receptors represent the most established tumour characteristic
associated with increased likelihood to achieve pCR. Estrogen (ER) and pro-
gesterone receptor (PgR) negative tumours generally have a two- to sevenfold
greater pCR rate than ER and PgR positive tumours and this finding is con-
sistent across studies irrespective of design and schedule used [11, 13, 16–18,
29–31 (Table 3). The low pCR rate obtained in ER and PgR positive tumours
conflicts with the improved outcome generally associated with this tumour
population which has been confirmed both in large randomised studies such
as the European Cooperative Trial in Operable Breast Cancer (ECTO) study
and in large retrospective series such as those from MD Anderson, Royal
Marsden and the European Institute of Oncology (EIO) [16–19]. It has also
been questioned whether pCR rate represents an appropriate endpoint in ER
positive tumours, as suggested by the results of the retrospective analysis of the
RoyalMarsden series showing a correlation of pCR and clinical outcome in ER
negative but not in ER positive tumours [16]. This finding was disclaimed by the
retrospective analysis of the MDAnderson series showing that patients achiev-
ing pCR experienced a better prognosis irrespective of hormone receptor status
[18]. However, the limited number of pCR observed in both series among ER
positive tumours may account for this inconsistency and the question is still
open.
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Tumour histologic type has been also correlated with pathological remission
in large retrospective series, showing that patients with a lobular carcinoma
obtained a pCR ranging from 1 to 3% as compared to the 9–15% of the ductal
histology, although their long term prognosis was better [32, 33].

HER2 status was investigated as a predictive marker of response to different
primary chemotherapy regimens but results are not consistent in showing a
significant association between pCR rate andHER2 positivity [34, 35] and up to
now it should be considered only as a marker of sensitivity to trastuzumab.

Anthracyclines and Taxanes: Which is the Gold Standard?

As mentioned above, although it is generally accepted that regimens containing
both anthracyclines and taxanes yield the best results, much debate is ongoing
as to whether combined or sequential administration represent the best sche-
dule [20, 21]. Indirect comparisons suggest that concurrent administration of
anthracyclines and taxanes is associated with a pCR rate which is generally
lower than that obtained with a sequential schedule, except for the study from

Table 3 Pathological complete remission (pCR) overall and according to hormone receptor
status

pCR %

Study No. patients Treatment Overall HRþve HR–ve

Royal
Marsden
[16]

438 EC/CMF 12 8 22

EIO [17] 399 Various regimens 16 7 33

AGO [29] 475 ddE � 3! T � 3
ET � 4

18

10

8 26

GEPAR-
DUO [30]

913 AC � 4! D �4
ddAD � 4

14.3

7

6 23

ECTO [19] 438 AT � 4! CMF � 4 23 12 42

GEPAR-
TRIO [31]

285 TAC � 6

TAC � 2! NX � 4

18

3

3* 27

NSABP B-27
[12]

2,411 AC � 4 AC
� 4! D � 4

13

26

8 17

MDAnderson
[18]

1,731 Anthracycline and taxane
based CT

13 8 24

pCR ¼ pathological complete response; HRþve ¼ hormone receptor positive; HR-ve ¼
hormone receptor negative; EIO ¼ European Institute of Milan; AGO ¼ Arbeitsgeme-
ninschaft Gastroenterologische Onkologie; GEPARDUO¼German Preoperative Adriamyi-
cin and Docetaxel Study II; ECTO¼ European Cooperative Trial in Operable Breast Cancer;
GEPAR-TRIO ¼ German Preoperative Adriamyicin and Docetaxel Study III; EC ¼ epir-
ubicin, cyclophosphamide; CMF ¼ cyclophosphamide, methotrexate, fluorouracil; Dd ¼
dose dense; E ¼ epirubicin; T ¼ paclitaxel; D docetaxel; TAC ¼ docetaxel, doxorubicin,
cyclophosphamide; NX ¼ vinorelbine, capecitabine.
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the ECTO which, however, included four additional courses of a non-cross

resistant regimen after the combination of doxorubicin and paclitaxel [20, 21].

Table 4 summarises the results of randomised trials, including an adequate

number of patients, investigating different anthracyclines and taxanes contain-

ing regimens and addressing the issues of schedule and duration.

The two largest studies which compared the concurrent administration

of anthracyclines and taxanes vs anthracyclines and cyclophosphamide

did not show an advantage for the taxane-containing regimen [36, 37].

Table 4 Randomised trials of primary chemotherapy including different schedules and
duration of anthracyclines and taxanes

Study No. patients Treatment cRR(%) pCR (%) pN0 %

Anthracyclines vs Taxanes

Dieras [36] 200 AC � 4 vs AT � 4 89

70

16

10

22

20
ACCOG [37] 632 AC � 6 vs

AD � 6
61

70

24

21

39

34

Anthracyclines þ Taxanes (concurrent or sequential)

Aberdeen [38] 162 CVAP � 8

CVAP � 4! D � 4

66

94

16

34

67

62
NSABP B-27
[12]

2,411 AC �4
AC � 4! D � 4

86

91

14

26

51

58
GEPARDUO
[30]

913 AC � 4! D � 4

ddAD � 4

79

69

14.3

7

61

55
AGO [29] 475 ET � 4

ddE � 3! T � 3

NR 10

18

42

51
Green [39] 258 T q3 wk� 4!FAC� 4

wT � 12! FAC � 4

85

86

16

28

51

59

Different duration

Romieu [41] 232 AT � 4 vs

AT � 6

20 *

32 *

17

11

NR

EORTC [42] 448 CEF � 6 vs

dd EC � 6

80

88

14

10

NR

ABCSG 14 [43] 292 ED � 3 vs
ED � 6

76 #
89 #

7.7
18.6

43
57

cRR ¼ clinical response rate; pCR ¼ pathological complete response; pN0 pathological
negative nodes; ACCOG ¼ Anglo-Celtic Cooperative Group; GEPARDUO ¼ German
Preoperative Adriamyicin and Docetaxel Study II; AGO ¼ Arbeitsgemeninschaft Gastro-
enterologische Onkologie; EORTC¼ European Organisation for Research and Treatment of
Cancer; ABCSG ¼ Austrian Breast Cancer Study Group; AC ¼ doxorubicin,
cyclophosphamide; AT ¼ doxorubicin, paclitaxel; AD ¼ doxorubicin, docetaxel; CVAP ¼
cyclophosphamide, vincristine, doxorubicin, prednisone; dd ¼ dose dense; ET ¼ epirubicin,
paclitaxel; FAC ¼ fluorouracil, doxorubicin, cyclophosphamide; CEF ¼ cyclphosphamide,
epirubicin, fluorouracil.
* only clinical complete responses were reported
# stable disease were included
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The first study randomised 200 patients to either standard doxorubicin
plus cyclophosphamide or doxorubicin plus paclitaxel every 3 weeks for
four courses. The pCR rate was 10% vs 16% (6% vs 8% in independent
review) in the two arms respectively, while clinical response rate was
greater in the taxane-containing arm [36]. The Anglo-Celtic Cooperative
Group (ACCOG) compared six cycles of either AC or doxorubicin þ
docetaxel; no difference in pCR, clinical response or long term outcome
was observed [37].

The Aberdeen study randomised patients who showed a clinical
response after four cycles of CVAP (cyclophosphamide, vincristine, dox-
orubicin and prednisone) to an additional four cycles of the same regimen
or four cycles of docetaxel [38]. Non-responding patients received four
cycles of docetaxel. The addition of docetaxel significantly improved either
clinical response and pCR rate as compared to eight cycles of the same
regimen (94% and 34% vs 66% and 16%, respectively). This study demon-
strates the clear advantage of the addition of a taxane comparing regimens
of the same duration but the number of patients included (162) was
relatively small.

Two pivotal studies showing the benefit of adding taxotere to anthra-
cyclines based regimens, the NSABP B-27 and the German Preoperative
Adriamyicin and Docetaxel Study (GEPAR-DUO) have compared sche-
dules with different durations [12, 13, 30]. The GEPARD-DUO study
compared standard four courses of AC followed by four courses of
docetaxel and dose dense doxorubicin þ docetaxel (AD) for four courses
[30]. Both response rate and pCR were significantly higher in the sequen-
tial arm (pCR ¼ 14.3% vs 7%, p<.001) [30]. The NSABP B-27, the largest
published trial of preoperative therapy including more than 2,400
patients, showed that adding four courses of docetaxel to AC � 4 courses
doubled pCR rate [12]. We therefore cannot rule out that the advantage
may also be due to a longer treatment other than the addition of a new
agent.

A direct comparison between concurrent vs sequential administration of
anthracyclines and taxanes has been performed other than in the GEPARDUO
study also in a trial by the Arbeitsgemeninschaft Gastroenterologische
Onkologie (AGO) group who has compared three courses of epirubicin
followed by three courses of paclitaxel administered every 2 weeks vs the two
drugs administered concurrently every 3 weeks for four courses [29]. The
sequential schedule proved to be superior, also in the latter study, where the
duration of treatment was similar, although the total dose delivered was
different.

These two trials raise also the issue of dose dense schedules, obtaining
inconsistent results. The MD Anderson also explored this issue, comparing in
a randomised trial the weekly vs standard administration of paclitaxel; similarly
to what observed in the advanced disease, weekly paclitaxel was shown to
double pCR rate than the standard schedule (29% vs 14%, p<.01) [39]. In a
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small phase II study including 66 patients with operable breast cancer, weekly
administration of cisplatin, paclitaxel and epirubicin for eight courses yielded a
pCR rate of 55% [40]. Thus the weekly schedule more than the classical dose
dense schedule appears to improve clinical and pathological response rate and
merits to be further exploited.

The optimal duration of preoperative therapy also is still unknown. Indirect
evidence of a greater activity for the longer duration is provided by theNSABPB-
27, the AGO and the GEPAR-DUO studies, although other variables may have
concurred to these results. Very few studies have specifically addressed this issue
comparing fewer vs more courses of the same chemotherapeutic regimen [41–43].
The largest of these studies, the ABCSG 14, which randomly compared three vs
six cycles of epirubicin and docetaxel, showed that longer treatment resulted in a
significantly higher pCR rate (18.6% vs 7.7%, p ¼ .0045) and pathological
negative nodes at surgery (56.6% vs 42.8%, p ¼ .02) [43]. Four to six courses
are currently recommended as primary therapy outside a clinical trial [20].

Another poorly addressed issue is the activity of a second-line therapy in non-
responding patients. TheAberdeen study clearly showed the advantage of switch-
ing to taxotere in patients responding toCVAP, while in non-responding patients
a pCR of only 2% was observed [38]. The GEPAR-TRIO study randomised
patients not responding after TAC for two cycles to four additional courses of the
same regimen or to a non-cross-resistant therapy including capecitabineþ vinor-
elbine (NX). Clinical response rate was similar between the two groups (22.5% vs
21.9%, respectively) and pCR were fewer in the NX group (3.1% vs 7.3%) [31].

Another piece of evidence derives from a randomised study investigating a
non-cross resistant regimen vs five additional cycles of the same preoperative
regimen as adjuvant treatment in patients with suboptimal response (>1 cm3 of
residual tumour) to three cycles of an anthracyclines based therapy. No differ-
ence in terms of relapse-free survival (RFS) and a trend vs an improved survival
(655 vs 47% p ¼ .06) for the non cross resistant regimen was observed [44].

Although a suggestion towards a poor activity of a second line regimen
emerged from these randomised studies, the small number of patients included
does not allow drawing definitive conclusions on these issues and further trials
either in the preoperative or in the adjuvant setting are warranted.

Primary Treatment of Endocrine Responsive Tumours

Preoperative treatment of endocrine responsive tumours represents a challenge
for medical oncologists. Although chemotherapy is able to induce a high
number of objective responses the chance of obtaining a pCR is from two- to
sevenfold lower than in hormone receptor negative tumours [20,21]. In
addition, while chemotherapy schedule makes the difference in the likelihood
of pCR among ER negative tumours, pCR rate in ER positive tumours ranges
consistently from 6 to 10%, regardless of the use of more intensive chemother-
apeutic regimens (see Table 3).
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It is reasonable to speculate that conversely these tumors may benefit of an
endocrine maneuver. Endocrine therapy has been historically limited to
patients who were not suitable for chemotherapy and surgery. Earlier phase
II studies with tamoxifen focused primarily on elderly and/or frail patients,
often unselected for hormone receptor status of the tumour and showed a
response rate of 49–68% [45]. The proven superiority of third-generation
aromatase inhibitors in the advanced disease prompted the investigation of
these agents in the preoperative setting in postmenopausal women with hor-
mone receptor positive tumors. Initially, phase II studies showed a response
rate up to 80% for letrozole and comparison studies of aromatase inhibitors
with tamoxifen were started [45].

In a phase III study, the P-024 , which included 337 postmenopausal hor-
mone receptor positive breast cancer patients, letrozole was shown to increase
response rate (55 vs 36%, p<.001) and to increase breast conserving surgery
rate (45 vs 35%, p ¼ .022) as compared with tamoxifen [46] Interestingly,
subgroup analyses showed that patients with HER1 and/or HER2 overexpres-
sing tumors benefited of letrozole (RR ¼ 88 vs 21%) while in tumors not
overexpressing HER1 and/or HER2 response rate was similar between the
two treatments (54 vs 42%) [47].

The second randomised trial, the IMPACT trial, comparing anastrozole
vs tamoxifen vs the combination of the two agents in 330 postmenopausal
women with ER positive tumors failed to show any difference as for
response rate among treatments (37 vs 36 vs 39%), although patients
receiving anastrozole were significantly more likely to undergo breast con-
servative surgery (46 vs 22%) [48]. In this study, again, patients with HER2
overexpressing tumors responded better to the aromatase inhibitor than to
tamoxifen although the difference was not statistically significant (58 vs
22%) [48].

In the third trial, the PROACT trial, where 451 postmenopausal womenwith
ER positive tumors were allowed to receive chemotherapy in addition to endo-
crine agents, anastrozole and tamoxifen yielded a similar response rate, except
in the subgroup of patients who did not receive concurrent chemotherapy who
benefited, although not significantly, from anastrozole (36.2 vs 26.5%, p¼ .09)
in terms of response rate while feasible surgery was improved after 3months in a
significantly higher proportion of patients on anastrozole (43% vs 31%,
p ¼ .04) [49].

Exemestane has been compared with tamoxifen in a randomised study
including 151 postmenopausal women with ER and/or PgR positive breast
cancer [50]. The aromatase inhibitor significantly increased clinical response
rate (76 vs 40%, p¼ .05) and the rate of breast conserving surgery (36.8 vs 20%,
p ¼ .05) but not the rate of imaging response [50].

The results of these randomised trials together with those of phase II studies
have shown that preoperative endocrine therapy is a feasible and safe option in
postmenopausal patients with hormone receptor positive tumors. However the
pCR rate reported in these studies is very low (1–3%) [20]. Given the time lag to
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reaching full therapeutic effect for endocrine therapies, the issue of duration of

preoperative endocrine therapy is crucial, as demonstrated by an increased

response rate observed with prolonged letrozole in studies comparing different

durations [51].
Another critical issue is the selection of patients according to the

endocrine responsiveness. In a study of the Edinburgh group, 83 post-

menopausal women were treated with neoadjuvant letrozole for 3 months.

Tumours were subdivided according to their ER ALLRED scores and 60

tumours were scored 8 while 23 were scored as ALLRED 6 or 7. Although

response rates were similar in both groups, a significant greater reduction

in tumour volume was observed in patients whose tumours had the high-

est ER level [52].
Thus, an adequately prolonged endocrine therapy may be deemed equally

active as chemotherapy in a selected population of exquisite endocrine

responsive tumours. The results of a randomised comparison between che-

motherapy and endocrine therapy in postmenopausal women with ER

positive breast cancer seems to confirm this speculation, in that four courses

of doxorubicin and paclitaxel yielded comparable objective responses (64%)

and slightly less breast conserving surgery (24% vs 33%) as exemestane and

anastrozole, while pCR rate was higher although not significantly after

chemotherapy (6% vs 3%) [53].
The experience with endocrine preoperative therapy in premenopausal

patients is very limited. A phase II study investigating letrozole in combination

with GnRH analogue in a population of ER and PgR positive breast cancer

showed a clinical response rate assessed by ultrasound of 50%, a pCR rate of

3%, while breast conserving surgery was feasible in 47%of patients, figures that

are comparable with the results observed in postmenopausal patients [54].

Importantly, longer treatment duration appeared to be the major determinant

of clinical response.
Another strategy theoretically active, which has not been pursued exten-

sively, is the combination of chemotherapy and endocrine therapy. Both the

NSABP B-18 and the B-27 studies allowed the association of tamoxifen 20 mg/

day concurrent with chemotherapy in patients older than 50 years old regard-

less of hormone receptor status. The German group compared in a randomised

study (GEPARDO) the addition of tamoxifen to dose-dense doxorubicin and

docetaxel [55]. Again the patients were not selected for hormone receptor status

and about 40% of patients turned out to have ER negative tumours at surgery.

The pCR rate was comparable in the two groups (9% vs 10.3%) and the authors

concluded that the effect of endocrine therapy should be exploited in regimens

with longer duration [55].
Another phase III randomised study investigated the association of tamox-

ifen with epirubicin [56]. Both clinical and pathological response rate were

comparable, while proliferative activity was significantly down regulated by

the addition of tamoxifen [56].
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These discouraging results should be blunted by the observation that in no
study were patients selected according to hormone receptor status. In addition,
results of the SWOG study suggested that sequential administration of tamox-
ifen and chemotherapy is more advantageous than the concomitant adminis-
tration [57]. Thus the combination of chemotherapy and different endocrine
manipulations in selected population of ER positive tumours may be still
pursued. The results of a small non-randomised study suggested that the con-
current administration of GnRH analogue and chemotherapy with ECF
improved either clinical and pathological response rate as compared to the
chemotherapy alone in a series of premenopausal patients with ER positive
breast cancer [58]. Similarly the concurrent administration of exemestane and
chemotherapy has been investigated in two small phase I studies, reporting a
high activity which warranted the investigation of this combination in phase II
studies [45].

A different approach to combination of endocrine therapy with chemother-
apy explored the association of letrozole with oral low-dose cyclophosphamide
in elderly postmenopausal patients with ER positive locally advanced breast
cancer. A not significantly higher response rate and a significantly greater
suppression of Ki67 and circulating VEGF were observed in the combination
arm [59]. However, at the present time the combination of chemotherapy and
endocrine therapy should be considered investigative in the preoperative
setting.

Open Issues

Identifying Powerful Predictors of Response

Anumber of studies have focused on evaluating the predictive value of different
gene expression profiles but no conclusive evidence has been achieved .The
largest study on 133 patients treated with preoperative anthracyclines and
taxane based chemotherapy showed that a set of 30 genes were able to predict
the occurrence of pCR, with an higher sensitivity than the combination of
conventional parameters as age, ER status and grade (92 vs 61%). However,
to what extent this set of genes is a generic predictor for chemotherapy sensi-
tivity or specific for the chemotherapeutic regimen is not determined [60].

The Oncotype DX, a RT-PCR based assay including a 16 genes mostly
related to proliferation, invasion, ER and HER2 plus five references genes
yielding a recurrence score (RS), has been shown as a powerful prognostic
indicator within large randomised trials [61]. In addition, it has been shown to
indicate patients who benefit from the addition of chemotherapy to tamoxifen
[62]. The RS was also shown to correlate significantly with the likelihood of
pCR in a series of 89 patients treated with preoperative doxorubicin þ pacli-
taxel, confirming that patients who benefit more from chemotherapy are more
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likely to obtain a pCR [63]. In the same series of patients a set of 86 genes,
selected among 386 genes, and including proliferation related, immune-related
and oestrogen receptor related genes, were associated with the likelihood of
achieving a pCR [63].

Gene expression profiles were also used to identify five different molecular
breast cancer subtypes bearing substantially different prognosis [64]. Molecular
subtypes were also shown to respond differently to preoperative chemotherapy
since basal-like (hormone receptor and HER2 negative tumours) and HER2
positive subtypes achieved 45% of pCR while luminal A and B tumours (ER
positive tumours) obtained only a 2% of pCR rate [65].

Beyond pCR

Although pCR represents the most sensitive available predictor of clinical
outcome, it has also been shown that residual tumor either in the breast or in
the axilla correlates with prognosis [12, 20, 21, 30]. It can be speculated that
varying degrees of residual tumor other than the dichotomization presence/
absence may be useful to identify a continuum of subsets of patients at different
prognosis, improving the prognostic value of pathologic response. This hypoth-
esis has been recently supported by the recognition of residual cancer burden
(RCB) calculated as a continuous index combining pathologic measurements of
size and cellularity of the primary tumor with number and size of nodal
metastasis [66]. Four different scores of RCB were identified which were inde-
pendently associated with clinical outcome in a multivariate analysis. Impor-
tantly, patients with RCB score I carried the same prognosis than patients with
no residual cancer burden (corresponding to the conventional definition of
pCR) [66]. A validation of this index in larger series may help in the future to
allow a better prediction of clinical outcome after response to primary therapy.

Integrating Targeted Agents

The evidence of a synergistic activity between chemotherapy and trastuzumab in
the treatment of HER2 overexpressing advanced and early breast cancer has
prompted a number of phase II studies investigating the association of trastu-
zumab and various agents, particularly platinum salt derived agents and spindle
poison agents (taxanes and vinorelbine). These studies showed a high response
rate and an appreciable pCR rate ranging from 18% to 47% [20]. The first
phase III randomised study, which compared the addition of trastuzumab to
paclitaxel followed by FEC vs chemotherapy alone was closed prematurely
including only 42 patients, due to the dramatic difference between the trastu-
zumab and no-trastuzumab arms [67]. Interestingly, in this study there was a
similar pCR rate both in HRþve and HR–ve tumors (70 vs 61.5%), differently
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from what is generally observed in studies of preoperative chemotherapy. More

recently preliminary results of a larger phase III trial NOAH (NeOAdjuvant

Herceptin) comparing three cycles of doxorubicin in combination with pacli-

taxel, followed by four cycles of paclitaxel and four cycles of intravenous CMF

with or without trastuzumab in locally advanced HER2 positive breast cancer

showed a significantly improved pCR rate (43 vs 23%, p¼ .002) also when

considering inflammatory breast cancer [68]. The results of this trial together

with those of phase II trials are going to change in the near future the recom-

mendations of the international panel consensus of 2006 leading to the inclu-

sion of trastuzumab in the standard preoperative treatment of HER2 positive

breast cancer.
Other targeted agents have been less investigated. The activity of gefitinib,

a small EGFR tyrosine kinase inhibitor, has been investigated in combina-

tion with anastrozole in a phase II randomised study in postmenopausal

patients with ER and EGFR positive breast cancer. The combination of

gefitinib and anastrozole induced a significantly greater decrease of ki67 as

compared to gefitinib alone, while clinical response rate was similar in the

two arms [69]. On the other hand, the addition of gefitinib to anastrozole

did not change proliferative activity and overall response rate in ER positive

breast cancer unselected for EGFR positivity [70]. The biological activity of

gefitinib has been investigated in combination with chemotherapy in a phase

II randomised study. No increased effect on biomarkers of EGFR pathway

and on proliferation rate was observed as compared with chemotherapy

alone [71].
The dual EGFR and HER2 tyrosine kinase inhibitor lapatinib has been

investigated as single agent in locally advanced and inflammatory breast

cancer. A clinical response rate was observed in 62% of patients with refrac-

tory and recurrent inflammatory HER2 positive breast cancer [72]. The over-

expression of HER2 and of its phosphorylated form was the most powerful

predictor of response, while the loss of PTEN was not predictive of treatment

failure.
The activity of lapatinib in the preoperative setting will be explored in a

phase III multicentric trial comparing lapatinib and trastuzumab as single

agents and in combination for 6 weeks followed by the same biological

treatment in association with weekly paclitaxel for 12 weeks (neo-Adjuvant

Lapatinib Trastuzumab Trial Optimization, neo-ALTTO).
As for the monoclonal antibody anti VEGF bevacizumab, the biological

effects other than the clinical activity have been investigated in inflammatory

breast cancer. After the administration of bevacizumab as single agent a

decrease of VEGFR2 and of vascular permeability (assessed by MRI para-

meters), correlated with clinical response were observed [73].
The results of these studies, although heterogeneous and conflicting, all

together underscore the relevance of the appropriate selection of patients

when considering targeted therapies.
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Conclusions

At the present time the only established benefit of primary systemic therapy is
to render suitable to surgery inoperable tumours and to enable breast conser-
ving surgery for large operable tumours candidate to mastectomy. No general
benefit in terms of improved outcome has been demonstrated, except for
patients achieving a complete pathological disappearance of viable tumour
cells.

However, administration of primary therapy has other theoretical
advantages:

1. The chance of assessing response in vivo may avoid the large number of
patients and longer time of observation required to estimate the activity of
new treatment strategies in the adjuvant setting although the lack of a clear
improvement in OS may reduce this benefit

2. Primary systemic therapy represents an unique opportunity to get invaluable
insights into the biology of the tumour and to identify biological and mole-
cular markers associated with response and resistance to treatments

As stated in the 2006 recommendations of an international expert consensus
panel, preoperative therapy may be considered for all patient candidates for
receiving a systemic therapy after surgery. However, except in cases when a
benefit in terms of improved surgery is expected, preoperative treatment
should be offered within controlled clinical trials. A set of randomised trials
designed to investigate not only new drug combinations but also early bio-
markers of benefit are currently ongoing. The results of these trials will allow
in the near future to optimise tailored preoperative strategies for selected
subsets of breast cancer.
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Adjuvant Chemotherapy

M. Tubiana-Hulin and M. Gardner

Apparently localized breast cancer which has been treated with optimal locor-
egional therapy can recur months or years later, ultimately resulting in death.
This is generally believed to be due to the development of occult micrometas-
tases disseminated in the body and already present at the time of the initial
surgery. Destruction of these micrometastases is the aim of adjuvant and
neoadjuvant therapy. Adjuvant therapies have been widely used since the
1970s and, although the absolute survival benefit they confer is modest
(10%), they have been credited, together with screening and improvement of
loco-regional treatment, for the reduction in breast cancer mortality observed
in recent decades.

Over the past few decades, several generations of adjuvant chemotherapy
randomized trials have been conducted specially for patients with positive
axillary nodes that have demonstrated increasing efficacy: monochemotherapy,
CMF (cyclophosphamide-methotrexate-fluorouracil) based polychemother-
apy, anthracyclines based combinations, anthracyclines and taxanes-based
combinations and recently, for patients with HER 2 oncoprotein overexpres-
sion) trastuzumab combined with anthracyclines-taxanes regimens that repre-
sented a very important advance. Concurrently, adjuvant hormonal treatments
either alone or combined with chemotherapy have been developed: ovarian
suppression, tamoxifen and more recently, aromatase inhibitors for postmeno-
pausal patients. At 15 year of follow-up, on the whole, reduction of risk of
mortality from adjuvant therapies is about 50% [1].

The interest of adjuvant chemotherapy for breast cancer was demonstrated
in the early 1980s by data from two large randomized trials begun in 1972 and
1973, which had a considerable impact on the management of operable breast
cancer. Patients with positive axillary lymph nodes who received 2 years of
treatment with melphalan by mouth in the NSABP B-05 trial [2] or 1 year of
CMF (cyclophosphamide, methotrexate, 5-fluorouracil) in the Milan Cancer
Institute study [3] were found to have benefited in terms of disease-free survival
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in comparison with the placebo group. Subgroup analysis showed that this
benefit concerned mainly patients who were under the age of 50 years with
moderate nodal involvement.

A great many comparative studies of different chemotherapy protocols have
subsequently been conducted to evaluate the efficacy of chemotherapy in
different patient populations.

The Oxford international meta-analysis of adjuvant trials [1, 4, 5] has
been carried out every 5 years since 1985. This analysis comprises 80% of
randomized adjuvant trials published or conducted worldwide, in which
individual patient data are taken into account. The 2005 update reports 10-
and 15-year disease-free survival and overall survival rates. It concerns 4,000
patients in monochemotherapy trials and 29,000 in polychemotherapy trials,
the latter mainly involving CMF for 6 or 12 months, or a combination with
anthracyclines for 6 months. In several studies vincristine or prednisone were
associated with the above drugs. Very few of the patients were over 70 years of
age. Globally, monochemotherapy lowered the annual event rate (hazard
ratio 0.86, SE 0.04 2p<0.001) but did not affect mortality. Polychemotherapy
lowered both the annual event rate (HR 0.77, 0.02 2p<0.00001) and the
mortality rate (HR 0.83, 0.02 2p<0.00001). In this case, the efficacy of che-
motherapy was demonstrated regardless of age (p<0.00001), with a greater
benefit before age 50. The relative reduction in the recurrence rate took place
in the first 5 years, while overall survival improved throughout the 10 and
15 years of follow-up.

The relative risk reduction was independent of menopausal status, hormone
receptor status, and use or not of tamoxifen. Furthermore, the relative benefit
was identical for node-positive and node-negative disease.

Because of wide variation between chemotherapy regimens (drugs, doses,
methods of administration, duration) that partly explain the variable outcomes
reported in these trials, the meta-analysis can establish the minimum effect
achieved with adjuvant chemotherapy, but does not allow any conclusions as
to specific treatment modalities: dose density or dose intensity, alternating or
sequential protocols.

Anthracyclines in Adjuvant Therapy

The anthracyclines are topoisomerase II inhibitors. Doxorubicin and epirubicin
appear similar in efficacy, but at larger cumulative doses epirubicin may be less
cardiotoxic. Anthracyclines are among the most active drugs in metastatic
breast cancer. Used as early as 1974 by the M.D. Anderson group in Texas [6]
in non-randomized trials, the FAC protocols (5-fluorouracil, doxorubicin,
cyclophosphamide) already appeared to demonstrate a survival benefit in
node-positive patients (particularly with more than three positive nodes), irre-
spective of age. In France, anthracyclines, especially epirubicin, have been
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included in the majority of adjuvant chemotherapy protocols used over the past
15 years [7, 8]. The Oxford meta-analysis published in 2005 [1] combined data
from 14,000 women (two-thirds of whom were under the age of 50 years) and
directly compared anthracyclines’ protocols and CMF-based protocols for 6
months. The superiority of the anthracyclines protocols was established: risk of
recurrence with a hazard ratio of 0.89 (2p = 0.001) and risk of death (HR 0.84,
2p= 0.001). The absolute difference in survival was 3% at 5 years and 4% at 10
years regardless of age or estrogen receptor status.

A review of trials conducted by the major cooperative groups provides
additional data. The NSABP B-11 [9] trial compared melphalan + 5-fluorour-
acil (PF) with melphalan + 5-fluorouracil + doxorubicin (PAF) in patients
aged 50–59 years with progesterone receptor-negative tumors. Here, the addi-
tion of doxorubicin conferred a benefit in terms of disease-free survival and
overall survival at 6 years. On the other hand, the same combination to which
concomitant tamoxifen was added (NSABP B-12), or PFT vs PAFT in patients
with progesterone receptor-positive tumors did not show any significant differ-
ence in disease-free survival or overall survival [9].

It should be noted that the doxorubicin doses used in these trials (30mg/m2

per cycle for six cycles) can be considered suboptimal. The Bonadonna group
from the Milan Cancer Institute also evaluated the effect of doxorubicin in
patient populations with one to three positive nodes. Doxorubicin given after
six cycles of CMF vs CMF alone did not provide any significant benefit [10].

The NSABP trial (B-15) [11] is noteworthy in that it compared the combina-
tion doxorubicin/cyclophosphamide with classical CMF. More than 2,000
patients with positive axillary nodes were randomized to receive either four
cycles of AC (doxorubicin 60mg/m2, cyclophosphamide 600mg/m2) over 2
months vs six cycles of classical CMF over 6 months. A third arm evaluated
the sequence AC! CMF with a 6-month interval between the last cycle of AC
and the first cycle of CMF. This study did not find any reduction in the
recurrence risk or overall survival, but quality of life and toxicities were
improved with AC as compared to CMF.

The Onco-France trial [12] compared AVCF (doxorubicin, vincristine,
cyclophosphamide, 5-fluorouracil) vs CMF. After a long (10-year) follow-up,
the anthracyclines armwas superior in terms of disease-free survival and overall
survival in premenopausal patients.

The International Breast Cancer Cooperative Group [13] compared classical
CMF (six cycles) vs eight cycles of EC 60mg/m2 and 500mg/m2 or HEC
(epirubicin 100mg/m2 + cyclophosphamide 830mg/m2). At 4 years there was
no significant difference as compared with the CMF protocol, although a dose
effect was observed with epirubicin and the HEC protocol was superior to EC.
There were about 250 pre- and post-menopausal patients in each arm and the
follow-up was fairly short, which makes the results difficult to interpret.

The National Cancer Institute of Canada trial, updated by Levine in 2005
[14], compared six cycles of CMF (cyclophosphamide 100mg/m2, methotrexate
40mg/m2, 5-fluorouracil 600mg/m2) vs six cycles of CEF (cyclophosphamide
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75mg/m2, epirubicin 60mg/m2 days 1 and 8, and 5-fluorouracil 500mg/m2) in
pre- and peri-menopausal womenwith axillary node-positive breast cancer. The
epirubicin dose intensity had to be reduced due to hematologic toxicity. The
10-year results were in favor of CEF, with 52% relapse-free survival vs 45%
(p¼ 0.007) and 62% overall survival vs 58% (p¼ 0.08). Long-term cardiotoxi-
city was slightly higher with CEF (1.1%) than with CMF (0.3%).

A publication by Poole [15] combining data from two English studies
recently confirmed the superiority of anthracyclines-containing protocols,
with a benefit on disease-free survival (79 vs 69%, p<0.001) and overall survival
(82 vs 75%, p<0.001) at 5 years. Altogether, four trials comparing anthracy-
clines-containing chemotherapy with classical CMF showed a significant reduc-
tion in the risk of relapse and death. The use of suboptimal doses of anthracy-
clines (per cycle or cumulative dose), concomitant tamoxifen, late introduction
of anthracyclines, might explain certain ‘‘negative’’ studies. The NSABP B-15
trial was the landmark trial in establishing the four-cycle AC regimen as the
American standard and the basis of a sequence from which, today, most
adjuvant trials are still designed by the major cooperative groups like (cancer
and leukemia group B) CALBG, Southwest oncology group SWOG, etc.

Duration of treatment

Many randomized trials have addressed the question of the duration of adju-
vant chemotherapy which, in the oldest studies, was 1–2 years. The report from
Milano [16] comparing six vs twelve cycles of CMF continues to have an
influence on most current protocols. With 5 years of follow-up in 460 patients,
no significant differences were found in either disease-free survival (65.6 vs
59%, p¼ 0.17) or overall survival (77 vs 72%, six cycles, p¼ 0.20). The same
was true in all the subgroups analyzed. A single perioperative cycle or an early
postoperative cycle [25] gave significantly worse outcomes than 6 months of
CMF (Ludwig Breast Cancer Study Group, [17].

The 1998 Oxford meta-analysis [5] looked at outcomes of short or long
treatment durations in 6,000 patients and found similar results between 3–6
months of chemotherapy vs longer treatment durations. However, the treat-
ment duration differed according to the drugs used : 2.5 months of AC
appeared to be equivalent to six cycles of CMF( NSABP B15), but three
cycles of FEC 50 or 75mg were inferior to six cycles of FEC 50mg [18]. The
French trial PACS 05, which recently completed patient recruitment, is
comparing four cycles of FEC 100mg with six cycles of FEC 100mg in
high-risk node-negative patients.

While the minimum duration of treatment appears to be 3 months (four
cycles) with anthracyclines or taxanes-based regimens, it is possible that sequen-
tial regimens will demonstrate the superiority of longer treatment durations of
4–6 months [19].
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Dose Intensity

Hryniuk [20] defines dose intensity as the quantity of drug inmilligrams per square
meter of body surface area per week. This enables a comparison of protocols in
terms of administered and theoretical dose and makes it possible to define poten-
tial modulations, such as dose escalation (increasing the unit dose of the drug(s)
each cycle without changing the interval between cycles or maintaining the doses
but reducing the interval between cycles). Two trials in favor of high doses
[CALGB 8541 (FAC 30, 40 or 60mg/m2) [21] and FAGS 05(FEC 50 vs 100 mg/
m2) [22] used anthracyclines doseswhich are currently considered to be suboptimal
and therefore merely demonstrated the deleterious effect of a dose reduction.

NSABP trials [23, 24] as well as CALBG 9344 [19] used the same standard
treatment comprising four sequences of doxorubicin 60mg/m2 plus cyclophospha-
mide 600mg/m2. The NSABP B 25 [23] evaluated the effect of increasing the
cyclophosphamide dose (same dose in two instead of four cycles or total dose
multiplied two- or fourfold), while the CALBG trial investigated the effect of
increasing the anthracyclines dose by 50% [19]. Disease-free and overall survival
were unchanged. On the other hand, acute toxicities were substantially higher, with
a tenfold increase in the complication rate in the high-dose armof trial B-25 relative
to the standard treatment, despite systematic support with hematopoietic factors.

In conclusion, increasing the doses of adjuvant chemotherapy by a factor of
four at themost has not been shown to have superior efficacy. However, reducing
the doses to suboptimal levels has been shown to have a deleterious effect.

Randomized Studies of High-Dose Adjuvant Chemotherapy

with Hematopoietic Stem Cell Transplantation

The patients in these trials were at high risk of recurrence and in most cases had
more than ten positive nodes. Prospective randomized trials involving a large
patient cohort were presented at the plenary seminar of the ASCO congress in
1999. The trials reported by Peters [25] and Bergh [26] consisted of four induc-
tion cycles with FAC or FEC and an intensified consolidation cycle in the
experimental arm. A total of 874 and 525 patients were randomized, respec-
tively. After a median follow-up of 3 and 2 years, no significant differences were
found. These data agree with those of Hortobagyi [27] and Rodenhuis [28] in a
smaller series of patients who received pre- and post-operative induction with
anthracyclines and cyclophosphamide.

Sequential Regimens

The Milan Cancer Institute study [29] has been a decisive factor. In patients
with three or more positive nodes (405 randomized patients), this was the first
study to also test alternating or sequential schedules: four cycles of doxorubicin
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followed by eight cycles of CMF vs two cycles of CMF followed by one cycle of

doxorubicin in four successive cycles. At 10 years disease-free survival and

overall survival were significantly better in the alternating regimen (42 vs

28%, p¼ 0.002 and 58 vs 44%, p¼ 0.002, respectively).
The two treatment arms differed only in terms of the method of adminis-

tration; the doses of doxorubicin (75mg/m2) and CMF were identical. The

sequential regimen proved to be significantly superior in terms of relapse-free

survival (42 vs 28%, p¼ 0.002) and overall survival (58 vs 44%, p¼ 0.002).

The median time to disease progression was doubled in the sequential arm

(86 vs 47 months).
These benefits were observed in all subgroups of the study population. In

particular, relapse-free survival in patients with the worst prognosis (>10
positive nodes and tumor >2 cm) was 85% in the sequential arm, which is

similar to that seen in patients with a better prognosis (4–10 positive nodes

and tumor �2 cm) on an alternating regimen. The dose intensity of the cyto-

toxic drugs was similar in both arms of the study: 0.92 and 0.94 for the

sequential and alternating regimens, respectively. However, by definition, the

doxorubicin dose intensity was higher in the sequential arm (four cycles of

doxorubicin over 27 weeks). This is believed to explain the advantage of a

sequential regimen: the shorter time interval between two doxorubicin cycles

would decrease the repopulation of the chemosensitive cell fraction. Later

studies of sequential regimens have abandoned CMF in favor of anthracyclines

plus taxanes combinations.

Taxanes in the Adjuvant Setting

Of the new drugs developed over the last 15 years, only the taxanes have been

found to provide a tangible benefit in terms of breast cancer outcomes [30]. The

first studies of these drugs in the neoadjuvant and adjuvant setting began in

1995. Paclitaxel and docetaxel act by stabilizing microtubules, thereby prevent-

ing the disassembly of microtubules required for mitosis. Important differences

exist between these two drugs. First, the optimal dose and schedule of paclitaxel

(175–250mg/m2 over 3 h or 24 h or 80mg/m2 over 1 h every week) is still

controversial whereas the optimal taxotere dose of 100mg/m2 given over 1 h

as monotherapy every 3 weeks has been established since this drug went into

development. In addition, a pharmacokinetic interaction has been found to

occur between paclitaxel delivered in a short, 3-h infusion and doxorubicin,

which increases the AUC of doxorubicinol [31–33] and is responsible for

cardiotoxicity. Paclitaxel plus doxorubicin combinations given at a 16- to

24-h interval circumvent this problem but this schedule is more difficult to

administer and also less effective [34]. This is why this drug is only used in

sequential regimens in the adjuvant setting.
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Paclitaxel

1. The CALBG 9344 [19] trial tested two hypotheses: the effect of increasing the
doxorubicin dose in the AC regimen, and the benefit of adding four cycles of
paclitaxel after four cycles of AC. The 3,170 patients were randomized accord-
ing to a bifactorial design: patients were first randomized toAC 60, 75, or 90mg
combined with cyclophosphamide 600mg/m2, then secondly randomized to
receive or not four additional cycles of paclitaxel (175mg/m2 over 3h). Recep-
tor-positive patients then systematically received hormonal therapywith tamox-
ifen for 5 years. The results of the interim analysis at 18 and 30 months showed
that increasing the doxorubicin dose above 60mg/m2 conferred no added
benefit, whereas sequential addition of paclitaxel significantly improved survi-
val, with a 22% reduction in the relapse rate and a 26% reduction in mortality.
However the main benefit was seen in HR-negative patients. These findings are
difficult to interpret, since it is not known if the observed benefit was due to the
paclitaxel or to the longer duration of chemotherapy.

2. The NSABP B-28 trial [35] was similar to the above study (3,060 node-
positive patients, four cycles of AC vs four AC followed by four cycles of
paclitaxel), but there were some notable differences in terms of the paclitaxel
dose (225mg/m2), the cohort (70% with one to three positive nodes) and
especially tamoxifen, which was concomitant to chemotherapy, after meno-
pause and even in HR-negative patients over the age of 50 years. After a
median follow-up of 64 months, the relative risk of recurrence decreased by
17% (p = 0.008) but there was no impact on overall survival. Concomitant
administration of CT and tamoxifen appears to be less effective than CT
followed by tamoxifen for positive hormonal status patients.

3. The CALBG 9741 trial [36] tested the concept of dose density as described by
L. Norton, which states, briefly, that an identical fraction of exponentially
growing tumor cells is destroyed by a given dose of a drug. Breast cancer
usually grows according to non-exponential Gompertzian kinetics. Repopu-
lation of tumor cells after cytoreduction is faster in Gompertzian models
than in experimental models of exponential growth. Thus, the test hypothesis
is that there would be a greater reduction in tumor volume by more frequent
administration of cytotoxic drugs than by an increase in dose. Then 2,500
patients were randomized to a sequential schedule (four cycles of each of the
three drugs doxorubicin, paclitaxel, cyclophosphamide) or a concomitant
regimen (four cycles of AC followed by four cycles of paclitaxel). In each
arm, patients were randomized a second time to test dose density: one cycle
every 2 weeks with hematopoietic growth factor support vs the usual 3-week
interval between cycles. After amedian follow-up of 36months, there was no
significant difference between the sequential or concomitant arms, but a
significant difference was found in favor of the dose densified arm (2-week
interval), with 26 and 31% relative reduction in the risk of recurrence and
death, respectively. No density-sequence interaction was found.
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4. TheM.D. Anderson study involving a smaller cohort is of interest in terms of
the equivalence of treatment duration [36]. Here 524 patients were rando-
mized to either eight cycles of FAC or four cycles of paclitaxel (250mg/m2 by
24-h infusion every 3 weeks) followed by four cycles of FAC in an adjuvant
or neoadjuvant setting and possibly followed by irradiation and by tamox-
ifen for patients over the age of 50 years or with receptor-positive disease.
The classical prognostic factors differed in the two groups in terms of
presurgery clinical stage and postsurgery surgical stage as well as ER status,
which was more often positive in the paclitaxel group. At 48 months, there
was no significant difference in overall survival and a small difference in
favor of the paclitaxel arm for relapse-free survival in receptor-negative
patients. There was a 30% reduction in the risk of recurrence in the paclitaxel
arm (results validated at 3 years) but the modalities are still open to
discussion.

Docetaxel was more effective than doxorubicin and paclitaxel in a direct

comparison in metastatic setting [37]. This drug has been evaluated in several

concomitant or sequential regimens.
The BCIRG 001 trial which began in 1997 [38] compared FAC and TAC

regimens (A 50mg/m2, C 500mg/m2 and 5-fluorouracil 500mg/m2 or T

docetaxel 75mg/m2). Here 1,491 patients under the age of 70 years with

node-positive disease were randomized in this study. Patients received six

cycles of chemotherapy beginning 2 months after surgery. Irradiation was

given following surgery and hormonal therapy was given in receptor-positive

patients after completion of chemotherapy. Median dose intensity was

equivalent in the two protocols (98 vs 99%). At 55 months, relapse-free

survival was significantly higher in the TAC arm (p¼ 0.001), irrespective of

subgroup and in particular of receptor or HER2 status. The risk reduction

was 39% for one to three positive axillary nodes and 17% for more than

three positive nodes. Survival was 87% with TAC and 81% with FAC

(p¼ 0.008). Hematologic and other toxicities were more frequent with

TAC. In particular, neutropenic fever occurred in 24.7% of patients vs

2.5% in the FAC group, but nonfatal grade 3 or 4 infections were only

seen in 3.9% of cases (ciprofloxacin prophylaxis was routinely adminis-

tered). Amenorrhea was more frequent with TAC (61 vs 52.4%) but no

data are yet available concerning the frequency of permanent amenorrhea.

Quality of life scores did not differ in the two groups.
The PACS 01 trial [39] randomized 1,999 patients to either six cycles of

FEC (epirubicin 100mg/m2) or three cycles of FEC followed by three cycles

of docetaxel 100mg/m2. Chemotherapy began before the 42nd postsurgical

day, followed by radiation therapy and then tamoxifen for 5 years in

receptor-positive patients. The groups were well balanced for the conven-

tional prognostic factors. The data were in favor of the sequential regimen

with a ratio of 0.83 (p<0.01) for relapse-free survival and 0.73 (p<0.05) for
overall survival.
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The US oncology [40] compared four cycles of standard AC with four
cycles of TC (without anthracyclines: docetaxel 75mg/m2 + cyclophospha-
mide 600mg/m2). Radiation therapy, when indicated, was given on completion
of chemotherapy followed by hormonal therapy in receptor-positive patients.
Here 1,016 patients under 75 years of age were randomized. Patient character-
istics were similar in the two arms: 48% node negative, only 11% with >3
positive axillary nodes, 29% receptor-negative. At 5 years, relapse-free survival
was significantly higher in the TC group with a hazard ratio of 0.67
(p¼ 0.015) and a favorable but not yet significant effect on overall survival.
Muscle and joint pain, edema and febrile neutropenia were more frequent in
the TC arm. Digestive disorders and one case of congestive heart failure were
observed in the AC arm. There were two deaths in the TC arm including one
due to sepsis in a neutropenic patient.

The results of trial E 2197 [41] comparing four cycles of AC vs four cycles of
AT (with docetaxel 60mg/m2) in 2,952 patients were not significant at 4 years,
probably because the docetaxel doses were insufficient. Also, fever, neutropenia
and death were more frequent in the AT arm.

Other Drugs in Adjuvant Setting

Other drugs alone or combination of drugs that demonstrated activity in
metastatic breast cancer are candidates to be tested in the adjuvant setting.
The goal is to find possibly more active (especially in subgroups as basal
type (triple negative)) and/or less toxic regimen avoiding cardiac toxicity of
anthracyclines-based chemotherapy, more fitted for patients more than 70
year old and/or candidates for trastuzumab chemotherapy that has its
specific cardio-toxicity. Amongst these candidate drugs are gemcitabine
with moderate toxicity, synergistic to paclitaxel and docetaxel [37, 42], that
is incorporated in a number of on going trials, following three or four
anthracyclines-based cycles. For example, the TanGo trial [43] will rando-
mize patients to EC (90/600mg/m2) followed by paclitaxel (175mg/m2) or
paclitaxel combined to gemcitabine (1,250mg/m2 day 1 and 8) or NSABP
B38,a randomized comparison between TAC and dose-dense AC followed
by paclitaxel and gemcitabine.

Capecitabine is a well tolerated oral drug with no myelosuppression or
alopecia, active in metastatic trial and synergistic to taxanes, that could be
specially fitted for older patients: one CALBG trial (49907) will compare
capecitabine alone to standard CMF or AC.

Numerous on-going trials will incorporate capecitabine with taxanes,
anthracyclines, or vinorelbine [44]. Several biologic agents will very soon be
incorporated in adjuvant setting. Lapatinib, an oral inhibitor of epidermal
growth factor and HER2 tyrosine kinase appears to be the next candidate in
HER2 overexpressing tumors (see dedicated chapter).
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Late Adverse Effects of Breast Cancer Adjuvant Chemotherapy

Effectiveness of adjuvant chemotherapy designed to improve cure rates and to
extend survival time is tempered by side effects that may impair in some cases
seriously quality of life (QOL) or become exceptionally even life-threatening.
Acute toxicities differ among chemotherapy regimens and may include nausea,
vomiting, mucositis, myelosuppression, neurotoxicity, weight modifications,
alopecia and muscle pain. Management of these toxicities has been previously
extensively reviewed [45]. Cardiac and hematological toxicities are potentially
lethal complications. Lethal outcome due to acute complications is rare, how-
ever, particularly since the appropriate use of growth factors [40].

Cardiac Toxicity

The delayed dilated cardiomyopathy may occur as late as several years after
completion of anthracyclines therapy and is irreversible [46, 47]. There are
several well conducted studies demonstrating increase of incidence of cardiac
failure with increasing cumulative dose of doxorubicin, and epirubicin [48, 49].
A 5% risk is seen at 450 mg/m2 for doxorubicin, 900mg/m2 for epirubicin,
doses that are not reached in adjuvant setting [50]. Accordingly, the risk of
developing a left ventricular dysfunction in early breast cancer patients receiv-
ing epirubicin-based adjuvant chemotherapy seems acceptable: at 7 years, 1.36
vs 0.21%without epirubicin [51]. Cofactors for cardiotoxic risk are mediastinal
irradiation which includes the heart, age (older than 70 or younger than 15
years), coronary artery disease, valvular or myocardial abnormalities, and
hypertension. Transtuzumab and paclitaxel enhance cardiac toxicity [52].

Hematological Complications – Acute Myeloid Leukemia

and Myelodysplastic Syndrome

Acute myeloid leukemia (AML) appears relatively early (3 years) after the end
of the adjuvant chemotherapy without previous myelodysplastic phase, parti-
cularly if anthracyclines and more generally topoisomerase II inhibitors were
used. Myelodysplastic syndrome (MS), often associated with abnormalities
involving chromosome 5 and/or 7, appears 5–10 years after adjuvant che-
motherapy and is more particularly associated with use of alkylating agents
and radiotherapy.

The general risk of AML is multiplied by five if standard dose adjuvant
chemotherapy without anthracyclines was used (to reach 0.2–0.4% at 10 years).
Introduction of anthracyclines at standard dose (single doxorubicine dose
<60mg/m2; cumulative dose <360mg/m2) multiplies this risk by 1.2–1.5.
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Higher dose intensity and cumulative dose of epirubicin or cyclophospha-
mide multiplied the risk for the development of treatment-related AML/MDS
by 10 [53–56]. Other agents like mitoxanthrone seem to be associated more
strongly with AML and for that reason they are not used any more in adjuvant
treatment [57, 58]. Finally, the use of growth factors seems to be associated with
an increased risk of AML [59, 60]. Nevertheless, this data was not confirmed by
some studies [61].

Pulmonary Toxicity

The late toxicity of cyclophosphamide may appear up to 8 years after initiation
of therapy. However, the incidence of cyclophosphamide related lung fibrosis is
very low, only isolated case reports of patients in whom cyclophosphamide was
the only identifiable etiologic factor for lung toxicity were published. There is
no direct dose dependence [62, 63].

Gonadal Dysfunction

Cytotoxic therapy may induce premature menopause or at least temporary
amenorrhea as a result of direct ovarian damage causing loss of maturing
follicles or failure of follicular recruitment. The incidence of permanent treat-
ment-induced amenorrhea dramatically and continuously increases with age at
treatment. The menopause may begin during chemotherapy or subsequently
after several years of oligomenorrhea. Although some patients with treatment-
induced temporary amenorrhea do display menopausal symptoms, these symp-
toms are usually indicative or permanent ovarian failure.

Alkylating agents seem to be more particularly responsible for the perma-
nent gonadal failure. The cumulative dose of cyclophosphamide in adjuvant
breast cancer chemotherapy appears to be more important than the dose rate.
[62, 64]. The addition of taxanes to adjuvant chemotherapy increases the risk of
the premature menopause [65].

Quality of Life

Long-term, disease-free breast cancer survivors with no past adjuvant che-
motherapy had a better quality of life (QOL) than those who had received
adjuvant chemotherapy [66]. Twenty years after adjuvant chemotherapy, 5%of
survivors had clinical levels of distress, 15% reported two or more posttrau-
matic stress disorder symptoms that were moderately to extremely bothersome,
1–6% reported conditioned nausea, emesis, and distress as a consequence of
sights, smells, and tastes triggered by reminders of their treatment, and 29%
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reported sexual problems attributed to having had cancer. Survivors with
persistent physical symptoms long after treatment completion (lymphedema
and numbness) that interfered with functioning had significantly more psycho-
logic sequelae compared with survivors with no physical complaints [67].

‘‘Off-treatment’’ fatigue, weakness, and less vitality are common and distres-
sing symptoms following cancer treatment. No relationship was found between
fatigue and extent of treatment or time since treatment completion [68–72].
Cognitive deficits (e.g., problemswithmemory and concentration) were observed
in breast cancer patients receiving adjuvant chemotherapy compared with
healthy controls [73, 74]. High-dose chemotherapy appears to impair cognitive
functioning more than standard-dose chemotherapy. Central nervous system
toxicity may be a dose-limiting factor in high-dose chemotherapy regimens [75].

Recommendations for the Use of Adjuvant Chemotherapy

As adjuvant therapies, prognostic and predictive factors knowledge is a work in
progress (dedicated chapters). Nowadays, in clinical practice, recommenda-
tions for adjuvant therapies are based on consensus conferences, especially St
Gallen experts conferences [76, 77] that take into account two predictive factors:
hormonosensitivity and HER 2 status and menopausal status that influences
the type of endocrine treatment. Four prognostic factors – tumor size, axillary
nodal status, hormonal status, and vascular tumor emboli – determined three
groups of risk – low, intermediate. and high.

The StGallen expert consensus recommends adjuvant systemic treatment for
all node-negative premenopausal patients except those at low risk, defined as
having pathologic size less or equal to 2 cm, grade 1, ER positive and/or
progesterone positive status and age older than 35. Those patients treated
with optimal loco-regional therapy have a very good prognosis with overall
survival at 8 years equal to 94% [24]. In this low-risk group, no adjuvant
treatment or hormonal adjuvant treatment for postmenopausal treatment is
required. For the intermediate and high risk node negative group (85% of
patients in this classification), adjuvant chemotherapy should be administered
to fitted patients, followed by hormonal adjuvant treatment (in case of hormo-
nal status positivity) and trastuzumab in case of HER-2 overexpression: dura-
tion of chemotherapy is still debated. However, six cycles of classical CMF is
preferred in many countries for HER-2 negative patients (HER 2 positive
patients gaining a benefit from anthracyclines-based combinations [78]) as
special consideration should be made for late toxicities as absolute overall
survival benefit doesn’t exceed 5%. In high risk group, six cycles of anthracy-
clines-based chemotherapy are usually administered. For node positive
patients, less than 70 year old, adjuvant chemotherapy is usually administered:
sequential regimens three cycles of FEC and three cycles of docetaxel 100mg/m2

or four cycles of AC followed by four cycles of paclitaxel (175mg/m2), especially
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in case of negative hormonal status, or combined treatment six cycles of TAC

(docetaxel, doxorubicin, cyclophosphamide). For very high risk group, with

more than three involved nodes, or basal type (triple negative), other strategies

are discussed [79]. New cisplatin-based regimen, or new taxoid (ixabepothilone )

tailored a high dose or dose-dense epirubicin-based regimen.

Conclusions

Even if adjuvant chemotherapy for early breast cancer has clearly improved

outcome, numerous questions are still unanswered. Little is known on adjuvant

chemotherapy for patients more than 70 years old; very young patients prob-

ably need tailored treatments [80]. Classical prognostic groups could probably

be refined using new molecularly based tools (important on-going trials as

MINDACT test this hypothesis) and, moreover, determination of profile of

sensitivity to various chemotherapeutic agents should permit one to enhance

efficacy and not to overtreat non-responding patients, still the most numerous

group.
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Postoperative Endocrine Therapy for Invasive

Breast Cancer

Leisha A. Emens and Nancy E. Davidson

Introduction

Estrogen plays a key role in mammary carcinogenesis, identifying the pathways

that regulate estrogen function as major targets for breast cancer therapy.

Expression of the estrogen receptor a (ERa) or the progesterone receptor

(PR) is a widely recognized predictor of response to hormonal therapy [1].

Studies of endocrine manipulation conducted in advanced breast cancer have

revealed response rates of 80% for ERþ/PRþ tumors, 40–45% for ER–/PRþ
tumors, 25–30% for ERþ/PR– tumors, and less than 10% for ER–/PR–

tumors. More recently, data have demonstrated that over-expression of ER

or PR in at least 1% of breast tumor cells indicates potential responsiveness to

endocrine therapy [2, 3]. In the absence of ER or PR expression, endocrine

therapy is not indicated. These observations highlight the importance of an

accurate measurement of ER and PR expression in the primary tumor in

therapeutic decision-making. Currently, quality-controlled quantitative immu-

nohistochemistry is the method of choice [4, 5].
The estrogen pathway can be manipulated by several distinct strategies.

Estrogen production itself can be decreased by ovarian ablation/suppression

[6] or aromatase inhibitors [7]. Alternatively, ERa activity can be modulated

using Tamoxifen or other selective estrogen receptor modulators (SERMs) like

Raloxifene [8]. Furthermore, the ERa can be downregulated by Fulvestrant, a

selective estrogen receptor destroyer (SERD) [9]. Ovarian function has a major

impact on circulating levels of estrogen, and menopausal status drives decision-

making when choosing endocrine therapies for women with invasive breast

cancer. In premenopausal women, the ovary is the major source of estrogen
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production. A smaller amount of estrogen is produced by extragonadal
aromatase, which catalyzes the conversion of androstenedione and testosterone
to estrone and estradiol respectively. In postmenopausal women, peripheral
aromatization is the primary source of estrogen. Therefore, ablating ovarian
function by surgical removal, targeted medical suppression, or the indirect
effects of chemotherapy is most effective for decreasing estrogen levels in
women with intact ovarian function. In contrast, the prevention of extragona-
dal estrogen production by inhibiting aromatase is the most effective means of
decreasing estrogen levels in postmenopausal women. Importantly, the most
recent Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) over-
view analysis demonstrated that 5 years of adjuvant Tamoxifen reduced the
annual rate of death by 31% among women with ERþ breast cancer, regardless
of age [10]. However, recent advances in breast cancer biology have highlighted
the heterogeneity of the disease, with gene expression profiles classifying
luminal A and luminal B as two distinct biological subtypes of ERþ breast
cancer with very different natural histories [11–13]. Further, multiple mechan-
isms of resistance to endocrine therapy can account for Tamoxifen failure.
These include de novo resistance pre-determined by tumor cell biology [14],
acquired resistance that develops over time with treatment [15], genetic resis-
tance related to inherited differences in drug metabolism [16], or unresponsive
estrogen/progesterone receptor variants [17]. These findings, together with both
the emergence of new drugs and the resurgence of old therapies, highlight the
complexity of treatment decision-making for women with ERþ disease. Here,
we present an overview of the current data guiding the use of endocrine
manipulation for early breast cancer treatment, and highlight emerging oppor-
tunities for further refinement.

Adjuvant Endocrine Therapy for Premenopausal Women

with Early Breast Cancer

About one quarter of newly diagnosed breast cancers occur in women under 50
years of age, a commonly used surrogate for premenopausal status [18]. About
60% of these young women have hormone-responsive tumors [19], and have
typically been offered adjuvant Tamoxifen therapy with or without ovarian
suppression [20]. Historically, many of these premenopausal women with
disease that is potentially hormone-sensitive have also received adjuvant che-
motherapy, particularly if there is a high risk of relapse (large tumors or positive
lymph nodes) [4]. The use of chemotherapy in womenwith lymph node-negative
ERþ disease has beenmore controversial.Much of the benefit of chemotherapy
may be due to chemotherapy-induced ovarian suppression rather than to the
direct cytotoxic effects of chemotherapy in this patient population. These
uncertainties have led to two major research initiatives. First, defining the
role of ovarian ablation in the management of premenopausal women with
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early breast cancer is the goal of several ongoing international clinical trials [21].
Second, the development of techniques to define better the relative responsive-
ness of breast cancers to endocrine manipulation and/or chemotherapy has
recently led to a shift in assessing recurrence risk based on tumor biology in
addition to tumor size and lymph node status [22–24].

Tamoxifen Alone

The 1995 EBCTCG overview showed that 5 years of Tamoxifen given to
women younger than 50 years old resulted in proportional risk reductions in
recurrence and mortality of 45 and 32% respectively [25]. A number of rando-
mized trials have defined the role of Tamoxifen in this patient population. The
Nolvadex Adjuvant Trial Organization (NATO) [26], the National Surgical
Adjuvant Breast and Bowel Project (NSABP) B-14 [27, 28], and the Scottish
trials [29–31] tested Tamoxifen therapy alone against observation or placebo.
The NSABP and Scottish studies re-randomized patients who remained dis-
ease-free after 5 years of Tamoxifen to either stop Tamoxifen or continue it
for 5 additional years. All of these clinical trials revealed a substantial benefit
for 5 years of Tamoxifen therapy (Table 1). Longer therapy was associated with
an increased risk of endometrial cancer in one trial [31], but no additional
clinical benefit in any trial. Therefore, 5 years of adjuvant Tamoxifen therapy
is currently the standard of care for premenopausal women with hormone
receptor-positive early breast cancer.

Tamoxifen plus Chemotherapy

The EBCTCG overview revealed proportional risk reductions of the annual
mortality rate for premenopausal women with ERþ breast cancer treated with
anthracycline-based chemotherapy plus tamoxifen compared to anthracycline-
based chemotherapy alone of 57 and 38% respectively [10]. Tamoxifen has been
compared with chemotherapy by the Italian Breast Cancer Adjuvant Study
Group (GROCTA) [32] and by the Gynecological Adjuvant Breast Group
(GABG) [33]. Although there was no statistically significant difference in out-
come in theGROCTA study, those in theGABG study treated with chemother-
apy (CMF) had more favorable outcomes (disease free survival (DFS) and
overall survival (OS)) than those treated with Tamoxifen alone [33] (Table 1).
The Eastern Cooperative Oncology Group ECOG conducted a clinical study
testing the efficacy of a doxorubicin-based regimen and 5 or more years of
tamoxifen in 533 premenopausal women with lymph node-positive disease; 335
women expressed ERa and 198 women did not. This study demonstrated
improved 5 year DFS with the addition of at least 5 years of tamoxifen to
chemotherapy for the patients with ERþ disease (78%) compared to those with
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ER-negative disease (58%) (p¼0.03 vs p¼0.63) [34]. The International Breast
Cancer Study Group (IBCSG) Trial 13–93 enrolled 1,246 pre- and perimeno-
pausal patients with lymph node-positive disease, randomizing them to receive
chemotherapy alone, or chemotherapy followed by 5 years of Tamoxifen [35].
In this study the addition of Tamoxifen to chemotherapy improved DFS
compared to chemotherapy alone in patients with ERþ breast cancers, with a
hazard ratio of 0.59 (p<0.0001). Tamoxifen was ineffective in those breast
cancers classified as ER–, with a hazard ratio of 1.02 (p¼0.89). An unplanned
exploratory analysis revealed that patients with tumors completely devoid of ER
expression had a seemingly detrimental effect with the addition of Tamoxifen to
chemotherapy, with a hazard ratio of 2.10 (p¼0.04). Interestingly, those patients
with ERþ tumors who experienced chemotherapy-induced amenorrhea had a
significantly improved outcome compared to those without chemotherapy-
induced amenorrhea (HR=0.61 for amenorrhea compared to no amenorrhea,
p¼0.004), regardless of whether Tamoxifen therapy was used. This finding high-
lights the potential importance of directlymodulating ovarian estrogen production
as primary breast cancer therapy.

Ovarian Ablation/Suppression Alone

The ovaries are the major source of estrogen production in premenopausal
women, with a smaller amount of estrogen derived from the peripheral aroma-
tization of androgens. Thus, oophorectomy or ovarian irradiation has been used
to ablate ovarian function as breast cancer therapy for over 100 years. Beatson
first reported the use of ovarian ablation in the palliation of young women with
breast cancer in 1896 [36].More recently, luteinizing hormone releasing hormone
(LHRH) analogues have been used to manipulate ovarian function. These drugs
impinge on the hypothalamic-pituitary-ovarian axis to suppress circulating levels
of estrogen to post-menopausal levels. Medical suppression has the advantage of
lowermorbidity, with the potential for restoration of ovarian function upon drug
withdrawal to maintain fertility in young premenopausal women. Generally,
ovarian ablation and medical ovarian suppression (OA/OS) are considered to
have equivalent activity in reducing ovarian function.

Randomized trials of adjuvant ovarian ablation/suppression began in 1948
[6]. The combined analysis of these trials by the EBCTCG conclusively demon-
strated that ovarian ablation alone decreases breast cancer recurrence and
increases survival in women less than 50 years old [10]. Ovarian ablation/
suppression vs not in ERþ breast cancer resulted in an absolute decrease in
the 15-year recurrence and mortality rates of 4.3% (p¼0.00001) and 3.2%
(p¼0.004) respectively. Notably, the efficacy of adjuvant ovarian ablation
appeared to be similar to that of adjuvant chemotherapy or Tamoxifen in
women less than 50 years old in the early EBCTCG analyses [37]. Ovarian
ablation had less impact in women who also received chemotherapy, perhaps
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due either to the influence of chemotherapy-induced amenorrhea, or due to
detrimental interactions between concurrent endocrine therapy and chemother-
apy. These are not firm conclusions since they are based on indirect compar-
isons; incomplete data on ER and PR status were available, and age was used as
a surrogate determinant of ovarian function. Moreover, these studies generally
did not include Tamoxifen in the chemotherapy arms, nor did they utilize newer
chemotherapy regimens containing anthracyclines and taxanes.

Ovarian Ablation/Ovarian Suppression Compared

to Chemotherapy

The activity of ovarian ablation suggested by the meta-analyses of the
EBCTCG led to multiple clinical trials directly comparing the efficacy of
ovarian ablation or ovarian suppression to chemotherapy. Eligibility for these
trials was determined by actual menopausal status rather than age; for some of
these trials, the hormone receptor status of the tumor was also available. These
studies are summarized in Table 2.

The Scottish/Imperial Cancer Research Fund trial randomized women to
ovarian ablation or CMF, each with or without 5 years of prednisolone [38].
Follow up at 12 years revealed no difference in event-free survival or OS.
Subgroup analysis showed that ovarian ablation improved survival for the
270 women whose tumors expressed ER, whereas CMF improved survival for
those women whose tumors did not. A Scandinavian trial compared radiation-
induced ovarian failure with nine cycles of intravenous CMF [39]. There was no
difference between these treatments, with a hazard ratio of ovarian ablation
compared to CMF for DFS of 0.99 at 8.5 years median follow up, and for OS of
1.11 at 10.5 years median follow up. The Takeda Adjuvant Breast Cancer Study
with Leuprorelin Acetate (TABLE) study randomized 589 patients with lymph
node-positive, ERþ breast cancer to receive six cycles of CMF or 2 years of
monthly depot Leuprorelin acetate [40]. No differences in recurrence-free sur-
vival or OS emerged. The Zoladex Early Breast Cancer Research Association
(ZEBRA) study randomized 1,640 premenopausal women with lymph node-
positive breast cancer (80% with ERþ tumors) to six cycles of oral CMF or
2 years of monthly ovarian suppression with goserelin [41]. DFS and OS were
equivalent at 6 years median follow up in patients with ERþ disease. Women
who developed CMF-related ovarian failure had longer DFS than those who
did not; moreover, women with ER- tumors who were treated with CMF had
longer DFS than similar women treated with goserelin. Importantly, 76.9% of
women treated with CMF remained amenorrheic at 3 years, where as only
22.6% of women treated with goserelin remained amenorrheic at this same
time point. Together, these trials support the use of goserelin as a reasonable
treatment option for young women with ERþ, lymph node-positive breast
cancer, particularly those who wish to preserve fertility.
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Ovarian Suppression Combined with Chemotherapy

Younger women are less likely to develop permanent amenorrhea as the result

of adjuvant chemotherapy [42]. It has been suggested that these women may be

at higher risk of relapse than older premenopausal patients with a higher like-

lihood of chemotherapy-induced amenorrhea, arguing that ovarian ablation/

suppression could be an effective adjuvant therapy for them [43]. At least four

studies have examined whether the addition of ovarian ablation to standard

adjuvant chemotherapy improves outcomes in young women with early breast

cancer (Table 2). The Intergroup study INT0101 enrolled 1,503 eligible pre-

menopausal women with lymph node-positive, ERþ breast cancer, randomiz-

ing them to six cycles of oral CAF alone (CAF), six cycles of CAF followed by

goserelin (CAF-Z), or six cycles of CAF followed by goserelin and tamoxifen

(CAF-ZT) [44]. At a median follow up of 9.6 years, treatment with CAF-ZT

improved time to recurrence (TTR) andDFS, but not OS (hazard ratios of 0.73,

0.74, and 0.91 with p values of <0.01, <0.01, and 0.23 respectively). There was

no advantage for the addition of goserelin to CAF (CAF-Z). These data are

limited by the lack of a treatment arm evaluating the efficacy of CAF and

tamoxifen alone, as tamoxifen was not regarded as an active agent for preme-

nopausal women when INT0101 was launched. An unplanned subset analysis

suggested that any benefit associated with CAF-Z was limited to patients

younger than 40 years old. The Zoladex in Premenopausal Patients (ZIPP)

trial used a two by two factorial design in a four arm study comparing 2 years of

treatment with tamoxifen, goserelin, tamoxifen and goserelin, or no hormonal

therapy [45]. This patient population was heterogeneous: 42% had positive

lymph nodes, 56% had ERþ breast cancer, and 43% received adjuvant che-

motherapy. At a median follow-up of 5.5 years, goserelin treatment was asso-

ciated with a 20%decrease in first events (p¼0.002), and a 19% improvement in

OS (p¼0.038). The clinical benefit was greatest in patients with ERþ tumors,

and was less pronounced in those who also received tamoxifen or chemother-

apy. The IBCSG Trial 11–93 treated 174 patients, comparing the efficacy of

ovarian ablation/suppression combined with tamoxifen and four cycles of

anthracycline-based chemotherapy to that of ovarian ablation/suppression

combined with tamoxifen alone in premenopausal women with lymph node-

positive, ERþ breast cancer [46]. Although the power of the study is small, no

differences emerged. The IBCSGVIII trial compared oral CMF followed by 1.5

years of goserelin to either six cycles of oral CMF alone or 2 years of goserelin

alone in 1,063 pre- and perimenopausal women with lymph node-negative

breast cancer [47]. The majority of these women had ERþ breast cancers. At

a median follow up of 5.7 years, CMF was superior to goserelin in patients with

ER- disease, but equivalent to goserelin in ERþ patients. Another trial rando-

mized 926 premenopausal patients with positive lymph nodes or high grade

breast cancers to adjuvant chemotherapy alone, or adjuvant chemotherapy plus

ovarian ablation/suppression (radiation or triptorelin for 3 years) [48]. In this
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study, 63% of enrolled patients had HRþ tumors, and 77% received
anthracycline-based chemotherapy. There was no difference between the treat-
ments arms with regard to 10 year DFS or OS. However, patients younger than
40 years old had a lower rate of recurrence with the addition of ovarian
ablation/suppression.

In the aggregate, these trials do not establish a clear benefit for combined ovarian
suppression and chemotherapy. However, the subgroup of young premenopausal
women less than 40 years of age with ERþ breast cancers who do not become
postmenopausal with chemotherapy may benefit from the addition of ovarian
ablation. Adequately powered, randomized, prospective clinical trials are essential
to define the role of ovarian ablation/suppression in this patient population.

Ovarian Ablation Combined with Tamoxifen

Tamoxifenwas not routinely used for themanagement of premenopausal women
with hormone-sensitive breast cancer until after the results of the EBCTCGwere
released in 1995. These data showed that tamoxifen resulted in a proportional
reduction in the risk of recurrence and death of 42% and 32% respectively,
regardless of chemotherapy administration [25]. Two trials have examined the
addition of tamoxifen to ovarian ablation in the absence of chemotherapy. An
Intergroup trial (INT0142) enrolled 350 premenopausal women with lymph
node-negative, hormone receptor-positive breast cancer less than 3 cm in size,
randomizing them to 5 years of tamoxifen or 5 years of tamoxifen plus ovarian
ablation. This trial was closed early due to poor accrual, so the data lack
statistical power. Nevertheless, there was no difference between treatment with
tamoxifen alone or tamoxifen plus ovarian ablation [49]. The second trial con-
ducted in Southeast Asia enrolled 709 women with early breast cancer, rando-
mizing them to receive oophorectomy plus tamoxifen at the time of primary
breast surgery or at first relapse [50]. At a mean follow up of 3.6 years, the 5 year
DFS rates were 75% and 58% respectively (p¼0.0075, adjusted). Corresponding
OS rates were 78% and 70% (p¼0.41, unadjusted). The cost efficacy analysis
showed a cost per year of life gained of $351, compared to $11,300 for che-
motherapy in the setting of negative lymph nodes, and $5,000 in the setting of
positive lymph nodes. These data support oophorectomy and tamoxifen as active
and cost-effective first-line adjuvant therapy for premenopausal women with
operable hormone-sensitive breast cancer.

Several clinical trials have tested the combination of tamoxifen and ovarian
ablation/suppression compared to chemotherapy. The Gruppo di Ricerca in
Oncologia Clinica e Terapie Associate (GROCTA) trial compared six cycles of
oral CMF to tamoxifen combined with ovarian ablation (surgery, radiation, or
2 years of goserelin) [51]. At a median follow up of 76 months, there was no
difference between the treatments. The French Adjuvant Study Group (FASG)
06 trial compared 3 years of tamoxifen plus the LHRH agonist triptoreline to
six cycles of FEC in 333 premenopausal women with lymph node-positive,
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HRþ breast cancer. At a median follow up of 54 months, there were no
significant differences [52]. A small French study compared FAC to ovarian
ablation and tamoxifen in women with lymph node-positive, hormone
receptor-positive disease [53]. This study similarly showed no difference,
although it was underpowered. The Adjuvant Breast Cancer Trialists’ Colla-
borative Group conducted the Ovarian Ablation/Suppression Trial (ABCOAS
Trial), enrolling 2,144 pre- and perimenopausal patients receiving 5 years of
tamoxifen with or without chemotherapy to receive ovarian ablation/suppres-
sion, or no additional therapy. Of these patients, 942 (88%) received ovarian
ablation/suppression. Relapse-free survival (RFS) andOSwere similar between
the two groups, arguing against the addition of ovarian manipulation to stan-
dard adjuvant therapy [54]. Finally, the ABCSG conducted a trial of therapy
with 3 years of goserelin plus 5 years of tamoxifen to six cycles of intravenous
CMF in 1,045 women with Stage I or II hormone receptor-positive breast
cancer [55]. At a mean follow up of 42 months, combination endocrine therapy
resulted in a statistically significant improvement in DFS compared to CMF
(p¼0.02), with no difference in OS. Notably, the women in the CMF group who
developed ovarian failure had significantly longer DFS and OS compared to
those who did not. A limitation of all of these trials is that they failed to
incorporate tamoxifen into the chemotherapy arms.

Emerging Data Regarding Endocrine Therapy

for Premenopausal Women

The role of ovarian ablation in the management of premenopausal women with
early breast cancer remains uncertain. Recently, the EBCTCG reported a meta-
analysis of 11,906 premenopausal women with early breast cancer randomized
in 16 trials of LHRH agonists [56]. While the use of LHRH agonists alone was
ineffective therapy for hormone receptor-positive tumors, the addition of
LHRH agonists to tamoxifen, chemotherapy, or both reduced recurrence by
12.7% (p¼0.02), and death after recurrence by 15.1% (p¼0.03). LHRH
agonists showed a similar efficacy to chemotherapy, but no trials assessed an
LHRH agonist compared to chemotherapy, each followed by tamoxifen.
LHRH agonists were ineffective in hormone receptor-negative tumors. Several
randomized Phase III clinical trials are prospectively evaluating the role of
ovarian ablation/suppression with tamoxifen or an aromatase inhibitor as a
component of primary therapy for ERþ breast cancer (Table 3). Additionally,
the Oncotype Dx test, a 21-gene risk stratification tool, has recently emerged as a
means of determining recurrence risk and guiding therapeutic decision-making
[23, 24]. In retrospective studies, women with ERþ, lymph node-negative tumors
and a high recurrence score appear to benefit from the addition of chemotherapy
to endocrine therapy to decrease the risk of relapse, whereas those with low to
intermediate recurrence scores benefit primarily from endocrine therapy. A large,
prospective trial (TAILORx) has been launched in the United States to validate
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Oncotype Dx as a tool that can be used to tailor adjuvant therapy to the biology

of the primary breast tumor [57]. Finally, for hormone receptor-positive tumors,

it is clear that over 50% of recurrences and over 66% of breast cancer deaths

occur more than 5 years after diagnosis [10, 25, 58]. This observation, along with

the results of the MA.17 trial discussed below, supports the concept of extending

endocrine treatment beyond 5 years, which is the current standard. Currently, the

Adjuvant Tamoxifen: Longer Against Shorter (ATLAS) trial, and the Adjuvant

Tamoxifen Treatment, Offer More? (ATTOM) trials are following women trea-

ted with Tamoxifen for up to 10 years [59]. The ATLAS study is comparing 5–10

years of adjuvant Tamoxifen therapy, and the ATTOM trial is randomizing

women who discontinue Tamoxifen treatment after at least 2 years to receive

an additional 5 years of Tamoxifen or no additional therapy. In the interim,

5 years of tamoxifen is standard for premenopausal women with hormone

receptor-positive breast cancer.

Adjuvant Endocrine Therapy in Postmenopausal Women

As discussed above, for the last 30 years tamoxifen was the drug of choice for

postmenopausal womenwith hormone receptor positive-breast cancer. It cuts the

risk of both disease recurrence and new contralateral breast cancers by about

50%, and reduces mortality by about 31% [10, 25]. However, tamoxifen therapy

is discontinued by 23–40% of patients who take it because of issues related to

quality of life. Risks of tamoxifen therapy include hot flashes, vaginal bleeding

Table 3 Ongoing clinical trials of ovarian ablation/suppression

Trial Patient population Intervention

ABCSG-12 Premenopausal

Stage I/II/III
HRþ

G þ A

vs
G þ A þ Z
vs
G þ T
vs
G þ T þ Z

IBSCG 24-02/BIG
2-02: SOFT

Premenopausal

HRþ
No adjuvant chemotherapy or premenopausal

after adjuvant chemotherapy

T

vs
OS þ T
vs
OS þ AI

IBSCG 25-02/BIG
3-02: TEXT

Premenopausal women with HRþ tumors who require
OS with or without chemotherapy from the
start of adjuvant therapy

OS þ T
vs
OS þ AI

ABCSG ¼Adjuvant Breast Cancer Study Group; BIG¼ Breast International Group; HR¼
hormone receptor; G ¼ Goserelin; A ¼ anastrozole; Z ¼ Zolendronate; T ¼ Tamoxifen;
IBSCG ¼ International Breast Cancer Study Group; SOFT ¼ Suppression of Ovarian
Function Trial; AI ¼ aromatase inhibitor; TEXT ¼ Tamoxifen and Exemestane Trial

150 L.A. Emens and N.E. Davidson



and discharge, endometrial cancer, hysterectomy, ischemic cerebrovascular

events, and venous thromboembolic events. Multiple third generation aromatase

inhibitors have been developed as an alternative to tamoxifen for postmenopau-

sal women. Of these drugs, anastrozole, letrozole, and exemestane are currently

available in the United States.

Aromatase Inhibitors Instead of Tamoxifen

Several studies have examined the activity of initial adjuvant treatment with

aromatase inhibitors (Table 4). The Arimidex, Tamoxifen, Alone or in Combi-

nation (ATAC) trial compared 5 years of therapy with anastrozole alone,

tamoxifen alone, or the combination of anastrozole and tamoxifen in 9,366

postmenopausal women with hormone receptor-positive early breast cancer

[60]. The primary endpoints of this study were DFS and safety/tolerability. At

first analysis, with a median follow-up of 33 months, treatment with anastro-

zole resulted in a better DFS than treatment with tamoxifen (89.4 vs 87.4%

respectively; p¼0.13). Results for the combination arm were not significantly

better than the tamoxifen alone arm, so it was closed. Notably, treatment with

anastrozole also reduced the incidence of contralateral breast cancers and distant

metastases by 42 and 14% respectively as compared to tamoxifen. Anastrozole

Table 4 Trials comparing initial tamoxifen with aromatase inhibition

Study Patient population Intervention Results Ref

ATAC
(N=9,366)

Postmenopausal A � 5 yr

vs
T � 5 yr
vs
A þ T � 5 yr

A>T for DFS

AþT=T

[60, 61]

BIG I-98

(N=8,028)

Postmenopausal

ERþ and/or PRþ
T � 5 yr

vs
L � 5 yr
vs
T � 2 yr, L � 3 yr
vs
L � 2 yr, T � 3 yr

L>T for DFS*

L>T for distant
recurrence

*T compared to
L upfront
only

[62, 63]

TEAM Postmenopausal T � 5 yr
vs
E � 5 yr
vs
T � 2 yr, E � 3 yr
vs
E � 2 yr, T � 3 yr

NR, ongoing –

ATAC =Arimidex, Tamoxifen, Alone or in Combination; A ¼ Arimidex; T ¼ Tamoxifen;
DFS¼ disease-free survival; BIG¼Breast International Group; ER¼ estrogen receptor; PR¼
progesterone receptor; L ¼ Letrozole; TEAM ¼ Tamoxifen and Exemestane Adjuvant Multi-
center; E ¼ Exemestane; NR ¼ not reported
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was better tolerated with regard to hot flashes, thromboembolic events,
endometrial cancer, vaginal bleeding, and cerebrovascular events, but
resulted in a higher rate of musculoskeletal symptoms, bone density loss,
and bone fractures. The ATAC trial was recently updated at 68 months of
follow up; at this time only 8% of patients remained on therapy [61]. The DFS
for anastrozole compared with tamoxifen was superior, with a hazard ratio of
0.87 (p¼0.002), and an absolute difference of 3.7% between the two arms.
There is no statistically significant OS difference between the two arms. Based
on these data, the U.S. Food and Drug Administration (FDA) approved
anastrozole as initial adjuvant endocrine therapy for postmenopausal
women with ERþ early breast cancer.

The Breast International Group (BIG) 1-98 trial randomized 8,028 postme-
nopausal women with hormone receptor-positive breast cancer to 5 years of
tamoxifen alone, 5 years of letrozole alone, 2 years of tamoxifen followed by 3
years of letrozole, or 2 years of letrozole followed by 3 years of tamoxifen. The
first analysis of this study compared the two groups assigned to initial tamox-
ifen therapy (4,007 patients) to the two groups assigned to initial letrozole
therapy (4,003 patients). At a median follow up of 25.8 months, letrozole
significantly improved DFS compared to tamoxifen, with a hazard ratio of
0.81 (p¼0.003) [62]. Five-year DFS estimates were 84% for the letrozole group
and 81.4% for the tamoxifen group, for an absolute difference of 2.6% between
the two groups. Letrozole therapy was associated with decreased rates of
distant recurrence, with a hazard ratio of 0.73 (p¼0.001). A subsequent update
at a median follow up of 51 months revealed an 18% reduction in the risk of
recurrence, with a hazard ratio of 0.82 (p¼0.007) [63]. These results are similar
to the results of the ATAC study; the spectrum of side effects for aromatase
inhibition and tamoxifen were also similar to those observed in the ATAC trial.
There is currently no significant difference in OS between these two groups.
Based on these data, letrozole was approved by the U.S. FDA for the adjuvant
treatment of postmenopausal women with early ERþ breast cancer. Data from
the sequential arms are not yet available.

The Tamoxifen and Exemestane Adjuvant Multicenter (TEAM) trial was
designed to randomize 4,400 postmenopausal patients with early breast cancer
to exemestane or tamoxifen for 5 years [64]. Based on the results of the Inter-
group Exemestane Study (IES) showing that Exemestane given after 2–3 years
of Tamoxifen improves DFS compared to tamoxifen alone (discussed below),
the TEAM trial has been amended to permit those initially randomized to
receive tamoxifen to cross over to exemestane.

Aromatase Inhibitors After Tamoxifen

Several randomized trials have further analyzed the sequential use of tamoxifen
and aromatase inhibitors (Table 5). The Italian ITA study randomized 426
postmenopausal women with hormone receptor-positive breast cancer who had
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already completed 2 years of tamoxifen to continue tamoxifen to complete a

total of 5 years, or to switch to anastrozole for 3 years to complete a total of

5 years of endocrine therapy [65]. At a median follow up of 64 months,

sequential therapy with tamoxifen and anastrozole resulted in improved

event-free and RFS, with hazard ratios of 0.57 (p¼0.005) and 0.56 (p¼0.01)
respectively. There was a trend toward fewer deaths in the anastrozole group,

although this did not reach statistical significance. The Austrian Breast and

Colorectal Cancer Study Group (ABSCG)-8 and the Arimidex-Nolvadex

(ARNO) trials randomized a combined total of 3,224 postmenopausal women

who had been on tamoxifen for 2 years to continue tamoxifen to complete a

total of 5 years of treatment, or to switch to anastrozole for 3 years to complete

a total of 5 years of endocrine therapy [66]. At a median follow up of 28months,

sequential therapy with tamoxifen and anastrozole resulted in a 41% propor-

tional improvement inDFS (p¼0.0009). At this time, there was a 3.1% absolute

improvement in event-free survival. An updated analysis revealed that, at a

median follow up of 30.1 months, there was a 39% reduction in the relative risk

of disease recurrence or death, with a hazard ratio of 0.61 (p¼0.01) [67]. It also
revealed a survival benefit for sequential therapy, with 15 deaths in the group

treated with tamoxifen followed by anastrozole compared to 28 deaths in the

group treated with tamoxifen alone (p¼0.045). The International Exemestane

Study (IES) randomized 4,742 postmenopausal women with hormone receptor-

positive breast cancer who had already received 2–3 years of adjuvant

tamoxifen to complete 5 years total of tamoxifen, or switch to exemestane to

Table 5 Trials testing aromatase inhibitors in sequence with tamoxifen

Study Patient population Intervention Result Ref

Italian ITA

(N=426)

Postmenopausal,
HRþ

T � 2 yr, T � 3 yr

vs
T � 2 yr, A � 3 yr

TþA>T for RFS [65]

ABCSG-8/
ARNO

(N=3,224)

Postmenopausal,

HRþ
T � 2 yr, T � 3 yr

vs
T � 2 yr, A � 3 yr

TþA>T for DFS,
OS

[66, 67]

IES

(N=4,742)

Postmenopausal,

ERþ and/or PRþ
T � 2–3 yr, T �
2–3 yr

vs
T � 2–3 yr, E �
2–3 yr

TþE>T for DFS,
OS

[68, 69]

NCIC-CTG
MA.17

(N=5,187)

Postmenopausal
ERþ and/or PRþ

T � 5 yr, P � 5 yr
vs
T � 5 yr, L � 5 yr

TþL>T for DFS
TþL>T for OS if
LNþ

[70, 71]

HR ¼ hormone receptor; T ¼ Tamoxifen; A ¼ Anastrozole; RFS ¼ relapse-free survival;
ABCSG¼Austrian Breast andColorectal Cancer StudyGroup; ARNO¼GermanAdjuvant
Breast Cancer Group; DFS ¼ disease-free survival; OS ¼ overall survival; IES ¼ Intergroup
Exemestane Study Group; ER ¼ estrogen receptor; PR ¼ progesterone receptor; E ¼
exemestane; NCIC-CTG MA.17 ¼ National Cancer Institute of Cancer Clinical Trials
Group MA.17 Trial; P ¼ placebo; L ¼ Letrozole; LN ¼ lymph node
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complete a total of 5 years of endocrine therapy [68]. At a median follow up of
36 months, sequential treatment with tamoxifen and exemestane resulted in
proportional and absolute reductions in the risk of recurrence of 32 and 4.7%
respectively (p¼0.0005). Subsequent analysis of these data showed that the
DFS benefit was maintained, with a hazard ratio of 0.76 (p¼0.0001), and a
statistically significant survival benefit was associated with sequential therapy
in the ERþ/ER unknown subgroup of patients. At the most recent report of
these results with a median follow up of 55.7 months, there was a 24% improve-
ment in DFS with exemestane therapy, with a hazard ratio of 0.76 (p¼0.0001),
and an absolute benefit of 3.3% [69]. Further, there was a 15% improvement in
OS in this group, with a hazard ratio of 0.85 (p¼0.08). It is important to
remember that only those patients who had completed 2–3 years of tamoxifen
without early recurrence were included in this study, so it is a highly selected
patient population compared to those populations treated initially with endo-
crine therapy in the ATAC or BIG 1-98 studies.

Finally, the MA.17 trial randomized 5,187 women to 5 years of letrozole or
placebo after completing 5 years of adjuvant tamoxifen therapy [70, 71]. At a
median follow up of 30 months, letrozole was associated with a statistically
significantly better DFS and distant DFS than placebo, with HRs of 0.58
(p<0.001) and 0.60 (p¼0.002) respectively. There was no difference between
the arms for OS. However, the OS of lymph node-positive patients was sig-
nificantly improved with letrozole, with a HR of 0.61 (p¼0.04).

The data were unblinded inOctober 2003, and all patients were offered open-
label letrozole. Among the 2,594 women initially randomized to placebo, 1,655
chose to receive open-label letrozole. As a group, these women were younger,
had disease at higher risk for relapse, and were more likely to have been treated
with chemotherapy than those who did not choose to take letrozole. At 54
months of follow up, there was a statistically significant improvement inDFS in
women who chose to take letrozole, with a hazard ratio of 0.31 (p<0.0001) [72].
Thus, women with hormone-sensitive breast cancer may benefit from letrozole
therapy even after a significant period of time off tamoxifen therapy. Based on
the results of the MA.17 study, the U.S. FDA approved letrozole as extended
adjuvant endocrine therapy after 5 years of tamoxifen.

A retrospective analysis of this study demonstrated that the impact of
letrozole compared to placebo may be greatest in women with ERþ/PRþ
tumors [73]. Furthermore, data from cohorts of patients defined by randomiza-
tion date (12, 24, 36, and 48months) revealed a significant decrease in the risk of
recurrence with letrozole treatment regardless of time from randomization [74].
The hazard ratios for DFS continued to decrease over time, from 0.52 at 12
months to 0.19 at 48 months. This observation suggests that longer letrozole
exposure affords greater clinical benefit, at least out to 48months. TheMA.17R
trial is an extension of the MA.17 trial that randomly assigns patients to either
five more years of letrozole, or to observation. This study will provide data
guiding the optimal duration of treatment for efficacy in addition to long-term
toxicity for patients treated over 10 years from initial diagnosis.
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No direct comparisons of the aromatase inhibitors in the adjuvant setting
have been reported. MA.27 is a randomized, Phase III trial comparing 5 years
of anastrozole to 5 years of exemestane as initial therapy for patients with early
hormone receptor-positive breast cancer. The Femara vs Anastrozole Clinical
Evaluation (FACE) trial is a randomized Phase III study comparing the effi-
cacy and safety of letrozole and anastrozole in postmenopausal patients with
lymph node-positive early breast cancer.

A small trial conducted by the Austrian Breast and Colorectal Cancer Study
Group (ABCSG), trial ABCSG 6a, examined the addition of 3 years of adju-
vant anastrozole therapy after the completion of 5 years of adjuvant tamoxifen
therapy [75]. There was longer event-free survival in women who received
sequential therapy compared to 5 years of tamoxifen alone with or without
aminoglutethimide. Finally, ameta-analysis of the ‘‘switching trials’’, with 4,006
patients and a median follow up of 30 months, confirmed an improvement in
DFS, with a hazard ratio of 0.59 (p¼0.0001) [76]. The hazard ratio for OS was
0.71 (p¼0.038).

All of the clinical trials examining the efficacy of adjuvant aromatase inhi-
bitors have demonstrated an adverse effect on bone mineral density. A sub-
protocol of the ATAC trial studied 308 patients from the study, and a control
group of 46 nonrandomized postmenopausal patients with invasive, early
breast cancer who did not receive endocrine therapy [77]. Anastrozole was
associated with a decrease in bone mineral density in the spine and hip at
both 1 and 2 years, whereas tamoxifen was associated with an increase. The
rate of bone loss with anastrozole occurred at a constant rate over the 2-year
period. The analysis of bone mineral density at 5 years showed that bone loss
continued unabated in the hip, but that the rate of bone loss decreased in the
lumbar spine (p¼0.0002). Importantly, no patient with a normal baseline bone
density developed osteoporosis by 5 years. A similar analysis was performed on
the IES study [78]. Within 6 months of switching to exemestane, baseline bone
mineral density was lowered by 2.7% (p<0.0001) at the lumbar spine and 1.4%
(p<0.0001) at the hip. Bone mineral density decreases were only 1.0%
(p¼0.002) and 0.8% (p¼0.003) in year 2 at the lumbar spine and hip, respec-
tively. No patient with normal bone mineral density at trial entry developed
osteoporosis. The NCIC CTCMA.17 study also reported similar findings [79];
226 patients (122 letrozole, 104 placebo) were enrolled. At 24 months, patients
receiving letrozole had a significant decrease in total hip and lumbar spine bone
mineral density compared to those receiving placebo, with a loss of 3.6%
compared to 0.71% (p¼0.044) and 5.35% compared to 0.70% (p¼0.008)
respectively. No patient developed osteoporosis in the hip, whereas at the L2-
L4 (posteroanterior view), more women developed osteoporosis while receiving
letrozole compared to those receiving placebo, at 4.1 and 0% respectively
(p¼0.064). Other side effects commonly reported with the use of aromatase
inhibitors are hot flashes and arthralgias. Aromatase inhibitors may also
adversely impact the lipid profile, potentially resulting in a slight increase in
cardiovascular disease; this is under active investigation.
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Recommendations for Adjuvant Endocrine Therapy

from Consensus Meetings

Several consensus statements about the use of adjuvant endocrine therapy have
been released. In 2000, the United States NIH Consensus Development Con-
ference on the Adjuvant Therapy for Breast Cancer concluded that standard
adjuvant chemotherapy should be recommended for the majority of premeno-
pausal women with early stage breast cancer. Women with ERþ breast cancer
should be given tamoxifen for 5 years, with consideration of ovarian ablation/
suppression as an alternative to tamoxifen for selected women. The panel
concluded that there was insufficient evidence to support the addition of
ovarian ablation/suppression to standard adjuvant chemotherapy combined
with tamoxifen [80]. The American Society of Clinical Oncology convened a
Technology Assessment Panel in 2002, 2003, and 2004 to review data on the use
of aromatase inhibitors in the adjuvant setting. The panel concluded that the
optimal adjuvant endocrine therapy for postmenopausal women with hormone
sensitive breast cancer should include an aromatase inhibitor as initial therapy,
or after a period of tamoxifen therapy [81].

The 2005 International Consensus Conference on the Adjuvant Therapy of
Primary Breast Cancer emphasized that the first consideration for adjuvant
breast cancer therapy should be the endocrine responsiveness of the tumor [22].
The Conference defined breast cancers as endocrine-responsive, endocrine-
nonresponsive, and tumors of uncertain endocrine responsiveness, with each
category further divided by menopausal status. Importantly, axillary lymph
node involvement itself did not define high risk. Intermediate risk tumors
included lymph node-negative disease if the primary tumor presented high
risk features, and lymph node-positive disease (one to three positive lymph
nodes) if the tumor did not present high risk features. The panel recommended
chemotherapy for endocrine-nonresponsive disease, endocrine therapy for
endocrine-responsive disease, and the combination of endocrine therapy and
chemotherapy for some intermediate and all high risk disease. Both endocrine
therapy and chemotherapy were recommended for tumors of uncertain
endocrine responsiveness, except for those tumors in the low risk category
(small, lymph node-negative tumors).

Lingering Questions, Emerging Considerations and Future

Directions for Research

Despite its longstanding use as the mainstay of therapy for hormone-responsive
breast cancer, many issues remain unresolved regarding distinct aspects of
endocrine manipulation. For premenopausal women, the benefit of adding
ovarian ablation/suppression to those premenopausal women who do not
become amenorrheic as the result of adjuvant chemotherapy remains unknown,
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and ongoing clinical trials are addressing this issue. These trials are also testing
the use of combined endocrine therapy with ovarian ablation/suppression and
aromatase inhibition in this setting. The appropriate duration of the use of
medical ovarian suppression also remains unknown—most clinical trials have
continued LHRH analogues for 2–3 years. For postmenopausal women, the
optimal use of aromatase inhibition remains to be defined. The most appro-
priate sequencing strategy with tamoxifen, the optimal duration of therapy, and
the optimal aromatase inhibitor remain unknown. It is critical to remember that
aromatase inhibitors are contraindicated in women who are premenopausal,
and should be used with extreme caution in womenwith chemotherapy-induced
amenorrhea [82]. For both premenopausal and postmenopausal women, the
long-term sequelae of estrogen deprivation with ovarian ablation/suppression
and/or aromatase inhibition are also unknown. Finally, host and tumor biology
are becoming increasingly important in therapeutic decision-making. Pharma-
cogenomic variables impacting the efficacy of endocrine therapy have emerged
as important considerations in choosing tamoxifen therapy, and molecular
determinants of tumor biology distinct from the endocrine signaling pathways
have been suggested as potential predictors of improved response to therapy
with aromatase inhibitors as compared to tamoxifen.
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Adjuvant Therapy of Breast

Cancer – Bisphosphonates

Tiina Saarto

The skeleton is a first site of recurrence in every third relapse in breast cancer.
Approximately 70% (50–80%) of metastatic breast cancer patients have bone
metastases [1]. Bisphosphonates have been used successfully in the treatment of
malignant hypercalcaemia and skeletal metastases [2]. The use of bisphospho-
nates in addition to hormone therapy or chemotherapy reduces the risk of
developing skeletal events (new skeletal lesions, progression of existing bone
lesions, hypercalcaemia, pathological fractures, palliative radiotherapy or sur-
gery) and the skeletal event rate, as well as increases the time to skeletal event in
women with advanced breast cancer and clinically evident bone metastases.
Bisphosphonates also reduce bone pain but did not appear to affect survival.
During the last 15 years bisphosphonates have been investigated in treatment of
primary breast cancer either in prevention of breast cancer recurrences or
treatment related bone loss.

Bisphosphonates are synthetic analogues of natural pyrophosphates, char-
acterized by two carbon-phosphate bonds (P-C-P) instead of an oxygen atom
[3]. In contrast to the natural pyrophosphate, bisphosphonates are resistant to
breakdown by enzymatic hydrolysis. Bisphosphonates act specifically on bone,
because of their strong affinity for calcium phosphate. According to the
structure of side chain, the bisphosphonates can be divided into those resem-
bling the natural bisphosphonate or non-aminobisphosphonates (clodronate
and etidronate) and those with a nitrogen-containing side chain, aminobispho-
sphonates (pamidronate, alendronate, zoledronic acid, risedronate, ibandro-
nate). Bisphosphonates inhibit bone resorption by a variety of mechanisms.
When osteoclasts ingest bisphosphonate-containing bone, their cytoskeleton
becomes disrupted and the apoptosis of the osteoclasts is activated. The non-
aminobisphosphonates act as analogues of ATP and inhibit ATP dependent
intracellular enzymes leading to apoptosis and death of the osteoclasts. The
aminobisphosphonates, on the other hand, inhibit enzymes of the mevalonate
pathway by disrupting the signalling functions of key regulatory proteins and
lead to osteoclast apoptosis. Bisphosphonates also inhibit development of
osteoclast from monocyte-precursors by diminishing the recruitment and
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activity of osteoclasts. Bisphosphonates have demonstrated direct antitumour
activity against neoplastic cells especially in the bone [4]. Bisphosphonates
inhibit the adhesion of tumour cells to the bone and induce tumour cell apop-
tosis in vitro [4, 5]. In an animal model, bisphosphonates not only halted
osteolysis but also reduced skeletal tumour burden mainly in bone but in
some models also in visceral organs [4]. However, no effect has been demon-
strated on the apoptosis of breast cancer cells at extraskeletal metastases,
suggesting that local concentration of bisphosphonates is sufficient to induce
apoptosis of tumour cells only in the bone [4].

Adjuvant Bisphosphonate Therapy

There are three controlled prospective trials published on adjuvant bispho-
sphonate treatment in early stage breast cancer. These trials all with oral
clodronate provide conflicting data on the potential role of adjuvant bispho-
sphonates among patients with no evidence of distant metastases after definitive
local surgery. The first trial conducted by Diel et al. [6] randomly assigned 302
women with node-positive and node-negative primary breast cancer and posi-
tive bone marrow aspirate for tumour cells to receive either clodronate
1,600 mg/day orally for 2 years or no bisphosphonate. The type of adjuvant
systemic therapy was selected in accordance with specific guidelines (hormonal
therapy, chemotherapy, or both, or no systemic therapy). In the initial report,
with a median follow-up of 36 months, the incidence of bony metastasis (8 vs
17%, p=0.003), and visceral metastasis (8 vs 19%, p=0.003) were signifi-
cantly lower in the clodronate arm than in the control arm. There was also a
significant overall survival advantage with clodronate: six clodronate treated
patients (4%) vs 22 control patients (15%) died (p=0.001). Later, after 8.5
years of follow-up, the difference in incidence of bone or visceral metastases, as
well as in DFS, disappeared. However, OS still remained somewhat superior in
the clodronate group than in the controls [7].

Saarto et al. [8] reported results of an open trial of 299 women with node-
positive breast cancer who were randomly assigned to receive clodronate
1,600 mg/day or to the control group for 3 years. All patients received adjuvant
therapy; premenopausal women received CMF chemotherapy and postmeno-
pausal women were treated with antiestrogens. After a follow-up of 5 years,
there was no significant difference in the frequency of bone metastases between
the clodronate and control arms (21 vs 17%), even though bone as a first site of
relapse was significantly less frequent in the clodronate group than in the
controls (14 vs 30%). In contrast to the Diel study, the incidence of nonosseous
metastases was significantly higher in the clodronate arm (43 vs 25%,
p=0007). Both DFS (56 vs 71%, p = 0.0007) and OS (70 vs 83%,
p=0.009), were significantly worse in the clodronate arm than in the controls.
However, the baseline characteristics were unbalanced in favour of the controls
with more progesterone receptor negative tumours in the clodronate group.
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Thus, in multivariate analyses of OS treatment effect remained only borderline

significant. In updated 10-year follow-up data the results have remained stable,

except that clodronate treatment no longer compromised overall survival [9].
In the largest and only double-blind placebo controlled trial by Powles et al.

[10], 1,069 women with node-negative or node-positive breast cancer were

randomly assigned to receive either clodronate 1,600 mg/day or placebo for

the duration of 2 years. During the 2 years of clodronate use, skeletal metastases

were significantly less frequent in the treatment group as compared to the

placebo group (2.3 vs 5.2%, p=0.016). However, at 5 years of follow-up, the

incidence of bone metastases was no longer significantly different between the

clodronate and control arms (9.6 vs 9.7%). No difference in the frequency of

nonosseous metastases was observed at any time. Overall survival was signifi-

cantly improved in the clodronate arm during the total follow-up period (81.5

vs 76%, p=0.047), but no difference was seen in DFS. In a later reanalyses of

this study, however, the incidence of bone metastases turned out to be signifi-

cantly lower in the clodronate treated patients than in the controls (9.6 vs

13.5%, p=0.043), while overall survival benefit lost its significance [11].
According to the Cochrane meta-analyses of bisphosphonates for breast

cancer [2], adjuvant oral clodronate does not significantly reduce the risk of

developing skeletal metastases (RR 0.82, 95% CI 0.66–1.10; p=0.07), or

visceral metastases (RR 0.95, 95% CI 0.80–1.12; p=0.53), but may improve

survival (RR 0.82, 95% CI 0.69–0.97). However, there is a significant hetero-

geneity among these three studies emphasizing the uncertainty of these find-

ings. The major difference between these studies is that the Diel study included

only women who had tumour cells in bone marrow, whereas Saarto included

only nodal positive breast cancer patients. Also the Saarto study was unba-

lanced, having significantly more women with hormone receptor negative

tumours in the clodronate arm than in the control arm, but the sensitivity

analyses indicated that the results remain robust in spite of this. Nevertheless,

the most likely explanation for the heterogeneity is the small number of events

in these trials [2].
In summary, given that the three adjuvant trials are inconsistent without any

long term disease free or breast cancer specific survival benefit, it remains

uncertain whether bisphosphonates are beneficial as adjuvant treatment. Five

adjuvant bisphosphonate studies are ongoing: the AZURE trial with 3,360

women with early stage breast cancer randomized to receive standard che-

motherapy and zoledronic acid for 5 years or standard chemotherapy only,

the NSABP trial B-34 with 3,200 early stage breast cancer patients randomly

assigned to adjuvant clodronate or placebo for 3 years, the North American

Intergroup trial (SWOG0307), which compare adjuvant oral clodronate to oral

ibandronate and intravenous zoledronic acid and two oral ibandronate studies

(GAIN and ICE). Hopefully these trials could give a conclusive answer of the

role of bisphosphonates in adjuvant setting.
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Bisphosphonates and Treatment Related Bone Loss

Bone Health and Risk of Osteoporosis

Osteoporosis is defined as a systemic skeletal disease characterised by low bone

mass and micro-architectural deterioration of bone tissue, with a consequent

increase in bone fragility and susceptibility to fractures with minimal or no

trauma. Based on theWorld Health Organisation (WHO) criteria, osteoporosis

is defined to exist whenDXA-measured bonemineral density (BMD) values fall

more than 2.5 standard deviation (SD) below the population average in young

healthy adults. Osteopenia, by comparison, is defined as a loss in T-score

between –1 and –2.5 SD below the mean by WHO criteria.
Bone health tends to deteriorate with age: peak bone mass is attained in the

third decade of life and age related bone loss starts around the age of 40. The

role of oestrogen deficiency in menopausal and age related bone loss in women

is well documented. Oestrogen inhibits bone resorption. The withdrawal of sex

steroids leads to accelerated bone loss because bone formation is unable to keep

pace with osteoclastic bone resorption. During the menopause women lose

excessive amounts of cancellous bone and frequently develop ‘‘crush type’’

vertebral fractures. In senile osteoporosis bone loss is proportional for both

cortical and cancellous bone, and is manifested by hip and radius fractures as

well as vertebral fractures. The main contributory factors in the development of

osteoporosis are too little peak bone mass formed during adolescence and the

total amount of continuous bone loss thereafter. The risk of fractures increases

steeply with age and most of those affected are over 75 years. It has been

estimated that fractures caused by osteoporosis affect one in two women and

one in five men over the age of 50 [12].
Epidemiologic studies show that the risk of breast cancer is greater in

postmenopausal women with higher BMD [13, 14]. Paradoxically, however,

breast cancer survivors are at increased risk of osteoporosis and fracture as

compared with women in general [14]. Recently, Chen et al. reported a 15%

(HR 1.15 95% CI 1.05–1.25) increased rate of fractures in breast cancer

survivors in the observational component of the Women Health Initiative

Study (WHI) [14]. Interestingly, the increased risk was seen only among

survivors who had a breast cancer diagnosis before 55 years (HR 1.78 95%

CI 1.28–2.46). It is likely that this paradox is explained by oestrogen deficiency

that develops in women treated for breast cancer, particularly chemotherapy,

which induces early menopause and accelerated bone loss in most of the

premenopausal women. Thus, women who develop breast cancer may well

have normal or high BMD at the time of diagnosis, but, due to oestrogen

deficiency induced by, e.g., chemotherapy or aromatase inhibitors, they have

an increase in bone turnover, accelerated bone loss, and increased risk of

fracture later in life.
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Chemotherapy Induced Bone Loss and Bisphosphonates

Adjuvant chemotherapy causes ovarian failure in a majority of premenopausal

women with early breast cancer. The average rate of chemotherapy-induced

amenorrhoea varies from 50 to 70% [15–17]. However, the rate of amenorrhoea

associated with different therapies shows significant variation among studies.

The risk of chemotherapy-induced amenorrhoea is age related [15].Womenmost

prone to develop ovarian failure are those in their 40s, while women under 40

years of age have better preservation of menstruation after combination che-

motherapy. The onset of amenorrhea after initiation of chemotherapy is also

longer in women younger than 40 years. Even though ovarian function is per-

sisted shortly after chemotherapy, chemotherapy causes some degree of ovarian

dysfunction in most of the premenopausal women leading to early menopause.
In premenopausal women treated with adjuvant chemotherapy, the changes

in BMD are strongly associated with menstrual function after chemotherapy

[18] (see Fig. 1). Chemotherapy induced ovarian suppression induces rapid

bone loss in premenopausal women with breast cancer. In a study by Saarto

et al. [18], the decrease in BMD at 12 months in patients with chemotherapy-

induced permanent amenorrhoea was –6.8% in the lumbar spine and –1.9% in

the femoral neck, as compared to women with menstrual cycle irregularities

(–1.8 and –1.2%) and women with regular menstruating cycles (–1.05 and

–0.3%), respectively. As expected, women with permanent amenorrhoea were

significantly older (mean age 49 years) than women who perceived either

regular menstruation cycles (37 years) or with irregular menses (43 years).

Similarly, in a study by Shapiro et al. [19] the first annual BMD decrease in

patients with chemotherapy-induced amenorrhoea was –7.7% in the lumbar

spine and –4.6% in the femoral neck. The annual bone losses rate at spine of

6.8–7.7% for womenwith chemotherapy-induced early menopause appeared to
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Fig. 1 Changes from baseline and 95% confidence intervals in BMD of lumbar spine and
femoral neck at 1 and 2 years in 81 premenopausal women who experienced permanent
amenorrhoea, menstrual irregularities or persisted regular menstrual cycles after CMF
chemotherapy.
Courtesy of Dr. Tiina Saarto
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be significantly larger than those found in longitudinal studies of natural

menopause. According to longitudinal study of Pouilles, the mean annual

bone loss rate of lumbar spine during the premenopause is –0.79� 1.5%,

perimenopause –2.35� 1.5% and for postmenopause –1.24� 1.5% [20]. Fol-

lowing the first year after the chemotherapy, however, the annual bone loss rate

slowed down being approximately –1.5% during the next few years, which is in

line with the average annual bone lose rate in postmenopause [21]. Women with

imminent amenorrhoea after chemotherapy are not the only ones in risk of

accelerated bone loss. During the 5-year follow-up period every second women

who were still menstruating 12 months after initiation of chemotherapy experi-

enced menopause and accelerated bone loss. Hence, no difference was seen in

total amount of bone loss after 5 years in womenwho experienced amenorrhoea

shortly after chemotherapy or later during the 5-year follow-up period [21].

Therefore, not only premenopausal womenwho experience permanent amenor-

rhoea shortly after chemotherapy, but also women who continue to menstruate

for some years after chemotherapy seem to be in increased risk of early meno-

pause and osteoporosis. No clinical data exist of chemotherapy and bone loss in

postmenopausal women. However, as the detrimental effect of chemotherapy

on bone seems to be predominantly due to effect of chemotherapy on ovarian

function, it seems that chemotherapy does not have significant effect on bone

health in postmenopausal women with ovarian function suppressed already.
The efficacy of oral bisphosphonates in prevention of chemotherapy related

bone loss has been studied with 148 premenopausal women, who were rando-

mized to start 3-year oral clodronate (1,600 mg daily) treatment simultaneously

with adjuvant CMF chemotherapy or no additional therapy [18] (see Fig. 2).

Three-year oral clodronate treatment reduced spinal bone loss almost 60% as

compared to the control group (3-year spinal bone loss –7.4% in the control and

–3.0% in the clodronate group, p=0.003) [21]. Even a rapid bone loss related

to chemotherapy induced amenorrhea was significantly reduced by clodronate

Fig. 2 Changes from baseline and 95% confidence intervals in BMD of lumbar spine and
femoral neck at 1 and 2 years in 148 premenopausal women treated with adjuvant clodronate
treatment alongside with chemotherapy or with chemotherapy alone.
From Saarto et al. [18], by permission of J Clin Oncol
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(–9.0 and –5.1%). The effect of clodronate persisted at least 2 years after
treatment termination (5-year lumbar spine bone loss –9.7% in the controls
and –5.8% in the clodronate group, p=0.008). The changes in femoral neck
were in line with spinal BND changes, but less significant (at 3 years –2.8 and
–1.7%, at 5 years –5.1 and –3.5%, respectively) [21].

In line with previous study with oral clodronate, intermittent intravenous
pamidronate 60 mg every 3 months simultaneously with chemotherapy
effectively prevented chemotherapy induced bone loss in 40 premenopausal
breast cancer patients [22]. Bone loss in lumbar spine was totally prevented
by pamidronate (+1.9%) as compared to placebo group (–3.2%) at
12 months (p=0.002). The similar effect was also seen in femur, but the
difference did not reached statistically significant level (–0.3 vs – 2.8%). This
was also true in women with chemotherapy-induced amenorrhoea (lumbar
spine +0.9 vs –4.0%, p<0.03), and femoral neck +1.2 vs –4.0%, p<0.03).
However, in a small study of intermittent intravenous clodronate infusions
of 1,500 mg alongside with adjuvant chemotherapy, it was shown that this
failed to prevent or reduce chemotherapy related bone loss in 48 premeno-
pausal women [23].

In summary, chemotherapy induced ovarian failure causes rapid bone loss
especially from the lumbar spine. Women who perceived menstrual cycles
experienced a moderate if any bone loss shortly after chemotherapy, but the
bone loss rate accelerates during the following years, as many of them develop
early menopause later in life. Consequently, chemotherapy in premenopausal
women expose them to early menopause and rapid bone loss, both of which are
strong predictors of osteoporosis. Bisphosphonates, either orally or intrave-
nously, significantly reduce or even prevent chemotherapy induced rapid bone
loss. The effect persisted at least some years after treatment termination. How-
ever, no fracture data exist.

Ovarian Suppression Induced Bone Loss and Bisphosphonates

Ovarian ablation (surgical, radiation or chemical) causes a sudden decline in
oestrogen levels and leads to a rapid decrease in BMD [24, 25]. Adjuvant
treatment with LHRH analogue induces bone loss comparable to bone loss
related to chemotherapy-induced amenorrhea [25]. After 2-year goserelin treat-
ment, BMD decreased in lumbar spine and hip by –10.5 and –6.4% compared
to –6.5 and –4.5% after CMF chemotherapy. However, 1 year after cessation of
goserelin, BMD showed a partial recovery, and no difference was found
between goserelin and chemotherapy thereafter.

Zoledronic acid every 6 months for 3 years was studied in combinations of
goserelin and tamoxifen or goserelin and anastrozole in 401 premenopausal
women (ABCSG-12 trial) [26]. Endocrine treatment without zoledronic acid led
to significant overall bone loss. The bone loss rate was significantly more severe
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in patients receiving goserelin and anastrozole (3-year BMD decrease from
lumbar spine –17.3% and trochanter –11.3%) compared with goserelin and
tamoxifen (–11.6 and –5.1%, respectively) (p<0.0001). In contrast, BMD
remained stabile in zoledronic acid-treated patients; 25% of the patients treated
with goserelin and anastrozole developed spinal osteoporosis, while no osteo-
porosis was seen in tamoxifen or zoledronic acid groups. In summary, ovarian
suppression induces a rapid bone loss. The risk of spinal osteoporosis is sig-
nificantly increased with the combination of aromatase inhibitor and ovarian
suppression, which can be prevented by bisphosphonates.

Antiestrogens and Bisphosphonates

Antiestrogen tamoxifen has oestrogen agonistic or antagonistic effect depending
on the target organ and endogenous oestrogen levels [14]. In postmenopausal
women tamoxifen has oestrogen agonistic effects on bone and therefore prevents
bone loss in postmenopausal women [27]. In premenopausal women tamoxifen
induces a modest bone loss. A –3.3% decline in lumbar spine and –1.6% in hip
bone density was demonstrated with 3-year tamoxifen treatment in premenopau-
sal women who remained premenopausal throughout the study period as com-
pared to a small gain per annum for women on placebo (p<0.001 and<0.05) [28].
Likewise, the effect of tamoxifen on bone after chemotherapy depends on ovarian
function in premenopausal women (p<0.0001) [29]. Women who perceived
menstruation cycles experienced a modest bone loss in lumbar spine if tamoxifen
was used after chemotherapy (3-year BMD changes in lumbar spine –4.6% and
femoral neck –1.8%, respectively), but no bone loss was seen without tamoxifen
(+0.6 and –1.4%, respectively). On the contrary, tamoxifen reduced bone loss in
premenopausal womenwho developed amenorrhoea after chemotherapy. Three-
year bone loss rate in lumbar spine was –9.5% in amenorrhoeic women without
tamoxifen and –6.8%with tamoxifen treatment. In femoral neck 3-year bone loss
rate was –4.9% without tamoxifen and –3.6% with tamoxifen. In addition,
tamoxifen seems partially to counteract the demineralising effects of LHRH
analogues in premenopausal women. A Swedish study randomized 89 premeno-
pausal women with early breast cancer to receive goserelin alone, goserelin plus
tamoxifen or tamoxifen alone for 2 years [30]. The loss in total body BMDwithin
2 years was greatest in women receiving goserelin alone (–5.0%), while tamoxifen
plus goserelin (–1.4%) and tamoxifen alone (–1.5%) resulted in smaller declines
in BMD. However, 1 year after cessation of the treatment, the goserelin group
showed a partial recovery from bone loss (+1.5%).

Even though antiestrogens prevent bone loss in postmenopausal women, bone
mineral density can even be augmented by combining bisphosphonate to the
antiestrogen treatment [31]. Two-year oral clodronate (1,600mg daily) treatment
markedly increased BMD in lumbar spine and femoral neck by 2.9 and 3.7%,
while there was no significant changes in BMD with single antiestrogen (tamox-
ifen 20 mg or toremifene 60 mg) therapy in 121 postmenopausal women
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(difference between the groups in spine and femoral neck p=0.001 and 0.006). In
another study of Powles et al. [32], 311 both pre- and postmenopausal women
were randomly allocated to the clodronate 1,600mg /day or to the placebo group
along with various adjuvant therapies, either chemotherapy, tamoxifen or both.
The treatment effect of clodronate on spine was 2.38% after 1 and 1.72% after
2 years, which was in line with menopausal status and treatments.

In summary, tamoxifen prevents bone loss in postmenopausal women, which
can be augmented by combining bisphosphonate to the antiestrogen therapy. In
the presence of premenopausal oestrogen level, however, the net effect of
tamoxifen is antiestrogenic with respect to skeletal metabolism.

Aromatase Inhibitors Induced Fracture Risk and Bisphosphonates

In postmenopausal women, aromatase inhibitors lower circulating oestrogen
levels by preventing the conversion of androgen substrates into oestrogen and
therefore accelerate bone loss and increase the risk of bone fractures. There are
six controlled prospective trials where third-generation aromatase inhibitor is
compared to tamoxifen [33–37] and one study to placebo [38]. In two studies,
5-year primary aromatase inhibitor therapy were compared to tamoxifen treat-
ment [33, 34], and in four studies sequential therapy of tamoxifen and aromatase
inhibitors was compared to 5-year tamoxifen therapy (ABCSG trial 8, ARNO 95
trial, ITA trial, and the Intergroup Exemestane study) [35–37]. MA17 is the only
large placebo controlled study of aromatase inhibitors in adjuvant setting, where
letrozole or placebo was introduced after 5 years of tamoxifen [38]. Fracture data
is available from all these trials (see Table 1). In all but ITA trial fractures were
more frequent in the aromatase inhibitor group than in the tamoxifen group. In
MA17 study no significant difference in fracture rate was seen between extended
letrozole and placebo [38], but in the letrozole group there was a higher frequency
of newly diagnosed osteoporosis 8.1% as compared to the placebo group 6.0%
(p=0.003). Likewise, in the primary report of sequential exemestane trial with
median follow up time of 30.6 months osteoporosis was reported significantly
more frequently in the exemestane 7.4% than in the tamoxifen group 5.7%
(p=0.023) [37]. In four studies BMD data is available (see Table 2) [39–42]. In
all studies except one the bone loss rate was accelerated [39–41]; however, the
bone loss rate, at least in the spine, seemed to slow down after the first year [39,
40]. In ATAC trial, 5 out of 162 patients (3%) treated with anastrozole become
osteoporotic during the 5-year follow-up [39]. In MA.17 trial 4.1% of women
became osteoporotic detected by BMDmeasurement while receiving letrozole as
compared to no osteoporosis in the placebo group (p=0.064) [40]. Of note, no
patient with BMD in the normal range at trial entry developed osteoporosis in
neither of the studies.

As aromatase inhibitors increase the risk of fractures in postmenopausal
breast cancer patients, adjuvant bisphosphonate treatment along with
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aromatase inhibitors are under intensive investigation. In one study zoledronic

acid 4 mg every 6 months was given for 602 postmenopausal women treated

with letrozole either upfront (starting at the same time with letrozole treatment)

or delayed-start (starting if T-score decreases below 2.0 SD or in the case of

fracture) [43]. After 12 months of letrozole treatment, BMD of lumbar spine

and hip were increased in the upfront arm by 1.9 and 1.3%, while BMD was

decreased in the delayed group by 2.4 and 2.0%, respectively (p<0.0001 for

both). Of patients in the delayed group, 8.3% required zoledronic acid by the

protocol. No patients developed osteoporosis. Low-trauma fractures occurred

in 1% of the patients in both groups. In line with the previous study, a

preliminary report of oral ibandronate 150 mg per month vs placebo in post-

menopausal women with osteopenia before anastrozole treatment showed that

oral ibandronate once a month even increased BMD both in spine and hip as

compared to bone loss without ibandronate [44].
In summary, aromatase inhibitors increase bone resorption leading to accel-

erated bone loss, especially during the first few years. The decline progressively

slowed down thereafter, but continued to decline. Aromatase inhibitors

increase frequency of osteoporosis and osteoporotic fractures as compared to

Table 1 Aromatase inhibitors and fracture rate

Studies
Aromatase
inhibitor

Follow-up
time

Fracture
rate in
aromatase
inhibitor
group

Fracture rate
in tamoxifen
group

Primary aromatase inhibitor vs tamoxifen treatment

ATAC (33) Anastrozole 68 months 11% 7.7% OR 1.49,

95% CI
1.25–1.77,
p<0.0001

BIG-1-98
(34)

Letrozole 25.8 months 5.7% 4.0% p<0.001

Sequential tamoxifen and aromatase inhibitor vs tamoxifen treatment

ABCSG8/
ARNO95
(35)

Anastrozole 28 months 2% 1% OR 2.14

95% CI
1.14–4.17,
p = 0.015

ITA (36) Anastrozole 36 months 2 patients 2 patients NS

IES (37) Exemestane 58 months 7% 5% OR 1.45

95% CI
1.13–1.87

p = 0.003
Extended aromatase inhibitor therapy after 5-year tamoxifen vs placebo

MA.17 (38) Letrozole 30 months 5.3% 4.6%a NS
aPlacebo
Data from Howell et al. [33], Breast International Group (BIG) 1–98 Collaborative Group [34],
Jakesz et al. [35], Boccardo et al. [36], Coombes et al. [37] and Goss et al. [38]
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tamoxifen. Patients at risk of osteoporosis are those with osteopenia before the

therapy [39, 40, 42]. Initial dual-energy X-ray absorptiometry (DEXA) bone

scan is therefore recommended for all patients before the treatment with aro-

matase inhibitors to select risk patients for closer follow-up. Bisphosphonates

significantly prevent aromatase inhibitors inducing bone loss, but no data exist,

so far, as to whether fractures related to aromatase inhibitors can be prevented

by adjuvant bisphosphonate treatment.

Bisphosphonates in Prevention of Treatment Related Osteoporosis

There is solid evidence that bisphosphonates prevent cancer treatment related bone

loss (chemotherapy, LHRH analogue, aromatase inhibitors). However, very few

data exist of prevention of treatment related osteoporosis: in one study zoledronic

acid every 6 months prevented spinal osteoporosis induced by goserelin and

anastrozole treatment (25% vs no osteoporosis) [26], and in another preliminary

report 3-year oral clodronate treatment prevented spinal osteoporosis in breast

cancer patients treatedwith chemotherapy or antiestrogen (23 vs 5%) [45].No data

exist of prevention of hip osteoporosis or fracture prevention in cancer survivors.

Table 2 Aromatase inhibitors and BMD changes

No. of patients
treatments

Follow-up
time

BMD
changein AI
group

BMD change
in control
group

Lumbar spine

ATAC (39) 167

Anastrozole vs
tamoxifen

1 year

2 years
5 years

�2.2%
�4.0%
�6.1%

þ1.4%
þ2.1%
þ2.8%

p<0.0001

MA17 (40) 226

Letrozole vs
placebo

2 years �5.4% �0.7% 0.008

IES (41) 206

Exemestane vs
tamoxifen

6 months �2.7% p<0.0001a

Lonning (42) 147

Exemestane vs
placebo

2 years �4.3% �3.7% NS

Hip

ATAC (39) 1 years

2 years
5 years

�1.5%
�3.9%
�7.2%

þ0.9%
þ1.2%
þ0.7%

p<0.0001

MA 17 (40) 2 years �3.6% �0.7% p = 0.44

IES (41) 6 months �1.4% p<0.0001a

Lonning (42) 2 years �5.4% �3.0% NS
aCompared to baseline BMD within the aromatase inhibitor group
Data from Coleman et al. [39], Coleman [40], Perez et al. [41] and Lonning et al. [42]
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To select breast cancer patients at risk of osteoporosis, an initial dual-energy
X-ray absorptiometry (DEXA) bone scan is recommended. According to sev-
eral reports, breast cancer patients with normal BMD before the initiation of
adjuvant cancer treatments have a minimal risk of osteoporosis at least within
the next 5 years [40, 45]. However, patients at risk of osteoporosis are those with
osteopenia before the therapy [39, 40, 42, 45]. Even though bisphosphonates
successfully prevent treatment related bone loss, so far evidence is lacking of
fracture prevention in non-osteoporotic patients. The need for therapy in non-
osteoporotic patients should therefore be considered individually, taking into
account other risk factors for fracture like advanced age, previous fracture,
family history of hip fracture, premature menopause, propensity to fall, smok-
ing, corticosteroid therapy and other disorders associated with increased bone
resorption. Patients with osteoporosis, in contrast, should be treated according
to guidelines for treatment of osteoporosis including physical exercise, vitamin
D and calcium intake and bisphosphonates.

Safety of Bisphosphonates

Bisphosphonate therapy is generally well tolerated [46]. Intravenous adminis-
tration of the aminobisphophonates can induce transient flu-like symptoms
with fever, myalgia and arthralgia. Oral administration of bisphosphonates in
turn may be accompanied by gastrointestinal discomfort, nausea, dyspepsia,
vomiting, diarrhoea and even oesophageal ulceration [46]. Some deterioration
of renal function is reported in patients treated with bisphosphonates [46].
Though the renal complications during bisphosphonate therapy are often
mild and apparent only occur as transient increases in serum creatinine,
serum electrolyte and creatinine levels should be monitored during bispho-
sphonate therapy. The probability of acute toxicity due to hypocalcaemia is
greater with the use of intravenous aminobisphosphonates and supplementa-
tion with calcium and vitamin D is recommended [46]. Osteonecrosis of the jaw
is a rare but severe complication of aminobisphosphonates [47]. The risk of
osteonecrosis seems to be higher with long bisphosphonate treatment duration,
poor oral hygiene and tooth operations during the therapy.

Summary

Even though epidemiologic studies show that the risk of breast cancer is greater
in womenwith higher BMD, breast cancer survivors seem to be at increased risk
of osteoporosis and fracture as compared with women in general. It is likely that
this paradox is explained by oestrogen deficiency that develops in women
treated for breast cancer, particularly chemotherapy, which induces early
menopause and accelerated bone loss in most premenopausal women, and
aromatase inhibitors that inhibit oestrogen synthesis and increase risk of frac-
tures in postmenopausal women. Bisphosphonates are widely used in treatment
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of osteoporosis. Bisphosphonates also effectively prevent cancer treatment
related bone loss and osteoporosis, but no fracture prevention data exist of
adjuvant bisphosphonate therapy. Breast cancer patients at risk of osteoporosis
seem to be those with osteopenia before adjuvant treatments. In contrast, in
women with normal baseline BMD there seems to be no imminent risk of
osteoporosis within the next 5–10 years representing the majority of the
patients. Therefore initial dual-energy X-ray absorptiometry (DEXA) bone
scan is recommended to select breast cancer patients at risk of osteoporosis.

Given that the present adjuvant bisphosphonate trials are inconsistent with-
out any long term disease free or breast cancer specific survival benefit, it
remains uncertain whether bisphosphonates are beneficial as adjuvant treat-
ment of breast cancer. Large controlled trials are ongoing.While waiting for the
results of these trials the use of adjuvant bisphosphonate treatment outside of
the clinical trials is not recommended.
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Trastuzumab

Edith A. Perez, Frances M. Palmieri, and Shelly M. Brock

Introduction

Systemic adjuvant therapy is regularly recommended for patients diagnosed
with invasive breast cancer based on risk of recurrence and likelihood of benefit
from therapy. Progress in molecular biology has resulted in the identification
and improved understanding of molecular markers that may have prognostic
and predictive value for patients with breast cancer. HER2 (human epidermal
growth factor receptor 2) is one of the best characterized of these markers and
now plays a critical role in patient management.

HER2 gene amplification or protein overexpression have been reported
in 18–30% of all breast cancers [1–4]; however the early reports of 30% may
be an overestimation [5]. HER2-positivity is associated with an aggressive
disease course, a poor prognosis [2, 6], and relative sensitivity to anthracy-
clines [7–9]. The anti-HER2 monoclonal antibody trastuzumab specifically
targets the HER2 protein, and has proposed cytostatic, cytotoxic, and anti-
angiogenic [10] modes of action, reviewed by Baselga et al. [11] and Albanell
et al. [12].

Pivotal trials assessing the addition of trastuzumab to standard chemother-
apy (doxorubicin plus cyclophosphamide [AC], paclitaxel, or docetaxel) for
HER2-positive metastatic breast cancer (MBC) demonstrated that
trastuzumab significantly improves clinical outcomes in this patient population
compared with chemotherapy alone [13–15]. In addition, trastuzumab has been
shown to have activity as a single agent [16–18]. In 1998, the Food and Drug
Administration (FDA) in the United States (U.S.) approved trastuzumab for
first-line therapy in combination with paclitaxel or as second- or third-line
monotherapy for HER2-positive MBC. Other regulatory agencies around the
world have also approved trastuzumab for the treatment of HER2-positive
MBC. Many studies have now been conducted in the setting of metastatic
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disease, documenting excellent synergistic and additive interactions of this
agent with various chemotherapy drugs.

The effectiveness of trastuzumab in the metastatic setting prompted investi-
gators to test trastuzumab in the adjuvant setting to determine whether treating
HER2-positive tumors at an earlier stage could improve patient outcomes.
These trials have evaluated adding trastuzumab to various chemotherapy and
anti-estrogen hormonal approaches.

Fourmajor adjuvant trials collectively enrolled>13,000 womenwithHER2-
positive early breast cancer to investigate different adjuvant treatment
approaches with trastuzumab, with enrollment extending from 2000 to 2005.
These trials demonstrated that 1 year of trastuzumab significantly improved
disease-free survival (DFS) by 33–52% and overall survival (OS) by 34–41%;
there were differences in patient population, chemotherapy regimens, and
sequencing of treatment across the trials. A small Finnish trial (FinHER) and
a pilot U.S. trial (E2198), investigating shorter regimens of trastuzumab, have
also shown positive results. Further follow-up of the major adjuvant trials will
clarify the long-term survival benefit for women receiving trastuzumab, as well
as the optimal treatment duration. In terms of tolerability, cardiac events in the
trastuzumab-containing arms of these trials have remained within acceptable
levels, with a small increase in the incidence of congestive heart failure (CHF)
(0.5–3.0%) that responded to treatment in most cases. Further follow-up will
also provide information on long-term cardiac safety. Overall, results from
clinical trials are sufficiently compelling to recommend 1 year of adjuvant
trastuzumab treatment for women with HER2-positive early breast cancer
based on the risk:benefit (therapeutic) ratio and cost-effectiveness demon-
strated in these studies.

The Large Phase III Adjuvant Trastuzumab Trials

Trial Designs

Four large phase III randomized trials were conducted to evaluate the efficacy
and safety of adding trastuzumab to adjuvant chemotherapy for early breast
cancer: National Surgical Adjuvant Breast and Bowel Project (NSABP) B-31
trial (U.S.); North Central Cancer Treatment Group (NCCTG) N9831 Inter-
group trial (U.S.); Breast Cancer International Research Group (BCIRG) 006
trial (international); Breast International Group Herceptin Adjuvant (HERA)
trial (ex U.S.) (Fig.1). Each trial included a control chemotherapy-only arm,
and either one or two trastuzumab-containing arms, in which trastuzumab was
administered concurrently with or following the chemotherapy portion of
treatment. Standard chemotherapy regimens were used and these differed
between the trials. Cardiac dysfunction has been associated with trastuzumab
and anthracycline therapy in the metastatic setting [15, 19] and therefore
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trastuzumab and doxorubicin were not administered concurrently in any of the

trials. A non-anthracycline regimen was also assessed in one of the trials. Strict

cardiac monitoring plans were implemented in at least three of the four trials

Fig. 1 Designs of the Four Large Phase III Adjuvant Trials
HER2¼ human epidermal growth factor receptor 2; IHC¼ immunohistochemistry; FISH¼
fluorescence in situ hybridization; node+ ¼ axillary lymph node-positive; node– ¼ axillary
lymph node-negative; LVEF ¼ left ventricular ejection fraction; AC ¼ doxorubicin and
cyclophosphamide; CT ¼ chemotherapy; HR ¼ hormonal therapy; RT ¼ radiation therapy;
q3w ¼ every 3 weeks; qw ¼ weekly
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(Fig. 1). Patients received hormonal therapy and/or radiation therapy after
chemotherapy, where indicated. The primary endpoint in all the trials was
DFS. OS was a secondary endpoint common to all trials. Other secondary
efficacy and safety endpoints varied between trials; time to distant recurrence
(TTDR) in NSABP B-31, NCCTG N9831, and HERA [20–23], quality of life
(QOL) in BCIRG 006 [24, 25], and site of first recurrence in HERA [23].

National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-31 Trial

Patients were randomized to receive AC (60mg/m2/600mg/m2) every 3 weeks
for four cycles, followed by paclitaxel (80mg/m2 weekly or 175mg/m2 every 3
weeks) for a total of 12 weeks, either alone (Arm 1) or concomitantly with
weekly trastuzumab for 52 weeks (4mg/kg loading dose followed by 2mg/kg
thereafter (Arm 2) [20].

North Central Cancer Treatment Group (NCCTG) N9831
Intergroup Trial

Patients were randomized to receive AC (as above), followed by paclitaxel
(80mg/m2weekly for 12 weeks) in one of three subsequent arms; paclitaxel
alone (Arm A), paclitaxel followed by weekly trastuzumab (as above for 52
weeks, Arm B), or concurrent paclitaxel and trastuzumab (for 12 weeks),
followed by trastuzumab alone (additional 40 weeks, Arm C). The sequential
paclitaxel and trastuzumab arm was designed to compare the efficacy and safety
of this strategy with the concurrent paclitaxel and trastuzumab regimen [20].

Breast Cancer International Research Group (BCIRG) 006 Trial

BCIRG 006 utilized docetaxel instead of paclitaxel; it is also active and well-
tolerated when given in combination with trastuzumab for the treatment of
MBC [13]. Patients were randomized onto three arms: AC followed by doc-
etaxel alone (100mg/m2 every 3 weeks for 12 weeks, Arm A); AC followed by
docetaxel plus weekly trastuzumab (Arm B); or docetaxel (75mg/m2), carbo-
platin (AUC6), and trastuzumab (TCH, Arm C). Trastuzumab was given
weekly (4mg/kg loading dose followed by 2mg/kg thereafter) with chemother-
apy, then every 3 weeks (6mg/kg) for up to 52 weeks [24, 25]. TCHwas included
to assess a non-anthracycline chemotherapy regimen. Synergy between
docetaxel, carboplatin, and trastuzumab has been demonstrated in the precli-
nical setting [26] and efficacy observed in the metastatic setting [27]. Earlier
studies had shown efficacy with the triple combination of paclitaxel, carbopla-
tin, and trastuzumab [28–31].
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Breast International Group Herceptin Adjuvant (HERA) Trial

Patients received predefined neoadjuvant or adjuvant chemotherapy for a
minimum of four cycles or 3 months, with or without radiation therapy, as
deemed appropriate by the treating oncologist. Patients were then randomized
to observation only (Arm A), trastuzumab (every three weeks; 8 mg/kg loading
dose followed by 6mg/kg thereafter) for one (ArmB) or two (ArmC) years [21].

Eligibility Criteria

All eligible patients had HER2-positive early breast cancer. Immunohistochemis-
try (IHC) and fluorescence in situ hybridization (FISH) assays were used; these are
both approved by the U.S. FDA. IHC is a semi-quantitative assay that measures
the level ofHER2 protein expression on the tumor cell surface. A scoring system of
0 to 3+ is applied; IHC 0/1+ is negative, 2+ is equivocal, and 3+ is strongly
positive. Tumors with an IHC 2+ score are retested by FISH to determine HER2
status. FISH is a quantitative assay that measures the number of copies of the
HER2 gene within tumor cells. A ratio of HER2 gene copies to the number of
chromosome 17 (the chromosome on which HER2 resides) copies is also utilized.
A ratio>2 was considered FISH-positive for entry into the trials. InNSABPB-31,
NCCTG N9831, and HERA, HER2-positive status was determined using both
techniques [20, 21]. In BCIRG 006 all cases had to be FISH-positive [24, 25].

All patients were: �18 years (the upper age limit was 70 years in BCIRG
006); with adequate organ function; no prior biologic, chemotherapy, or radia-
tion therapy for breast cancer (except in HERA, and <4 weeks hormonal
therapy in NCCTG N9831); no prior taxanes or anthracyclines (except
HERA), and no prior platinum agents (BCIRG 006 only) for any malignancy.
Only patients with axillary lymph node-positive disease were eligible for
NSABP B-31. Patients with node-positive or high-risk (based on tumor size
and hormone receptor status) node-negative disease were eligible for NCCTG
N9831, BCIRG 006, and HERA. No patients were to have evidence of metas-
tases in any of the trials. Adequate cardiac function, defined as normal left
ventricular ejection fraction (LVEF), assessed by echocardiogram (ECHO) or
multigated acquisition (MUGA) scan (MUGA only in BCIRG 006), and no
history of CHF or current cardiac disease requiring medication was required.
All patients provided signed, informed consent.

Cardiac Safety and Monitoring

Stringent cardiac monitoring was applied before, during, and after therapy
(Fig. 1). LVEF evaluations by ECHOorMUGAwere preformed at registration,
and at 3, 6, 9, and 18 months in NSABP B-31 and NCCTG N9831; evaluations
were performed at these time points and at 12, 24, 30, 36, and 60 months in
HERA. The cardiac monitoring plan for BCIRG 006 is not available.
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The definition of a cardiac event differed across the trials and included severe
CHF or death from cardiac causes. Severe CHF was classified as either
National Cancer Institute Common Toxicity Criteria [NCI-CTC] Grade 3 or
4, or New York Heart Association Class III or IV. Grade 3 or 4 arrhythmia or
cardiac ischemia/myocardial infarction were also included as cardiac events in
BCIRG 006. Based on the metastatic cardiac event data, an Independent Data
Monitoring Committee set a 4% cut-off for the difference in the incidence of
cardiac events between the trastuzumab-containing arms and control or obser-
vation arms in NSABP B-31, NCCTG N9831, and HERA. A >4% difference
would result in suspension of the respective trial.

Trastuzumab was discontinued in patients who developed CHF. If signifi-
cant decreases in LVEFwere observed, treatment was held and cardiac function
re-evaluated after 3–4 weeks in NSABP B-31, NCCTG N9831, and HERA.
Trastuzumab was discontinued for patients with persistent substantial
decreases in LVEF in these trials.

Efficacy and Safety Results

Data are available for all four trials. In the NSABP B-31 and NCCTG N9831
trials, the control arms (Arms 1 and A) and treatment Arms 2 and C were
identical, therefore the FDA approved a joint efficacy analysis of the compar-
able arms [20, 22]. The cardiac safety results of NSABP B-31 and NCCTG
N9831 were reported separately [32–34]. The preliminary data of the efficacy
results of Arm B in NCCTGN9831 were reported in 2005 [35]; however further
follow up is needed before a more definite analysis is reported. The HERA
1-year trastuzumab results are discussed here [23]; the 2-year data are not yet
available.

Disease-free Survival

The addition of trastuzumab to adjuvant therapy significantly improved DFS
compared with controls in all trials (Table 1). In the second interim joint
analysis, DFS was 52% higher in the trastuzumab arm than in the control
arm (p<0.0001) [22]. A 52% improvement was also observed at the first interim
analysis demonstrating consistent benefit [20]. A 36% improvement inDFSwas
observed in the 1-year trastuzumab group compared with the observation
group in HERA (p<0.0001) [23]. Both trastuzumab-containing arms in
BCIRG 006 showed higher DFS than the control arm, with 39% (p<0.0001)
and 33% (p ¼ 0.0003) improvements in the AC followed by docetaxel plus
trastuzumab and TCH arms, respectively [36]. There was no significant differ-
ence in DFS between the AC followed by docetaxel plus trastuzumab and TCH
arms in BCIRG 006 [36]. A statistically significant improvement in DFS was
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also observed in patients with node-negative disease who received either AC

followed by docetaxel plus trastuzumab (p ¼ 0.0007) or TCH (p ¼ 0.0096)

compared with the control.
Improvements in DFS were observed across all subgroups including patients

with hormone receptor-positive or negative tumors, all patient age groups

ranging from <40 years to >60 years of age, and regardless of tumor size.

Table 1 HER2 Testing criteria and primary efficacy and cardiac safety endpoints

NCCTG
N9831 [22, 32]

NSABP B-31
[32, 33] BCIRG 006 [36] HERA [23]

HER2-positive
criteria

IHC 3+ (>10%) or

FISH-positive
(HER2/CEP17
ratio >2)

IHC 3+
(>10%) or

FISH-positive
(HER2/
CEP17
ratio >2)

FISH-positive only IHC 3+
(>10%) or

FISH-positive
(HER2/
CEP17
ratio >2)

Age limits, years �18 �18 18–70 �18
Median follow

up
2.9 years 3 years 2 years

Primary efficacy
endpoint: DFS

Timepoint for
evaluation

4 years 4 years 3 years

Control/
observation,
% patients
disease-free

73.1% 77% 74.3%

Trastuzumab
regimen(s), %
patients
disease-free

AC!T/H: 85.9% AC!T/H: 83%

TCH: 82%

1-year H: 80.6%

Hazard ratio vs
control
(p value)

0.48 (<0.00001) AC!T/H: 0.61
(<0.0001)

TCH: 0.67 (0.0003)

0.64 (<0.0001)

Protocol-defined
cardiac event
definition

NCI-CTC Grade 3 or
4 left ventricular
dysfunction (CHF)
or death from
cardiac causes

NYHA Class
III or IV
CHF or
death from
cardiac
causes

Grade 3 or 4 left
ventricular
dysfunction
(CHF) or death
from cardiac
causes

Severe (NYHA
Class III or
IV) CHF or
death from
cardiac causes

Primary safety
endpoint:
incidence of
protocol-
defined
cardiac events

Control/
observation

0.3% 0.9% 0.4% 0.06%

Trastuzumab
regimen(s)

AC!T/H: 3.3%
AC!T!H: 2.8%

AC!T/H :
3.8%

AC!T/H: 1.9%
TCH: 0.4%

1-year H: 0.6%

AC ¼ doxorubicin plus cyclophosphamide; CHF¼ congestive heart failure; DFS ¼ disease-free survival;
FISH¼ fluorescence in situ hybridization; H¼ trastuzumab; HER2¼ human epidermal growth factor 2;
IHC ¼ immunohistochemistry; NCI-CTC ¼ National Cancer Institute Common Toxicity Criteria;
NYHA ¼ New York Heart Association; T ¼ taxane; TCH ¼ docetaxel, carboplatin, and trastuzumab.
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Overall Survival

The trastuzumab-containing arms in the joint analysis of NSABP B-31 and

NCCTGN9831 showed a significant increase in OS of 35% compared with the

control arm (patients alive: 92.6 vs 89.4%; hazard ratio [HR], 0.65; p¼ 0.0007)

at the second interim analysis [22]. The improvement in OS was not significant

at the first interim analysis [20]. In HERA, 1-year of trastuzumab significantly

improved OS by 34% (HR, 0.66; p¼ 0.0115) compared with observation alone

(patients alive: 92.4 vs 89.7%) [23]. Significant improvements in OS were also

observed in BCIRG 006; 41% in the AC followed by docetaxel plus trastuzu-

mab arm (HR, 0.59; p¼ 0.004) and 34% in the TCH arm (HR, 0.66; p¼ 0.017)

compared with the control (patients alive: 92 vs 91% vs 86% [control]) [36].

Other Efficacy Endpoints

The addition of trastuzumab to adjuvant therapy also reduced the incidence of

distant recurrences. In the joint analysis of NCCTG N9831 and NSABP B-31,

85.9% of patients in the trastuzumab-containing arm and 73.1% of patients in

the control arm were free of distant recurrence at 4 years (HR, 0.48; p<0.0001)
[20]. First recurrences were more frequent at distant sites than at local or

regional sites in both control and trastuzumab-treated groups in both trials.

In HERA, TTDR was significantly higher in the trastuzumab arm (HR, 0.60;

p<0.0001) [23] and approximately 70% of first recurrences were to distant sites

in both arms [21].

Cardiac Safety

There was a higher incidence of protocol-defined cardiac events in the tras-

tuzumab-containing arms than in the control or observation arm in all trials
but the difference remained <4%, indicating acceptable levels of cardiotoxi-

city (Table 1). The incidence of cardiac events between the anthracycline-

containing and non-anthracycline-containing trastuzumab arms in BCIRG

006 were similar [36]. Results of NSABP B-31 and NCCTG N9831 showed

that CHF associated with trastuzumab was generally reversible and manage-

able with standard medical treatment; the cardiac function improved in the

majority of patients who experienced CHF [32–34]. The investigators for both

trials found that cardiac events were more frequent among older patients (>50
years), but there was no correlation between radiation therapy and risk of

cardiac dysfunction [32, 34, 37]. An association between the LVEF level

immediately following AC therapy and risk of cardiac dysfunction was

observed in NSABP B-31 [34].
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Hematologic and Nonhematologic Safety

The incidences of non-cardiac adverse events were similar between treatment

groups in both the NSABP B-31 and NCCTGN9831 trials. An exception was a

0.5% incidence of interstitial pneumonitis that appeared to be related to tras-

tuzumab therapy [20]. Grade 3 or 4 adverse events were significantly higher in

the HERA 1-year trastuzumab arm compared with the observation arm (7.9 vs
4.4%, respectively; p<0.001) [21]. Infection (1.3 vs 0.4%) and vascular disorder

(1.2 vs 0.5%) were the only Grade 3 or 4 events with an incidence>1% in either

group in HERA [21].

Additional Adjuvant Trastuzumab Trials

The small FinHER trial and the E2198 pilot trial investigated shorter regimens

of trastuzumab in the adjuvant setting [38, 39].

FINHER

Trial Design

Patients (n¼ 1010) were randomized to three cycles of docetaxel or vinorel-

bine, followed by three cycles of fluorouracil, epirubicin, and cyclophospha-

mide [38]. The primary aim of this trial was to compare treatment with

docetaxel vs vinorelbine. The subset of women with HER2-positive tumors
(n¼ 232) was further randomized to received trastuzumab for 9 weeks con-

comitantly with docetaxel or vinorelbine or no trastuzumab. The primary end

point of FinHer was recurrence-free survival (RFS); secondary end points

included adverse events, the effect of treatment on LVEF, time to distant

recurrence, and OS.

Eligibility Criteria

All patients had IHC 2+ or 3+ tumors with HER2-positive status

confirmed by chromogenic in situ hybridization (CISH). Patients were

<66 years of age with either node-positive (�1 positive node regardless of

primary tumor size or hormone receptor status) or node-negative (tumor
�20mm diameter and progesterone receptor-negative) disease. Patients

with evidence of distant metastases or cardiac disease (within the last

12 months) were excluded.
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Efficacy and Safety Results

At 3 years, RFS rates were significantly higher in the trastuzumab arm
compared with the non-trastuzumab arm (89.3 vs 77.6%; HR, 0.42;
p ¼ 0.01); however OS did not differ between the two groups (p ¼ 0.15) [38].
There were no cases of CHF among patients who received trastuzumab, and
these patients did not experience greater decreases in LVEF than those who did
not receive trastuzumab. These data are interesting but only a small number of
patients took part in the trial and the follow up is short, so no conclusions
regarding duration can be made.

E2198

Trial Design

This was a randomized phase II pilot study evaluating either paclitaxel plus
trastuzumab for 10 weeks followed by four cycles of AC (Arm B; n ¼ 115) or
this regimen followed by an additional 42weeks of trastuzumab (ArmC; n¼ 112)
[39]. The primary endpoint was rate of clinical CHF.DFS andOSwere not initial
endpoints and this trial was not powered to test trastuzumab duration.

Eligibility Criteria

Patients hadHER2-positve tumors defined as IHC 2+or 3+. Patients also had
node-positive disease, no prior history of CHF or recent myocardial infarction,
and a resting LVEF >50%.

Efficacy and Safety Results

The DFS (76 vs 75%; p ¼ 0.55) and OS (89 vs 83%; p ¼ 0.29) at 5 years were
similar in both Arms B and C. CHF was observed in 2.6% of patients in Arm B
and 3.6% of patients in Arm C [39].

Impact of Trial Results on Clinical Practice

The high efficacy observed with adjuvant trastuzumab compared with that of
chemotherapy alone has stimulated the National Comprehensive Cancer Net-
work (NCCN) to update current guidelines to recommend that 1 year of
adjuvant trastuzumab be given weekly or every-three-weeks with or following
paclitaxel after AC for HER2-positive early breast cancer [40].
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It is important that all patients who are likely to benefit from trastuzumab
therapy are identified. Patients with HER2-positive disease derive the most
benefit from trastuzumab [41], and the American Society of Clinical Oncology
(ASCO) and other groups advise that HER2 testing take place at the time of
diagnosis in all cases of breast cancer [5, 40]. The ASCO and College of
American Pathologists (CAP) Joint Taskforce published new HER2 testing
guidelines in 2007, which outline standardization of the testing process to
achieve accurate and reproducible assay results [5]. It is important to note
that the criteria for entry into the adjuvant trials differ from those outlined in
the ASCO/CAP guidelines. An IHC 3+ score was considered to be uniform,
intense membrane staining in>10% of tumor cells, however in the ASCO/CAP
guidelines it is now >30% of cells [5]. A FISH ratio >2 was considered positive
for entry into the four trials; however, FISH-positive is now defined as a ratio
>2.2 [5]. In addition, new data suggest that patients whose tumors were deemed
to be HER2-negative following central testing derived the same benefit from
adjuvant trastuzumab as patients with HER2-positive tumors [22, 42]. HER2
testing is discussed in detail below.

The trials reported here included patients with node-positive and high-risk
node-negative disease. General recommendations are that adjuvant trastuzumab
be administered to all eligible patients withHER2-positive, node-positive disease,
and for those with HER2-positive node-negative tumors >1 cm in diameter,
irrespective of hormone receptor status. Data are needed to assess the benefit
of trastuzumab for lower-risk (tumor size <1 cm) node-negative patients.

Patients who are eligible for trastuzumab therapy based on the criteria above
also need to have adequate baseline cardiac function prior to starting trastuzu-
mab therapy. This includes no history of CHF, no current cardiac disease
requiring medication, and an LVEF measurement in the normal range for
their treating institution. Risk factors such as age should also be considered,
as older patients are more likely to develop cardiac dysfunction. It is important
that patients undergo cardiac monitoring (LVEF measurements) before and
throughout treatment. NCCN guidelines recommend cardiac monitoring
during adjuvant trastuzumab therapy, although methods and procedures for
monitoring have not been specified. In the case of the regimen of four cycles of
AC followed by paclitaxel plus trastuzumab, as in NSABP B-31 and NCCTG
N9831, NCCN recommend cardiac monitoring at baseline, and at 3, 6, and 9
months after treatment initiation [40].

The optimal duration of trastuzumab treatment has yet to be elucidated.
Each of the large trials incorporated a 1-year period of trastuzumab treatment.
Based on the positive clinical outcomes data from these trials, the NCCN
recommends that 1 year of trastuzumab be given in the adjuvant setting [40].
One year of adjuvant trastuzumab is also cost-effective [43–45]. The results of
the 2-year trastuzumab arm in HERA are eagerly awaited. Shorter durations of
trastuzumab therapy have also been investigated in small trials. Larger trials,
with longer follow up, are required before any conclusions regarding optimal
duration can be made.
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HER2 Testing

The use of laboratory testing for HER2 status as the sole determinant of

eligibility for adjuvant trastuzumab, or for patient selection to participate in

other anti-HER2 adjuvant studies, poses a significant challenge to pathologists

who perform the test and for oncologists who must interpret test results for

clinical decision-making. Knowledge of the tumor’s HER2 status was a pre-

requisite of the adjuvant trials evaluating trastuzumab, although the assays

used, as well as validation methods for the results initially obtained by local

pathologists varied in the different studies.
There is no current single global assay that is considered the ‘gold standard’

for HER2 testing. Factors that have been identified as potentially leading to

inaccuracies in HER2 testing include preparation, fixation, storage of the tissue

sections, the antibody or probes used, scoring or result interpretation, and

interobserver variability. Given this variability, which has been identified in

several of the large adjuvant trials [46, 47], several countries have developed

national guidelines for diagnostic centers to follow, including those recently

defined by the ASCO and CAP [5]. The guidelines are continuously evolving as

we better understand the issues surrounding HER2 testing and as more data on

response to anti-HER2 therapies become available.
It is recommended that HER2 status is evaluated on every primary breast

cancer at diagnosis. Assays such as IHC and enzyme-linked immunosorbent

assay (ELISA) detect HER2 receptor overexpression. FISH, CISH, and poly-

merase chain reaction measure the level of HER2 gene amplification. The two

most commonly used HER2 assays in clinical diagnostic, and recommended by

most pathologists and clinicians are IHC and FISH. At present, neither is

considered better than the other. CISH is occasionally used in some centers,

but is not routinely used for diagnostic or therapeutic decisions in most coun-

tries. Any assay used to determine HER2 status should be standardized by

adhering to written protocols and be regularly validated, internally and exter-

nally, through the implementation of quality control and quality assurance

measures [5].
Selection of patients for adjuvant anti-HER2 therapies have been based on

HER2 testing of tumor tissue using protein and gene analyses. However,

provocative, hypothesis generating data presented at the ASCO 2007 Annual

Meeting by investigators from NCCTG [22] and NSABP [42] suggest that

central HER2 testing may not be as predictive as previously thought for benefit

of adding trastuzumab to chemotherapy. Specifically, the studies raised the

question of reliability of HER2 testing and its reliability in the prediction of

which patients may benefit from adjuvant trastuzumab. The central testing was

conducted at Mayo Clinic (NCCTG N9831) and NSABP by teams of experi-

enced investigators who followed standard guidelines of proficiency testing and

have vast experience with both protein and gene analysis for HER2. These

groups independently reported a hazard ratio of 0.5 of adding trastuzumab for
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patients with negative HER2 testing centrally by both IHC and FISH [22, 42].
The reasons for these results are worthy of careful study, as they suggest that
central HER2 testing may not be as critically important for predicting benefit of
adjuvant trastuzumab. This may be a matter of tumor volume, the ability of
trastuzumab to enhance the effectiveness of chemotherapy even at ‘normal’
levels of HER2 expression, or the fact that the concept of HER2 ‘positivity’ and
eligibility for anti-HER2 treatment with adjuvant trastuzumab should be rede-
fined. Follow up of these provocative data will likely lead to the development of
further diagnostic analyses and prospective comparative clinical trials.

Future Directions

Further follow up of patients enrolled in the four large trastuzumab adjuvant
trials will provide long-term outcomes data. In addition, results comparing the
sequential vs concurrent paclitaxel plus trastuzumab arm in NCCTG N9831,
and those from the HERA 2-year trastuzumab arm will help define the benefits
and safety profiles of these regimens. Future research will investigate various
combinations, including trastuzumab with other targeted and non-targeted
therapies, and trastuzumab-based regimens with a better cardiac safety profile,
for example those that do not include anthracyclines. The other anti-HER2
agent that has already been incorporated in adjuvant trials is lapatinib, as part
of the ALTTO (N063D/BIG 2.06) trial. Other ongoing studies are examining
the optimal duration of trastuzumab therapy, to determine whether shorter
or longer that the standard 1-year therapy may be beneficial. Studies to
identify additional factors that may influence trastuzumab-based therapy
are ongoing, including other tumor markers that may optimize prediction
of benefit (such as topoisomerase II-alpha, c-myc, PTEN, p95, or multigene
patterns) or cardiotoxicity (such as troponins, single nucleotide polymorph-
isms, or metabolomics).

Conclusions

Patients with HER2-positive disease were considered to have a worse prognosis
than those with HER2-negative disease. Trastuzumab has now shifted this
paradigm to yield a better prognosis in HER2-positive early breast cancer
based on the significant improvements in disease-free and overall survival
observed with the addition of trastuzumab to standard adjuvant therapy. The
survival benefits also outweigh the risk of cardiac dysfunction. Based on these
data, it is important to identify all patients who could benefit from trastuzumab
therapy.
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Lapatinib: New Directions in HER2 Directed

Therapy for Early Stage Breast Cancer

A. Jo Chien and Hope S. Rugo

Introduction

Research over the last 20 years has resulted in the discovery of a wealth of

information with regard to the biology of HER2 and the HER family, as well as

convincing evidence supporting the HER2 oncogene hypothesis in the patho-

genesis of human breast cancer. HER2 overexpressing tumors are highly

addicted to HER2 function and undergo apoptotic cell death if HER2 function

is lost. Approximately 25–30% of breast cancers overexpress HER2; clinically

these tumors have been shown to have a more aggressive tumor biology and are

associated with a worse clinical prognosis [1, 2] (although this has beenmodified

by the use of chemotherapy and targeted therapies). Therefore, HER2 has

become one of the most attractive targets in cancer therapeutics.
Efforts to develop HER2-inhibitors have primarily focused on two classes of

drugs. The first includes monoclonal antibodies like trastuzumab that bind to the

extracellular domain of the HER2 receptor. As discussed in the previous chapter,

the administration of trastuzumab has led to significant improvements in disease-

free and overall survival when combined with standard chemotherapy in the

adjuvant and metastatic settings, and has become a mainstay in the management

ofHER2-amplified breast cancer. However, in themetastatic setting themajority

of tumors that initially respond to trastuzumab will acquire resistance to the

drug, and a subset of tumors will not respond to trastuzumab from the outset,

demonstrating primary resistance. Furthermore, as the use of trastuzumab

expands to the adjuvant setting, identifying and overcoming resistance to this

targeted therapy has become an increasing issue. Therefore, HER2-inhibitors

that are mechanistically distinct from trastuzumab and effective in trastuzumab-

resistant tumors are critically needed. This need has led to the development of

tyrosine kinase inhibitors (TKIs), a second class of HER2-inhibitors, which are
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small molecules that inhibit the catalytic kinase function of HER2. Currently
lapatinib is the most specific and potent HER2 tyrosine kinase inhibitor and the
furthest along in clinical development. It has shown clinical efficacy in combina-
tion with cytotoxic chemotherapy in the metastatic setting, and is currently being
actively studied in the adjuvant and neoadjuvant settings.

HER-2 Signaling

HER-2 is a member of the HER family of proteins which consist of four
members: EGFR (HER1), HER2, HER3, and HER4. The HER family
proteins are type I transmembrane growth factor receptors. Their structure
consists of an extracellular ligand-binding domain, a transmembrane
domain, and an intracellular catalytic tyrosine kinase domain. Upon ligand
binding to the extracellular domains, HER proteins undergo dimerization
and transphosphorylation of their c-terminal tails. These phosphorylated
tyrosine residues dock numerous intracellular signaling molecules that acti-
vate multiple downstream second messenger pathways leading to diverse
biological effects [3]. Unlike other HER-family members, HER2 lacks
ligand-binding activity, and instead relies on heterodimerization with other
members of the HER family in order to activate downstream signaling
cascades [4, 5]. Nevertheless, HER2 has the strongest catalytic kinase activ-
ity and HER2-containing dimers, in particular HER2-HER3 complexes,
have the strongest signaling functions in the family. HER2 activates several
downstream signaling cascades including the mitogen-activated protein
(MAP) kinase pathway, as well as the phosphatidylinositol-3-OH (PI3K)
and AKT pathway which regulates the transcription factors involved in
apoptosis and cell cycle arrest and is thought to be the pathway largely
responsible for the transforming potential of HER2-overexpressing cancers.

Mechanisms of Trastuzumab Resistance

Although it has been 10 years since the FDA approved trastuzumab for meta-
static breast cancer, the mechanisms underlying the anti-tumor activity of
trastuzumab are still not completely clear. Several molecular and cellular
mechanisms have been described in the literature and include downregulation
of surface HER2 expression, inhibition of downstream signaling pathways
through the induction of p27 and G1 block, suppressing Akt signaling, increas-
ing plasma phosphatase and tensin (PTEN) localization and activity in cells,
and immunological targeting mechanisms [6].

The objective response rate to trastuzumab monotherapy as first-line ther-
apy in patients with HER2-amplified metastatic breast cancer is only�34% [7].
Furthermore, most patients with metastatic disease who initially respond to
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trastuzumab will show disease progression within 1 year of therapy [8]. In the
adjuvant setting, at least 15% of women who receive trastuzumab either in
combination with or following chemotherapy still develop metastatic disease
[9, 10], and additional patients present with HER2 positive metastatic disease.
Therefore, intrinsic and acquired resistance to trastuzumab severely limits our
ability to treat HER2-driven breast cancers and understanding these mechan-
isms of resistance is critical to improving the survival of patients with HER2-
overexpressing tumors.

Blocking Receptor–Antibody Interaction

The mechanisms underlying trastuzumab resistance are likely multifactorial
and are equally unclear as are the mechanisms underlying trastuzumab anti-
tumor activity. One proposed mechanism by which cancer cells become resis-
tant to trastuzumab is through the disruption of the interaction between HER2
and trastuzumab. The membrane-associated glycoprotein MUC4 has been
shown to bind HER2 and sterically hinder HER2 from binding trastuzumab,
and increased MUC4 expression has been associated with increased trastuzu-
mab resistance [11, 12]. Nagy et al. demonstrated an inverse correlation between
the level of MUC 4 protein and trastuzumab binding capacity in JIMT-1, a
human HER2-overexpressing trastuzumab-resistant cell line [11]. In addition,
knockdown of MUC4 increased the sensitivity of JIMT-1 cells to trastuzumab.
The possibility that trastuzumab is unable to reach the HER2 receptor because
of mutations in the HER2 gene itself or because of decreased HER2 surface
expression over time has been proposed but there is currently no evidence to
support this.

Truncated HER-2 Protein

Truncated forms of HER2 have been shown to have an effect on trastuzumab
response. Matrix metalloproteases cleave the full-length 185-kDa HER2 protein
into a 110-kDa extracellular domain (ECD) that circulates in vivo and a 95-kDa
membrane-associated C-terminal fragment with increased kinase activity
(p95HER-2). The biologic activity of p95HER-2 has not been fully characterized,
but breast cancer cell lines stably transfected with p95HER-2 have been shown to
be resistant to trastuzumab [13]. Overexpression of p95HER2 causes growth of
xenograft tumors in nude mice which do not respond to trastuzumab [14]. In
addition to in vivo metalloprotease cleavage, truncated HER2 C-terminal frag-
ments can also result from alternative translation start sites [14]. Moreover,
p95HER-2 expression has been found to be an independent prognostic factor
in breast cancer and defines a group of patients with HER2-overexpressing
tumors that have an even worse clinical outcome [15]. Zabrecky et al reported
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data suggesting that the presence of HER2 ECD may promote resistance to
HER2-targeted antibodies. The authors showed that HER2-targeted monoclo-
nal antibodies bind to circulating HER2 ECD and decrease the level of antibody
available for binding to the membrane-bound fragment of HER2, thereby allow-
ing continued signaling through the kinase domain despite HER2 antibody
exposure [16]. While studies looking at the predictive value of baseline HER2
ECD in assessing trastuzumab response in metastatic breast cancer have had
mixed results, multiple studies have shown that declining ECD levels during
trastuzumab therapy correlate with improved disease free survival [17, 18].

Insulin Growth Factor-1 Receptor Signaling

Increased signaling from the insulin-like growth factor-I receptor (IGF-1R)
may also contribute to trastuzumab resistance. Overexpression of IGF-IR
reduces the growth arrest induced by trastuzumab in HER2-amplified cancer
cells while inhibition of IGF-1R activation and signaling restores trastuzumab
sensitivity [19]. There are in vitro studies that suggest that trastuzumab-
resistance resulting from increased IGF-1R signaling may be mediated by
decreased p27 levels [20]. Other studies have shown the IGF-1R to interact
directly with and phosphorylate HER2 in trastuzumab-resistant cells but not in
trastuzumab-sensitive cells [20].

PTEN and AKT Signaling

Another potential mechanism of trastuzumab resistance includes increased Akt
activity, which has been described in BT474 HER2-overexpressing breast cancer
cells when compared with parental cells [21]. Nagata et al. showed that down-
regulation of PTEN in HER2-overexpressing breast cancer cell lines increases
PI3K/Akt signaling and blocks the growth-arrest caused by trastuzumab.
Furthermore, the lack of PTEN expression in tumors from patients with
HER2-amplified breast cancer is associated with a decreased response to trastu-
zumab-based therapy compared to thosewith normal PTEN levels, and therefore
the loss of PTEN may be a reasonable predictor of trastuzumab resistance [22].
While these data are compelling, the patients received a combination of trastu-
zumab and cytotoxic chemotherapy which prevents definitive conclusions about
the relationship between PTEN and trastuzumab resistance to be made.

Other Proposed Trastuzumab Resistance Mechanisms

Many other mechanisms of trastuzumab resistance have been implicated
including increased signaling by other members of the HER family, increased
levels of the ErbB family ligands such as heregulin, EGF, and TGF-a [23–25],
and decreased activity of endogenous HER2 inhibitors such as mitogen-indu-
cible gene 6 protein (MIG-6) [26].
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Lapatinib

Lapatinib (brand name Tykerb or Tyverb), also known as GW572016, is a
4-anilinoquinazoline class TKI developed at GlaxoSmithKline (GSK) Group
Company. It is the TKI furthest along in clinical development for HER2-
overexpressing breast cancer. Lapatinib is a reversible small molecule dual-
specificity TKI that inhibits both EGFR and HER2 with great specificity and
potency (IC50 values of 11 nM and 9 nM, respectively) [27]. Compared to other
TKIs in clinical development, lapatinib has a much slower dissociation rate
which allows for prolonged inhibition of HER2 catalytic kinase activity.

Theoretical Advantages of Lapatinib over Trastuzumab

TKIs, at least in theory, have certain advantages over antibody therapies for
the treatment of HER-2 amplified tumors. While antibody therapies are cell
impermeable agents that rely on binding to the ECD of HER2, TKIs
are cell-permeable agents that can potentially inhibit the ligand-dependent
and -independent kinase activity of HER2 residing within the intracellular
domain. This strategy has solid rationale since kinase activity is essential for
the oncogenic function of HER2 [28]. TKIs potentially offer the opportunity to
fully inactivate HER2 kinase function in patients with HER2-overexpressing
cancer, regardless of ligands, protein truncation resulting in lack of ECD, or
dimerization status, and tomuchmore directly test the validity of this treatment
approach in patients. Furthermore, approximately 30% of breast cancers co-
express HER2 and EGFR. Lapatinib offers this subset of patients the theore-
tical added benefit of inhibiting both receptors, and may be more effective in
trastuzumab-resistant cells where compensatory increased EGFR-signaling
might contribute to the decreased response to trastuzumab therapy.

It is also possible that a small molecule like lapatinib is more likely to cross
the blood-brain barrier than a large antibody like trastuzumab, and therefore
may be better at preventing and treating brain metastases in HER2-amplified
breast cancer. This would be an important difference between the two agents
because patients with HER2-overexpressing disease are known to be at
increased risk of developing isolated brain metastases even after treatment
with trastuzumab [29]. A phase II trial of lapatinib as first-line therapy in 130
patients with metastatic HER2 positive breast cancer provided unintended
data; a single patient was found to have a large occipital metastasis that was
missed on screening. At first-follow-up (week 8) [30] on treatment with lapatinib
alone, the brain lesion had almost completely resolved. The first hint that
lapatinib might prevent CNS metastases came from a randomized phase III
study of 321 patients with trastuzumab-refractory metastatic breast cancer who
were randomized to receive either single-agent capecitabine or capecitabine
with lapatinib [31]. Although the incidence of progressive CNS metastases
was not the primary endpoint, the authors reported fewer CNS events as a
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site of first progression in patients who received lapatinib compared to those
who received capecitabine alone (4 (2%) vs 13 (6%), p¼ 0.045) [32]. This
hypothesis was further studied in a phase II trial with 39 patients with HER2-
positive metastatic breast cancer who had at least 1 progressing CNSmetastasis
>1 cm in greatest diameter. Women were treated with lapatinib 750mg twice
daily in 4-week cycles. Patients were heavily pre-treated as all patients had
developed brain metastases while receiving trastuzumab, and 37 had progressed
after prior radiation. One patient (2.6%) achieved a PR in the brain byRECIST
criteria, and seven patients (18%) were progression free in both CNS and non-
CNS sites at 16 weeks [33]. Although these data did not meet pre-defined
criteria for anti-tumor efficacy, there was a suggestion of volumetric reduction
in brain tumor burden. These data prompted a large, multi-center, randomized
phase II study to further investigate the potential clinical benefit of lapatinib
monotherapy on brain metastases using magnetic resonance imaging and volu-
metric change as a primary endpoint of antitumor efficacy [34]. A total of 241
patients with progressive CNS disease following prior radiation were treated
with lapatinib 750mg twice daily. Partial responses were seen in 15 (6%), and
stable disease in an additional 102 (42%). Progression free survival was 15
weeks. Taken together, this data indicates that lapatinib has efficacy in treating
and possibly preventing brain metastases in patients with HER2 positive dis-
ease, and could be a potential advantage in the adjuvant setting.

Pre-Clinical Studies with Lapatinib

Lapatinib has anti-proliferative and pro-apoptotic activity in EGFR- and
HER2-dependent tumor cell lines and xenograft models, and has been shown
to inhibit a number of downstream signal transduction pathways deemed to be
important in tumor growth, including the MAPK and PI3K/Akt pathways [27].
The PI3K/Akt pathway has anti-apoptotic signaling functions and inhibition of
this pathway by lapatinib leads to increased apoptotic signaling and enhanced
sensitivity to apoptotic insults [27, 35]. In vitro studies combining lapatinib with
trastuzumab and other anti-HER2 antibodies have reported enhanced apoptosis
in HER2-overexpressing breast cancer cells compared to cells treated with tras-
tuzumab alone [36]. Moreover, lapatinib has been shown to retain significant in
vitro activity against cell lines selected for long-term outgrowth (>9 months) in
trastuzumab-containing culture medium [37]. Nahta and colleagues have shown
that lapatinib induces apoptosis to the same degree in trastuzumab-resistant cells
as it does in trastuzumab-sensitive cells, and propose that this may, at least
partially, be due to the concomitant inhibition of IGF-1 signaling [38]. Recent
data suggest that lapatinib, unlike trastuzumab, exerts its anti-tumor activity
through a PTEN-independent manner. Knockdown of PTEN in HER2-
overexpressing breast cancer cell lines with small interfering RNA transfection
did not alter lapatinib’s ability to induce apoptosis in these cells [39]. As men-
tioned previously, Scaltriti and colleagues showed that p95HER2-transfected
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breast cancer cell lines are resistant to trastuzumab. The authors also demon-
strated that lapatinib inhibits p95HER2 phosphorylation, reduces downstream
phosphorylation of Akt and MAP kinases, and inhibits cell growth in these cells
while trastuzumab does not have any effect on these parameters [13]. In sum,
these in vitro and in vivo observations provide a clear biological rationale for
moving lapatinib forward in the clinical setting and strongly suggest that there is a
role for lapatinib in trastuzumab-resistant HER2-dependent breast cancer, and
perhaps a role for the prevention of brain metastases as well.

Clinical Trials Testing Lapatinib as Treatment of Advanced
and Inflammatory Breast Cancer

Advanced Disease

Currently, the only reported clinical efficacy data for lapatinib is in patients with
metastatic or inflammatory breast cancer (IBC), for both treatment refractory
and naı̈ve disease. Two phase II trials of lapatinib monotherapy enrolled more
than 220 patients with trastuzumab-refractory and heavily pre-treated HER2-
overexpressing breast cancer (EGF 20002 and EGF 20008). Modest clinical
activity was seen with response rates of 4 and 8%, respectively [30, 40]. Although
these results are overall somewhat discouraging, significant variability exists in
small reported studies. For example, Iwata et al reported preliminary data at the
2006 San Antonio Breast Cancer Symposium showing an objective response rate
of 24% in a cohort of 45 women with metastatic trastuzumab-refractory breast
cancer treated with single agent lapatinib [41, 42].

In the first-line setting, EGF20009 evaluated twodifferent schedules of lapatinib
as monotherapy in women with HER2-overexpressing metastatic breast cancer
[30]. A total of 138 patients were treated with either 1,500mg once daily or 500mg
twice daily. The overall response rate was 24%,with a 31%clinical benefit rate and
progression free survival was 43% at 6 months. The most common adverse events
were similar to that seen in single agent studies in heavily pre-treated disease and
included diarrhea, rash, pruritis, and nausea; these events were primarily grade 1 or
2. These data suggest that lapatinibmay have similar efficacy to trastuzumab in the
treatment naı̈ve setting, although with a clearly different toxicity profile.

In addition to the monotherapy of HER2 overexpressing breast cancer, numer-
ous completed or ongoing studies have evaluated the efficacy of lapatinib in
combination with various chemotherapeutic agents. Indeed, the first of these trials
led to FDA approval of lapatinib in combination with capecitabine for trastuzu-
mab resistant advanced breast cancer. Based on encouraging data from a phase II
trial, this large phase III study randomized patients with trastuzumab-refractory,
and anthracycline and taxane pre-treated advanced or metastatic breast cancer
(EGF100151) compared capecitabine alone (2,500mg/m2ondays 1–14of a 21-day
cycle) to capecitabine combined with lapatinib (capecitabine 2,000mg/m2 on days
1–14 of a 21-day cycle and lapatinib 1,250mg daily). The study planned to enroll
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528 patients, however, after the first interim analysis of time-to-progression met
specified criteria for early reporting on the basis of superiority in the combination-
therapy group enrollment was discontinued.A total of 321 patients were evaluable.
Treatment with the combination-therapy arm was associated with a statistically
significant 4-month increase in time-to-progression compared to treatmentwith the
monotherapy arm (8.4 vs 4.4 months, respectively) [31]. This improvement in time
to progression was achieved without a significant increase in serious toxicities,
although treatment with both agents was associated with an increase in grade 1
and 2 diarrhea. Based on this data, lapatinib was approved by the FDA in 2007 in
combination with capecitabine for the treatment of patients with HER2 overex-
pressing, trastuzumab, taxane and anthracycline pre-treated advanced breast
cancer.

Based on the known effectiveness of taxanes in the treatment of both HER2
normal and overexpressing breast cancer, a phase III trial treated 579 patients
with chemotherapy and trastuzumab naı̈ve advanced breast cancer with every
3 week paclitaxel with or without lapatinib [43]. Diarrhea was more common in
the lapatinib treated patients (8 vs <1%), as were all grades of rash, and
mucositis. There was an increase in toxic deaths with combination therapy
(2.7 vs 0.6%), thought to be due to the initial lack of experience with managing
diarrhea, and a pharmacokinetic interaction between lapatinib and paclitaxel
that results in �20% increase in AUC for both drugs. In the entire cohort,
lapatinib improved investigator assessed response rate, but not PFS. In con-
trast, in the 15% (placebo arm) to 19% (lapatinib arm) of patients with
HER2+ disease, lapatinib improved TTP (7.9 vs 5.2 months, p¼ 0.007, HR
0.56)) and response rate (60 vs 36%, p¼ 0.027, OR 2.9), with a trend towards
improved overall survival. Extensive data has demonstrated there HER2 posi-
tive tumors are relatively resistant to hormone therapy. A recently completed
phase III trial compared the combination of the aromatase inhibitor letrozole
with lapatinib to letrozole alone as first-line therapy for patients with hormone
receptor positive advanced breast cancer. Treatment with the combination
therapy resulted in a significant improvement in both PFS (3 vs 8.2 months,
p = 0.019) and response (15 vs 28%, p = 0.021) in the subset of patients with
HER2-positive disease (n=219). Therapy was generally well tolerated,
although more patients discontinued therapy in the combination arm due to
toxicity. This data compares favorably with hormone therapy combined with
trastuzumab, and suggests that HER2 directed therapy can reverse at least a
component of hormone resistance in this tumor subset [44].

Lapatinib Combinations

There is reason to believe that a combination of two HER2 directed therapies
with different mechanisms of action could result in a synergistic anti-tumor
effect, and potentially reverse resistance. An obvious combination with non-
overlapping toxicity is lapatinib and trastuzumab. Intriguing data from a phase
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I study in women with advanced or metastatic HER2-overexpressing breast
cancer has led to a large, randomized trial testing this combination. In the phase
I trial, lapatinib was administered in escalating doses (750–1,500mg/day) in
combination with standard weekly dosing of trastuzumab, with expansion at
the identified phase II dose for pharmacokinetic studies [45]. A total of
54 patients were treated, 27 in the dose escalation portion, and 27 in the
expansion cohort, and the identified phase II dose of lapatinib was 1,000mg/
day with standard weekly trastuzumab. One patient had a complete response,
and seven patients had partial responses. Pharmacokinetic studies were not
different with the combination compared to monotherapy, and adverse events
were mild to moderate in severity with no drug-related grade 4 events. The
subsequent phase III trial randomized 296 patients with HER2/neu positive
disease refractory to prior chemotherapy (anthracycline and taxane) and tras-
tuzumab to lapatinib (1,500mg/day) or lapatinib (1,000mg/day) combined
with tratuzumab [46]. Crossover from lapatinib monotherapy to combination
therapy was allowed on disease progression. The PFS was significantly longer
in patients receiving the combination therapy at 12 vs. 8 weeks (p¼ 0.008), with
no significant increase in toxicity. This study provides supportive data for the
combination arm of the adjuvant ALTTO trial described below.Multiple phase
II trials testing a variety of combinations are ongoing.

Data from human breast cancer lysates has demonstrated a significant
positive association between HER-2/neu and VEGF expression, with the
majority of HER2/neu overexpressing tumors demonstrating overexpression
of VEGF and a poorer prognosis [47]. These studies provided the background
for a phase I/II trial testing the combination of trastuzumab with bevacizumab,
an antibody to vascular endothelial cell growth factor (VEGF). In the 37
evaluable patients reported to date from the phase II trial, the overall response
rate was 54% (3% complete and 51% partial); cardiac toxicity was observed at
a low rate [48]. The positive results from this trial have led to two ongoing phase
III randomized trials testing the addition of bevacizumab to a combination of
chemotherapy and trastuzumab; the BETH trial in the adjuvant setting, and the
ECOG 1103 trial in the first-line metastatic setting.

Combinations with oral TKIs have also tested this concept. The combination
of lapatinib and bevacizumab is being evaluated in an ongoing phase II clinical
trial; preliminary data was presented at ASCO in 2008 in the first 32 patients
demonstrating a partial response rate of 13% and a clinical benefit rate of 35% in
largely trastuzumab refractory disease [49]. PFS was 63%, and there were no
unexpected toxicity signals. Lapatinib alone (1,500mg/day) was compared to the
combination of lapatinib (1,000mg/day) and the oral VEGFR targeted TKI
pazopanib in a randomized phase II trial in 141 patients with trastuzumab and
chemotherapy naı̈ve metastatic HER2 positive breast cancer [50]. Two doses of
pazopanib improvement in PFS at 12 weeks in the combination arm (63 vs 84%,
p¼ 0.0091). Treatment with the lower dose (400 mg/day) also resulted in an
improvement in 12 week response rate from 22% with lapatinib alone, to 36%
with the combination. There was no further improvement with higher dose
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pazopanib (800mg) and lapatinib (1500mg), and the combinationwas associated
with significant grade 3/4 diarrhea.At the higher dose, about one third of patients
were dose reduced or discontinue therapy due to toxicity [51].

Inflammatory Disease

Single agent lapatinib was evaluated in an international multi-center open-label
phase II trial (EGF103009) in patients with recurrent or anthracycline-refrac-
tory IBC. Patients were divided into two cohorts based on their EGFR and
HER2 status. Cohort A included patients with HER2-overexpressing tumors
and cohort B included patients with HER2-negative/EGFR-positive tumors.
A total of 45 patients (30 in cohort A, 15 in cohort B) received 1,500mg of
lapatinib monotherapy once daily. Fifteen patients (50%) in cohort A, where
75% of patients had previously received trastuzumab, had a clinical response to
lapatinib while only one patient responded in cohort B. This finding supports
the data that it is the overexpression of HER2 rather than EGFR that deter-
mines a tumor’s potential susceptibility to lapatinib, and suggests that lapatinib
may be more active in the treatment of earlier and less heavily pre-treated
disease. Within cohort A, phosphorylated (p) HER-3 and lack of p53 expres-
sion predicted for response to lapatinib (P<0.05), and neither prior trastuzu-
mab therapy nor loss of PTEN prevented a response [52]. To investigate further
the efficacy of lapatinib in IBC, a neoadjuvant phase II trail evaluated the efficacy
of lapatinib in combination with paclitaxel [53]. A total of 35 patients with IBC
were treated with lapatinib at 1,500mg once a day for 14 days, with a pre and
post-treatment biopsy, followed by lapatinib at the same dose combined with
weekly paclitaxel at 80mg/m2 for 12 weeks followed by surgery. Thirty patients
had HER2 overexpressing disease, and five had non-amplified disease. The
overall response rate to the first 2 weeks of lapatinib was 30%, and the overall
response rate was 77%. Three out of 18 patients had a pathologic complete
response. Toxicity was significant with 60% of patients experiencing at least
grade 3 diarrhea, and 20% experiencing at least grade 3 fatigue and/or asthenia.
Correlative studies are ongoing to evaluate predictors of response or resistance to
lapatinib in this setting, but clearly lapatinib alone as well as in combination with
chemotherapy is an active treatment neoadjuvant treatment strategy for HER2
overexpressing IBC.

Toxicities of Lapatinib

Continuous daily dosing of lapatinib is well tolerated and dose escalation
studies have determined that lapatinib is tolerable up to 1,800mg/day given
once daily. The most common toxicities of lapatinib are diarrhea, nausea,
headache, dyspnea, dehydration, and rash [54, 55].

HER2 function is known to be important in cardiac development and function.
Mice lacking the HER2 homologue,Neu, die during embryogenesis withmultiple
abnormalities including cardiac malformation [56]. Mice engineered to lose Neu
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expression during adulthood develop dilated cardiomyopathy [56–58]. Therefore,
drugs that inactivate HER2 understandably may lead to cardiac toxicities and
warrant close cardiac monitoring. The evaluation of specific cardiac toxicities
of HER2-targeted agents in clinical studies is complicated by the widespread use
of cardiotoxic chemotherapeutics in these patients, as well as the contribution of
these cardiotoxic therapies to resulting toxicities from HER2 directed therapy.

There is now extensive experience with the effect of trastuzumab on cardiac
function. The incidence of cardiac dysfunction in studies with either trastuzu-
mab monotherapy or trastuzumab in combination with non-anthracycline
chemotherapies is in the range of 3–7% [59], although it may be much higher
in patients with pre-existing cardiac damage, exposure to high doses of anthra-
cyclines, and in those with cardiac risk factors. The majority of these events are
mild, manageable with standard cardiac medications, and largely reversible
upon discontinuation of trastuzumab. Lapatinib appears to have lower rates
of cardiac toxicity in clinical studies to date. Perez and colleagues analyzed data
from 3,689 patients treated with lapatinib in 43 phases I–III lapatinib clinical
trials and showed that 1.6% of patients had a decrease in left ventricular
ejection fraction (LVEF) [55]. Only 0.2% of patients had a symptomatic
decrease in LVEF. Subgroup analyses showed that the incidence of LVEF
depression was similar between patients who had previously received an anthra-
cycline-based therapy but not trastuzumab (2.2%), patients who had previously
received trastuzumab and chemotherapy (1.7%), and patients who were tras-
tuzumab- and anthracycline-naı̈ve (1.5%). The cardiac events were generally
reversible, of short duration, and non-progressive. Of note, the majority of the
patients in this meta-analysis were trastuzumab- and anthracycline-naive and
therefore the toxicity rates may be an underestimate. Cardiac safety was mon-
itored in the phase III trial of capecitabine with and without lapatinib and there
was no change in mean cardiac ejection fraction or any symptomatic cardiac
events from the addition of lapatinib [31]. Continued cardiac evaluation is
warranted in current and future lapatinib trials, but thus far it appears that
lapatinib-induced cardiac dysfunction is uncommon.

A unique toxicity associated with lapatinib and many other oral TKIs is
related to the effect of these agents on metabolism of other drugs, the effect of
many drugs and dietary factors on the metabolism of lapatinib. Lapatinib is
metabolized through the liver by the cytochrome P450(CYP)3A4 pathways,
and to a small degree excreted in feces. Specific dietary recommendations exist
to help ensure reproducible absorption, including avoiding agents or foods
(grapefruit juice) that increase or lower gastric pH, and lapatinib should be
used with caution in patients with hepatic dysfunction. Lapatinib may decrease
themetabolism of a variety of agents, and this is thought to be themechanism of
increased toxicity seen when standard doses of paclitaxel and lapatinib are
combined. This effect can be reduced by decreasing the dose of lapatinib, a
strategy employed in the large international adjuvant trial described below. A
similar interaction has been noted when lapatinib is given in combination with
irinotecan, with a 50% increase in SN-38, the active metabolite [60].

Lapatinib 207



Ongoing Lapatinib Trials for Early Stage HER2 Overexpressing Breast Cancer

The data reviewed above suggests that lapatinib may be an important addition
to adjuvant and neoadjuvant therapy for HER2-overexpressing breast cancer.
Preclinical studies have demonstrated activity in trastuzumab resistant cell lines
and xenograft models of HER2 overexpressing breast cancer. Lapatinib has
shown clinical benefit in combination with chemotherapy in trastuzumab-
refractory metastatic disease, as well as low level single agent activity in this
setting. As monotherapy in trastuzumab naı̈ve advanced disease, response rates
are similar to previous studies with trastuzumab. In combination with pacli-
taxel, lapatinib improved response rate as well as progression free survival.
Preliminary data has demonstrated efficacy in the treatment of inflammatory
disease, as well as intriguing responses in trastuzumab refractory disease when
combined with trastuzumab. These data provide supporting information for
the ongoing adjuvant and neoadjuvant trials outlined below. In addition, the
potential of lapatinib to prevent brain metastases is an exciting area of research
in the treatment of early stage disease.

Adjuvant Trials

ALLTO Trial

The Adjuvant Lapatinib and/or Trastuzumab Treatment Optimization Study
(BIG 2-06/N063D/EGF106708) is an ongoing international cooperative group
phase III study for HER2-overexpressing early stage breast cancer. Eligibility
includes completion of primary surgery, no prior anti-HER2 therapy, and at
least four cycles of an approved anthracycline-based adjuvant chemotherapy
regimen. Physicians have the option to enroll patients in one of two designs;
design one does not include a taxane, and design 2 allows 12 weeks of con-
current weekly paclitaxel with the start of biologic therapy. A total of 8,000
patients will be randomized to 1 of 4 treatment arms including: (1) trastuzumab
alone for a total of 52 weeks (6mg/kg every 3 weeks in design 1 or 2mg/kg
weekly for 12 weeks followed by 6mg/kg every 3 weeks for 40 weeks in design
2); (2) lapatinib alone at a dose of 1,500mg daily for a total of 52 weeks; (3)
sequential therapy with trastuzumab 2mg/kg weekly for 12 weeks followed by a
6-week washout and then lapatinib 1,500mg daily for 34 weeks; and (4) combi-
nation therapy with lapatinib 1,000mg daily in combination with trastuzumab
(6mg/kg every 3 weeks in design 1 or 2mg/kg weekly for 12 weeks followed by
6mg/kg every 3 weeks for 40 weeks in design 2). A recent phase II trial has
demonstrated significant toxicity including a 20% rate of grade 3 diarrhea in
patients treated with the combination of weekly paclitaxel, trastuzumab and
lapatinib at 1,000mg a day [61]. Based on this data, the dose of lapatinib in the
ALTTO trial has been reduced to 750mg a day during concomitant trastuzu-
mab and paclitaxel, and then is increased again to full dose (1,000mg/day) at
the end of chemotherapy.
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The primary endpoint of the study is disease-free survival. The secondary
endpoints include overall survival, time to recurrence, and incidence of brain
metastases as the first site of recurrence, safety and tolerability. Translational
studies includingmeasurements of PTEN, c-Myc, and p95HER2will be assessed.

TEACH Trial

Many women with HER2-overexpressing breast cancer may not have received
adjuvant trastuzumab if their adjuvant chemotherapywas completed prior toMay
2005, when the benefits of adjuvant trastuzumab were first established. In addi-
tion, a small population of women is unable to receive trastuzumab due to
underlying cardiac disease, or hypersensitivity reactions. The TEACH (Tykerb
Evaluation After Chemotherapy) trial is a phase III randomized, double-blind,
multi-center, placebo-controlled trial assessing the benefit of adjuvant lapatinib
therapy in patients with early-stage, trastuzumab-naı̈ve, HER2-overexpressing
breast cancer. Eligible women must have trastuzumab or lapatinib naı̈ve stages
I–IIIc HER2-positive breast cancer, have completed neoadjuvant or adjuvant
chemotherapy prior to enrollment and have no evidence of disease. A total of
3,000 patients have been randomized to 1 year of lapatinib at a dose of 1,500mg
daily or placebo for 1 year. The primary endpoint is disease-free survival. Second-
ary endpoints include overall survival, rate of CNS recurrence, CNS recurrence-
free survival, and safety, and efficacy data is expected over the next several years.

Neoadjuvant Trials

The neoadjuvant approach to chemotherapy has become more commonly used
in the treatment of operable breast cancer since large randomized trials have
shown no difference in relapse-free and overall survival whether chemotherapy
is administered before or after surgery [62–64]. Neoadjuvant therapy increases
the opportunity for breast conserving therapy for patients with large or inoper-
able tumors, allows the anti-tumor efficacy of novel compounds to be tested
more efficiently using pathological complete response as a surrogate endpoint
for disease free survival [65], and provides an opportunity to obtain serial tissue
and imaging for correlative science studies. There are currently a number of
ongoing studies evaluating lapatinib in the neoadjuvant setting.

NeoALLTO Trial

The NeoALLTO study is a parallel group, three-arm, randomized, multi-center,
open-label phase III neoadjuvant study of women with HER2-overexpressing
breast cancer >2.0 cm who have not undergone previous treatment for their
invasive cancer. The study will enroll 450 patients and will compare the efficacy
and tolerability of: (1) neoadjuvant oral lapatinib (1,500mg daily) for 6 weeks,
followed by lapatinib plus weekly paclitaxel (80mg/m2) for an additional 12
weeks; (2) trastuzumab (4mg/kg load followed by 2mg/kg weekly) for 6 weeks,
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followed by trastuzumab plus weekly paclitaxel (80mg/m2) for an additional
12 weeks; (3) oral lapatinib (1,000mg daily) plus trastuzumab (4mg/kg load
followed by 2mg/kg weekly) for 6 weeks, followed by lapatinib (at 750mg/day)
and trastuzumab plus weekly paclitaxel (80mg/m2) for an additional 12 weeks.
Definitive surgery will be performed within 4 weeks of the last dose of paclitaxel.
Patients will begin adjuvant treatment with three cycles of 5-fluorouracil, epir-
ubicin, and cyclophosphamide (FEC) within 6 weeks of surgery and afterwards
will continue on the same anti-HER2 treatment they received in the neoadjuvant
setting for an additional 34 weeks. The primary endpoint is pathologic complete
response. Secondary endpoints include the safety and tolerability of the three
treatment arms, the objective response rates at the end of the of the 6-week
biological window and at the time of definitive surgery, the rate of conversion
to breast conserving surgery, disease free survival and overall survival. Correla-
tive studies will be performed to identify themolecular characteristics of respond-
ing tumors by immunohistochemical, FISH, genomic and proteomic analysis.
Circulating tumor cells and the expression of other biomarkers will be assessed
before and during therapy to establish correlations with clinical outcome.

NSABP-B41

NSABP-B41 is a randomized phase III study with a design similar to
NeoALLTO except for the use of upfront anthracyclines. A total of 522 patients
with operable HER2 overexpressing breast cancer >2.0 cm will be treated with
doxorubicin 60mg/m2 and cyclophosphamide 600mg/m2 every 3 weeks for
four cycles followed by weekly paclitaxel 80mg/m2 on days 1, 8, and 15 of a
28-day cycle for 12 doses (4 cycles) with trastuzumab, lapatinib or the combina-
tion. Post-operatively, all patients receive trastuzumab 6mg/kg every 3 weeks to
complete 1 year of anti-HER2 targeted therapy. The primary endpoint is
pathologic complete response.

CALGB 40601

CALGB 40601, which will open to enrollment in the later part of 2008, is a
randomized phase III trial again similar in design to the NeoALLTO trial with
multiple embedded correlative endpoints. A total of 400 patients with newly
diagnosed stage II/III HER2-overexpressing breast cancer that is>1 cm will be
treated with weekly paclitaxel for 16 weeks and randomized to concurrent
weekly trastuzumab, daily lapatinib or the combination. Tissue is obtained at
treatment start and at the time of surgery, and the primary endpoint is patho-
logic complete response. Planned correlative science studies will examine path-
ways implicated in trastuzumab and lapatinib resistance. Post-operative
therapy is left to the discretion of the treating physician but either dose dense
or every 3 weeks doxorubicin and cyclophosphamide are recommended as well
as 1 year of post-surgical trastuzumab therapy.
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Other Ongoing Neoadjuvant Trials

Several investigator initiated trials are ongoing internationally. Two examples
are described here. The feasibility and efficacy of using lapatinib in combination
with nanoparticle-albumin-bound paclitaxel (nab-paclitaxel) abraxane in the
neoadjuvant setting is being investigated at Northwestern University by Gra-
dishar and colleagues. In this study nab-paclitaxel abraxane 260mg/m2 is given
every 3 weeks of a 4-week cycle in combination with either lapatinib 1,000mg/
day or 1,500mg/day for a total of four cycles. Stanford University is conducting
an open-label phase II trial evaluating pathologic complete response in clinical
stage II/III breast cancer following neoadjuvant chemotherapy with sequential
doxorubicin 60mg/m2 plus cyclophosphamide 600mg/m2 every 2 weeks for four
cycles followed by docetaxel every 3 weeks with concurrent lapatinib 1,250mg
daily for four cycles. The primary endpoint is pathologic complete response.

Concluding Remarks

While the discovery of trastuzumab has certainly improved the clinical prog-
nosis of a highly aggressive subset of breast cancer, de novo and acquired
trastuzumab resistance is a known problem and is clinically an increasing
issue with adjuvant use of trastuzumab. Lapatinib has proven to be well-
tolerated and active against trastuzumab-resistant tumors both in preclinical
and clinical studies, and its efficacy as a single agent in the treatment of
inflammatory breast cancer hints that it may be an effective agent in the
treatment of early stage breast cancer. Results from numerous ongoing neoad-
juvant and adjuvant studies are eagerly awaited.
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Supportive Care During Adjuvant Treatment

Annabel Pollard

Background: The Context of Supportive Care During Adjuvant

Therapy for Breast Cancer

Introduction

The diagnosis and treatment of breast cancer has a substantial impact on
health, emotional well-being and quality of life. Adjuvant systemic therapy
(the administration of chemotherapy, endocrine or biologic therapy) is a dis-
tinct phase of breast cancer treatment following primary treatment [1]. Adju-
vant systemic therapy is currently recommended to most women with newly
diagnosed breast cancer and is associated with declining mortality for women
with breast cancer [2, 3]. Every year in the United States approximately 200,000
women are diagnosed with breast cancer [4].

Most women will be diagnosed with potentially curable early stage disease;
however the multimodal nature of adjuvant therapy, including chemotherapy,
hormone and radiation treatments, typically extends over several months after
primary treatment, and is associated with a variety of acute side effects, delayed
toxicities and psychosocial sequelae. Over the past 20 years there has been
growing recognition that these side effects and toxicities affect quality of life
in both the short and longer term [5]. Thus a substantial, and growing, number
of women will be living with the ongoing effects of adjuvant systemic therapy
after primary treatment for breast cancer. Factors such as type of adjuvant
treatment, psychological morbidity, age at diagnosis, and social situation will
all affect how a woman will cope with the challenges associated with a diagnosis
of breast cancer and adjuvant treatment.

Supportive care is aimed at ameliorating treatment related side effects
and toxicities; unmet needs have been well documented in cancer popula-
tions and in women with breast cancer [6, 7]. Supportive care strategies
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must be evidence based and should take into account the complex inter-
play of physical and psychosocial factors that affect women during the
course of adjuvant therapy.

The chapter outlines four distinct aspects of supportive care associated with
adjuvant therapy. These are: (1) making the decision to have adjuvant therapy
post diagnosis and primary treatment; (2) the impact of adjuvant therapy on
psychosocial variables; (3) coping with the impact of key treatment related side
effects; and (4) follow up and survivorship issues. Implications for supportive
care interventions are discussed.

Supportive Care During Adjuvant Breast Cancer Treatment

The Definition Of Supportive Care

Supportive care has been defined as ‘‘. . .the provision of necessary services as
defined by those living with or affected by cancer to meet their physical, social,
emotional, informational, psychological, spiritual and practical needs during
the pre-diagnostic, diagnostic, treatment and follow-up phases of cancer’’ [8].
Fitch’s definition is a broad one; however it encourages a comprehensive
approach to service planning and care delivery.

This model suggests that the majority of patients will require less intensive
supportive care across the range of known support needs. By predicting the
distribution and intensity of supportive care needs this model can be used to
identify which resources are required and where resources might need to be
positioned, throughout an organisation or cancer service, to enhance provision
of supportive care in a sustainable and cost effective manner. For example, in
this model allwomen will require information about their treatment and factors
such as diet, exercise and emotional adjustment (typically provided by medical
and nursing staff) whilst some or a few might require intensive support from a
specialist health professional (dietician, physiotherapist, psychiatrist). More-
over, a breast cancer service will have a different profile of supportive care needs
compared to a lung cancer service [9]. Notwithstanding this Fitch, proposes that
a significant minority of patients with cancer, about 30–40%, will require
specialised or more intensive assistance over the course of cancer diagnosis
and treatment [8].

Distress Screening

An important step in the provision of supportive care services in the
oncology setting is the identification of the patient and family’s specific
needs. The systematic identification of need is essential as, for example,
studies indicate that health care professionals frequently fail to recognise
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psychosocial distress [10, 11]. In fact, a number of consensus guidelines
now recommend screening as an integral component of cancer care, and
ideally patients should be screened across the treatment continuum [12,
13–16]. The presence of an effective screening system and referral process
is central to the early identification of unmet needs or morbidity in the
cancer patient population, facilitating delivery of effective and timely
supportive care interventions to those identified at risk or with sizable
needs [6, 16]. Whilst the assessments of quality of life, satisfaction with
care and other psychosocial parameters have become more common, few
of these assessments clarify which issues are important to the patient [6].
The identification of supportive care needs provides an indication of the
incidence of need, allowing targeting of support services to specific needs
[17]. A needs screening is a process undertaken to identify patient percep-
tions of issues for which they may require help to maintain or regain
optimal health and quality of life outcomes [18]. Consistent with the
Fitch model [8], screening also needs highlights gaps in the overall provi-
sion of supportive care services. The Distress Thermometer is an example
of a simple tool shown to identify effectively and quickly a range of
problems and psychosocial distress and has been well validated in a cancer
population [16]. Ideally, screening should be repeated at key points along
the treatment continuum.

Referral Pathways

Effective screening identifies patients at increased risk, or those with areas of
known unmet need, in a systematic manner (e.g. women at risk of developing
lymphedema or at increased risk of distress). However, completion of a screen-
ing tool alone does not meet the supportive care needs of oncology patients. For
example, a study of 303 breast cancer patients found that 45% had a psychiatric
disorder, and 42% had depression, anxiety or both, yet referrals were not made
for review of these needs [19]. While a screening tool may capture the patient’s
need, the screening process must involve a step that translates the need into an
action, namely a referral to the appropriate intervention or service. Apart from
referrals for treatment of psychosocial distress, few services internationally
have described how, once unmet need is identified, patients are referred for
supportive care services. Despite many publications now outlining evidence
based approaches to supportive care, much more needs to be done to translate
research findings into practice [20]. Such an approachmight incorporate screen-
ing, assessment and referral with a service providing information retrieval and
access to reputable internet sites. Another economic perspective might include
calculating the downstream effects of expanding medical services such as breast
surgery, to ensure sufficient expansion of associated supportive services such as
physiotherapy or psychology services.
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Issues and Challenges Facing Women During Adjuvant Breast

Cancer Treatment

Adjustment to Breast Cancer: The Psychosocial Journey

Cella and Tross [21] likened a person’s experience of cancer as a series of
multiple stressors. In this model, stressors are conceptualised as traumatic
reactions to diagnosis (residual stressors), current day-to-day difficulties of
managing a cancer illness (current stressors) and anticipatory stress for an
uncertain future health (anticipatory stressors) [21]. Conceptualising the
experiences of women recently diagnosed with breast cancer in this way may
be useful in guiding supportive care. Initial diagnosis and surgical treatment
are usually experienced as a major stressor, both shocking and distressing.
Thereafter, most women describe ongoing concerns as a series of stressful
experiences, associated with coping with multiple disruptions to everyday life,
such as the impositions of attending hospital for regular treatments travel
time, financial pressures associated with treatment costs or ceasing employ-
ment, making decisions about treatment, coping with acute side effects, as well
as other anticipatory stressors including concerns about recurrence, future or
mortality. For each woman the cancer experience will vary according to her
unique personality, social context and developmental stage. A woman’s iden-
tity and role(s) as mother, wife, carer or her financial independence remain
sources of strength and assist with maintaining a sense of normalcy, and most
women find the process of adjusting and coping with the imposition of illness
very challenging.

Decision Making, Informational Needs, and Communication

Women with breast cancer are challenged to make a number of complex
key decisions about treatment, including seeking confirmation of diagnosis,
making decisions about surgery and sentinel node biopsy, and deciding on
adjuvant therapy [22]. As treatments have become more complex so has
the decision making process for women diagnosed with breast cancer, for
example deciding on clinical trial. Adjuvant therapy is known to improve
disease-free and overall survival in women with early breast cancer, with
greater benefit bestowed on specific groups for example younger women
and those in higher risk groups [23]. However, adjuvant treatments are
associated with adverse side effects and the anticipated benefits of adju-
vant therapy for individual women will depend on a number of complex
risk factors such as extent of disease, histology, and receptor status of the
cancer [23]. Despite known toxicities, research indicates that few women
decline adjuvant therapy, even in low risk groups [24]. Several studies
indicate that women judge small benefits to be worthwhile when deciding
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on adjuvant therapy, making decisions about adjuvant therapy appears to
be related to a combination of subjective interpretation, personal circum-
stances and beliefs and values [25]. There is evidence that some women
overestimate survival chances and the risk reduction offered by adjuvant
therapies, and many liken their decision to undergo adjuvant therapy as
‘‘an insurance policy’’ [26]. A recent follow up study concluded that mak-
ing a decision about having adjuvant chemotherapy does not appear to be
related to psychosocial factors, such as anxiety or optimism, but rather to
parenting concerns, minimising regret, doubts about the information itself,
or feeling as if there was no choice [27].

Decision making about adjuvant treatment is generally made in the context
of significantly increased distress, and distress can negatively affect information
recall in a medical encounter. There is also an association between provision of
information and mood; for example, women who feel they have been given
inadequate information are more likely to report symptoms of anxiety and
depression at 12 months post diagnosis [28].

What are the implications for oncologists and other health care profes-
sionals? First, good communication skills are essential to the patient and
enhance delivery of information, informed treatment decisions, treatment com-
pliance and adjustment. Evidence shows that oncologists’ perceptions of what
women want to know do not always match with patient preferences and that
physicians frequently do not identify emotional cues very well. Factors such as
general interactional skills [29], provision of information, discussing treatment
options and providing choice, directing patients to quality information on the
internet, and exploring and responding to specific concerns have all been shown
to enhance communication between patient and physician [20, 30] and improve
adjustment [31]. Patient preferences for information vary significantly and
clinicians should establish patient preferences for amount and type of informa-
tion. Every patient will interpret information differently, and this may impact
significantly on their treatment choices; thus tailoring information delivery to
patient style can be helpful [32]. In fact, communication skills training has been
shown to improve doctor skills [33]. For doctors and health care professionals,
routinely seeking patient satisfaction with, and feedback about, consultations
could enhance clinician communication skills training and the clinical encoun-
ter in the everyday setting [31].

A number of important factors have been shown to influence decision
making about cancer treatment. Physician characteristics such as providing
support and emphasising hopefulness are judged as helpful when physicians
emphasise the content of information rather than just probability [34], and
physician’s attitudes (confidence, supportive, openness and encouraging) are
rated as desirable [35]. Physicians who attend to affective issues are also rated
more highly by patients [36]. Use of decision aids in making decisions has been
shown to enhance knowledge of disease, and to facilitate informed choices and
satisfaction with treatment decisions in women having adjuvant treatment for
node negative breast cancer [37, 38]. In summary, the communication style of
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health care professionals, more especially effective communication, has a sig-
nificant impact on outcomes for women with breast cancer. Supportive care at
this juncture in the treatment of breast cancer is targeted at all women, and
encompasses the ability to engage in purposeful and skilled communication
including delivering information, discussing treatment choices, and recognising
and responding to psychosocial distress. Recommended steps for discussing
treatment options are shown in Table 1 [13].

Table 1 Recommended steps for discussing treatment options and encouraging involvement
in decision-making

Information About Treatment

� Explain to the person using language that they understand what treatment options are
available (including no treatment) and ask how much detail they would like about each
option
� Tailor the information to the person’s needs and preferences for information content and
detail, which may include a discussion of the expected outcomes and major side effects of
each treatment option
� Acknowledge the uncertainty of any treatment achieving its aim; explain the pros and cons
of each option and then summarise them
� Use a variety of media to provide information about treatment options, eg written
information, video tapes, tapes of consultations, etc.
� Ask the person about any questions they may have regarding alternative and
complementary therapies
� Ask the person to talk about the concerns they have regarding different options

Making Decisions About Treatment

� Explore at an early stage how the patient would like to be involved in decision-making and
adhere to their wishes
�Be aware that the person’s preferences may change over time and regularly check the level of
involvement they would like
� Ask the patient about their values and life situation in relation to the treatment options
� Use inclusive language (we, our)
�Make it explicit that there is a choice to be made, and that the patient can be involved in the
choice
� If the person is unaccompanied ask whether they would like to discuss treatment options
with family or friends and tell the person that there is an opportunity for them to be
involved in treatment decisions
� Assure the person that there is enough time to consider the treatment options and offer to
arrange for them to come back with a decision

Emotional and Supportive Role

� Consider the specific needs related to gender, age and culture
� Give the person the opportunity to discuss and express their feelings, e.g. crying freely,
talking about concerns, fears, anger, anxieties, etc. Acknowledge individual differences in
emotional impact
� Address disturbing or embarrassing topics directly, and with sensitivity
� Provide information about support services
�Make your own recommendations clear, but offer your willingness to be involved in the
ongoing care of the patients (if required) no matter what they decide in response to your
recommendation

Adapted with permission, fromNational Breast Cancer Centre and National Cancer Control
Initiative. 2003. Clinical practice guidelines for the psychosocial care of adults with cancer.
Table 3.3.2, p 62. National Breast Cancer Centre Camperdown, NSW. Australia
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Psychosocial Variables in Breast Cancer

During diagnosis and treatment for breast cancer, the literature suggests that
the majority of women will adjust reasonably well; however, a substantial
proportion of women will experience some degree of psychological distress
and or a psychiatric disorder [28, 39–42]. Distress is associated with a broad
range of factors including coping with psychological impact of initial diagnosis,
with toxicities and side effects of treatment, with alterations in role and function
associated with the former, and with disruptions to social roles and interperso-
nal relationships. Risk factors for psychosocial adaptation in cancer can be
associated with both characteristics of the individual and characteristics of the
disease, outlined in Table 2 [13], and may be of predictive value in early
identification of those at greater risk. It is helpful to remain aware of these
factors in the clinical encounter when assessing risk and needs for additional
supportive care interventions.

Adjustment styles and personality will all play amajor role in determining how

a woman will respond to and cope with diagnoses and treatment of her breast

cancer [43]. In a now classic article, Taylor et al. showed that coping style (an

active problem solving approach and decreased avoidance) was associated with

improved adjustment and less distress [44]. Conversely, helplessness and hope-

lessness have been associated with adverse psychological sequelae [45]. Research

Table 2 Factors associated with an increased risk of psychosocial problems

Characteristics of the individual:

� Younger
� Single, separated, divorced or widowed
� Living alone
� Children younger than 21 years
� Economic adversity
� Lack of social support, perceived poor social support
� Poor marital or family functioning
� History of psychiatric problems
� Cumulative stressful life events
� History of alcohol or other substance abuse
� Gender

Characteristics/stages of disease and treatment:

� At the time of diagnosis and recurrence
� During advanced stage of the disease
� Poorer prognosis
�More treatment side-effects
� Greater functional impairment and disease burden
� Experiencing lymphoedema
� Experiencing chronic pain
� Fatigue
Adapted with permission, from National Breast Cancer Centre and National
Cancer Control Initiative. 2003. Clinical practice guidelines for the psycho-
social care of adults with cancer. Table 3.7D, p 98. National Breast Cancer
Centre Camperdown, NSW. Australia
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suggests that in order to be effective, coping efforts are best ‘‘matched’’ to a
specific situation [46]. Thus psychological reactions that display flexibility are
often more helpful; for example an ability to shift coping approaches from an
active style, e.g. information seeking and decision making, at the start of treat-
ment, to a mode of acceptance or ‘positive yielding’ during times of less control
are likely to be adaptive [47]. In practice, individuals who are able to ask for, and
accept, assistance and support (from professionals or friends and family) often
cope better with diagnosis and treatment; conversely, the rigidly independent
person may require coaching to assist them in asking for help.

A diagnosis of cancer is almost always stressful; psychological distress is a
common experience during cancer diagnosis and treatment, and distress varies
across tumour type [48]. Distress is frequently associated with fear of recur-
rence, uncertainty, and concerns about ones own mortality. Depression is one
of the most prevalent psychological problems for cancer patients [48, 49]. The
prevalence of depression in breast cancer has been found to vary from between
1.5% and 46%across studies [50]. Depression of itself causes significant distress
and is associated with higher risks of suicide in the breast cancer population
[51]. For women with breast cancer, distress rates vary; undergoing adjuvant
therapy is frequently a time of increased distress, as women adjust to the impact
of diagnosis and surgery and contemplate several further months of treatment.
A recent study of newly diagnosed breast cancer patients about to undergo
breast surgery indicated that 41% rated their distress as clinically significant on
the Distress Thermometer, and a prevalence rate of 11% for depression and
10% for post traumatic stress disorder [52]. Kissane et al. found women with
early stage breast cancer (on average 3 months post surgery) had an overall
prevalence rate of DSM-IV psychiatric disorder of 45% when diagnosed via
structured psychiatric interview [53]. Extensive research now shows that women
undergoing treatment for breast cancer experience numerous negative psycho-
logical sequelae including depression, anxiety, adjustment reactions and exis-
tential distress [54]. Indeed, cancer occurs within the context of ongoing life
pressures, and distress and depression during cancer have been shown to be
correlated with other concurrent stressful life events [40]. There is evidence that
women undergoing adjuvant therapy may experience higher levels of distress
and this may be related to the impact of coping with ongoing and often severe
treatment related toxicities [55].

Pre-morbid psychiatric disorder including depression or anxiety may indi-
cate previous vulnerability to stress in the individual’s genetic or personality
orientation or may affect an individuals ability to comply with adjuvant treat-
ment; for example, a past history of trauma, i.e. sexual abuse, may trigger post
traumatic reactions, such as re-experiencing traumatic events, which may
reduce coping capacity [56, 57]. Concurrent major stressors or history of multi-
ple losses are associated with poorer outcomes [40]. Personality disorders affect
a small percentage of the population and may be difficult to diagnose; they are
often indicated by the reactions of the treating team to an individual whose
behaviours and affect are consistently experienced as challenging – the person is
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often labelled difficult and referred to the psychiatry. Alcohol or other sub-
stance abuse may be indicative of a primary psychiatric disorder, self medica-
tion and or ineffective coping under stress [58]. Previous exposure to cancer or
family history of experience of breast cancer can colour attitudes and beliefs
about cancer, both positively and negatively.

Age related differences are an important consideration in the provision of
supportive care in the breast cancer population. Importantly there is a growing
body of research that indicates differences in the range of physiological and
psychological experiences of older vs younger women, thought in part to be
related to developmental or life stage concerns and the differential impacts of
treatment. Overall trends of current research now suggest that younger women
with breast cancer are more vulnerable to physical and psychological distress
[59], and younger women appear to experience greater psychological dysfunc-
tion, whereas older women appear to experience greater physical and functional
distress [60]. Age is clearly a risk factor that might influence the type and profile
of supportive care needs required.

Almost overwhelmingly the presence of adequate social support is linked
with improved health outcomes and social support is considered an important
factor in mediating the stress of a cancer diagnosis of stressful events such as
cancer [61, 62]. Conversely, lack of social support tends to be linked to poor
adjustment. Partners and families are frequently cited as the most important
sources of support for women with breast cancer.

Partners may be equally distressed by the cancer experience as the patient,
and communication is one of the key areas of relationship that is affected;
interventions targeting improved communication have been shown to alleviate
distress in both partner and patient [63]. Positive couple adaptation is facilitated
by intimacy, open communication, emotional closeness, cohesion and flexibil-
ity; however, many partners fail to communicate their fears to patients because
they worry ‘‘they will make things worse’’ [64]. For example, one study found
that 30–40% of couples reported that they did not discuss the cancer prognosis
[65]. Even breast cancer patients who report high marital satisfaction report
communication difficulties [66, 67]. Barriers to sharing the cancer experience
with one’s partner may be particularly problematic because of the level of
importance the partner has as a source of support [68]. In cancer, couples
may experience loss of their sexuality or interruptions to their usual practices
of intimacy that can affect the relationship. Breast cancer has sometimes been
referred to as the ‘‘relationship disease’’ or the ‘‘couple’s cancer’’ indicating its
debilitating effect on the sexual component of the couple relationship [69].
Families are affected to the extent that couples cope with the diagnosis of breast
cancer together and families who have greater levels of dysfunction do worse
[70, 71].Women with children experience significant distress related to actual or
potential alterations in their role as parent, concerns to protect children from
cancer related fears, and how to moderate anxiety in the family [72, 73].
However, single women must often cope alone and are likely to experience
increased distress [74].
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In summary, supportive interventions during adjuvant treatment must take
into account key psychosocial variables including psychological distress, infor-
mation seeking, decision making, coping with psychological distress, age
related variables and the impact of roles and relationships.

Social effects and effects on family Psychological effects

� Role changes
� Disruption within the family
� Effects on partner and relationship
� Effects on children and children’s reactions
� Impacts on employment
� Impact on financial independence
� Travel to and from treatment centres

�Adjustment and coping
� Anxiety
� Depression
� Distress
� Fear of recurrence
� Loss of trust in body
� Identity
� Self esteem
� Sexual dysfunction
� Fertility

Psychological Impact of Treatment Related Side Effects

Adjuvant systemic therapy is associated with variety of treatment related side
effects including ongoing disruptions to quality of life, physical health, psycho-
logical well being, social and occupational functioning. Each type of adjuvant
therapy has a profile of known toxicities, each of which can adversely impact on
overall quality of life and which have implications for supportive care provi-
sion, which should be targeted at these core concerns. There are a number of key
toxicities that deserve mention in relation to supportive care needs of women
undergoing adjuvant treatment. Other chapters will address these issues inmore
detail. However, it is important to acknowledge that treatment related side
effects and physiological/functional losses have a psychological component and
are related to psychological distress and the overall experience of cancer. In
addition, they require complex support interventions that might require med-
ical psychological and specialist disciplinary input.

Reproductive and Endocrine Effects

The impact of breast cancer adjuvant chemotherapy regimens and endocrine
therapy on oestrogen levels is well known. The effects of treatment will vary
somewhat, depending on age and type of treatment, but in both pre- and peri-
menopausal women the endocrine effects of ovarian ablation have been shown
to have a significant impact on overall functioning, though the pattern of
concerns may vary slightly [75]. For example, risk of menopause varies accord-
ing to age and type of therapies, and a majority of women over 40 years of age
will become permanently menopausal and a substantial minority of women
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under 40 years will experience permanent menopause [76]. Premature meno-
pause is associated with a variety of unpleasant side effects including psycho-
logical distress, loss of menstrual function, vasomotor symptoms (hot flashes,
night sweats), fatigue, insomnia, joint pain, vaginal dryness, mood swings and
cognitive changes [77]. Younger women tend to report greater impacts on self
image identity and life stage interruptions than older women [60, 78]. Taken
together these changes often engender significant psychological distress and in a
subset of women there may be significant sequelae associated with issues of
reproductive losses and other precipitate psychiatric sequelae [53]. Supportive
care strategies such as a menopause assessment clinic have been shown to
ameliorate symptoms and improve functioning [79, 80]. Biological interven-
tions with selective serotonin reuptake inhibitors have been shown to be useful
in suppressing vasomotor symptoms (hot flashes) and exercise may also be an
important moderator of symptoms [79].

Lynda: Menopause body image and psychological distress

Lynda is a youthful 60-year-old woman diagnosed with early breast cancer. She
underwent surgery, reconstruction with insertion of breast expander and com-
menced Anastrazole post treatment. She experienced post-operative surgical
complications which resulted in several operations and significant scarring of
her breast and chest wall region. She was dissatisfied with her cosmetic out-
comes and angry with her surgeon whom she blamed. She became increasingly
depressed with predominant themes of anger, rumination, despair, and loss of
control over the 10 months post treatment. Over this period she also developed
Grade 1–2 menopause symptoms (she had been on hormone replacement
therapy which was ceased at the time of breast surgery).

Body Image and Self Esteem

The cumulative effects of adjuvant treatment have a significant impact and
lasting effect on a woman’s body, body image and sense of self. Fobair and
colleagues investigated body image and sexual problems in women under 50
years soon after completion of adjuvant treatment [81]. Heightened body
image concerns were associated with mastectomy, hair loss from chemother-
apy, weight gain, lowered self esteem, and relationship difficulties with
partners, and about half the sample experienced some form of sexual
problem. Implications for supportive care are that all women could benefit
from information about alterations in sexual functioning together with
strategies for managing functional changes or losses. Some women and
their partners may benefit from additional couples counselling to assist
with adjustment to these changes. It is recommended that clinicians ask
about current symptomatology and refer women for supportive interven-
tions where appropriate [82].
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Weight Gain

Weight gain is another common problem during and after adjuvant treat-
ment for breast cancer and, though its aetiology is not well understood, is
thought to be associated with a number of physiological and psychological
factors including chemotherapy regime, menopausal status, mood, reduced
physical activity during treatment, changes in dietary intake [83]. Clinically
women report weight gain as highly distressing, and weight gain impacts
negatively on self-esteem and body image at a time of increased psycho-
logical vulnerability [81]. Consistent reports of weight gain across a
number of studies have shown that between 50% and 96% of women
experience some sort of weight gain during adjuvant treatment, average
weight gain varies between 2.5 kg and 6.5 kg, and weight gain appears to
be more common in premenopausal women [83, 84]. Irrespective of causa-
tion, there is increasing evidence that overweight status at diagnosis and
increased body mass index (BMI) are associated with increased risk of
recurrence [84]. There appears to be enough cumulative evidence to suggest
that during adjuvant treatment women require access to information and
supportive interventions around diet and regular exercise to minimise
weight gain and its associated impact on body image, mood and potential
disease risk [85–87].

Neuropsychological Effects

Cognitive impairment in the form of alterations in memory and concentration
is frequently described by women undergoing chemotherapy. Often referred
to by patients as ‘‘chemo-brain’’, clinically women appear to find this side
effect both aversive and unexpected. An association has been found between
cytotoxic drugs and cognitive changes; however many studies have been cross
sectional and thus conclusions are limited. The phenomenon is not well
understood but is reported as a combination of subtle changes in memory
and the ability to think clearly [88]. The aetiology is not well described though
it has been linked both to mood changes associated with menopause and types
and intensity of cytotoxic drug regimens [89]. Brezden et al. found cognitive
disturbances in women post standard adjuvant chemotherapy were indepen-
dent of mood [88]. Stewart et al. in a prospective study showed that women
undergoing chemotherapy experienced subtle cognitive deficits greater than
those in a hormone therapy control group [90, 91]. The extent of the problem
requires further research, is likely to have multifactorial causes and has
implications for the type of intervention that might be useful [75]. No treat-
ment has been devised; however, supportive interventions must ensure that all
possible causes including mood disturbance and menopause symptoms or
insomnia are also treated.
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Fatigue

Fatigue is a common yet significant side effect affecting around 70% of cancer

patients following adjuvant treatment and can be present up to 5 years post

treatment [92]. Fatigue has been extensively researched in women with breast

cancer and is thought to be related to a variety of factors associated with treat-

ment, including menopause and depression, although exact mechanisms are not

fully understood. It is likely that fatigue has psychogenic as well as physiological

causes. The literature suggests that a smaller subset of women will experience

more severe fatigue symptoms over a longer period post treatment and that

fatigue is correlated with mood disturbance and other symptoms such as pain

[92]. Interestingly, fatigue levels in women with breast cancer are comparable to

age matched community samples [93]. There is increasing evidence that regular

exercise may be a useful treatment for improving cancer related fatigue [94–96].

Side Effects Associated with Psychological Distress

Acute side effects

�Menopause
� Vasomotor symptoms (hot flashes,
night sweats)
� Vaginal dryness
� Loss of libido
�Weight gain
� Insomnia
� Hair loss
� Fatigue
� Cognitive changes (concentration
and memory)

Late effects

�Ongoingmenopause (loss of libido,
vaginal dryness)
� Infertility
� Osteoporosis
� Cardiac toxicities

Survivorship Issues

After completion of several months of adjuvant treatment women are frequently

exhausted. The period of early survivorship (first few months after completion of

treatment) is often associated with ambivalence as women experience a sense of

freedomassociatedwith treatment completion, and yet often report anxiety about

the decline in regular medical contact and reassurance. Paradoxically they may

experience greater psychological distress at this time as the focus moves away

from coping with the practicalities of treatment and side effects. During these

periods women finally find the time to process the experience or to contemplate

anxieties associated with recurrence or uncertainty about the future. As pre-

viously indicated, most women adjust well. However, research indicates that

there will be significant variability. Stanton et al. suggest that adaptive tasks

post adjuvant treatment can be conceptualised as four domains: emotional,

physical, interpersonal relationships, and life perspectives [41]. Fear of recurrence,
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coping with emotional distress, issues of mortality, dissatisfaction with interper-
sonal relationships, and reevaluating life priorities are some of the many adaptive
concerns post treatment [41, 55]. The IOM report suggests that clinical practice
guidelines include plans to support women across a number of survivorship
related areas; these include surveillance for recurrence, monitoring for preven-
tion, management of late sequelae, management of psychosocial and physical
concerns, management of genetic issues, management of sexuality, fertility issues,
and locus of care [97]. There is a substantial period of transition following
adjuvant treatment for breast cancer. The literature consistently reports that,
whilst all women will experience a degree of impairment across a range of
domains, a significant subset will experience a greater complexity and severity
of concerns of a more lasting nature. Adjustment to this range of significant
health impacts and ongoing concerns is clearly a uniquely personal journey,
involving the capacity to assimilate meaningfully and make sense of experience.

Summary

In conclusion, supportive care during the adjuvant phase of breast cancer
involves a number of key responses from the health care system and health care
professionals. Health care systems can enhance this care by first defining their
approach to supportive care and, through conceptualising a comprehensive
approach, support provision across an organisation. Key elements of supportive
care provision include routine screening for support needs, training of skilled
health care professionals in communication and responding to the broader needs
of women with breast cancer determined by current research knowledge. Specific
initiatives such as systematic provision of information, facilitating the important
decisionmaking process are vital when preparing women for adjuvant treatment.
Understanding and recognition of psychosocial distress, awareness of those at
higher risk and ensuring referral to appropriate resources are key component of
effective support. Given the extensive evidence base it is now axiomatic that
psychosocial care and supportive care management should be viewed as an
integral component of breast cancer treatment and follow up. Finally, the sup-
port needs of women with breast cancer and the effects of adjuvant therapy are
now well documented – the challenge for all those wishing to demonstrate
excellence in cancer care is to incorporate a supportive care framework into
everyday clinical practice. For women to survive and thrive, expert medical
care is complemented and enhanced by expert supportive care.

Case Study

Libby was diagnosed at the age of 28 years with early breast cancer. Libby
recalled finding her diagnosis a ‘‘shock’’ and recalled that at the time she coped
well with lumpectomy, chemotherapy and radiation therapy. She underwent
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four cycles of AC, 6 weeks of radiation treatment, and self funded a course of

Herceptin. She was advised by her medical oncologist to take Tamoxifen for
5 years. She viewed her decision to take Tamoxifen as ‘‘extra insurance’’. In the

year following treatment completion Libby became increasingly depressed and
distressed. The main source of her distress was her inability to start a family.
Whilst Tamoxifen treatment was viewed as her insurance policy, it was also the

main reason for putting her plans for a family on hold and this caused her some
frustration and distress.
When Libby presented for psychological assessment she was experiencing
ongoing psychological distress and depression – her mood was affected by

repeated pattern of negative intrusive cognitions associated with losses, espe-
cially around loss of fertility, this latter being the overt focus of her distress. For
Libby, having a family had been her life goal; consequently her distress grew,

and over timemany of her experiences, social outings, relationships and lifestyle
choices were referenced back to this important loss of her life goal.
Libby described ongoing rumination about her losses, fears about not being
able to have a family and fears about recurrence. She anticipated grief about the

potential loss of family in the future. She felt others could not see or understand
her loss. She felt guilty when she found herself feeling envious about other
people’s good fortune; despite feeling happy for them, her happiness was always

tinged with regret about her losses. She felt angry that she must wait to have
children andworried that the delay would affect her fertility. She wondered how
she would fill her time in. She felt hopeless and without purpose. She felt guilty

for feeling this way.
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Dose in (Adjuvant) Chemotherapy

of Breast Cancer

Ulrike. Nitz

Introduction

Dose and dose intensity issues in breast cancer have been extensively discussed
during the past few years; however, precise information is rare. Pharmacoki-
netic data are limited for the majority of the compounds we use. If available at
all they show a large interindividual variability. Dose response relationships,
even for the most commonly used drugs, have not been well investigated. In
general, dosing within given chemotherapy regimens is far more toxicity than
efficacy driven. In combinations, tolerable doses of single drugs are generally
lower than in sequential regimens. It is therefore difficult to investigate sepa-
rately the effects of dose intensity, dose density and scheduling. The following
text tries to resume the available important clinical data. As remission rates in
metastatic disease, especially in high-dose settings, are questionable surrogate
parameters for outcome, the text focuses, as far as possible, on survival data
from adjuvant randomized trials.

Theoretical Background

The Skipper Schabel Model

The Skipper Schabel [1] model has been one of the most influential models in
experimental oncology during the early1970s. It has inspired a lot of clinical trials,
not only in leukemia but also in solid tumors. Themodel as defined by Skipper and
Schabel refers to the murine leukemia cell line 1210. This cell line grows in almost
perfect exponential fashion from the time of implantation to lethal tumor burden.
Over a wide range of growth the sensitivity to neoplastic agents remains stable so
that a given number of cycles produce a given number of log kill. The nearly
universal use of combinations at fixed intervals for an extended time period is
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traceable to the early L1210 studies. The steep dose response curves for alkylating

agents, especially cyclophosphamide, which have been reported by Skipper and

Schabel, have determined an entire generation of trials in high dose chemotherapy.

Norton Simon Hypothesis

In contrast to the Skipper Schabel model, the Norton Simon [2] hypothesis refers

not to a constant tumor cell growth rate but to a growth rate decreasing with

increasing tumor growth. This results in a ‘‘Gompertzian’’ growth curve with

steep early tumor growth ending up in a nearly asymptotic curve as the tumor

matures. Cure by chemotherapy in this model occurs more probably in the early

tumor stage, with the application of multiple ideally rapidly repeated and cor-

rectly dosed chemotherapy cycles. Correct dose for a given compound may

sometimes be dependent on cross toxicities better realized in a sequential than

in a concomitant design. Figure 1 demonstrates the theoretical effects on clinical

outcome that the variation of dose (dose intensity) and/or of interval (dose

density) may cause. This model has inspired numerous trials in breast cancer.

Clinical Data

Retrospective Analyses of the Role of Dose Intensity (Dose per
Week) from Levine

Basic research on the role of dose intensity in daily clinical practice has been

performed by Levine and Hruniuk [3]. They have investigated dose intensity

Norton L. Semin Oncol. 1997;24(4 suppl 10):S10-3–S10-10.
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issues in ovarian cancer, in stage IV breast cancer, and in the adjuvant therapy

of breast cancer since the late 1980s. Their early publications refer to

retrospective analyses of randomized trials. They choose a given combination

like fluorouracil, doxorubicin, and cyclophosphamide (FAC) as standard

(standard¼ 1). All other reported regimens were expressed as a fraction of

this standard (X/1) according to the doses reported from different trials. The

authors included data about actually given doses, and preferably to intended

doses. Later the authors refined their method and they referred to data from

metastatic breast cancer trying to evaluate standard doses (¼ 1) for each

compound separately. These data were transferred to the adjuvant setting.

Within a given combination the different compounds were weighted according

to the results obtained from the metastatic situation. Both methods produced

very nice linear curves as demonstrated in Fig. 2.

The data strongly suggest that underdosing is a relevant problem in daily

routine. In addition the steep and linear dose response effects described by the

authors suggested that dose escalations beyond conventional ranges promise

proportional increases of survival rates.

Prospective Randomized Clinical Trials

In terms of dose intensity, dose density, influence of total dose, and scheduling,

most phase III trials combined different escalation strategies. The following text

differentiates trials investigating conventional dose range from those using a

dose above the conventional range and tries to identify the corresponding

intensification strategies.

1,0

0,5

DI

3-year
DFS

Hryniuk, 1987

r = 0,76
p < 0,01

Fig. 2 Dose-intensity and
survival
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Conventional Dose Range

Escalation of Single Dose and Total Dose of One Compound
Within a Standard Regimen Cyclophosphamide Within NSABP
AC � 4 q3w

Two trials addressed the question of escalation of cyclophosphamide (C) dose
within a standard doxorubicin/cyclophosphamide (AC) � 4 regimen given at a
standard interval of 3 weeks. The trials were conducted by the NSABP in node
positive breast cancer. In all arms doxorubicin was given at a standard dose of
60mg/m2 for four cycles at 3-week intervals combined with different doses of
cyclophosphamide. NSABP B22 [4] randomized 2,305 patients to three arms
with C given either at 600mg/m2 � 4 (control), C at 1,200mg/m2 � 2 and at
1,200mg/m2� 4.NSABPB25 [5] tested further escalation of C from1,200mg/m2

to 2,400mg/m2 in a comparable patient population. A total of 2,548 patientswere
randomized to either four courses C at 1,200mg/m2 � 4 or 2,400mg/m2 � 2 or
to 2,400 mg/m2 for four courses.

Severe toxicity correlatedwith C dose. Neither inNSABPB22 nor in B25were
differences of disease-free or overall survival rates observed. Only one subgroup
from B25 (group three receiving 4 � 2,400mg) had a borderline benefit in terms
of disease-free survival but not in terms of overall survival. Overall survival rate
within this group at 5 years was 79% and was very similar to that observed in
women within the control arm of B22 (78%). Those and other cross-protocol
comparisons demonstrated concordant results throughout the six different treat-
ment arms. Thus the findings from these two trials demonstrate that doubling
and quadrupling the dose of C does not result in a better outcome.

(Epi) – Doxorubicin Within French Fluorouracil/Epirubicin/
Cyclophosphamide (FEC) � 6 q3w/ NSABP AC � 4 q3w

Fasg 05

The French Adjuvant Study Group 05 [6, 7] compared in 565 node positive
epirubicin 50mg/m2 (FE50C) vs 100mg/m2 (FE100C). The drug was given in a
combination with fluorouracil (F) 500mg/m2 and C 500mg/m2 in both treat-
ment arms for six cycles at 3-week intervals. Patient and treatment character-
istics (RT, endocrine therapy) were well balanced in the two treatment arms.
After a median follow-up of 110 months the 10-year disease-free (50.7 vs
45.3%) and overall survival rates (54.8 vs 50.0%) were significantly better in
the FE100C arm. Careful observation of long term toxicities such as cardiac
toxicity and second malignancies confirmed a low risk profile for both regi-
mens. The differences in terms of long term toxicity between the two treatment
arms were not significant, so that the authors recommend FE100C in node
positive breast cancer patients.
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Calgb 9344 [8]

In the late 1990s another trial was designed to evaluate the role of anthracy-
clines’ dose within the AC regimen and the sequential use of taxanes after four
courses of AC (two by two design). Doxorubicin was given at three different
doses – 60, 75, and 90mg/m2 with C at a constant dose of 600mg/m2. The trial
randomized 3,121 node positive patients; 66% had hormone sensitive disease.
Recurrence free survival did not show any differences depending on doxorubi-
cin dose in the range from 60 to 90mg.

Taxanes

There are no adjuvant phase 3 trials addressing the role of single dose escalation
of taxanes. Nevertheless there is an increasing body of evidence that scheduling
is a clinically relevant issue (see there).

Paclitaxel/Docetaxel

Winer et al. demonstrated in metastatic breast cancer that doses beyond
175mg/m2 of paclitaxel in a 3-week schedule do not improve outcome data.

Escalation of Single Dose and Total Doses of Standard Regimens
(CMF, EC, FAC)

CMF (Cyclophosphamide, Methotrexate, Fluorouracil)

In locally advanced breast cancer there is one phase III trial [9] comparing
C600M40F600 i.v. given all 3-weeks vs the original regimen used by Bonnadonna
with oral cyclophosphamide. The i.v. regimen was inferior to the standard.

In 1995, Bonnadonna [10] et al. published the 20-years follow-up of one of
the landmark trials demonstrating a survival benefit associated with adjuvant
chemotherapy in breast cancer patients. The data provided clinical evidence
that delivering a less-than-standard chemotherapy dose results in subopti-
mal outcomes. A total of 386 breast cancer patients were randomized to
surgery alone (control; n¼ 179) or surgery followed by 12 monthly cycles of
adjuvant chemotherapy (n¼ 207) consisting of CMF (cyclophosphamide
100mg/m2 orally days 1–14 q28d, methotrexate 40mg/m2 IV days 1, 8
q28d and 5-fluorouracil 600mg/m2 IV days 1, 8 q28d). Patients older than
60 years were given reduced doses (100/30/400); the dose was also reduced in
case of myelosuppression. A retrospective analysis showed a dose-response
effect, with relapse-free survival at 20 years being 49% in the patients given
at least 85% of the planned dose and approximately 30% for all other
groups. Compliance with oral medication of cyclophosphamide seems to
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be a clinically important issue. Inter trial comparisons suggest that 6 courses

of CMF are as effective as the originally given 12 cycles.

Epirubicin/Cyclophosphamide (EC) Combinations

Piccart [11] et al. compared in 777-node positive patients 6 courses of classical

CMF (oral d1-14) vs 8 courses of E50 C500 vs 8 courses of E100C830(HEC).

Patients’ and treatment characteristics were well balanced in the three treatment

arms. After 4 years of median follow-up the event free and overall survival rates

of CMF and HEC did not show any significant differences. The comparison of

EC vs HEC demonstrated significant superiority of the HEC arm in terms of

event-free survival and overall survival. Though in the combination both drugs

were given at different dose levels, the authors attribute the efficacy differences

mainly to a steep dose response relationship for E.
Due to sample size considerations, CMF was not compared to EC. The

E50C500 arm was considered to be of limited clinical interest. The indirect

comparison implies that E50C500 � 8, even if the cumulative dose is clearly

higher than for example in the NSABP AC � 4 regime, is less effective than

standard CMF.

FAC Combinations

The CALGB 8541 [12] trial randomized 1,572 women with node positive breast

cancer to either 6 courses of C400d1, A40 d1 and F400 d1+8 repeated every 4

weeks or to 4 courses of C600d1, A60d1 and F600d1+8 repeated every 4 weeks

or to a third arm receiving half of the total dose used in the other 2 groups and

half of the dose intensity of arm 2. After a median follow-up of 3.4 years, both

disease free (p<0.001) and overall survival (p¼ 0.004) were in favor of the high

dose at moderate or high intensity.

Escalation of Single Dose with Constant Total Dose (AC vs A!C)

In trial Int-0137, Linden [13] et al. randomized 3,176 high-risk node negative

and low risk node positive patients to either 6 courses of A54/C1200� 4 q3w or

to A40.5 d1+2 � 4 q3w followed by C2400 mg � 3 q2w with growth factor

support. Total dose and duration were identical in both arms. Dose intensity

was substantially higher in the sequential arm (mg/m2/week was 18 and 27 for A

and 400 and 1200 for C). No significant differences in disease-free survival or

overall survival were observed. Five-year estimates of overall survival were 88%

onAC and 89%onA!C.Grade 4 hematologic toxicity was greater onA!C;

other toxicities were similar.
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Scheduling (Taxane/Anthracycline Based Regimens)

Recently published trials reveal that, especially for widely used standard third
generation taxane/anthracycline based regimens, scheduling and single doses
may be clinical relevant variables influencing outcome data.

Total Dose Constant (Dose Density)

There is one specific clinical phase III trial addressing the role of dose density.
Intergroup trial 9741 [14] (CALGB 9741) randomized 2,005 node positive

patients to a 2 by 2 design. Patients received either A60 � 4 ! paclitaxel
(T)175 � 4 ! C600 � 4 or A60C600 � 4 ! T175 � 4. The chemotherapy
courses were given either at 3-weeks interval or at 2-weeks intervals with G-CSF
support. As in Int–0137 there was no difference attributable to sequential or
concomitant use. At a median follow-up of 36 months, estimated 4-year dis-
ease-free survival was 82% for the dose dense regimen and 75% for the other
one (RR0.74 ; p¼ 0.013). The 3-years overall survival rates were 93% for the
dose dense and 90% for the other regimen (RR0.69, p¼ 0.013). Disease-free
survival and overall survival advantages were not accompanied by increase in
toxicity. Further follow-up of this trial confirmed preliminary data.

Total Dose Inconstant

Taxanes – Sequential vs Combination

Tough superiority of taxane based regimens in node positive and recently also
in node negative breast cancer is well established, although the optimal mode of
application (concurrent vs sequential) remains to be defined. Several trials
address this question.

The Breast International Group 02-98 [15] randomized trial tested the effect
of incorporating docetaxel into an anthracycline-based adjuvant chemotherapy
and compared sequential vs concurrent administration of doxorubicin and
docetaxel. A total of 2,887 patients with lymph node–positive breast cancer
were randomly assigned to one of four treatments:

1. Sequential control (four cycles of doxorubicin at 75mg/m2, followed by
three cycles of cyclophosphamide, methotrexate, and 5-fluorouracil (CMF).

2. Concurrent control (four cycles of doxorubicin at 60mg/m2 plus cyclopho-
sphamide at 600mg/m2, followed by three cycles of CMF).

3. Sequential docetaxel (three cycles of doxorubicin at 75mg/m2, followed by
three cycles of docetaxel at 100mg/m2, followed by three cycles of CMF).

4. Concurrent docetaxel (four cycles of doxorubicin at 50mg/m2 plus doce-
taxel at 75mg/m2, followed by three cycles of CMF). Figure 3 outlines the
trial design.
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The primary comparison evaluated the efficacy of including docetaxel
regardless of schedule and was planned after 1,215 disease-free survival (DFS)
events (i.e., relapse, second primary cancer, or death from any cause). Due to a
lower-than-anticipated rate of relapse, this analysis was performed after 5 years
with 732 events.

Patients in the control arms had a 5-year DFS of 73% (95% confidence
interval [CI]¼ 70–75%). Docetaxel treatment resulted in an improvement in
DFS of borderline statistical significance compared with control treatment
(HR¼ 0.86, 95% CI¼ 0.74–1.00; p¼ 0.05). However, DFS in the sequential
docetaxel arm was better than that in the concurrent docetaxel arm
(HR¼ 0.83, 95% CI=60.69–1.00) and in the sequential control arm
(HR¼ 0.79, 95% CI¼ 0.64–0.98).

In summary, incorporating docetaxel into an anthracycline-based therapy
resulted in an improvement in DFS that was of borderline statistical signifi-
cance. However, important differences may be related to doxorubicin and
docetaxel scheduling, with sequential but not concurrent administration,
appearing to produce better DFS than anthracycline-based chemotherapy.

Two other trials, not yet published, are evaluating concurrent vs sequential
taxanes. The NSABP B30 trial compares AC (60,600 mg/m2) � 4 followed
by docetaxel (100mg/m2) � 4 vs AT [60/60mg/m2] � 4 vs TAC [60/60/600mg/
m2] � 4). In this program, a sequence with eight courses is being compared to
four courses of docetaxel-doxorubicin based polychemotherapy using the
doublet-based docetaxel/doxorubicin at 60/60 mg/m2 (favoring the increased
dose of doxorubicin with 60mg/m2 instead of 50mg/m2 and decreasing the dose

Fig. 3 Resected node positive breast cancer
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of docetaxel from 75mg/m2 to 60mg/m2). In parallel to this trial, the BCIRG is
conducting a randomized trial (BCIRG 005) comparing the same sequence used
in theNSABPB30 trial (AC (60,600mg/m2)� 4 followed by docetaxel (100mg/
m2)� 4) to TAC [75/50/500mg/m2] given six times in the adjuvant treatment of
patients with positive axillary nodes and no amplification of the HER2 gene.
Results of these trials will be available in 2008 (SABC).

Taxanes 2 Weekly (q3w) vs Weekly (q1w)

Recently Sparano [16] et al. reported the results of an American Intergroup trial
comparing the two different taxanes given either weekly or every 3 weeks in
4,950 women with node positive or high risk node negative disease. Patients
received four courses of standard AC followed at 3-week intervals by four
courses of paclitaxel (P) 175mg/m2 or docetaxel (D) 100mg/m2 or by 12 weekly
courses of paclitaxel 85mg/m2 or docetaxel 35mg/m2. The primary endpoint of
the trial was disease free survival. The proportion of women who received all
doses was 95%(Pq3w), 88% (P q1w), 87% (Dq3w), and 75% (D q1w). The
corresponding 5 year-survival rates were 76% (Pq3w), 81.5% (Pq1w),
81.2%(Dq3w), and 77.6% for Dq1w. In terms of schedule these data are clearly
in favor of weekly paclitaxel and docetaxel at 3-week intervals. The comparison
between the taxanes did not show any significant survival differences. As
compared to the standard therapy (4 � AC ! 4 � P q3w) weekly paclitaxel
was superior in terms of disease free and overall survival. High grade neuro-
toxicity was higher with weekly than with 3-weekly paclitaxel.

Beyond Conventional Dose Range. . . .

Steep dose response relationships as investigated by Skipper and Schabel,
confirmed by retrospective analyses from Levine and Hruniuk and especially
by the early generation of phase I–II high dose chemotherapy trials in meta-
static breast cancer influenced a generation of trials testing chemotherapy doses
far beyond conventional ranges. These regimens became feasible by evolving
supportive therapy strategies integrating G-CSF and/or stem cell support. The
trials are homogeneous in terms of patient selection (high-risk groups), but very
heterogeneous in terms of dose escalation strategies and control arms, so that
few general conclusions can be drawn.

High Dose Chemotherapy with Growth Factor Support

Dose escalation of taxanes and anthracyclines, the most active compounds in
breast cancer, is limited mainly by cardiac toxicity and neurotoxicity. Never-
theless, with the use of adequate supportive care including G-CSF and erythro-
poetin, an important escalation is feasible in an outpatient setting.
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The German AGO [17] Group randomized patients with more than four

involved lymph nodes to either epirubicin 150mg/m2 � 3 q2w ! paclitaxel

225mg/m2 � 3 q2w ! cyclophosphamide 2,500mg/m2 � 3 q2w or to a con-

ventional sequential regimen 4 � E90C600 q3w followed by 4 � paclitaxel 175

q3w. The trial design is shown in Fig. 4.

Toxicity within the dose-dense dose intense arm was acceptable. Event free

and overall survival rates are in favor of the dose-dense dose intense therapy

(data submitted in 9/08).

High Dose Chemotherapy with Stem Cell Support

As of dose intensification, high dose chemotherapy trials in early breast cancer

historically are in line with the results from Levine and Hruniuk. At least for

alkylating agents, laboratory data and in vivo data in metastatic breast cancer

demonstrate steep dose response relationships in terms of tumor cell kill and

remission rates. Beside this mechanism, it was suggested that by dose escalation

far beyond conventional dose ranges, a number of drug resistance mechanisms,

especially for alkylating agents, may be overcome. Most regimens have been

designed for the whole entity of solid tumors and have not been specifically

developed against breast cancer. Within the different combination regimens the

most frequently used compounds are alkylating agents. These compounds can

Epirubicin
150 mg/m²
q2w x 3

Paclitaxel
225 mg/m²
q2w x 3

Cyclophosphamide
2500 mg/m²

q2w x 3 

G-CSF (Filgrastim) ± Epoetin-α

+ TAM

+ TAM

EC 90/600 mg/m²

q3w x 4 q3w x 4

Paclitaxel 175 mg/m² 

R

Fig. 4 AGO-Trial ETC vs. EC!T in patients with �4þ lymph nodes
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be escalated by a factor ranging from � 4 (C) to� 20 (Thiotepa) without being
limited by organ toxicity.

Hematoxicity was antagonized by the use of autologous stem cells originat-
ing from the marrow in the early trials and from peripheral blood in the recent
ones. Peripheral stem cells are collected after adequate stimulation via apheresis
and then stored at –80 8C. They are re-transfused after high dose chemotherapy
is eliminated from the body. Bone marrow reconstitution in most cases takes
2–3 weeks. During aplasia patients are usually isolated in special units. Therapy
related mortality rates of high-dose chemotherapy regimens as used in breast
cancer ranged from 7 to 14% in the earlystages. Nowadays therapy related
mortality rates are less than 1%. Due to these initial high mortality rates, and
due to the considerable toxicity of high dose therapies, there is a selection of
high-risk breast cancer patients that have been randomized to the adjuvant
trials. The data are unique for this subgroup of patients who generally account
only for a small minority of patients within conventional trials, thus making
retrospective analyses very difficult.

The existing data refer to three different groups of trials. The first two groups
used a late intensification strategy. After a conventional induction regimen
consisting of four to six cycles of conventionally dosed chemotherapy there
was one myeloablative high dose cycle. They compared either to a classical
standard or to some other sort of dose intensified control arm. In the third
group two designs foresee an early intensification strategy with a short induc-
tion phase followed by repeated high dose cycles (IBCSG, WSG). Table 1
resumes the outlines of the different trials.

A recently presentedmeta-analysis [30] has included data from 6,210 patients
treated in high-dose chemotherapy trials. High dose as identified by the use of
stem cell support is compared to the correspondent control arms. In terms of 5-
year survival rates, high dose was significantly better than control. The differ-
ence did however not translate into a corresponding overall survival benefit.
Retrospective subgroup analyses (hormone receptor, HER2 overexpression,
nodal involvement, age . . .) do not reveal statistically significant differences in
terms of overall survival for any subpopulation.

The pooled analysis does not support the use of stem cell supported high
dose chemotherapy in daily routine. Nevertheless the data may help in identify-
ing promising strategies that merit further investigation.

In terms of dose intensification strategy, two trials merit reporting. The first
has been conducted by the Scandinavian Breast Cancer Study Group. In 525
patients at high risk of recurrence Bergh, [26] et al. compared six cycles of
conventionally dosed FEC followed by one cycle of high-dose chemotherapy
(chlorambucil, cyclophosphamide, thiotepa) vs an individually nadir- adapted
escalated FEC regimen. Five-year results were in favor of the control arm and
overall survival differences were not significant. The second trial was conducted
by the West German Study Group [28, 31]. In patients with more than ten
involved lymph nodes the Group compared 4 � EC ! 3 � CMF at 2-week
intervals with growth factor support vs two identical courses of EC followed by
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a rapidly cycled tandem high-dose regimen with thiotepa, cyclophosphamide
and epirubicin. The trial is clearly positive for high-dose regime in terms of
event free and overall survival. Retrospective subgroup analyses show the
maximal benefit in the small group of triple negatives breast cancer patients.

Conclusion

Conventional Dose Range

The most common clinical problem in conventionally dosed chemotherapy is
underdosing either by reducing single doses or by prolonging intervals.

In combinations appropriate single doses at 3-week intervals are 60mg/m2

for A, 90–100mg/m2 for E, and 600mg/m2 for cyclophosphamide.
Regimens like CMF 600/40/600 i.v. q3w, F300A30C300 and FE50C are

obsolete and should not be used in daily routine because they are inferior to
their classical counterparts.

In third generation regimens including anthracyclines and taxanes, schedul-
ing seems to be an important issue. Especially paclitaxel 175mg/m2 at 3-week
intervals and docetaxel at 35mg/m2 weekly bear an important risk of under-
dosing. After four courses of AC q3w, weekly paclitaxel � 12 is better than 4�
paclitaxel at 3-week intervals. The inverse is true for docetaxel.

In addition, dose-dense application (q2w with G-CSF support) is superior to
a 3-week interval in two sequential taxane/anthracycline-based regimens
including the original AC � 4! paclitaxel � 4.

One trial suggests that within a taxane/anthracycline-based regimen sequen-
tial use, taxanes may be superior to concomitant use. Data from two other trials
addressing this question will be published soon.

High dose range with growth factor/stem cell support
Data refer mainly to patients at high risk of recurrence. The meta-analysis of

stem cell supported high dose chemotherapy vs heterogeneous controls does not
support the use of high dose chemotherapy in routine settings. Nevertheless,
there are single very successful trials supporting the hypothesis that multiple,
dose-intensified rapidly cycled chemotherapy courses may improve results in
patients with poor outcome after standard regimens.
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6. Bonneterre J, Rochè H, Kerbrat P, et al. Epirubicin increases long-term survival in
adjuvant chemotherapy of patients with poor-prognosis, node-positive, early breast
cancer: 10-Year Follow-UpResults of the FrenchAdjuvant StudyGroup 05Randomized
Trial. J Clin Oncol. 2005;23(12):2686–93.

7. French Adjuvant Study Group, Benefit fo a High-Dose Epirubicin regimen in adjuvant
chemotherapy for node-positive breast cancer patients with poor prognostic factors:
5-Year Follow-Up Results of French Adjuvant Study Group 05 Randomized Trial.
J Clin Oncol. 2001;19(3):602–11.

8. Henderson IC, BerryDA,Demetri GD, et al. Improved outcomes from adding sequential
paclitaxel but not from escalating doxorubicin dose in an adjuvant chemotherapy regi-
men for patients with node positive primary breast cancer. J Clin Oncol. 2003;21:976–83.

9. Engelsman E, Klijn JCM, Rubens RD, et al. ‘‘Classical’’ CMF versus a 3-weekly intra-
venous CMF schedule in postmenopausal patients with advanced breast cancer. Eur J
Cancer. 1991;27(8):966–70.

10. Bonnadonna G, Valagussa P, et al. Dose-response effect of adjuvant chemotherapy in
breast cancer. New Engl J Med. 1981;304:10–5.

11. Piccart, MJ, Di Leo A, Beauduin M, et al. Phase III trial comparing two dose levels of
epirubicin combined with cyclophosphamide with cyclophosphamide, methotrexate, and
fluorouracil in node-positive breast cancer. J Clin Oncol. 2001;19(12):3103–10.

12. Wood WC, Budman DR, Korzun AH, et al. Dose and dose intensity of adjuvant
chemotherapy for Stage II, node-positive breast carcinoma. N Engl J Med.
1994;330(18):1253–9.

13. Linden HM, Haskell CM, Green SJ, et al. Sequenced compared with simultaneous
anthracycline and cyclophosphamide in high-risk Stage I and II breast cancer: Final
Analysis from INT-0137 (S9313). J Clin Oncol. 2007;25(6):656–61.

14. Citron ML, Berry DA, Cirrincione C, et al. Randomized trial of dose-dense convention-
ally scheduled and sequential versus concurrent combination chemotherapy as post-
operative adjuvant treatment of node-positive primary breast cancer: First report of
intergroup Trial C 9741/ Cancer and Leukemia Group B Trial 9741. J Clin Oncol.
2003;21(8):1431–9.

15. Francis P, Crown J, Di Leo A, et al. Adjuvant chemotherapy with sequential or con-
current anthracycline and docetaxel: Breast International Group 02 98 Randomized
Trial. J Natl Cancer Inst. 2008;100(2):121–33.

16. Sparano JA, Wang M, Martino S, et al. Weekly paclitaxel in the adjuvant treatment of
breast cancer. N Engl J Med. 2008;358(16):1663–71.

17. Moebus V, Lueck HJ, Thomssen C, et al. Dose-dense sequential chemotherapy with
epirubicin (E), paclitaxel (T) and cyclophosphamide (C) (ETC) in comparison to conven-
tional dosed chemotherapy in high breast cancer patients (4+ LN). Mature results of an
AGO trial. San Antonio Breast cancer symposium (2006).

18. Tallman MS, Gray R, Robert NJ, et al. Conventional adjuvant chemotherapy with or
without high-dose chemotherapy and autologous stem-cell transplantation in high-risk
breast cancer. N Engl J Med. 2003;349(1):17–26.

19. LeonardR, LindM, Twelves C, et al. Conventional adjuvant chemotherapy versus single-
cycle, autograft-supported, high-dose, late-intensification chemotherapy in high-risk
breast cancer patients: A randomized trial. J Natl Cancer Inst. 2004;96(14):1076–83.

252 U. Nitz
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Timing of Adjuvant Therapy

O. Pagani

Timing of Risk and Benefit

Breast cancer (BC) mortality rates in the United States, as assessed by the

National Cancer Institute’s Surveillance Epidemiology and End Results

(SEER) program, declined to 25 per 100,000 woman-years in 2003. Mathema-

tical models and clinical trial results suggest that mammography screening and

adjuvant systemic therapy are largely responsible for the overall decline in

mortality. Recently, population-based mortality rates in subgroups of BC

patients have also been systematically described. Annual hazard rates (HR)

for BC mortality during the years 1990–2003 have been different and non-

proportional according to oestrogen receptor (ER) expression. Hazard rates

in ER negative patients rise to a sharp peak of 7–8% per year approximately

2 years after initial BC diagnosis, and then decline. In contrast, ER-positive HR

lack a sharp peak but have a stable long-term rate of 1–2% per year (Fig. 1) [1].

This means that patients with endocrine unresponsive tumours are at much

greater risk of recurrence and death during the early years after diagnosis,

whereas patients with ER-positive tumours have a fairly consistent long-term

risk of BC death. In addition, the magnitude of the peak in the risk of death is

far greater for women with ER-negative than with ER-positive tumours: inter-

estingly, hazard curves cross for ER-negative and ER-positive tumours

approximately 6–8 years after diagnosis.
Gene expression studies have also recently identified three major subtypes

of BC (basal-like, HER2+/ER–, and luminal) associated with different prog-

noses [2]. A particularly poor outcome is seen among the two hormone

receptor–negative subtypes (i.e., basal-like and HER2+/ER–). HER2 over-

expression in particular is associated with earlier and greater likelihood of
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tumour recurrence [3, 4] with a distinctive pattern of short term, and largely

distant, relapse and with a higher rate of disease recurrence in the central

nervous system, occurring approximately in one-third of patients [5].
Taken together this information strongly favours a differential impact of

adjuvant treatments, not only in terms of quantitative effects but also of time of

benefit, in different biological subtypes of BC. In particular, the high risk of an

event in the first 2–3 years after diagnosis for ER-negative patients coincides

with the period of time when the benefits of the more effective chemotherapy

regimens become evident [6]. On the other hand, the benefit of adjuvant

chemotherapy in women with ER-positive tumours is far less dramatic: in this

period, the risk of recurrence is so small in ER-positive patients who receive

adequate endocrine treatment that any additional risk reduction due to che-

motherapy would be very difficult to detect statistically [7].

Timing of Surgery

The results of several studies, assessing the effect on prognosis of the hormo-

nal milieu at the time of surgery, have been conflicting [8–10]. Comparisons

among studies of menstrual timing of surgery have been complicated by

differences in cycle divisions, extent of primary surgery, frequency of adjuvant

therapy, duration of follow-up and analytic procedures [11]. Some but not all

reports have shown improved survival and decreased risk of vascular invasion

among patients with positive axillary lymph nodes surgically treated in the

luteal phase of the menstrual cycle, when progesterone levels are elevated (i.e.

>4 ng/mL) [12]. Some evidence also exists of molecular, genetic and cellular

changes in BC according to the phases of the menstrual cycle when biopsy was

performed [13].

Fig. 1 Annual hazard rates
of breast cancer death
according to estrogen
receptor (ER) status
Jatoi I et al.
J Clin Oncol. 25:1683–90,
2007
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Multidisciplinary and well designed prospective studies should be developed

to characterize adequately the influence of the menstrual cycle and of other

aspects of women’s reproductive physiology on BC management and outcome.

Timing of Sentinel Node Biopsy

Information on the feasibility and accuracy of sentinel node (SLN) biopsy

following preoperative systemic therapy (PST) is still quite limited. TheAmerican

Society of Clinical Oncology (ASCO) panel recently concluded that current data

are insufficient to recommend SLN biopsy after PST, although the technique has

proven to be technically feasible after chemotherapy [14]. The available data

report an identification rate of 77–98%, an accuracy of 77–100%, and a false-

negative rate of up to 33% but this information is prejudiced by the small

numbers of patients, treated in single institutions. The National Surgical Adju-

vant Breast and Bowel Project (NSABP) has evaluated the method in one of its

neoadjuvant trials and found the data comparable to those obtained frommulti-

center studies evaluating SLN biopsy before systemic therapy [15]. A recent

systematic review of 24 trials (1799 subjects), published between 2000 and 2007,

demonstrates both successful identification (90%) and false-negative rates (8%)

[16]. With adequate technical experience and standardization of the procedure,

SLN biopsy after PST could therefore be discussed and might be a reasonable

approach in selected patients who have shown a treatment response, except for

patients with inflammatory disease [17]. The need for an SLN biopsy before

preoperative treatment is debatable despite small series have reported an identi-

fication rate of almost 100% with different techniques [18].

Timing of Pathology

The accurate pathological assessment of any residual disease after PST is

crucial, being complete pathological response (pCR) positively correlated

with long term survival [19]. In presence of extensive regression of the primary

tumour it may be difficult to estimate the real tumour size, especially if there are

residual cells scattered over the original tumour area. The histo-pathological

findings should be assessed using established regression criteria [20]: a pCR is

achieved when no histological evidence of residual tumour cells, including non-

invasive foci, is found, either in the breast or the axillary lymph nodes, after

extensive microscopic examination. Immunohistochemical markers, such as the

hormone receptor and Her2/neustatus, should be determined both before and

after PST if residual tumour is present. Standard pathologic terms and the same

criteria used in the assessment of primary tumours without PST should be

adopted. Recent data suggest that gene expression profiling might have the

potential to identify and select patients most likely to achieve a pCR [21].
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Timing of Radiotherapy

Radiotherapy Initiation and Duration

The optimal timing of adjuvant radiotherapy (RT) after BC surgery and its
sequencing with systemic treatments (chemotherapy and/or endocrine treat-
ment) is controversial. Overall, the available evidence from patients treated
within controlled randomised trials suggests that, in node positive patients who
receive up to 6 months of adjuvant chemotherapy, postponing RT is not
associated either with a higher local recurrence rate [22] or with a significant
difference in the medium-term (48 months of median follow-up) incidence of
distant metastases, or overall survival [23, 24]. Somewhat contradictory results
are on the contrary available in node-negative patients who do not receive any
adjuvant systemic treatment [25, 26].

Accelerated partial-breast irradiation (APBI) is a group of RT techniques
that deliver higher daily doses of radiation to the surgical cavity over a shorter
time than whole-breast irradiation (WBI), reducing total treatment time from
6–6.5 weeks to 1–2 weeks. Phase III randomized clinical trials are currently
underway to assess local control, acute and chronic toxicities, and quality of life
associated compared to WBI [27].

Hypofractionated WBI also applies higher doses per fraction reducing over-
all treatment duration: the approach is feasible but appropriate patient selec-
tion is mandatory as well as long-term toxicity assessment [28]. These modern
techniques potentially increase the use of breast-conservation, the longer 6- to
7-week standard regimen inducing many women, especially elderly patients, to
choose mastectomy.

Radiotherapy in Combination with Systemic Treatments

The concurrent administration of cyclophosphamide, methotrexate, and 5-
fluorouracil (CMF) with RT is associated with a low risk of serious toxicity
[29, 30]. As regards anthracycline-containing regimens, the risk of increasing
the well known cardiac toxicity has prevented the concomitant administration
with RT: early experience in limited sets of patients seems to suggest that this
approach could be revisited [31].

Preliminary data from small series show that combining RT and taxanes is
apparently not associated with increased toxicity, in particular radiation pneu-
monitis or brachial plexopathy [32, 33]. This observation, if confirmed by
additional data, would allow anticipation of RT in high risk patients receiving
long-lasting chemotherapy regimens, thus avoiding the possible negative
impact on outcome of late RT administration.

The data available from the randomised adjuvant trials in >13,000 HER-2
positive women show no apparent mid-term detrimental effect of the
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combination of trastuzumab and RT [34]. Early evidence also suggests that the
inclusion of concurrent trastuzumab in radio-chemotherapy protocols does not
seem to increase radiation or systemic toxicity but this approach still needs
further evaluation and longer follow up [35].

The optimal sequencing of Tamoxifen (TAM) and RT remains controver-
sial. The concurrent use of TAMwithRTmay theoretically reduce sensitivity to
RT by arresting BC cells in the relatively radio-resistant G0/G1 phases of the
cell cycle [36], and some evidence has been reported of increased pulmonary and
breast fibrosis from the combination [37, 38]. The interpretation of this data is
limited by the small numbers of patients and the lack of a randomised compar-
ison to sequential treatment. A retrospective analysis of 1,649 patients treated
in a single institution suggested that, with a median follow-up of 10 years,
concurrent TAM with RT does not compromise local control (HR, 0.932;
95% CI, 0.42–2.05; p¼ 0.86) or overall survival (HR, 1.234; 95% CI,
0.42–2.05; p¼ 0.45) [39]: this data were confirmed in a smaller series of 279
patients treated at the University of Pennsylvania between 1980 and 1995 [40]
and by a retrospective analysis of 309 high-risk node-negative patients treated
within the Intergroup trial 0102 [41].

On the other hand, timing of RT did not adversely affect the 10-year local
relapse-free survival in 1446 stage I–II node negative patients, not receiving
adjuvant systemic therapy, treated prospectively in a single institution, but had
a significant impact on the 10-year distantmetastasis-free survival with a 40–70%
relative survival benefit when RT was delivered from 36 to 112 days after breast
conserving surgery as compared to early treatment (within 36 days) [25].

In the absence of any randomized trial, no firm conclusions regarding the
relative effectiveness of sequential or concurrent TAM and RT can be drawn.
The general question of sequencing of hormonal therapy and radiation is likely
to remain relevant and open also with the increasing use of the third-generation
aromatase inhibitors (AIs) and APBI. Aromatase inhibitors cause G1 cell cycle
arrest like TAMbut recent preclinical data suggest that BC cells pretreated with
modern AIs may have increased radiation sensitivity [42].

Timing of Adjuvant Systemic Therapy

The latency between BC diagnosis and disease relapse after initial treatment,
often lasting several years or even decades, has led to the hypothesis that a state
of cancer dormancy could at least in part explain this phenomenon. Research
on tumour dormancy, a complex and still poorly understood biological process,
has been limited due to the scarcity of appropriate models and clinical corre-
lates. Preclinical models designed to compare the biological behaviour of
metastatic vs non-metastatic variants of tumour cells provide some evidence
that tumour dormancy may depend upon a reciprocal dialogue between the
tumour cell and the tissue microenvironment and have in particular stressed the
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role of cell adhesion in the balance between proliferation and dormancy [43].
Cancer cells degrade the extracellular matrix by controlled proteolysis to spread
into lymphatic and blood vessels and form metastases at distant sites. One
proteolytic system involved in these processes is the urokinase-type plasmino-
gen activator (uPA) systemwhich has been recently claimed to exert a biological
role in tumour dormancy in solid cancer [44]. The ras-mitogen-activated protein
kinase (MAPK) signal transduction pathway has multiple roles in biological
processes such as cell cycling. The interaction between p38 MAPK phosphor-
ylation and the uPA system is under investigation as a possible mechanism for
the maintenance of the BC invasive phenotype during dormancy and its mod-
ulationmight become a therapeutic target [45]. The transition between dormant
and proliferating cells is also influenced by growth stimulating factors [46] and
withdrawal of angiogenesis inhibitors [47]. Circulating tumour cells (CTCs)
have been identified in a significant proportion of BC patients with no evidence
of clinical disease as long as 22 years after mastectomy [48]. Their replication
appears to be balanced by cell death/apoptosis: the mechanisms underlying this
control could be represented either by immune responses, or angiogenic sup-
pression. The impact of CTCs in early BC [49] is currently less well established
than the presence of micrometastases in bone marrow which has been clearly
associated with poor prognosis [50]. Surgical trauma and removal of the pri-
mary tumour has also been postulated to act as "angiogenic switch" [51]. The
different temporal patterns of recurrence after primary BC removal could at
least in part be explained by distinct tumour dormancy models which show
selective sensitivity to adjuvant chemotherapy [52]. In premenopausal node-
positive patients dormant micrometastases triggered by surgery have been
supposed to synchronize into a temporal highly chemosensitive state which, if
confirmed by additional data, could explain both the benefit of adjuvant
chemotherapy and the tumour aggressiveness in younger patients [53]. Com-
parative genomic studies also showed that dormant CTCs displayed signifi-
cantly fewer chromosomal aberrations than those from patients with manifest
metastases, suggesting that dissemination occurs very early in the process of
accumulation of genetic changes [54]. The recognition of all these steps might
reveal novel homeostatic mechanisms that could lead to development of new
drugs and therapeutic approaches to be tested in clinical trials [55].

Preoperative (Neoadjuvant) Systemic Therapy

Preoperative systemic therapy (PST) is used either to improve the surgical
options (i.e. to reduce the frequency of mastectomies), to obtain information
on disease response as a predictor of long-term outcome and of efficacy of
subsequent adjuvant therapies or to achieve long-term disease-free survival by
complete eradication of distant micrometastatic disease [56]. Overall, disease-
free survival (DFS) and overall survival (OS) are equivalent in patients treated
with the same adjuvant or neoadjuvant regimen [57].
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Primary Endocrine Therapy

Primary endocrine therapy has been tested only in postmenopausal patients
with endocrine responsive disease, showing moderate activity [58] but informa-
tion is lacking on the comparative efficacy of hormonal agents administered
pre- and postoperatively. Endocrine sensitive tumours have also generally
shown a poor response to primary chemotherapy (CT) [59].

Primary Chemotherapy

Patients with endocrine-unresponsive disease benefit most from preoperative
CT, the response being significantly higher in this subset of women [60] who can
nowadays also be identified by gene expression profiles [19, 21, 61, 62].

Overall, the preliminary results of targeted PST with trastuzumab in combi-
nation with CT show promising activity in patients with confirmed HER-2-
positive breast cancer, achieving high clinical and pCR rates, with a favourable
safety profile [63–66]. Response rates to single-agent trastuzumab range from
12 to 34% inmetastatic breast cancer and preliminary data also report encoura-
ging antitumour activity as neoadjuvant treatment [67]. The relative benefits of
administering trastuzumab alone, concurrently with or sequentially after CT in
the preoperative setting, still need to be investigated.

Duration of Preoperative Systemic Treatment

The optimal duration of PST has not been established, the length of therapy
having varied from 8 weeks to 36 weeks and being different in almost all trials,
with some trials splitting the systemic therapy into a preoperative and post-
operative part. In addition, recent data suggest that longer treatment compares
favourably with shorter treatment [68, 69]. Nonetheless, at least four cycles of
CT and at least 3–4 months of endocrine therapy are recommended in the
absence of disease progression.

Postoperative (Adjuvant) Systemic Therapy

Chemoendocrine Treatment

Preclinical data suggest that in ER positive BC cells TAM and other selective
ER modulators (SERMs) could exert an antagonistic effect when combined
with some cytotoxic drugs: endocrine treatment slows tumour growth by caus-
ing a G-transition delay which may make tumour cells less susceptible to cell
cycle-specific cytotoxic agents. Furthermore, TAMmay alter membrane lipids,
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thereby changing diffusion rates of some drugs and it also seems to inhibit
CAþþ-dependent cellular processes potentially modifying drug uptake. This
antagonism seems to be drug-specific and even alkylating-agent specific, since it
was demonstrated with melphalan and fluorouracil but not with 4-hydroxy-
cyclophosphamide, the active metabolite of cyclophosphamide, or doxorubicin
[70, 71]. Definitive interpretation of these somewhat contradictory observations
is confounded by the fact that most experiments were conducted with very high
(supra-pharmacologic) concentrations of TAM for only a short duration expo-
sure, which is probably insufficient to achieve an antiestrogen-induced effect on
tumour cell kinetics before exposure to the cytotoxic agent. Furthermore, this
strategy may not accurately mimic in vivo chemo-endocrine therapy in which
tumour cells are exposed to a prolonged clinically relevant TAM concentration
with the cytotoxic chemotherapy given in intermittent "bursts" over the course
of treatment. Little or no information is available with other endocrine agents
such as medroxyprogesterone acetate or AIs.

A possible detrimental effect of the concurrent administration of adjuvant
melphalan and fluorouracil with TAM was observed in node positive patients
treated in the NSABP Trial B-09 [72] and in node positive postmenopausal
patients treated with TAM in combination with oral CMF in the International
(former Ludwig) Breast Cancer Study Group (IBCSG) trial VII [73], in parti-
cular in women with low ER expression. Recent studies on the administration
of anthracycline-containing adjuvant chemotherapy either concurrent or
sequential with TAM favoured sequential administration [74–76] but these
trials were not designed to evaluate the effect of chemoendocrine therapy
separately according to the degree of endocrine-responsiveness of the tumour.
On the other hand, no major difference in 5 years OS was reported between
concomitant and sequential administration of TAM and anthracycline-based
adjuvant chemotherapy in the retrospective analysis of two consecutive trials in
node positive BC patients [77]. A potential advantage with concomitant treat-
ment observed in young patients (<40 years) and in patients with high ER level
tumours needs to be further addressed in prospective trials.

A significant higher incidence of thromboembolic events has also been
reported by the National Cancer Institute of Canada Clinical Trials Group in
node positive postmenopausal women randomised to concurrent TAM and
CMF as compared to women receiving TAM alone [78].

In the absence of any conclusive data a safe attitude could be to sequence the
two treatment modalities by completing adjuvant chemotherapy before starting
prolonged TAM treatment.

Only limited information is also available on the effectiveness of delayed
chemotherapy to patients already receiving TAM. In the previously mentioned
IBCSG trial VII, 1212 node-positive postmenopausal patients were randomized
to receive either TAM for 5 years or TAM plus three concurrent courses of
‘classical’ CMF, either early, delayed (on months 9, 12 and 15) or both [79]. The
late reintroduction approach was based on the mathematical model developed
by Speer in which breast tumours grow by alternating periods of fast

262 O. Pagani



proliferation to phases of slower or no progression [80]. Since cancer cells are
more likely to be sensitive to chemotherapy during phases of fast growth, and to
be resistant during periods of quiescence, the timing of cytotoxic agent admin-
istration could influence treatment efficacy. The selection of the same regimen
as reintroduction was based on the empirical observation in advanced disease
that patients could achieve a clinical response when given the same chemother-
apy they received as adjuvant therapy. Patients with endocrine responsive
tumours (ER-moderate or -high) gained a substantial benefit from the
combination of chemotherapy and TAM regardless of when the concurrent
chemotherapy was administered, as opposed to patients with ER-absent or ER-
low expression tumours in whom delayed chemotherapy seemed to be
detrimental. The retrospective nature of these results should be viewed as
hypothesis-generating, prompting the evaluation of delayed chemotherapy for
patients with endocrine-responsive disease and high risk of relapse within
tailored treatment trials using novel endocrine agents.

Chemotherapy (CT)

CT Initiation

The demonstration of a survival benefit from adjuvant CT in early-stage BC is
based on the results of randomised trials in which a selected time interval, usually
�12weeks, from surgery to the start ofCTwas allowed:whether equivalent benefit
can be obtained when CT is started beyond this time window is still not known.
Only one randomised trial has specifically investigated the timing of CT delivery:
RT followed by CT (median time to CT start 17 weeks) was not associated with
inferior OS comparedwithCT followed byRT (median time toCT 7.4 weeks) [81].

Overall, several retrospective analyses have also shownequivalent outcomeswhen
CT was started up to 13 weeks from surgery [82–85] but none of them had enough
statistical power to detect possible differences amongdifferent prognostic groups (i.e.
age, tumour size, vascular invasion, histological grade, number of involved nodes,
hormonal receptor status and co-administration of hormone therapy).

Data are on the contrary accumulating on the possible benefit on disease
outcome by an early initiation of CT after definitive surgery. Two small clinical
studies [86, 87] have suggested that patients who received CT within 28 to 35
days from surgery had improved DFS compared with those who received CT
later. Perioperative CT, i.e. within 3 days after surgery, can be used as a useful
model for identifying subgroups of patients according to biological features
that could benefit the most from early initiation of adjuvant treatment. Overall,
the results of a meta-analysis of trials on perioperative CT showed a reduced
risk of relapse by 11%, but no impact on OS, compared with the usual delayed
administration [88]. In addition, the European Organization for Research and
Treatment of Cancer (EORTC) demonstrated a long-term benefit (11 years
median follow-up) in terms of progression-free survival (PFS) and locoregional
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control by one course of perioperative anthracycline-containing polyche-
motherapy in 2,795 patients with early BC [89]. Data on treatment effect
according to different predictive features, such as c-erbB-2, steroid hormone
receptor expression, or grading, were not analysed.

The IBCSG conducted a randomized clinical trial (Trial V) to evaluate the
role of the addition of perioperative CT (within 36 h after mastectomy) [90] in
node-positive premenopausal patients with early BC. A total of 475 patients
were randomised to receive either perioperative CMF followed by convention-
ally timed CT given for 6 months or the conventional CT alone. At a median
follow-up of 11 years, among the small subset of women (101) with ER-absent
tumours, the 10-year DFS rate was 48% for those who received perioperative
CMF compared with 38% for those who received conventionally timed CT
alone (HR, 0.80; 95% CI, 0.48 to 1.34; p¼ 0.40). Despite the small number of
patients, the 20% reduction in the risk of recurrence provided motivation to
investigate whether early initiation of CT might be beneficial at least for the
endocrine unresponsive subgroup of premenopausal patients. The subsequent
analysis of all IBCSG trials of classical CMF CT in premenopausal patients
(Trials I, II, and VI) confirmed that, in the small subset of node-positive
patients with ER-absent tumours, early initiation (within 21 days) of systemic
CT after primary surgery was associated with a significant and clinically strik-
ing improvement in 10-year DFS (60 vs 34%; p¼ 0.0003) [91].

In addition, within IBCSG Trial V, a total of 1,275 patients with node-negative
disease were also stratified by menopausal status and randomised to receive
perioperative CMF (PeCT) or no adjuvant treatment. In premenopausal patients
the 10-year DFS percentage did not significantly differ between the PeCT and no-
adjuvant-treatment groups (61 and 59%, respectively, p¼ 0.70) and no predictive
factors were identified. In postmenopausal patients the 10-year DFS percentages
were 63 and 58%, respectively (p¼ 0.03) with the absence of expression of ER,
PgR, or both being the most important factor predicting improved outcome with
PeCT. The 10-year DFS percentages were 85 and 53% for the steroid hormone
receptor–absent cohort of treated and untreated patients, respectively (p¼ 0.0009)
[92]. These findings provide strong support for the hypothesis that endocrine
factors related to both menopausal and steroid hormone receptor status, consid-
ered together, play a key role in influencing response to CT.

In summary, early start of CT is unlikely to be clinically significant in
patients with tumours expressing some ER: in this subset of patients CT exerts
some of its effect via an endocrine mechanism and as a consequence the impact
of early initiation of CTmay not be as relevant as opposed to patients with ER-
absent tumours who benefit exclusively from the cytotoxic mechanisms of CT.

CT Duration

Adjuvant CT is generally administered for 6–12 months after definitive surgical
treatment. Several trials in the past have directly compared the duration of adju-
vant CT butmost of themwere not sufficiently sized to detectmodest differences in
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the outcome.An overview of six such trials showed that shorter treatment duration
(6 months) was as effective as longer duration therapy (12–24 months) [93].

The previously mentioned IBCSG trial V demonstrated that overall a single
course of perioperative CMF was associated with a significantly shorter DFS
and OS compared with a total of six or seven courses of the same treatment in
patients with node-positive disease [90].

The IBCSG also conducted a randomized trial in 1,475 node-positive pre- and
peri-menopausal women (Trial VI) comparing three and six cycles of classical
adjuvant CMF. Patients who received the shorter duration of CT had a 5-year
DFS rate of 53% comparedwith 58% inwomen in the longer duration treatment
arm (p¼ 0.04). The increased risk of relapse was more marked for women aged
less than 40 years and for patients with ER-negative tumours [94].

This observation was in contrast to that of the German Breast Cancer Group
(GBSG) trial in which 3 and 6 cycles of modified CMFwere compared in 483 node-
positive patients and yielded a similar event-free survival (EFS) after a median
follow-up of 10 years [95]. In the German trial only 42% of randomised patients
were premenopausal andnoanalysis according to agewasundertaken.A subsequent
joint analysis of the two studies [96] showed that three cycles of CMFwere adequate,
and even slightly more effective in both studies for patients at least 40-years-old with
ER-positive tumours (n¼ 594; HR, 0.86; 95% CI, 0.68–1.08; p¼ 0.19). In contrast,
three cycles were possibly inferior to six cycles for women less than 40-years-old
(n¼ 190; HR, 1.25; 95%CI, 0.87–1.80; p¼ 0.22) and for women with ER -negative
tumours (n¼ 302; HR, 1.15; 95% CI, 0.85–1.57; p¼ 0.37).

IBCSG Trial VI also addressed the question of late re-introduction of CT by
adding three single courses of CMF given on months 6, 9, and 12 [97]. The
possibility that a single cycle of CMF could by itself have some influence on
disease recurrence was demonstrated in the previously illustrated IBCSG Trial
V for node-negative patients with a presumed low burden of disease. The
reintroduction showed a trend to therapeutic effect, but this was not statistically
significant. Patients who were randomized to receive reintroduction had a
reduced risk of relapse (14% estimated reduction) whether the initial CT con-
sisted of three or six cycles. Several contrasting and confounding factors could
have interfered with the overall results, such as to one side the longer treatment
duration in the reintroduction group and on the other side the decreased ability
to deliver all prescribed cycles of CT with a possible dilution of the therapeutic
effect. In addition, the choice of single cycles of reintroduction CT administered
3 months apart might not represent the most effective approach. As a conse-
quence, two subsequent IBCSG trials in node positive patients (13–93 and
14–93) compared classical adjuvant CT with four cycles of AC/EC (cyclopho-
sphamide plus either doxorubicin or epirubicin) followed by immediate CMF
given for three cycles vs a 16-week gap between the two regimens. Overall, the
gap and no-gap groups had similar DFS and OS but exploratory subgroup
analysis noted a trend towards decreased DFS for gap compared with no-gap
for women with ER-negative tumours, especially evident during the first 2 years
(HR 1.36; 95% CI¼ 0.92, 2.02, p¼ 0.12) [98].
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Insufficient scientific evidence is available in women age 70 and older who
are under represented in most BC treatment trials [99, 100] but emerging data
suggest lymph node-positive, ER-negative patients as the subgroup possibly
benefiting from CT [101, 102]. Considerable uncertainty remains regarding the
risk/benefit ratio in elderly women, based mainly on co-morbidities, functional
status, future life expectancy and the expected physical and psychological
tolerability of CT [103, 104]. A shorter duration (12–16 weeks) of a less intensive
CT could therefore be reasonable for elderly patients: the IBCSG attempted to
investigate such an approach in the CASA trial, designed for older patients
(�66 years) with endocrine non responsive BC and not suitable for standard
combination regimens. The study aimed to test two complementary options (4
months of low dose pegylated liposomol doxorubicin given every 2 weeks vs
observation and pegylated liposomal doxorubicin vs 16 weeks of low dose, oral
metronomic cyclophosphamide and methotrexate) in a quality-of-life targeted
approach, but was prematurely closed due to insufficient accrual.

Endocrine Treatment

The role of adjuvant endocrine therapy in womenwith endocrine responsive BC
has been re-emphasized during the last St. Gallen Consensus Conference [105].
The new paper will be published soon, maybe in time to be incorporated.

Ovarian Function Ablation/Suppression (OFS)

The role of OFS and TAM has been clearly established in premenopausal
women with hormone receptors positive early BC [99]. A recent meta-analysis
substantially updated and refined the results of the last Early Breast Cancer
Trialists’ Collaborative Group (EBCTCG) overview (based on data up to the
year 2000) by dealing only with trials of OFS by LHRH agonists (thus exclud-
ing radiation or surgical menopause), and focusing specifically on hormone-
receptor-positive patients [106]. Sixteen trials were available for the current
overview, for a total of 9,022 patients and a median follow-up of �6.8 years:
duration of LHRH treatment was 2 years in most trials, but 18 months, 3 years,
or 5 years were also used. Overall, LHRH agonists, when used as the only
systemic adjuvant treatment, significantly reduced the risk of recurrence (28%,
p¼ 0�08) or death after recurrence (17 �8%, p¼ 0.49), but the number of
patients included in this comparison was very small, as reflected by the border-
line p value. The addition of LHRH agonists to TAM, CT, or both, further
reduced recurrence by 13% (p¼ 0 �02); and death after recurrence by 15%
(p¼ 0 �03). In addition LHRH agonists showed similar efficacy to CT but no
trials had assessed an LHRH agonist vs CT with TAM in both arms. Not
surprisingly, the effects of LHRH analogues were greater in younger women
than in those older than 40 years (Fig. 2).
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The optimal duration of LHRH administration, which induces reversible

ovarian failure, remains unknown as no clinical trial directly compared differ-

ent treatment durations. In absence of any data on a possible carryover effect of

OFS this information would be of extreme importance especially when discuss-

ing adjuvant strategies with very young women who possibly have still to make

their personal child bearing decisions.

Selective ER Modulators (SERMS): Tamoxifen

The 2005 report from the EBCTCG overview [99] shows, after 15 years of

follow-up, that 5 years of TAM induce a 12% absolute reduction in BC

recurrence and a 9% reduction in BC mortality in women with ER-positive

tumours, irrespective of age and nodal status. Overall, longer treatment appears

to be more effective at controlling BC than shorter treatment, the reduction in

both recurrence and mortality being significantly higher in women who had

5 years of adjuvant TAM therapy compared with those who received only 1–2

years (recurrence rate ratio 0 �82, 2p<0 �00001, breast cancer death rate ratio

0 �91, 2p=0 �01). The value of extending adjuvant TAM therapy beyond 5

years has been investigated so far in small trials which have not demonstrated

Fig. 2 Recurrence and death after recurrence
Cuzick J et al: Lancet. May 19, 2007;369:1711–23
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any benefit, although longer treatment appears to involve slightly lower recur-

rence and BC mortality rates in the most recent studies. With longer treatment,

a slight and non-significant excess mortality rate from other causes (i.e., throm-

boembolism, stroke, other vascular causes but not uterine cancer) was reported.

Two ongoing large (>18,000 women enrolled) randomized clinical trials, Adju-

vant Tamoxifen Treatment-Offer More (aTTom) [107] and Adjuvant Tamox-

ifen-Longer against Shorter (ATLAS) [108], randomized patients who had

completed �5 years of adjuvant TAM between continuing for another 5

years and stopping. The combined preliminary results indicate that continua-

tion of TAMbeyond the first 5 years reduces recurrence over the next few years,

but further follow-up is needed to assess reliably the longer-term effects on

recurrence and the net effects, if any, on mortality. No significant differences in

mortality from any other non-breast cancer cause have been reported so far.
The benefits associated with TAM treatment are not only substantial but

also persistent. In women receiving 5 years of TAM an additional one third

annual reduction in the recurrence rate was shown within 10 years, which

indicates a protective carryover effect over the next few years after treatment

interruption. In addition, despite no further reduction in the recurrence rates

was observed after 10 years, no net loss of the earlier gains emerged, confirming

a persisting long-lasting effect. For BCmortality the persistence of the effects of

about 5 years of treatment is even more remarkable with a steady divergence

between treatment and control throughout the first 15 years in both BC related

and overall mortality (Fig. 3).

Fig. 3 About 5 years of tamoxifen vs not in ER-positive (or ER-unknown) disease: 15-year
probabilities of recurrence and of breast cancer mortality
EBCTCG Overview: Lancet. 365:1687–717, 2005
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On the other hand, a sustained significant benefit, in terms of prolonged
DFS, is evident, after amedian follow-up of 25 years, in older (�65 years) node-
positive patients treated for 1 year with TAM alone as compared to control
(IBCSG Trial III and IV), with no additional impact on recurrence by the
addition of chemotherapy (CMF) (Pagani). These long-term results suggest
short-term endocrine treatment could be a safe and effective treatment option
for frail elderly women.

Aromatase Inhibitors (AIs)

Overall, several large clinical trials involving several thousands of postmenopau-
sal patients have shown that third generation AIs are superior to TAM in
preventing contralateral BC and improving DFS. Mature results are currently
available with several schedules: upfront treatment; sequencing treatment either
after 2–3 years of TAMor followed by TAM for 3 years; and extended treatment
after 5 years of TAM [109–114]. Larger reductions in the hazard ratio for
recurrence have been reported in the sequencing and extended treatment regi-
mens, but a proper evaluation of the overall impact on recurrence needs to
account for the higher recurrence rates that occurred in the period before switch-
ing to an AI. Multivariate and subgroup analyses within the BIG1-98 trial seem
to indicate that patients with high risk for early relapse (four or more positive
nodes, tumours >2 cm, presence of vascular invasion, HER-2 overexpression/
amplification and high values of Ki-67) may benefit most from upfront letrozole,
while sequential therapy might be reserved for patients with intermediate risk, in
whom TAM did not differ significantly from letrozole [115–117].

Optimal duration of treatment with an AI is one key outstanding question
for which there are currently no data: at this time, there is no evidence to suggest
that a longer than 5-year treatment with an AI is of benefit and extended
treatment with AIs beyond the initial 5 years should only be administered as
part of a clinical trial. A second randomization is now planned in patients who
received 2 years of exemestane after 5 years of TAM (NSABP B-33 trial) and in
patients who were treated with extended letrozole (MA-17 trial) to continue the
same AI vs placebo for 5 more years (years 11–15).

An additional question is how long the effect will be maintained after
treatment is stopped: the only data on a possible carryover effect by AIs come
from the ATAC trial where the same magnitude of reduction was seen in year 6
as in previous years [110].

Information on the use of TAM after an AI and on the comparison of an AI
upfront versus sequencing after TAM is now available with the recently presented
results of the BIG 1-98 trial which compared letrozole and TAM given in either
sequence with letrozole alone. Overall, the sequential treatments did not improve
DFS compared with letrozole alone but the data suggest initial use of letrozole
could be beneficial in patients at higher risk of relapse (e.g., node positive) and
patients commenced on letrozole can be safely switched to TAM [114].
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No trial did compare starting an AI at 2.5 years versus starting following 5

years of TAM and thus, the optimal moment of transition from TAM to an AI

will probably not be known.
Recent evidence suggests that estradiol is capable of inducing apoptosis in

aromatase resistant BC cells [118]. High dose estradiol showed an antitumour

activity in patients with advanced BC progressing under oestrogen deprivation

[119]. Low-dose oestrogen levels (achievable through interruptions of treatment

with AIs) could therefore induce apoptosis in BC cells become resistant under

long-term therapy with AIs, making residual disease susceptible to subsequent

reintroduction. The IBCSG is comparing extended continuous treatment with

letrozole for 5 years with intermittent therapy in women with endocrine-respon-

sive node-positive disease after completion of prior adjuvant SERM/AI endo-

crine therapy (SOLE trial).
A large population of postmenopausal women with hormone sensitive early

BC, treated with 5 years of adjuvant TAM remain disease-free 6–15 years after

diagnosis [99] (Fig. 3). Overall, these women have a significant persisting risk of

later BC related events with an annual risk of about 1–3%per year: womenwith

endocrine responsive disease in particular have an annual risk or relapse

>10–20% in the first 10 years and of 1–4% annually from year 15 to year 20

after diagnosis with 60% of recurrences occurring>6 years post surgery (Fig. 4)
[120]. The Australia and New Zealand Breast Cancer Trials Group (ANZ

BCTG) is running within BIG a late intervention trial with an AI (LATER)

with the aim of preventing new BC events and reducing mortality.

AIs are contraindicated in women with functioning ovaries because the

reduced feedback of oestrogen to the hypothalamus and pituitary leads to an

increase in secretion of gonadotrophins. Many premenopausal women who

Fig. 4 Annual Recurrence Hazard Rates for by endocrine responsiveness
Saphner T et al. J Clin Oncol. 14:2738–46, 1996
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developed permanent amenorrhoea after CT have recently been offered adju-
vant AIs: the preliminary experience in this subset of patients, the majority of
whom is older than age 40, has pointed out that a significant proportion of these
women (as high as 27%) may regain ovarian function while receiving AIs and
even become pregnant [121]. Estradiol, LH, and FSH levels, using validated and
accurate assays, should be monitored serially when giving adjuvant AIs in these
patients and treatment should be administered only if levels are consistent with
postmenopausal status (elevated gonadotropin levels and estradiol <10 pmol/
L) and under serial monitoring.

Targeted Therapies

Up to one quarter of women with early BC have HER-2 positive tumours,
characteristic which is associated with a high risk of early relapse and death
[3–5].

Four major adjuvant trials—HERA, NSABP B-31, NCCTG N9831, and
BCIRG 006—including >13,000 HER-2 positive women overall, have investi-
gated different adjuvant treatment approaches with trastuzumab and have
shown that the addition of trastuzumab significantly reduces the risk of recur-
rence and death. A small Finnish trial, FinHer, investigating a shorter trastu-
zumab regimen, also confirmed similar positive results [34].

Whereas further follow-up will provide information on long-term cardiac
safety and clarify the survival benefit, a number of questions remain unan-
swered. The first is whether trastuzumab started concurrently with taxane CT
(as in the USA and FinHer trials) is better than trastuzumab starting sequen-
tially after completion of CT (as in the HERA approach). The NCCTG N9831
trial addressed this issue by including a third arm with sequential trastuzumab:
preliminary data suggest that sequential treatment might be less effective than
concurrent treatment [122], but this was an unplanned comparison with low
statistical power, and longer follow-up is needed for assessing the relative
benefits of administering trastuzumab concurrently with or sequentially after
paclitaxel. It could also be noted that the median time from diagnosis to starting
trastuzumab in the HERA trial was 8 �5 months, which could have affected
efficacy in patients with high risk of early relapse. The second issue concerns the
duration of trastuzumab treatment. In this context, a third arm in the HERA
trial, in which patients are treated with trastuzumab for 2 years, addresses the
impact of longer trastuzumab administration: data comparing the 1- and 2-year
arms will provide information on whether extending treatment beyond 1 year
offers additional benefit. On the other hand, in the Finnish trial, involving only
232 women, a DFS benefit within the same range as those recorded in trials of
trastuzumab treatment for 1 year has been reported with 9 weeks only of
trastuzumab (HR 0 �42, 95% CI 0�21–0 �83; p¼ 0 �01), but the small sample
size, together with the wide CI, require confirmatory data. The Finnish group is
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now conducting a subsequent trial in 3000 patients comparing a shorter (9
weeks) and longer (1 year) duration of adjuvant trastuzumab (SOLD trial).

Clinical data about sequencing or combining trastuzumab with RT and/ or
hormone therapy in the adjuvant treatment setting are still immature. Patients
in the adjuvant trials received adjuvant RT upon completion of CT, during
maintenance trastuzumab with no apparent detrimental effect [34]. At a median
follow-up time of 3.7 years, concurrent adjuvant RT and trastuzumab in the
NCCTG trial was not associated with increased acute adverse events, including
cardiac events, but further follow-up is required to assess potential late toxicity
(Halyard). Endocrine therapy for patients with hormone receptor-positive dis-
ease was begun at the completion of either CT or RT.

Conclusion

Timing is one of the important variables which should be taken into account
when tailoring adjuvant treatments for the individual patient. The process is not
trivial given the different patterns of treatment responsiveness and recurrence
with respect to the biological subtypes of BC, the complexity of modern
therapies and the number of open questions, i.e., the biological mechanisms
underlying tumour dormancy, the potential for overlapping and unexpected
toxicities when combining different therapies, the long-term follow up required
to properly assess efficacy and safety. Innovative research programs should
therefore address not only the integration of different therapeutic strategies in
terms of biological targets and synergisms but also in view of their potential
temporal interactions.
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Sequencing of Systemic Treatment

and Radiotherapy

Pia Ursula Hugueniny

Introduction

The mortality of breast cancer is mainly due to metastatic disease, and the

majority of clinical trials are aimed at the optimization of systemic treatments in

order to reduce the risk for the development of a systemic disease. In early years,

following the observation of outcome in large numbers of patients with specific

disease profiles supposed to be risk factors, surgery was supplemented by ortho-

voltage radiotherapy and ovarian ablation as the first form of systemic treat-

ment. The efficacy of radiotherapy was analyzed in very early randomized

trials. The question of sequencing was addressed only later, with the availability

of many active drugs and the establishment of breast-conserving therapy

including radiotherapy to the remaining breast.

Efficacy of Radiotherapy in the Concept of Treatment of Early

Breast Cancer

Radiotherapy plays an important role in the curative treatment of operable

breast cancer. Adjuvant postoperative radiotherapy reduces the annual odds of

local recurrence by a factor of three [1]. Despite some extra mortality as

consequence of poor radiotherapy techniques in the earliest trials, a decrease

in cancer-related deaths with radiation therapy was observed in a meta-analysis

[2]. The improvement of loco-regional control translated into a significant

reduction of deaths due to cancer: for every 100 patients receiving radiotherapy,

20 loco-regional failures were prevented and five deaths due to cancer were

avoided [1].
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Current Practice of Combined Modality Treatment Including

Radiotherapy Outside of Clinical Trials

Following breast conserving surgery, all patients should undergo radiotherapy
irrespective of systemic treatment; so far, no patients’ subgroup was identified
that would not profit in terms of reduction of the local failure rate [3]. Patients
requiring adjuvant polychemotherapy usually get this soon following surgery
and before radiotherapy, as microscopic tumor burden would be treated more
efficiently by systemic treatment than by radiotherapy [4].

The International Breast Cancer Study Group (IBCSG) investigated the
timing of radiotherapy in two trials, one for pre/perimenopausal patients with
involved nodes, one for node-positive postmenopausal patients [5]. Systemic
treatment consisted of 6 cycles of cyclophosphamide, methotrexate and
5-fluoro-uracil (CMF) or, in receptor-positive postmenopausal patients, in
tamoxifen only (146/718 patients). There was no difference in ipsilateral breast
recurrence or disease-free survival at 4 years for both groups receiving radio-
therapy early or later at the end of chemotherapy. Free resection margins were
required for the inclusion into these trials; whether close or involved margins
would favor early radiotherapy remains unanswered.

Recommendations for radiotherapy with or without inclusion of nodal areas
following mastectomy are based on less sound data [3]. Postmastectomy radio-
therapy is a generally accepted standard for tumor stages pT3 or pT4 and /or for
�pN2a [3]. An intergroup study is currently running for patients with one to
three involved axillary nodes and/or tumor stage pT2 with histologically poor
differentiation and/or lymphovascular invasion (‘‘SUPREMO’’, selective use of
postoperative radiotherapy after mastectomy).

Are There Reasons to Re-investigate Current Practice

of Radiotherapy?

Yes, there are at least two reasons: delayof radiotherapymaydecrease the chanceof
cure and concurrent radiotherapy with systemic therapy has been shown to be
superior tosequential applicationof radiationanddrugs inmanyother solid tumors.

In addition, with the sequential application of postoperative systemic treat-
ment followed by radiation and later by hormonal treatment, overall treatment
time is considerably prolonged as compared to concomitant therapy, and the
radiosensitizing effect in tumor cells is not used.

Potential Impact of Delay of Radiotherapy on Outcome

Delay of radiotherapy following breast surgery may have different reasons; the
discussion is restricted to postoperative adjuvant radiotherapy.
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Delay by any reason may negatively affect treatment outcome in several
malignant tumors, as systematically summarized based on retrospective data by
a Canadian research group [6]. Most studies on breast cancer dealt with a cutoff
point of 8 weeks following surgery and restricted the analysis to local control.
The pooled data showed a superior local relapse-free rate using early radio-
therapy, compared to postoperative full chemotherapy followed by radiother-
apy (eleven studies; odds ratio 2.28, 95% confidence interval 1.45–3.57, corre-
sponding to a local relapse rate of 6% with postoperative radiotherapy,
compared to a relapse rate of 16% using chemotherapy before radiation).

Comparable results with a significant loss in disease-specific survival asso-
ciated with a delay of 3 months or more until beginning of postoperative
radiotherapy have been shown in a recent report by the Surveillance, Epide-
miology, and End Results (SEER)-Medicare database 1991–1999 in patients
over 65 years who did not receive chemotherapy [7].

Concomitant Chemo- and Radiotherapy

For some solid tumors, concomitant chemo-radiation has been demonstrated
as the most efficient way of treatment (uterine cervix [8]; carcinomas of the
head and neck [9, 10]) with respect to loco-regional tumor control rates,
compared to radiotherapy alone. Simultaneous radio-immunotherapy was
effective in the same order [11]. However, a potential increase in acute and
late toxicity may be prohibitive for a simultaneous application of radiation with
some of the frequently used drugs such as anthracyclines and taxanes. Cyclo-
phosphamide, methotrexate and fluorouracil (CMF) combined with post-
mastectomy radiation of the chest wall and lymph nodes have been reported
to be superior to radiotherapy alone in two randomized trials [12, 13]. However,
the ‘‘CMF’’ regimen used in these trials was different from the ‘‘CMF’’ origin-
ally reported to improve disease-free and overall survival, and modifications
may reduce the optimal efficacy even in presence of an additive effect of RT and
chemotherapy [14].

The concomitant chemo-radiotherapy using the original CMF and a care-
fully fractionated radiotherapy at a rather low total dose has been shown to be
feasible without impact on dose intensity or toxicity in a pilot trial [15].

Concomitant, most often preoperative chemo-radiation is established and,
outside clinical trials, reserved for locally advanced and inoperable or inflam-
matory breast cancer. Details on this combined modality treatment for primar-
ily inoperable extensive breast cancers are beyond the scope of this chapter.
However, long-term locoregional control may be achieved in two thirds of
patients using an appropriate systemic treatment and radiotherapy [16]. A
breast conserving treatment was possible in 70% of the cases in a French Series
with a documented rate of pathological response of 27%; a grade 4 hematolo-
gical toxicity rate was observed in 22% [17].
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Randomized Trials on Sequencing of Postoperative Concomitant

Adjuvant Radiotherapy and Systemic Polychemotherapy Treatment

In a small trial at the Joint Center in Boston run between 1984 and 1992, 244

patients with considerable risk to develop distant metastases were randomized

to chemotherapy over 12 weeks first (methotrexate, folinic acid, fluorouracil,

prednisone, cyclophosphamide and doxorubicin) followed by tamoxifen, or

radiotherapy first (45Gy in 25 fractions to the whole breast) followed by a

boost dose of 16–18Gy [18]. Local recurrences were marginally reduced in the

arm starting with radiation therapy (55 vs 14%, p ¼ 0.007) but a re-analysis

of this series after a follow-up of 135 months showed no significant difference

in the rates of freedom from any event, including ipsi- or contralateral breast

cancer, secondary malignancy, death, freedom from metastasis or overall

survival [19].
Concomitant vs sequential application of CMF chemotherapy and radio-

therapy in a small Italian trial in 206 patients found no significant difference in

outcome at 5 years including late toxicity [20]. In contrast in the French

ARCOSEIN Trial, where 716 patients were randomized to radiation therapy

plus chemotherapy (mitoxantrone, fluorouracil and cyclophosphamide) or to

the sequential application starting with six courses of systemic treatment fol-

lowing breast conserving surgery, the 5-year locoregional recurrence-free sur-

vival was in favor of the concomitant treatment in the node-positive subgroup

(97 vs 91%, p¼ 0.02) [21]. Unfortunately, the incidence of grade 2 or more late

effects was increased following concomitant chemo-radiotherapy [21].
Based on biological considerations and on retrospective analysis of early

clinical data, the combined use of tamoxifen and radiotherapy seemed to

increase the risk of lung fibrosis following local/locoregional surgery [22].

However, in the randomized NSABP-B21 Trial, late toxicity following simul-

taneous application of radiotherapy and tamoxifen was not described in detail

[23] and two other trials, one retrospective analysis [24] and a randomized

SWOG trial [25] did not demonstrate any increase in late toxicities. All these

trials reported an improved local control rate for patients receiving concur-

rently radiotherapy and tamoxifen.
Many additional drugs are now applied in the adjuvant setting, especially the

taxanes, new hormonal agents and antibodies against the ErbB-2 receptor.

Based on experimental and clinical data, some of these drugs are potential

radiosensitizers, and the therapeutic gain depends on the sensitizing effect in

tumor compared to normal tissues [26–28].
One of the recently introduced new drugs, trastuzumab, an antibody against

ErbB2 (member of the epidermal growth factor receptor (EGFR) family), may

act as radiosensitizer similarly to other antibodies or molecules that interfere with

signal transduction. An abstract publication of toxicity data on a recent phase III

North Central Cancer Treatment Group trial did not show increased acute

toxicity for radiotherapy with simultaneous application of trastuzumab [29].
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Open Questions

Several items for which we have no or insufficient clinical data remain open.
There is no doubt about the importance of clear surgical margins in primary

treatment of breast cancer. However, it is not known whether a higher local
dose of radiotherapy can compensate for poor surgery; probably not.

Hypofractionated radiotherapy with less fractions may be given without
increase in late toxicity and with the same probability of local tumor control,
in order to shorten overall treatment time [30]; a short or even only one
radiation fraction applied intraoperatively focally to the breast bed [31] may
allow to postpone the systemic adjuvant treatment for a short time without loss
in systemic efficacy (distant disease-free survival).

Conclusion

Radiation therapy after breast surgery has been shown to dramatically decrease
local relapses. Delays in radiation therapy start after surgery may well lead to a
reduced disease-free survival. The concurrent application of multiple drugs and
radiotherapy may enhance the toxicity of both modalities and, moreover is
more intensive and time consuming for the patients who need some time after
surgery in order to recover physically andmentally. Outside of clinical trials, the
sequential application of drugs and radiotherapy is still recommended.
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Young Patients with Breast Cancer

P.A. Francis

Incidence and Prognosis

Among women diagnosed with early breast cancer, one in four will be preme-

nopausal. In relation to breast cancer, the term ‘‘young’’ typically refers to

patients aged less than 40 years. While breast cancer in young women is not

common, breast cancer remains the leading cause of cancer deaths among

young women. Only about 1 in 40 women diagnosed with breast cancer will

be very young (defined here as <35 years).
Women aged younger than 35 years diagnosed with early breast cancer have

been shown in a number of series to have a poorer prognosis and higher risk of

relapse. In a Swedish data set, the relative survival among patients <50 years

decreased with younger age. Patients younger than 35 years had a much lower

relative survival than those aged 44–49 years, with a 13% absolute difference at

5 years [1]. In a large single institution French study of premenopausal women,

the relationship between hazard of recurrence and age indicated a 4%decrease in

recurrence for every additional year of age [2]. Younger patients tend to present

more frequently with unfavorable histologic features, with more positive lymph

nodes, larger tumors, negative hormone receptors and high S-phase fractions or

elevated Ki67 in their tumors [3, 4]. The St. Gallen International Expert Con-

sensus on the Primary Therapy of Early Breast Cancer excludes women <35
years of age with resected breast cancer from the ‘‘low risk’’ category [5].

Endocrine Considerations

While the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)

overview analyses have provided important information regarding treatment

effects, small sub-groups such as very young women may not be well
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represented in overall data. Emerging data suggest that breast cancer outcomes
in this age group may have some unique aspects. EBCTCG overview data
suggest that women <40 years and women aged 40–49 years derive a similar
proportional reduction in risk from polychemotherapy [6]. However, when the
International Breast Cancer StudyGroup (IBCSG) analyzed outcomes for very
young women (<35 years) in a series of trials testing adjuvant CMF chemother-
apy in premenopausal women, they found that women <35 years had a higher
risk of relapse and death than the older premenopausal women (�35 years)
when treated with CMF alone [7]. The 10-year disease-free survival (DFS)
of 35% in women <35 years was significantly worse than the DFS of 47% in
the older premenopausal women (p<0.001). The relapse and death rate in the
women<35 years was particularly high in those with estrogen receptor positive
(ER+ve) tumors, who paradoxically had a worse outcome than women <35
years with estrogen receptor negative tumors. The 10-year DFS was 25% for
ER positive compared with 47% for ER negative among the very young (p =
0.014). When major North American Cooperative Groups (NSABP, ECOG,
and SWOG) were invited to study the outcomes of very young women com-
pared with older premenopausal women treated in their chemotherapy only
trials, a similar phenomenon was seen, with the worst outcome in women <35
years with ER+ve breast cancer [8]. Interestingly, among women with ER
negative tumors, the outcome in women <35 years was similar to that for
older premenopausal women >35 years. Thus, very young women with hor-
mone receptor positive breast cancer are a subgroup who appear to deserve
special attention because of their poorer outcomewhen treated with chemother-
apy alone.

For premenopausal women with hormone receptor positive breast cancer
who receive chemotherapy and no other systemic treatment, the outcome is
significantly better when the chemotherapy results in amenorrhea, even if the
amenorrhea is temporary [9]. The risk of amenorrhea following chemotherapy
is age dependent, with more than 80% of women �40 years developing ame-
norrhea with six cycles of classic CMF. For women <40 years, less than half
develop amenorrhea, while for women <35 years of age, less than one in three
develop amenorrhea with CMF [10, 11]. Among premenopausal women, four
cycles of doxorubicin and cyclophosphamide (AC) results in less amenorrhea
than CMF [12]. Patients aged 35–39 years have a greater chance of developing
amenorrhea after CMF or CEF chemotherapy than those aged <35 years [13].
The poor outcome for very young women with resected estrogen receptor
positive tumors, when treated with chemotherapy alone, may be explained
at least in part by the failure to achieve amenorrhea in this age group, resulting
in a potential ongoing estrogenic stimulus to occult tumor cells. The older
premenopausal women who achieve amenorrhea after chemotherapy derive
an indirect endocrine benefit from the chemotherapy in addition to its direct
cytotoxic effects.

EBCTCG data show that ovarian ablation or suppression is an effective
adjuvant treatment for women under 50 years and significantly reduces
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recurrence and breast cancer mortality [6]. However, in womenwho also receive
chemotherapy, ovarian ablation or suppression provides a smaller benefit of
questionable significance, even for women <40 years. Some women <40 years
who receive adjuvant chemotherapy become menopausal and these women are
unlikely to derive additional benefit from ovarian ablation or suppression. The
EBCTCG data on efficacy of ovarian ablation/suppression also include many
women unselected for hormone receptor status. Therefore the overview data on
the efficacy of ovarian ablation or suppression in the presence of chemotherapy
may underestimate the potential benefit for the subgroup of very young women
with hormone receptor positive breast cancer.

The question of whether ovarian suppression adds to the benefits of adjuvant
chemotherapy was tested in an ECOG led Intergroup Trial 0101 for premeno-
pausal women with node positive hormone receptor positive breast cancer.
Women were randomized to receive chemotherapy with CAF alone, CAF
followed by goserelin (CAF-Z), or CAF followed by goserelin plus tamoxifen
(CAF-ZT). While the addition of tamoxifen to CAF-Z improved DFS, there
was no significant effect on disease free survival (DFS) with addition of goser-
elin to CAF (9 years DFS: CAF = 57%, CAF-Z = 60%, CAF-ZT = 68%)
[14]. However in an unplanned retrospective analysis in the subgroup of women
<40 years there was a trend to benefit from goserelin when added to CAF (HR
for DFS = 0.78; 95% CI, 0.56–1.08), while no effect was seen in the subgroup
�40 years (HR for DFS = 1.0). These data again suggest overall results from
chemo-endocrine trials in premenopausal women may not be applicable to the
very young subgroup.

IBCSG randomized premenopausal women with node negative breast can-
cer to treatment with CMF chemotherapy, treatment with goserelin (Zoladex)
for 2 years, or a sequential combination of CMF then goserelin for 18 months
[15]. Overall the addition of goserelin after CMF resulted in a small improve-
ment in 5-year DFS that did not reach significance (HR for DFS = 0.80, 95%
CI, 0.57–1.11). However, in an unplanned subgroup analysis according to age,
it appeared that the subgroup who were estrogen receptor positive and <40
years of age, derived benefit from the addition of goserelin after CMF (HR for
DFS = 0.34, 95% CI, 0.14–0.87) while the group who were estrogen receptor
positive and aged �40 years had no benefit from the addition of goserelin after
CMF (HR for DFS = 1.00). Presumably the high frequency of permanent
amenorrhea that occurred after CMF in the older age group, negated the
potential additional benefit of goserelin. Treatment for 2 years with goserelin
alone in the subgroup who were<40 years and ER+ve did not result in a good
outcome in this node-negative study (5 year DFS of 62%), suggesting that
ovarian suppression treatment alone may not be an optimal treatment for the
young hormone receptor positive subgroup.

The EBCTCG overview data suggests that the reduction in the risk of breast
cancer recurrence with adjuvant tamoxifen is similar for all age groups, includ-
ing those younger than 40 years [6]. However, outcomes for premenopausal
women treated with tamoxifen alone in NSABP trials showed a significantly
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higher relative risk of relapse for those under 35 years compared with those aged
35–49 years (RR 1.91; 95% C.I. 1.21–3.01) [8]. Cooperative group data
(NSABP, ECOG and SWOG) were analyzed to assess the outcomes of the
very young ER+ve women compared with their older premenopausal counter-
parts, from randomized trials in which they received chemotherapy followed by
tamoxifen. The results again suggest a significantly increased relative risk of
relapse for those less than 35 years of age [8].

In a randomized trial performed in Asia, premenopausal women were ran-
domized to receive no adjuvant therapy vs a combination of oophorectomy plus
tamoxifen. The combined endocrine treatment was clearly superior to no
adjuvant therapy. In a subsequent analysis according to age, it was shown
that among the women randomized to the combination endocrine treatment,
there was a significantly worse outcome for those<40 years of age vs those�40
years of age [16].

In combination the above data suggest that, for very young women with
hormone receptor positive breast cancer who typically remain premenopausal
after chemotherapy, consideration to combining maximal endocrine treatment
with chemotherapy may prove to be the optimal strategy. This strategy is being
tested in a randomized trial known as ‘‘SOFT’’ (Suppression of Ovarian Func-
tion Trial) conducted by the IBCSG. The SOFT trial is relevant for clinicians
who choose chemotherapy followed by tamoxifen as the standard of care for
premenopausal hormone receptor positive breast cancer. The SOFT trial tests
the role of adding ovarian function suppression to tamoxifen and the role of
substituting an aromatase inhibitor (exemestane) combined with ovarian func-
tion suppression. Only women who remain premenopausal (after chemotherapy
if chemotherapy is given) are eligible.

The SOFT trial is one of a tailored-treatment suite of trials developed by the
IBCSG for premenopausal women with hormone receptor positive breast
cancer. The trials are being conducted with the support of Breast International
Group (BIG) and the North American Breast Intergroup co-operative groups.
Clinicians and patients can select from the trials according to their treatment
preferences in this situation. For those who routinely choose ovarian suppres-
sion as an initial part of the systemic treatment for this patient group, an
alternate trial called ‘‘TEXT’’ (Tamoxifen and EXemestane Trial) has been
developed. The TEXT trial tests the substitution of an aromatase inhibitor
(exemestane) for tamoxifen, with each hormone given in combination with
ovarian suppression. Chemotherapy is optional per clinician/patient prefer-
ence. It is hoped that results of these important trials will provide answers
regarding chemo-endocrine questions in the treatment of very young women
with early breast cancer.

While aromatase inhibitors (AI) are playing an increasingly important role
in the adjuvant hormonal treatment of postmenopausal women, there is con-
cern that younger women who appear to be ‘‘post-menopausal’’ after adjuvant
chemotherapy, are being prescribed AIs outside of a trial setting. This may not
be an effective therapy because chemotherapy induced menopause is frequently
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reversible in younger women, and premenopausal estradiol levels may occur in
the absence of menses. Trials testing the use of aromatase inhibitors as adjuvant
hormonal therapy in postmenopausal women typically excluded women under
age 45 with chemotherapy induced menopause for this reason.

Loco-regional Therapy

Randomized clinical trials have shown equivalent survival outcomes for mas-
tectomy vs breast conserving surgery plus radiation for women with operable
breast cancer. While age is not a contraindication to breast conserving surgery,
young women have been shown to have a higher risk of local recurrence
following breast conserving surgery compared with older women. In a very
young woman with a conserved breast, there maybe 50 or more years during
which additional ipsilateral events could occur. In young patients, very careful
attention to obtaining clear surgical margins with regard to both invasive
cancer and DCIS is crucial to minimize this risk and consideration to re-
excision should be given where doubt exists. When mastectomy is deemed
appropriate, young women should be offered the opportunity for reconstruc-
tion. A randomized trial conducted by the EORTC in women undergoing
breast conserving surgery and receiving a radiation dose of 50Gy has demon-
strated the value of a 16-Gy boost radiation dose, which was particularly
beneficial in young patients. For women aged �40 years, the local recurrence
rate was reduced from 24% to 14% at 10 years, with the addition of the boost
[17]. For women over 60 years, the comparable rates of local recurrence at 10
years were 7% without and 4% with the boost. Thus even with a boost dose of
radiation, young women have a higher risk of local recurrence than their older
counterparts. Whether an even higher dose boost would provide additional risk
reduction will be the subject of further investigation. The clinical importance of
avoiding local recurrence has been underscored by the recent EBCTCG over-
view which postulated that differences in local treatment that substantially
affect local recurrence rates could theoretically avoid one breast cancer death
over the subsequent 15 years, for every four local recurrences avoided [18].

Pregnancy, Fertility and Menopause

The management of (1) breast cancer diagnosed during pregnancy, (2) meno-
pausal problems due to adjuvant therapy and (3) the preservation of fertility in
relation to adjuvant therapy and pregnancy after a breast cancer diagnosis are
discussed in separate chapters. These issues may be of great importance for
young women who value informed discussion and advice from their treating
team when deciding upon adjuvant therapy for early breast cancer. American
Society of Clinical Oncology (ASCO) has developed Clinical Oncology
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Recommendations on fertility preservation in cancer patients [19]. It should be
noted that fertility and ovarian reserve maybe reduced in women who receive
adjuvant chemotherapy, even if menstrual cycles continue and young patients
may not be aware of this. While pregnancy after a diagnosis of early breast
cancer is not thought to have an adverse effect on breast cancer outcome, there
is data which suggests that women diagnosedwith breast cancer either during or
within a few years after pregnancy, have a worse prognosis independent of
tumor characteristics [20, 21].

Specific intergroup collaborations/clinical trials in these areas have been
developed to help better inform future care for young patients. A study led by
the German Breast Group (BIG 2-03) is prospectively assessing the treatment
and outcomes of breast cancer during pregnancy. An NCCTG led trial
(NCCTG 9431/ IBCSG 21) is studying any association between disease free
survival and the timing of breast cancer surgery in relation to menstrual cycle
phase. A study led by the EORTC (BIG 3-98) is assessing attitudes to loss of
fertility in women less than 35 years. A randomized trial led by Southwest
Oncology Group (SWOG 0230/ IBCSG 34) is testing whether administration
of goserelin during adjuvant chemotherapy can reduce the risk of premature
ovarian failure in women with hormone receptor negative breast cancer. For
women with hormone receptor positive breast cancer, however, it is possible
that strategies which reduce the risk of premature ovarian failure may ulti-
mately have a detrimental effect on breast cancer outcome through ongoing
estrogen production.

Genetic Considerations

A diagnosis of breast cancer at a young age increases the likelihood of a specific
genetic mutation (e.g. BRCA1 or BRCA2) being found compared with breast
cancer at an older age; however, most women diagnosed with breast cancer
under 40 years will not have a specific mutation identified if tested. In a
population-based Australian study of women diagnosed with breast cancer
before age 40 years, a germline mutation in BRCA1 or BRCA2 was found in
42 (5.3%) of 788 cases [22]. Additional factors that may increase the likelihood
of a genetic predisposition should be sought in the history and include personal
or family history (particularly at younger age) of breast or ovarian cancer, male
breast cancer, bilateral breast cancer, and Ashkenazi Jewish heritage. Family
history of malignancies (breast, brain, sarcoma, adrenocortical cancer, etc.) at
younger age may be associated with inherited p53 mutation. Apart from
identification of mutations for future risk reducing strategies and optimal
screening, preferences for breast cancer therapy may differ in the case of
known mutations. For example, in the case of a premenopausal woman with
BRCA2 mutation and early breast cancer which is endocrine responsive and
not considered high risk, salpingo-oophorectomy could reduce the risk of
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ovarian cancer and new breast cancers in the future, but might also be an
appropriate alternative adjuvant therapy to chemotherapy, when combined
with oral adjuvant hormonal therapy.

Psycho-social Considerations

Women diagnosed with breast cancer at a very young age are at greater risk for
psycho-social distress [23]. Women at this stage of life typically have demands
upon them from family and/or work. Fertility concerns, altered perception of
body image or femininity, sexuality and fears of recurrence maybe factors
relevant to difficult adjustment after diagnosis at a young age. Age appropriate
supports maybe helpful.

Conclusions

Young patients diagnosed with breast cancer deserve special attention from all
members of the multidisciplinary team because there are differences in the
incidence, prognostic factors, systemic and loco-regional treatments, and out-
comes for this age group. In addition, young women may require special
assessment for issues such as preservation of fertility, desire for future preg-
nancy, or management of premature menopause. Consideration of the possible
role of genetic factors should be considered when diagnosis occurs at a young
age. Due to potential for increased distress in younger patients, attention to
appropriate psycho-social support is needed. Specific trials designed to test the
optimal adjuvant treatment strategies appropriate for young patients are
important.
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Special Populations: Elderly Patients

Diana Crivellari and Lucia Fratino

Introduction

The ageing of the population and the increase of life expectancy have put new

social and health questions into the public health agenda of Western countries.

In Europe, the median life expectancy at birth in the 1990s has reached 72.7

years among men (ranging from 75.1 in Sweden to 64.4 in Estonia) and 79.5

years among women (ranging from 82 in France to 75 in Estonia). Globally, the

segment aged 65 years and over constitutes about 14.0% of the European

populations, though wide geographic variations are recorded (from 17.8% in

Sweden to 10.1% in Poland). [1] Moreover, time patterns show that the popula-

tion group over 75 years of age is rapidly increasing in size and that life

expectancy in men at age 65 increases by nearly 3 years. In elderly women,

such a gain seems to be more pronounced, i.e. 6 years (from 11.9 to 17.9 years).

The longest life expectancy at 65 years was registered in Japan (15.7 in men and

19.3 in women) and in Nordic European countries (14.6 in men and 18.7 in

women). The larger improvement registered among women, as compared to

men, is mainly due to the marked reduction in maternal mortality and to the

lower impact of smoking-related deaths recorded since the 1950s. For the

future, it has been estimated that in developed countries life expectancy at

birth may reach 90 years for women [2].
The ageing of the population heavily affects the hardship of chronic diseases,

including cancer which is primarily a disease of older people and a leading cause

of death. As seen for the vast majority of carcinomas, the incidence rates for

breast cancer also steadily increase with age [3]. After 70 years of age, between

280 (United Kingdom) and 427 new cases of breast cancer/100,000 women are

registered each year in Western countries reaching a peak of 443/100,000

women aged 75–79 years in the SEER registry of the United States (IARC).

D. Crivellari (*)
Division of Medical Oncology C, Centro di Riferimento Oncologico National
Cancer Institute, Aviano (PN), Italy

M. Castiglione, M.J. Piccart (eds.), Adjuvant Therapy for Breast Cancer,
Cancer Treatment and Research 151, DOI 10.1007/978-0-387-75115-3_19,
� Springer ScienceþBusiness Media, LLC 2009

299



With regard to mortality, after earlier rises in most areas, breast cancer
mortality in women aged 65–84 declined by 8% in the US and by 3% in the
EU to reach 106/100,000 in both areas whereas it rose from 80 to 90/100,000 in
Eastern Europe and from 19 to 24/100,000 in Japan [4]. Although population-
based screening are not recommended over 70 years of age, at least part of these
favourable trends in mortality reflect advancement in early diagnosis, in addi-
tion to improved treatment. Elderly women have experienced a less significant
decline in mortality rates than the one recorded in younger women by approxi-
mately 15–20%. This difference highlights a well known debate on the oppor-
tunity of expanding the screening to older groups and on the need of improving
the offer of optimal treatments to elderly women.

Assessment of Older Patients

The ageing process is characterized, for both acute and chronic diseases, by a
progressive decline in physical and cognitive functions whose underlying causes
are only partially understood. As a consequence, one of the most characteristic
aspects of ageing is the great variability from person to person: some persons
maintain their physical and cognitive abilities throughout their lifetimes (suc-
cessful ageing), while others lose these abilities rather early in adult life. In a very
small subgroup of individuals, the functional status even appears to improve
over time [5]. The basis for this heterogeneity is largely unknown, and probably
influenced by the interaction of genetic, environmental, functional, social and
psychological factors that make up the individual aging process.

Modern geriatrics is the study of the complexity of many aspects of old age
and the application of knowledge related to the biological, biomedical, beha-
vioural and social aspects of ageing to perception, diagnosis, treatment and
care of older persons. The geriatric approach is specifically targeted towards
patients with multiple, interacting problems brought on by disease or ageing
and resulting in a progressive reduction in reserve of multiple organ systems,
disability (i.e., functional impairment and dependency), co-morbidity, frailty
and geriatric syndromes. Such patients are not simply elderly, but are ‘‘geria-
tric’’ patients because of interacting psychosocial and physical problems. In
addiction, diseases in the elderly may appear with atypical signs and symptoms,
a silent presentation may occur and aged persons are extremely susceptible to
iatrogenic disease. Co-morbid diseases are common and their contribution
makes the picture more complex [6].

As a consequence, the health status of elderly persons cannot be evaluated by
merely describing the single disease, and/or by measuring their response or
survival after treatment. Conversely, it is necessary to conduct a more compre-
hensive investigation of the ‘functional status’ of the aged person. The assess-
ment of the functional status is defined as the measurement of a patient’s ability
to complete functional tasks; these range from simple self care in activities of
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daily living (ADL) [7] to more complex instrumental activities of daily
living and fulfilling social roles (IADL) [8]. ADL includes feeding, grooming,
transferring and toileting. IADL includes shopping, managing finances, house-
keeping, laundry, meal preparation, ability to use transportation and commu-
nicating by telephone, as well as the ability to take medications. Independence,
or the degree of dependence in the ADL and IADL scales, determines whether
an older person can eventually live alone without a caregiver. As for social roles,
these include the ability to use transportation, the ability of requiring help in
cases of urgent need and the ability of living in an interpersonal context. Each
impairment in the physical, social or psychological dimension which gives rise
to functional limitations is defined as disability.

As age from a clinical perspective is highly heterogeneous and poorly
reflected by chronological age, the clinical evaluation of the older person
is influenced by several factors and is a key step in the clinical decision process.
A geriatric consultation provides a significant amount of relevant information
and enables the health-care team tomanage the complexity of health-care in the
elderly [9]: this process is referred to as the Comprehensive Geriatric Assess-
ment (CGA). CGA is defined as a multidimensional, often interdisciplinary,
diagnostic process aimed at determining the medical, psychological and func-
tional capabilities of elderly persons in order to develop an overall plan
for treatment and long-term follow-up. It differs from the standard medical
evaluation in the following ways: (1) it focuses on frail elderly people with their
complex problems; (2) it emphasizes their functional status and their quality of
life; and (3) it benefits from the use of an interdisciplinary team. In the geriatric
setting, several studies have supported the effectiveness of CGA in improving
functional status, reducing hospitalization, decreasing medical costs and
prolonging survival. The meta-analysis by Stuck and colleagues showed a
positive effect of the CGA, and the authors recommended its use within inter-
disciplinary units [10].

Due to the increasing advanced age composition of the population affected
by cancer, the oncologist needed an evaluation tool to assess the older patient’s
overall health other than Karnofsky or ECOG performance status, as well as a
scheme that provided information regarding the ‘‘biological age’’ in comparison
to the ‘‘chronological age’’ of the older patient. In the early 1990s, Monfardini
and colleagues designed and validated a comprehensive geriatric assessment
instrument tailored on the oncological setting [11]. Such an instrument included
the evaluation of functional status (ECOG performance status, ADL, IADL),
co-morbidity condition (Satariano Index), cognitive function (Mini-mental
state evaluation ) [12], depressive symptoms, poly-pharmacy, and nutrition.
The second step was the application of these assessment tools in observational
studies to evaluate the usefulness of CGA in evaluating the association between
PS, co-morbidity and the other dimensions of CGA [13]. The main findings
were that such a ‘‘geriatric’’ approach may help in the management of older
individuals with cancer in at least three areas: detection of frailty, treatment
of unsuspected conditions, and removal of social barriers to treatment [13].
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In the case of the older cancer patient, the CGA demonstrates the following

advantages:

– Gross estimate of life-expectancy
– Gross estimate of functional reserve and tolerance of chemotherapy
– Recognition of reversible comorbid conditions that may interfere with

cancer treatment
– Recognition of special social economic needs that may interfere with

cancer treatment
– Management of nutrition and medications

In addition, it indicates the adoption of a common language in the manage-

ment of older cancer patients; this is essential both for the retrospective evalua-

tion of quality of care and for the prospective assessment of outcome in clinical

trials.
In 2000, Balducci and Yates included CGA in the guidelines for the manage-

ment of elderly cancer patients [14]: the main recommendation was that these

scales should be applied to all elderly cancer patients regardless of age to

estimate functional status in order to determine a treatment course, assess

eligibility for clinical trials and predict treatment toxicity.
A further evolution on the application of said approach was to use the

Geriatric Multidimensional Assessment as a milestone in the screening process

and in decision-making. Oncologists should be able to intervene and target

interventions by choosing between aggressive or palliative treatments, and

prevent toxicity. Elderly cancer patients could be stratified upon entering

optimal treatment strategies and/or clinical trials by means of their global

health assessment and age related issue recognition. Usually according to

CGA standards, the evaluation of elderly cancer patients for a course of treat-

ment results in classification into three risk groups: fit, unfit, and frail patients.
Since the CGA is a time-consuming approach, Overcash and colleagues

proposed an abbreviated CGA (aCGA) for use in the onco-geriatric setting

consisting in applying only selected items from the main domains scored by

CGA with the aim of pre-screening older cancer patients who would benefit

from amore complex assessment [15]. Another approach consisted in a partially

self- administered CGA tool that was designed by Hurria and colleagues [16].
A key step in the patient evaluation in the onco-geriatric setting is the

definition and identification of frailty (this represents a major issue in clinical

geriatrics). Although the term frailty has been increasingly used since the 1980s

in medical literature, its actual meaning is still not well defined.
Different authors emphasize different aspects of frailty, [17] and frailty

includes the following notions:

– Being dependent on others
– Being at a substantial risk of dependency and other adverse health

outcomes
– Experiencing the loss of ‘physiological reserves’
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– Having many chronic illnesses
– Having complex medical and psycho–social problems
– Having ‘atypical’ disease presentations

In the oncological setting, Balducci firstly defined frailty as the condition of
being over 80 years old, or having some ADL disability or being affected by
more than three co-morbidities or a geriatric syndrome [18]. Frailty is a rever-
sible condition characterized by a high degree of susceptibility to external
changes that require adaptation and compensation. On these bases, when
cancer is the ‘‘external change’’ the main objective of frailty detection is to
adopt compensatory strategies acting at different levels. For instance, the
cellular biology level (e.g., growth factors, erythropoietin), the physiological
level (e.g., supportive therapies), and the metabolic pathways (nutritional sup-
port) interplay between functional status and social behaviours. With regard to
social behaviours, a particular role is played by care-givers whose presence
assures adherence to therapeutic plans. Oncologists with poor experience in
the assessment of older individuals are even led to consider as frail those persons
with moderate disability who may benefit from aggressive cancer treatments.

Certain older cancer patients are frail and effectively need palliation; this
may include treatment with low doses of chemotherapy. Due to demographic
and epidemiological considerations, frail patients have become the new target
of onco-geriatrics, especially in a sub-set of breast cancer patients [19]. Thus, as
the frail population increases, clinical trials including this subgroup are needed.
The usefulness of these trials requires a consensus on the definition of frailty.

To date, most data concerning older women with breast cancer are derived
from retrospective studies, which are often affected by a selection bias [20].
These studies do not provide adequate information on the global health status
of older women. Therefore, such results cannot be applied to the older popula-
tion as a whole.

Biological Aspects

Breast cancer is a heterogeneous disease and approximately 70–80% of all
breast tumors in elderly patients express ER protein, thus representing an
endocrine-responsive disease. These tumors tend to grow slowly, are usually
better differentiated, respond to hormonal drugs, and are associated with
longer disease-free interval and a slightly better overall prognosis [21]. The
findings that the age-specific breast cancer rates are composed of at least two
different patterns one for ER+ and another for ER– have been recently
confirmed in a large SEER data-base [22]. These data indicated that the ER+
cancer rates increase with age, but at a slower pace after age 50–54, while the
ER– cancer rates do not increase after age 50–54, suggesting that breast cancer
is composed of two or more different subgroups and should be examined
separately in future clinical studies. Furthermore, from the molecular point of
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view the ER+ cancers are characterized by relatively high expression of many
genes expressed by breast luminal cells, with little to no Erb-B2 expression,
while the ER– cancers are characterized by two subgroups, one involving basal
epithelial cells and another involving high Erb-B2 expression.

The results of the largest biological study, confirming the clinical impression
of a more indolent disease and a favourable outcome in the elderly, were
reported some years ago by Diab [23]. These data were recently also confirmed
in two large Italian data-bases [24, 25].

There is, however, a 20–30%rate of patientswho remain at high risk of relapse
because of extensive nodal involvement or estrogen receptor negative disease.
Genetic profile will provide us with new insight on the aggressiveness of the
tumor, while the ongoing studies on host-influence, such as those on immune-
senescence and cytokines of aging, should provide us with new ideas on the
mechanisms of tumor growth that are still poorly understood. These may help
us to understand why in some patients, even if the biology of the tumor seems
favourable, the disease has in the individual patient an aggressive behaviour.

Treatment

Surgery

The surgical approach can easily be used in the majority of patients [26]
considering that co-morbidities and not age are the main factors influencing
morbidity or mortality [27]. However, in the case of a very old woman, the first
question to ask is, for sure, whether it is possible to spare this stress to our
patient? The studies that are currently in the literature document attempt to use
tamoxifen instead of surgery, but even though there were no differences in terms
of overall survival, all studies reported a significant increase in local relapses
[28–31]. Disease-free survival and quality of life become the principal end-
points, and we know that quality of life is very different when a woman lives
with or without a growing cancer. A Cochrane review finally concluded that
primary endocrine therapy alone was inferior to surgery (with or without
endocrine therapy) for the local control of breast cancer(http://www.cochra-
ne.org/reviews/en/ab004272.html). Data are summarized in Table 1.

Table 1 Cochrane Review of seven trials comparing surgery vs primary endocrine therapy for
operable elderly women

Treatment

PFS
Hazard
ratio

95%
Confidence
interval

p
Value

OS
Hazard
ratio

95%
Confidence
interval

p
Value

Surgery alone vs
TAM

0.55 0.39–0.77 0.0006 0.98 0.74–1.30 0.9

Surgery + TAM vs
TAM

0.65 0.53–0.81 0.0001 0.86 0.73–1.00 0.06
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Surgery therefore remains a valid landmark in the treatment of early breast
cancer and should be offered to medically fit older patients, while alternative
therapies should be reserved for those patients unfit or not eligible for surgery,
or who refuse this treatment option. A recent paper, however, showed a
strongly impaired survival for women who refuse surgery for their breast
cancer: they had a 2.1-fold increased risk of dying of breast cancer compared
with operated women [32].

With the advent of a new generation of aromatase inhibitors, which proved
to be more effective than tamoxifen in advanced disease [33–36], especially in
older women and in those who have an overexpression of HER2/neu [37], this
scenario will be reassessed.

Axillary surgery has had an established role in the staging and cure of breast
cancer, but recently, mainly due to the widespread use of sentinel node biopsy,
its role was questioned by many surgeons. The magnitude of the therapeutic
benefit of removing axillary lymph nodes is now debated [38]. The results of the
International Breast Cancer Study Group Trial 10-93 performed in women
older than 60 years with clinically node negative operable breast cancer and
comparing axillary clearance vs no axillary dissection followed by 5 years of
tamoxifen in endocrine responsive patients are reassuring. There is a reported
very low local relapse rate (2% at 5 years median follow-up), at least in endo-
crine responsive patients also treated with 5 years of tamoxifen adjuvant
therapy (median age in both arms was 74 years) [39].

Radiotherapy

Even if there is a consensus that postoperative radiotherapy decreases local
recurrences following breast-conserving surgery [40], the lower ability for inde-
pendent living or the need for assistance of frail patients questioned the avoid-
ance of postoperative radiotherapy at least in selected older patients.

A Canadian trial showed a local recurrence rate of 0.6% in the tamoxifen
plus radiotherapy group at 5 years vs 7.7% in the tamoxifen only group
(p<0.001), indicating a greater benefit from radiation therapy in the former.
This study included patients older than 50 years with tumors up to 5 cm
(T1-2) [41]. A second study was limited to breast tumors up to 2 cm (T1 N0
and ER+) in women older than 70 years [42]. In this case, the advantage of
giving radiotherapy was smaller (only a 3% difference in relapse rate), show-
ing that there may be a group of women at sufficiently low risk for local
recurrence that do not require breast irradiation. An update at 7.9 years
median follow-up showed that radiation produces a 5.3% absolute difference
in breast recurrence but without any impact on breast conservation, distant
metastases or death due to other causes. Therefore, this would confirm at a
longer follow-up that avoiding radiotherapy is reasonable for T1 N0 ER
positive older women [43].

Special Populations: Elderly Patients 305



Breast irradiation following breast-conserving surgery remains part of stan-
dard therapy, but in older women a careful balance between life-expectancy and
possible serious adverse effects (usually less than 1%) which include radiation’
pneumonitis, pericarditis and rib fracture, has to be taken into account when
recommending postoperative radiotherapy. Ongoing trials such as PRIME
(Postoperative Radiotherapy In Minimum-risk Elderly) are addressing issues of
local control, morbidity, and quality of life in low-risk patients [44]. A new option
is now used: it consists of a single-fraction treatment targeted to the tumor bed
(IORT), done intra-operatively immediately after the lesion removal, and pre-
liminary data showed comparable results with conventional external radiother-
apy [45]. This new approach may be particularly interesting for elderly patients
for whom the risk of local recurrence is very low and two randomized trials are
ongoing in a large patient population not selected for age [46, 47] in order to
confirm the equivalence of these methods with conventional techniques.

Hormonal Treatment

Adjuvant hormonal therapy should be recommended to women whose breast
tumors contain hormone receptor proteins, regardless of age, menopausal
status, involvement of axillary lymph nodes, or tumor size according to current
recommendations by the National Institute of Health (NIH) [48]. As up to 80%
of elderly breast cancer patients have endocrine responsive tumors, hormonal
treatment is extremely important in this setting. Tamoxifen is still the most
commonly used hormonal therapy in endocrine responsive patients, with data
supporting a 5-year course rather than shorter periods [49]. However, only
1 year of treatment has a significant effect on disease-free and overall survival
up to 21 years in an elderly population, as demonstrated by the recently re-
evaluated IBCSG Trial IV data [50]. With the advent of the innovative aroma-
tase inhibitors (anastrozole, letrozole, exemestane) a new era has opened.

The 2005 St Gallen consensus meeting [51] extended the therapeutic window
of hormonal drugs active in the adjuvant setting to aromatase inhibitors. This
was due to the data gathered on 9,366 patients accrued in the ATAC trial
(Arimidex, Tamoxifen, alone or in combination as adjuvant therapy in post-
menopausal women) [52] data recently revisited [53]. This is a demonstration of
a disease free survival advantage of anastrozole over tamoxifen, with a hazard
ratio of 0.83 (p ¼ 0.005) and a longer time to recurrence (HR 0.74; p ¼ 0.0002)
in hormone-receptor-positive patients. Furthermore, this 26% risk reduction
over tamoxifen for time-to-recurrence occurs in addition to the 47% risk
reduction previously reported with 5 years of tamoxifen vs placebo. In compar-
ison with tamoxifen, a reduced toxicity was noted for thrombo-embolic events,
ischaemic cerebrovascular events, as well as endometrial cancer, vaginal bleed-
ing, hot flashes and vaginal discharge; on the other hand, an increase in bone
events was recently reported with anastrozole [54].
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Data on 5 years of letrozole as part of the BIG 1-98 Trial were updated [55]
regarding 4,922 out of 8,028 patients treated with continuous adjuvant therapy
with either letrozole or tamoxifen (the remainder received the agents in
sequence) at a median follow-up of 51 months. A significant benefit in favor
of letrozole was noted (with an 18% reduction in the risk of an event (hazard
ratio of 0.82; 95% CI, 0.71–0.95; p ¼ 0.007). This protective effect was seen for
local failure, but it is worth noting that it was reported also for distant recur-
rence. The analysis of adverse events showed the same kind of events as in the
ATAC trial with fewer thrombo-embolic events but more frequent bone frac-
tures and cardiovascular events; factors that need to be better evaluated in all
trials with aromatase inhibitors.

Hence, a 5-year course of adjuvant tamoxifen as standard therapy is chal-
lenged by the introduction of aromatase inhibitors, even if uncertainty persists
about the optimal time to introduce these drugs. The American Society of
Clinical Oncology Technology Assessment published new recommendations
for adjuvant treatments [56] that included aromatase inhibitors in the treatment
of postmenopausal women with ER-positive breast cancer. Trials of switching
to an aromatase inhibitor after 2–3 years of tamoxifen [57–61] showed larger
reductions in hazard ratios, partly due to the fact that early relapses are not
calculated since the drug is introduced after 2–3 years (Table 2). This matter
raises the question of whether a sequential approach should be a better hormo-
nal approach not only for reducing events but also the side effects of both
tamoxifen and aromatase inhibitors. The response to this issue will probably be
answered in the next few years by receiving results from two trials: the BIG 1-98
protocol which has a sequence of tamoxifen and letrozole or the inverse and the
TEAM trial (Tamoxifen Exemestane Multinational).

Hence, the problems in the choice of upfront adjuvant treatment of ER
positive elderly women must currently take into account a better selection of
patients according to hormone-responsiveness (ER+PgR+ vs ER+PgR–)
and overexpression of HER2 as well as a careful attention to the presence of
co-morbidities and risk factors for toxicity in individual patients. The most

Table 2 Aromatase inhibitors trials as adjuvant therapy

Hazard Ratio for recurrence

Trial
Median
ageyears

Sample
size

Median
FU (ms)

All
ER+

ER+/
PgR+

ER+/
PgR–

ATAC 64 5216 68 0.74 0.84 0.43

BIG 1-98 61 8028 51 0.82 0.83 0.92

IES 64 4742 56 0.76 0.77 0.73

ITA 63 448 64 0.57 Nr Nr

ABCSG/8
ARNO

63 3224 28 0.60 0.66 0.42

MA.17 62 5157 30 0.59 Nr Nr

ABCSG 6a 63 856 60 0.64 Nr Nr

Nr = not reported
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common co-morbidities reported in postmenopausal women are cardiovascular

diseases and alterations in lipid metabolism, pre-existent osteoporosis and joint

pain and menopausal symptoms. Although the long-term effects of both ster-

oidal and non-steroidal aromatase inhibitors are yet to be determined, the

safety profile of the drugs is in favour of their use also in the elderly population.

Chemotherapy

Numerous randomized controlled trials have demonstrated that chemotherapy

improves both recurrence-free and overall survival for women with early breast

cancer, but a lesser absolute benefit from chemotherapy has been observed with

increasing age [21, 62]. In fact, the proportional reduction in the risk of recur-

rence and mortality seems to decrease with the increase of age, even if only

about 600 patients (3%) were 70 years or older. Data on the results of the last

two overviews are summarized in Table 3. Combined chemotherapy followed

by treatment with tamoxifen was confirmed in the last overview to be superior

to tamoxifen alone in node-positive postmenopausal patients with tumor

expressing estrogen and/or progesterone receptors [21]. However, the optimal

chemotherapy regimens, doses, and schedules for the adjuvant treatment of

elderly patients have not yet been defined, while concern is increasing regarding

the toxicity associated with cytotoxic regimens in this patient population [63].

Furthermore, in this retrospective review of data on four randomized trials of

CALGB for node-positive breast cancer patients during the period 1975–1999,

disease-free survival, overall survival and treatment-related mortality were

analyzed among three different age groups (50 years or younger, 51–64 years,

and 65 years or older). Among 6,487 women, only 542 (8%) were 65 years or

older and only 159 (2%) were 70 years or older; the significance of their

conclusions that older and younger women derived similar reductions in breast

cancer mortality and recurrence from chemotherapy regimens must be taken

with caution. We emphasize prudence as these data are not only derived from a

small minority of elderly patients, but, more importantly, they are derived from

patients that were highly selected and therefore probably not representative of

the entire elderly population.

Table 3 Chemotherapy data on metanalysisa

Age
10 years (1998)
DFS%

10 years (1998)
OS%

15 years (2005)
DFS%

15 years
OS%

<50 34 27 36 30

50–59 22 14 23 15

60–69 18 8 13 9

>70 – – 12 13
aEBCTCG Lancet. 1998 and 2005 (21,62) references
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More recently, Elkin et al. [64] published the results of their study conducted
on a population-based, observational cohort of older women to evaluate the
relationship between adjuvant chemotherapy use and survival in breast cancer
patients with hormone receptor-negative tumors. They identified 5,051 elderly
patients and 1,711 of them (34%) received adjuvant chemotherapy within 6
months of cancer diagnosis. As expected, chemotherapy use decreased with
increasing age and co-morbidity, while it increased in the successive years of
diagnosis, tumor size number of positive nodes and higher tumor grade.
Approximately 15% of mortality reduction was observed with the greatest
benefit reported in node-positive patients or node-negative ones with high
risk disease characteristics. In parallel, the study of Giordano et al. was pub-
lished [65]. It evaluated the patterns and outcomes of adjuvant chemotherapy
use in a population-based cohort of older women with primary breast cancer
(both ER+ and ER–). In this larger study a total of 41,390 women were
detected and 4,500 of them (10.9%) received chemotherapy. The use of adju-
vant chemotherapy increased during the years spanning from 7.4% in 1991 to
16.3% in 1999 (p<0.0001) and also with a significant shift toward anthracy-
clines use. Chemotherapy was not associated with improved survival among
women with node-negative disease or node-positive and ER positive disease
(HR 1.05; 95% CI 0.85–1.31), while there was a significant reduction in breast
cancer mortality in node-positive and ER negative patients (HR 0.72; 95% CI
0.54–0.96) also evident in the subset of women over 70 years (HR 0.74; 95% CI
0.56–0.97).

Non-anthracycline-containing regimens were thought to be preferable given
the fear of cardiac toxicity in older patients, but regimens such as CMF showed
no significant advantage over tamoxifen in different trials involving older
women [66, 67]. Anthracyclines seems to be more effective as was reported in
the NSABP B-16 trial [68], with a short course (four cycles) of doxorubicin and
cyclophosphamide combined with tamoxifen that was superior to tamoxifen
alone. The International Collaborative Cancer Group reported a benefit in
terms of disease free survival with Epirubicin in 604 patients [69], confirmed
by a recent French study on 338 elderly women with node-positive disease,
which showed a significant disease free survival benefit with weekly Epirubicin
and tamoxifen over tamoxifen alone at a 6-year median follow-up [70].
Unfortunately, this trial is underpowered to draw definite conclusions on the
advantage of anthracyclines, even if it represents a further suggestion in this
direction. There is the possibility that healthy elderly womenmight benefit from
a combined modality treatment regimen and therefore an anthracycline-based
regimen should be favoured.

On the other hand, we know that age is the main important risk factor for
doxorubicin-related congestive heart failure [71] with older patients (>65 years)
showing a greater incidence of CHF after a cumulative dose of 400mg/m2. This
dose is superior to what is expected with four standard doses of adjuvant
treatment, but Li et al. [72] have recently shown that the initial concentrations
of doxorubicin following intravenous administration are higher in older people
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because of a decrease in the distribution clearance, related to altered regional
blood flow, and these changes could contribute to age-related doxorubicin-
induced cardiotoxicity.

New drugs such as liposomal doxorubicin, capecitabine, gemcitabine, tax-
anes, and oral vinorelbine are now available, possibly becoming useful tools for
the treatment of older patients. New targeted therapies with monoclonal anti-
bodies like trastuzumab proved extremely effective in the adjuvant setting [73]
but only few and highly selected patients were treated so far.

The need for chemotherapy trials is becoming more and more important for
people older than 65 years, as they represent the fastest growing segment of the
population in Western countries. Two main questions should be answered as
soon as possible: first, whether adjuvant chemotherapy works in the older
group of patients with endocrine unresponsive disease, and second, which is
the best treatment regimen, also in terms of quality of life.

Conclusions and Future Perspectives

Molecular biology is going to challenge surgical staging with axillary clearance;
the treatment plan for early breast cancer will probably change in the next few
years. The stage of disease remains an important variable, but increasingly,
hormone receptor status (ER and PgR) and HER-2 status are defining distinct
biological subtypes of breast cancer. Even if it is clear that enormous work has
to be done on the molecular sub-classification of ER-positive breast cancer [74].

The use ofmicro-array technology, able to identify a limited number of genes
that can predict disease-free survival in a much more accurate way than nodal
status, is of particular interest and importance for elderly patients. One such
assay generated a recurrence score of low, intermediate, and high risk patients
based on a 21-gene panel [75]. This assay proved useful to determine the value of
adjuvant chemotherapy in an NSABP B-20 study where only patients with a
high risk score seemed to benefit from addition of chemotherapy. This observa-
tion may be particularly useful for elderly patients who are at higher risk of
having co-morbidities or developing impaired organ functions, and for whom
sparing morbidity and mortality due to different therapies is the major issue.

A better evaluation of the heterogeneity of older patients requires the incor-
poration of geriatric screening measurements possibly able to predict not only
treatment toxicities, but also the risk of dying from other causes. These tests
have to be validated in different cancer patients and need to be easily performed
not only in dedicated cancer centers, but, possibly, in every single institution if
we want elderly patients to be evaluated and treated in the best way. Consider-
ing the burden of having to travel far from their homes and all the associated
problems that this may create for them, the availability of these tests nearby
could resolve a number of the issues regarding the patients’ quality of life and
logistic problems for their families.
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The challenge for the future is, therefore, to identify better treatments and
decrease cancer-specific mortality, also in this group of patients.
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Adjuvant Therapy in Patients with Breast Cancer

During Pregnancy

Sibylle Loibl

Introduction

Breast cancer is one of the most commonly diagnosed cancers during pregnancy

accounting for 1/3,000 pregnancies. It is believed that the incidence of breast

cancer during pregnancy (BCP) will increase as more women delay child-bearing

and because the incidence of breast cancer increases with increasing age.
The predominant histology is invasive ductal [1–3]. Invasive lobular carci-

noma has been diagnosed infrequently in pregnant women and in young non-

pregnant women [4]. The majority of breast tumours in pregnant women are

high grade and lymphovascular invasion is common [5–7]. Moreover, most

tumours are hormone independent as demonstrated in the series by Middleton

et al. [7]. In this series of women with BCP, 28% of the tumours were ER-

positive and 24% were PR-positive by immunohistochemistry compared to

45% and 36% respectively of non-pregnant young women with breast cancer

studied by Maru et al. [8]. Hormone positive disease is age-related and is seen

more often in postmenopausal women.
While Elledge et al. [9] found 7 out of 12 pregnant patients (58%) to be

positive for Her2/neu, Middleton et al. [12] did not find any difference in Her2/

neu expression rate (28%) in theM.D. Anderson series of pregnant womenwith

breast cancer compared to that reported in young non-pregnant women [7, 10].
It appears that the histopathological and immunohistochemical findings of

the tumours of pregnant women with breast cancer are similar to those of non-

pregnant young women with breast cancer. Thus it is more likely that age at

diagnosis rather than the pregnancy determines the biological features of the

tumour.
There is almost always a perceived conflict between the optimal therapy of

the mother with breast cancer and the wellbeing of the foetus. The pregnant
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breast cancer patient, her family, and her medical team may be in conflict
because treatment of the cancer may compromise the foetus. However, insuffi-
cient treatment of the breast cancer, presumed to protect the foetus, may
compromise the health of the mother.

Systemic Therapy

The largest series of prospective cases has been reported by the MD Anderson
Cancer Centre first in 1999 and an update has been published recently. The
authors have evaluated a prospective protocol with 5-fluorouracil, doxorubi-
cin, cyclophosphamide (F: 500 mg/m2 day 1+4; A: 50mg/m2 continuous 72 h
day 1, C: 500mg/m2 day 1 of a 3-week cycle) and did not observe any negative
outcome of the infants [11,12]. No major foetal complications have been
described. Nevertheless only limited data on the use of chemotherapy in preg-
nancy is available.

The risk for morbidities of the newborn due to preterm delivery is approach-
ing the expected after the 34th week of gestation. Therefore the last cycle of
chemotherapy should be given around the 34th week of gestation to allow
delivery from the 37th week onward.

Chemotherapy

The teratogenic and mutagenic effects of cytotoxic drugs have been well
described in animals, but extrapolation of data from animals to human orga-
nogenesis is difficult. Clear evidence of toxicity to human embryos exists for
only a few drugs. Officially all cytotoxic agents belong to class C of the drugs
(Table 1). Nonetheless, the risk appears to be significantly lower than is com-
monly expected, and the overall incidence of major congenital malformations
after using cytotoxic drugs has been quoted as approximately 3% [13].

The risk of teratogenicity of drugs used in breast cancer chemotherapy
depends on multiple factors like the time of application, the amount, the
frequency, and the agent itself. There is no increased risk during the pre-
implantation period. Previous epidemiological data from case series and var-
ious registries indicate that the risk of malformation increases in the first
trimester to 10–20%, whereas in the second and third trimester the risk declines
to 1.3% [14–16]. However, foetal exposure of antineoplastic agents may lead to
growth retardation and haematologic cytotoxicity [17].

The antimetabolite methotrexate has been shown to cause foetal death in
mammals. A syndrome caused by methotrexate has been reported which con-
sists of cranial dysostosis (delay in ossification of the bones of calvarium),
hypertelorism, a wide nasal bridge, ear anomalies, micrognathia, abnormalities
of the external ears, limb deformities and cerebral anomalies [18]. However,
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there are also reports on healthy offspring after the use of methotrexate. Those

reports suggest that methotrexate is not always teratogenic when given in the

first trimester and that there might be a critical dose (10mg per week with a

maximum of 6–8 weeks treatment) above which foetal malformations occur

[19]. Other antimetabolites have rarely been associated with foetal malforma-

tions. Exposure to 5-fluorouracil in the second trimester or later singly or in

combination with other agents has not resulted in adverse effects [20]. Alkylat-

ing agents seem less toxic than antimetabolites [21]. Doxorubicin has been

shown to produce congenital defects in animals but has not been associated

with birth defects in human embryos when used either alone or in combination.

There are several reports that describe safe application even in the first trimester

[22, 23]. Thus far data on the use of newer therapeutic agents such as docetaxel

and paclitaxel in pregnant breast cancer patients is limited to case reports, but

their application seems safe [24–27]. Pregnancy is associated with several phy-

siologic changes that may at least theoretically affect the pharmacokinetic

behaviour of a drug [28]. The renal blood flow increases by 50%, leading to

an increased glomerular filtration rate, and consequently an increased elimina-

tion of agents excreted by the kidney. The increase of the total body water and

plasma volume results in changes in the distribution volume for water-soluble

drugs and leads to a decrease in serum levels of several agents. In contrast,

albumin and other plasma protein level decline by approximately 30%, which

leads to an increase in the free fraction of drugs with low lipid solubility that are

tightly bound to plasma proteins [29]. Generally, lipophylic drugs with a low

molecular weight, which are non-ionised and loosely bound to plasma proteins,

cross the placental barrier more easily. However, the syncytiotrophoblast

Table 1 Safety of drugs according to the FDA [62]

A ‘‘Controlled studies in women fail to
demonstrate a risk to the foetus. . .’’

There are practically no category A
drugs

B ‘‘Either animal reproduction studies have not
demonstrated a foetal risk or there are no
controlled studies in pregnant women’’

Category B drugs are, e.g., vitamins,
acetaminophen. . .if there is a
clinical need for category B drug, it
is considered to be safe

C ‘‘Studies in animals have revealed adverse
effects on the foetus and there are no
controlled studies in women and animals
are not available’’

Category C drugs have not been
shown to be harmful to the foetus.
Drugs should be given only if the
potential benefit justifies the
potential risk to the foetus

D ‘‘There is positive evidence of human foetal
risk’’

Category D drugs have some
significant risks. They should be
used during pregnancy only when
the alternatives are worse

X ‘‘Studies in animal or human beings have
demonstrated foetal abnormalities. . .and
the risk of the use of the drug in pregnant
women clearly outweighs any possible
benefit’’

The drug is contraindicated in women
who are or may become pregnant
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contains a variety of drug- extruding transporters like P-glycoprotein (PGP)
[30] and others (e.g. BCRP-1), for which several antineoplastic agents (vinca-
alcaloids, anthracycline derivatives, taxanes and topotecan) are proven
substrates. From experimental studies with a perfused placenta model or tro-
phoblast tissue, it has been shown that these drug transporters are able to
reduce the drug concentrations at the foetal side to perhaps non-toxic levels.
On the other side, drugs which inhibit the P-GP transport system or which
compete with cytotoxic drugs for the transport (like tamoxifen or verapamil)
might counteract this protection [31–33].

However, pharmacokinetic data on antineoplastic agents are in general rare,
especially in (non-pregnant) women. At the moment, it is recommended to use
the same agents and dosages for the treatment of pregnant breast cancer patients
as in non-pregnant patients and to monitor strictly and report adverse events.

PK samples for a population analysis would be helpful for future dosing
recommendations, if appropriate.

There are no data on dose-dense or high dose chemotherapy in pregnant
breast cancer patients. Generally, the dose-dense has so far not been a standard
treatment for breast cancer patients despite showing promising effects. There-
fore it is recommend to use the standard therapy dose.

Children with In Utero Exposure to Chemotherapy

Early toxicities of the cytotoxic treatment on the foetus are principally anaemia,
neutropenia and alopecia depending on the timing of the therapy in relation to
delivery [58]. Usually newborns will recover from these side effects. However,
the neonatologist should be aware of these possible complications and should
monitor the newborn carefully.

Little is known about the possible delayed effects of exposure to antineo-
plastic agents in utero. Major concerns include physical and mental develop-
ment, heart function, secondary malignancies, and infertility. A large study,
with a median follow-up of 18.7 years on 84 children who were born to mothers
who received chemotherapy during pregnancy for haematological malignan-
cies, did not show any congenital neurological and psychological abnormalities
including normal learning and educational behaviour [34].

Some data can be extrapolated from children who have received chemother-
apy for leukaemia. However, the amount and type of drugs given in children is
comparatively high and in the pregnant breast cancer patient only a percentage
of the delivered drug will reach the foetus.

In a study by Kremer et al. [35] which investigated the anthracycline-induced
clinical heart failure in a cohort of 607 children, a rate of 5% has been detected
15 years after therapy. The incidence increased with the cumulative dose given
and the follow up period. In two reviews by the same authors the incidence of
subclinical cardiotoxicity and heart failure after anthracycline containing
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chemotherapy ranged from 0% to 57% and 0% to 16%, respectively [36, 37].
However, most of the trials had limitations and therefore new studies with well
defined patient groups were recommended by the authors. A case report of
foetal echocardiography sequences during a maternal anthracycline containing
chemotherapy revealed no changes of the shortening fractions as well as the
biometry [38].

Hormonal Therapy

Hormone treatment, if indicated, is to be started after delivery and after
completion of chemotherapy. Neonatal defects by tamoxifen have been
described in the genital tract in female mice [39]. Although tamoxifen has
been safely given in patients with metastatic breast cancer without damage to
the child [40, 41], there are other reports of birth defects such as Goldenhar-
Syndrome [42], ambiguous genitalia [43] in human embryos [57].

Treatment with Trastuzumab

A limited number of case reports have been published where trastuzumab has
been given in pregnant patients with breast cancer. In one of those cases a
reversible anhydramnios has been reported [44] In two cases there was no
detrimental effect for the pregnancy [45,46]. So far it is strongly advised not
to use trastuzumab in pregnant breast cancer patients. Trastuzumab has been
labelled as a pregnancy category B drug by the United States Food and Drug
Administration. Studies in monkeys showed a placental transfer but no harm to
the foetuses was observed.

New Drugs

New drugs will enter the breast cancer scene. None of them will be tested in
breast cancer patients who are pregnant. It is believed that antiangiogenic drugs
like bevacizumab or new tyrosine kinase inhibitors should not be used during
pregnancy at any stage. Thalidomide is an antiangiogenic drug which can cause
severe teratogenic effects.

Bisphosphonates

So far bisphosphonates have not been approved for the use in the adjuvant
treatment for breast cancer. However, some comments should be made at this
point. There is limited number of cases reported in human beings. One has to be

Adjuvant Therapy During Pregnancy 321



aware of the effects of bisphosphonates: they can induce hypocalcaemia, pos-
sibly affecting the contractility of the uterus which was associated with neonatal
deaths and which can be overcome by i.v. calcium supplementation [47]; as an
additional process, the osteoclast activity is inhibited and this might theoreti-
cally lead to skeletal abnormalities which have so far not been reported. How-
ever, given the small numbers of patients who have been treated during preg-
nancy, it does not necessarily mean this effect does not exist [48]. Therefore, the
use of bisphosphonates cannot be recommended during pregnancy.

Supportive Therapy

Supportive treatment can be given according to the general recommendations
consisting of a 5HT3-serotonin antagonist and steroids. Pyridoxine has been
described as alternative treatment for radiation and pregnancy-induced nausea
and vomiting [49–51].

One case control study found a statistically significant association between
first-trimester exposure to corticosteroids and cleft palate in newborns, even
when controlled for potential confounding factors [52, 53]. Thereafter, their
application seems safe.

No developmental toxicity was seen in rats and rabbits exposed to the 5HT3-
antagonist ondansetron, at doses 70 times higher than that used in humans [54].
The application of ondansetron during first trimester did not cause malforma-
tions in humans [55, 56]. Tropisetron is the only 5HT3-antagonist which is listed
as a category C drug due to its teratogenicity in rodent models. In the case of the
use of granisetron the oral formulation should be preferred because the i.v.
formulation contains benzyl alcohol.

Granulocyte colony stimulating factor (G-CSF) and erythropoietin stimu-
lating factors (ESF) have been used safely in pregnant patients [57, 58]. Mater-
nally administeredG-CSF has been shown to cross the placenta during the third
trimester and induce granulopoiesis in neonatal rats [59]. No teratogenicity was
observed in animal models. G-CSF and ESF belong to the C category of drugs.
Erythropoietin as a glycoprotein with a molecular weight of 30 kD and is
therefore not expected to cross the placenta. No large controlled studies exist
and no teratogenic effects have been reported so far [60, 61].

Summary

The initial assessment and management of women who have suspected breast
cancer during pregnancy requires a multidisciplinary approach, with special
attention to the use of appropriate investigations during diagnosis and staging.
The treatment of the cancer needs to be carefully planned with consideration
given to the potential risks to the developing foetus. Pregnant women with
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Fig. 1 Algorithm for decision making in pregnant breast cancer patients. Adapted from Loibl
et al. a<12th to 14th week of gestation at histological diagnosis. b 12–34 weeks at histological
confirmed diagnosis. c> 34 week of gestation at histological diagnosis. Immediate delivery in
case of inflammatory or highly aggressive disease. Otherwise, plan delivery when foetal
maturation is appropriate
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breast cancer can be treated with anthracycline-based chemotherapy such as

FA(E)C in the second and third trimesters of pregnancy with minimal risk to

the foetus. While breast surgery, mastectomy or breast conservation can be

performed with relative safety during pregnancy, patients who are clinically

node-negative need to be counselled regarding the use of sentinel lymph node

biopsy. Radiation therapy should be delayed until after delivery. The routine

use of other systemic treatment such as the taxanes, trastuzumab and tamoxifen

is not recommended during pregnancy given the limited data available.
The treatment should nevertheless be as close to the standard as possible to

ensure the best treatment for the mother. Sometimes the worse outcome of

patients with breast cancer during pregnancymight be due to insufficient therapy

given. However, there should always be a careful balancing between the necessity

LABC
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PST
(chemotherapy) Primary surgery

Surgery (may be
after delivery) Stage appropriate, adjuvant
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delivery if appropriate
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hormonal therapy)

Consider
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 35th week of 
gestation and 

continue  

Yes No

Radiotherapy if
indicated

Hormonal therapy
and Trastuzumab
if indicated 

Fig. 1 (continued)
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of treating the patient with potentially harmful drugs during pregnancy and
postponing treatment after delivery. Nevertheless, the basis for adjuvant treat-
ment with cytotoxic drugs during pregnancy is quite solid, but should be per-
formed in referral centres. It is always an individual decision which should be
made involving the partner/family and an interdisciplinary team.

In the treatment of the pregnant breast cancer patient, the evidence upon
which we base our decisions has been largely limited to case reports, case-control
studies and retrospective cohorts. Thus, it is critical that prospective data such as
those collected by the German Breast Group (www.germanbreastgroup.de/
pregnancy)/Breast International Group be continued and developed.
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Investigations After Adjuvant Therapy

Silvia Dellapasqua

‘‘As the morning progresses the hospital waiting area fills up
with anxious, mostly gray haired women. They have been
treated for breast cancer in the past and are attending for
‘‘routine’’ follow up. For those who are apparently free of
disease, what is the purpose of follow up, how often should it be
done, and by whom, and what investigations, if any, should be
performed routinely?’’

[Dewar J. Follow up in breast cancer: A suitable case for
reappraisal. BMJ. 1995;310:685.]

More than 2 million women in the US alone are living with a history of
breast cancer. Most women in whom breast cancer is diagnosed do not die of
the disease: of the 180,000 women who receive a diagnosis of invasive breast
cancer in the US every year, more than 80% can expect to survive for at least 5
years [1].

Routine follow up after adjuvant treatment for breast cancer is standard
practice in most countries, and it usually involves visits to hospital outpatient
clinics [2]. The usual basic components of the routine follow-up are regular
history and physical examinations, annual mammography, and blood tests,
radiologic and scintigraphic examinations at varying intervals. Blood tests
usually include complete blood counts, liver function tests, serum calcium and
bone enzyme measurements, as well as determination of tumor marker levels.
Radiologic and scintigraphic examinations performed routinely at some centers
include chest X-ray, bone scan, liver ultrasound, or CT scan. This choice of
examinations reflects the well established pattern of first recurrence following
primary therapy for breast cancer: locoregional in 15–40% (expressed as
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percentage of all recurrences), bone in 30–60%, bone in combination with

another site in 10–15%, isolated lung in 5–l 5%, and isolated liver in 3–10%.

The choice of interval between assessments has been arbitrary but based on our

knowledge of timing of first relapses: the rates are highest within the first 5 years

following primary treatment, but the patient remains at risk for the rest of her

life [3].
Women with breast cancer present with several unique health issues. Not

only do they require regular follow-up to detect recurrences of their breast

cancer and/or second primary cancers, but they may suffer from local compli-

cations after breast surgery and radiation therapy, as well as long-lasting side

effects of treatment, including premature menopause [1]. Close follow-up might

also serve a psychosocial function [4]. The most frequently recorded problems

during follow-up are anxiety and unrelated medical problems. Anxiety and

depression tend to present relatively soon and are often enduring, since patients

are especially worried of recurrence, whereas concomitant medical problems

tend to present later [5].
There are clearly limitations associated with close follow-up of breast cancer

patients. An obvious limitation is the cost in terms of patient and physician time

and other monetary costs. Follow-up visits can provide marked anxiety for

many patients. None of the follow-up testing procedures has neither optimal

sensitivity nor specificity with regard to determination of whether a patient has

recurrent breast cancer. In addition, there are marked limitations with regard to

instituting treatment for recurrent breast cancer. For virtually all patients who

have had a mastectomy, recurrent breast cancer is not a curable disease. In

addition, there is no convincing evidence that particularly early institution of

‘‘salvage’’ therapy is more efficacious than using the ‘‘salvage’’ therapy at a

future time point in the disease course. There might be a few exceptions with

regard to isolated locoregional disease recurrences, but this only applies to a

minority of patients. Patients who have undergone lumpectomy plus primary

radiation therapy are an exception to the above, because an isolated breast

recurrence seems to be potentially curable with salvage mastectomy [4].
Historically, breast cancer follow-up has used a conservative approach

based on clinical examination and mammography, but variations in practice

patterns exist and have significant cost implications. Mille et al. studied the

impact of clinical practice guidelines (CPG) on follow-up of patients with

localized breast cancer. A before-and-after analysis of the records of patients

who received post-therapeutic follow-up for localized breast cancer as of either

1993 or 1995 was performed. Two hundred records were chosen at random, 100

from 1993 and 100 from 1995. Follow-up was continued for as long as possible

and CPG compliance was studied for each year of the follow-up periods.

Follow-up that was not guideline compliant cost 2.2–3.6 times more than

guideline-compliant follow-up as a result of non-mammographic examinations

performed in the absence of any warning signs or symptoms of recurrence.

After the introduction of surveillance guidelines in 1994, there was a one-third
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decrease in expenditures per patient, with no change in health outcomes
expected [6].

Detection of Breast Cancer Recurrences

For the rest of their lives, women with a history of breast cancer are at risk for
recurrence. Most recurrences are detected within 5 years, but later recurrences
are not uncommon. Symptoms suggestive of recurrence are not specific and,
even in survivors of cancer, are frequently due to benign conditions. Because
more than 75% of recurrences are heralded by symptoms or by findings on
physical examination, symptoms should be carefully evaluated and physical
examination should aim to detect local or regional recurrences in the breast,
chest wall, or lymph nodes [1].

There has been much controversy about the routine use of laboratory tests,
chest roentgenography, and bone scanning, which rarely identify metastatic
disease in asymptomatic patients: more than half of breast cancer recurrences
are symptomatic and detected by patients themselves, who frequently present at
unscheduled visits in the interval between follow up appointments [2].

A meta-analysis by de Bock et al. on 12 studies involving 5,045 patients
found that approximately 40% of isolated locoregional recurrences were diag-
nosed during routine visits and routine tests in asymptomatic patients treated for
early-stage invasive breast cancer, whereas the remainder (approximately 60%)
developed symptomatic recurrences before their scheduled clinical visits [7].

Even with intensive surveillance, asymptomatic recurrences constitute
only the 15–25% of all cases of metastatic disease [1]. Two randomized trials
conducted in Italy failed to show any impact of intensive diagnostic follow-up
on 5-year mortality for patients with early breast cancer: more intensive follow-
up resulted in a slightly earlier detection of tumor recurrence, but there was no
difference in overall survival [8]. In the first of such trials, 1,243 consecutive
patients surgically treated for unilateral invasive breast carcinoma with no
evidence of metastases were randomized in a 2-year period by 12 participating
centers in Italy either to the intensive follow-up group (n ¼ 622) – in which
patients were invited to have a periodic physical examination (every 3 months
in the first 2 years and every 6 months thereafter) and annual mammography
as well as a biannual chest X-ray and bone scan – or to the clinical follow-up
group (n ¼ 621) – in which patients were offered physical examination and
mammography with the same schedule but no other routine diagnostic tests.
The two study groups were well balanced in terms of clinical and prognostic
characteristics. Overall, 393 recurrences (104 local and 289 distant) were
observed. Increased detection of isolated intrathoracic and bone metastases
was evident in the intensive follow-up group compared with the clinical follow-
up group (112 vs 71 cases), while no difference was observed for other sites and
for local and/or regional recurrences. The 5-year relapse-free survival rate was
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significantly higher for the clinical follow-up group, with patients in the inten-
sive follow-up group showing earlier detection of recurrences. No difference in
5-year overall mortality (18.6 vs 19.5%) was observed between the two follow-
up groups [9]. After a longer follow up, 343 deaths were identified (222 in the
intensive follow-up group and 212 in the clinical follow-up group). Estimated
10-year mortality cumulative rates were not different for the clinical (31.5%)
and intensive (34.8%) follow-up groups. No survival advantage was revealed
for the intensive protocol (hazard ratio, 1.05; 95% confidence interval,
0.87–1.26) [8, 10]. In the second trial, conducted by 26 general hospitals in
Italy, 1,320 consecutive patients younger than 70 years with stage I–III uni-
lateral primary breast cancer were randomly assigned to an intensive surveil-
lance, which included physician’s visits and performance of bone scan, liver
echography, chest roentgenography, and laboratory tests at predefined inter-
vals (655 patients), or to a control regimen (665 patients), in which patients were
seen by their physicians at the same frequency but only clinically indicated tests
were performed. Both groups received a yearly mammogram aimed at detecting
contralateral breast cancer. Compliance to the two follow-up policies was more
than 80%. After a median follow-up of 71 months, no difference was apparent
in overall survival with 132 deaths (20%) in the intensive group and 122 deaths
(18%) in the control group. No significant differences were apparent for the
time to detection of recurrence between the two groups. Measurements of
health-related quality of life (i.e., overall health and quality-of-life perception,
emotional well-being, body image, social functioning, symptoms, and satisfac-
tion with care) at different time-points did not show differences by type of
care received [11, 12]. The two trials suggest that periodic intensive follow-up
should not be recommended as a routine policy because, despite periodic
examinations allow earlier detection of distant metastases, anticipated diagno-
sis is the only effect of intensive follow-up, and no impact on prognosis can be
seen after 5 years [9].

Reducing the frequency of routine follow up has also proved popular among
patients with a history of breast cancer. Gulliford et al. conducted a trial in
Great Britain and randomized 196 patients with a history of breast cancer to
conventionally scheduled follow-up visits vs less frequent visits only after
mammography. Both cohorts received identical mammography and were
invited to telephone for immediate appointments if they detected symptoms.
Twice as many patients in both groups expressed a preference for reducing
rather than increasing follow up. No increased use of local practitioner services
or telephone triage was apparent in the cohort randomized to less frequent
follow up by specialists [13, 8].

The American Society of Clinical Oncology (ASCO) updated its recom-
mended breast cancer surveillance guidelines in 1998 to establish an evidence-
based, postoperative surveillance strategy for the detection and treatment of
recurrent breast cancer [14]. Since the last update in 1998, there has been
an increase in the availability of diagnostic testing for breast cancer patients,
and therefore ASCO guidelines were updated in 2006, considering that the
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clinical outcomes that justify the use of a technology or drugs in the guideline

development process should include improvements in overall or disease-free

survival, improvement in quality of life, reduced toxicity, and improved cost

effectiveness [15].
The 2006 ASCO recommended investigations in breast cancer surveillance

include the following:

� History, physical examination, and patient education regarding symptoms of
recurrence. All women should have a careful history and physical examina-
tion every 3–6 months for the first 3 years after primary therapy, then every
6–12 months for the next 2 years, and then annually. Physicians should
counsel patients about the symptoms of recurrence including new lumps,
bone pain, chest pain, dyspnea, abdominal pain, or persistent headaches [16].

Several studies have reported that 75–85% of breast cancer recurrences
are detected only with history and physical examination (even when fre-
quent additional tests are performed) [4].

� Genetic counseling.Women at high risk for familial breast cancer syndromes
should be referred for genetic counseling in accordance with clinical guide-
lines recommended by the US Preventive Services Task Force. Criteria to
recommend referral include the following: Ashkenazi Jewish heritage; his-
tory of ovarian cancer at any age in the patient or any first or second-degree
relatives; any first-degree relative with a history of breast cancer diagnosed
before the age of 50 years; two or more first- or second-degree relatives
diagnosed with breast cancer at any age; patient or relative with diagnosis
of bilateral breast cancer; and history of breast cancer in a male relative [16].
Patients with node-negative breast cancer who are carriers of a BRCA1 or
BRCA2 mutation may have gains in life expectancy from prophylactic con-
tralateralmastectomy [17]. In addition, the familymembers of affected patients
may want to consider intensive surveillance or prophylactic surgery [18].

� Breast self-examination.All women should be counseled to performmonthly
breast self-examination (BSE). However, women should be made aware that
monthly BSE does not replace mammography as a breast cancer screening
tool [16].

� Mammography.Women treated with breast-conserving therapy should have
their first post-treatment mammogram no earlier than 6 months after defi-
nitive radiation therapy. Subsequent mammograms should be obtained
every 6–12 months for surveillance of abnormalities. Mammography should
be performed yearly if stability of mammographic findings is achieved after
completion of locoregional therapy [16]. In patients who have undergone
breast conservation surgery and primary radiation therapy, mammography
is important for detecting clinically asymptomatic recurrent disease in the
treated breast. In women who have undergone a unilateral mastectomy,
mammograms are primarily helpful for detecting evidence of a clinically
asymptomatic new primary breast cancer in the contralateral breast [4].
The risk of a second primary cancer in the contralateral breast is estimated
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to be 0.5–1% per year [19] and is greater in women diagnosed at a younger
age, with heritable or familial breast cancer, and with radiation therapy for
primary breast cancer, particularly if less than 45 years old at the time of
treatment [20, 21]. The lack of high-level evidence supporting current prac-
tice of mammography surveillance has been reported by Grunfeld [22].
Despite the lack of randomized controlled trial data, observational studies
suggest that the method of detection (physical examination or mammogra-
phy), when reported, did not seem to influence survival. Acknowledging
the barriers to designing a prospective randomized trial to answer such a
question, routine mammography continues to be recommended for breast
cancer surveillance [16].

Data are still insufficient to recommend the routine use of the following

investigations in the follow up of early breast cancer patients [16]:

� CBC testing and automated chemistry studies. A chemistry group can be the
first evidence of recurrent breast cancer approximately 1–12% of the times,
when obtained on a frequent basis, whereas a hematology group very rarely
is the first indicator of recurrent breast cancer [4].

� Chest radiographs.A chest x-ray can be the first evidence of recurrent breast
cancer in 0–5% of patients when obtained on a frequent basis [4].

� Bone scan. Bone is the most common site to which breast cancer metasta-
sizes. No consensus exists as to the best modality for diagnosing bone lesions
among skeletal scintigraphy, plain radiography, computed tomography, or
magnetic resonance imaging. Despite the many descriptive studies indicating
its limited accuracy, the first choice for screening in common practice is
usually bone scan. However, bone scan often needs to be followed by other
modalities (X-ray, CT, or MRI) for an accurate diagnosis because it reflects
only bone metabolism [23]. Bone scans can detect recurrent breast cancer
0–8% of the time when they are obtained as routine follow-up tests. How-
ever, it has been estimated that less than 1% of bone scans will be positive in
patients who have no evidence of recurrent breast cancer by history, physical
examination, chemistry evaluation, or chest X-ray [4].

� Ultrasound of the liver.
� Computed tomography. Drotman et al. retrospectively reviewed 6,628 CT

scans of the pelvis in 2,426 patients with breast cancer over a 9-year period.
Pelvic metastases were the only site of metastases in 13 patients (0.5%) and 4
other patients (0.2%) had new or enlarging pelvic metastases despite the
presence of stable extrapelvic metastases. This led to over 200 additional
radiographic examinations, including 186 pelvic sonographic examinations,
and 50 surgical procedures; 84% of the additional procedures (radiographic
and surgical) yielded normal, benign or indeterminate results [24]. Another
retrospective study evaluated 250 patients with early-stage breast cancer
over a 2-year period. All patients had chest radiographs (74%) or CT scans
(26%) for screening purposes or to evaluate symptoms. Of the 10 patients
(4%) who developedmetastatic disease, only 2 (0.8%) hadmetastatic disease
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diagnosed by chest radiograph. No patients were found to have metastatic
disease by routine chest CT scanning [25].

� [18F]Fluorodeoxyglucose–positron emission tomography (FDG-PET) scan-
ning. Available data on FDGPET scanning in breast cancer surveillance
come from retrospective cohort studies; there are no prospective randomized
trial data. Although FDG-PET scanning may have more sensitivity than
conventional imaging in diagnosing recurrent disease, there is no evidence
that there is an impact on survival, quality of life, or cost effectiveness [16]. In
a cohort study of 61 patients comparing FDG-PET scanning to conventional
imaging for detecting residual or recurrent breast cancer, sensitivity of FDG-
PET vs conventional imaging was slightly improved (93 vs 79%, respec-
tively; p<.05), but there was no difference in positive predictive value or
specificity. The negative predictive value of FDG-PET compared with con-
ventional imaging was also improved (84 vs 59%, respectively; p<.05), but
the impact of these results on survival, quality of life, and cost was
not evaluated [26]. Another study evaluated the efficacy of whole-body
FDG-PET scanning in 60 women with clinical or radiographic suspicion of
recurrent breast cancer. Forty women had histologically proven relapsed
disease. PET scanning was sensitive and specific for locoregional and distant
relapse and seemed to be more sensitive than tumor marker CA 15-3 for
detecting recurrence [27]. A meta-analysis of 16 studies comprising 808
patients demonstrated a median sensitivity and specificity of 92.7 and
81.6%, respectively, for FDG-PET scanning. The pooled sensitivity was
90% (95% CI, 86.8–93.2%), and the pooled false-positive rate was 11%
(95% CI, 86.0–90.6%) [28]. Thus, although FDG-PET scanning seems to be
a useful tool to diagnose suspected breast cancer recurrence, there are no
data to support its role in routine breast cancer surveillance in asymptomatic
patients [16].

� Breast magnetic resonance imaging.A cohort study of 529 women at high risk
for breast cancer based on family history found that MRI offered higher
sensitivity than mammography (91 vs 33%, respectively) at detecting breast
cancer, whereas specificity was similar (97.2 vs 96.8%, respectively) [29].
Another cohort study of 649 women at high familial risk for breast cancer
demonstrated similar results in sensitivity (MRI: 77%; 95% CI, 60–90%;
mammography: 40%; 95% CI, 24–58%) and specificity (MRI: 81%; 95%
CI, 80–83%; mammography: 93%; 95% CI, 92–95%) for detecting breast
cancer [30]. Although screening breast MRI seems to be more sensitive than
conventional imaging at detecting breast cancer in high-risk women, there is
no evidence that breast MRI improves outcomes when used as a breast
cancer surveillance tool during routine follow-up in asymptomatic patients.
The decision to use breast MRI in high-risk patients should be made on an
individual basis [16].

� Breast cancer tumor markers (CEA, CA 15-3 and CA 27.29). The use of
breast cancer tumor markers such as CEA, CA 15-3 or CA 27.29 is not
recommended for routine surveillance of breast cancer patients after primary
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therapy [16]. There are no randomized data to address the value of specific
serum tumor markers in this context, but the available uncontrolled data do
not suggest that tumor markers would lead to survival benefit in patients
with curatively treated primary breast cancer [14]. In a recent review of the
literature relevant to serum tumor markers in breast cancer, none of the
available markers was found to be of value for the detection of early breast
cancer due to the lack of sensitivity for early disease and lack of specificity.
Although serial determinations of tumor markers after primary treatment
for breast cancer can preclinically detect recurrent/metastatic disease with
lead times of about 2–9 months, the clinical value of this lead time remains to
be determined [31].

One of the reasons for continuing routine follow-up examinations, in the

absence of data supporting their value, is the common thought that such tests

are reassuring to patients with a history of breast cancer.
One prospective study carried out in Helsinki concluded that follow-up was

associated with a feeling of security despite transient anxiety caused by the

visits. Most patients criticized the lack of psychological support provided by

physicians, while more than 80%of patients were satisfied with the frequency of

radiologic examinations [32].
In a survey conducted in the US, women also tended to overestimate the

importance of radiographs, scans, and blood tests in detecting recurrence. Over

90% believed that early detection improved long-term outlook, a chance for

cure, or the chance to respond to therapy. Few patients were aware of the

limitations of routine follow-up investigations [33].
Without formal, country-specific evaluations of patients’ perceptions of the

value of follow-up programs, it is difficult to judge the ability of such programs

to provide emotional support for patients. Some women may be reassured by

extensive negative investigations, others may view these tests as anxiety-

provoking, still others who have a false positive test result, may be subject to

costly, time-consuming, uncomfortable and anxiety-provoking investigations

without any positive benefit [3].
Although survivors of breast cancer may find laboratory and radiologic tests

reassuring [33], most patients respond well to less intense surveillance once

physicians explain the rationale [1].
Moreover, surveillance tests might negatively influence quality of life. In

fact, although it is often claimed that follow-up surveillance tests can be

reassuring for patients, this may be true if all of the tests are completely normal

every time. In the opposite case, which is not an uncommon one, patients are

not at all reassured during the waiting time from a test to another. Patients

should be informed that presently available data fail to suggest that surveillance

tests improve survival or quality of life. Instead, patients should be informed

that, since breast cancer recurrences in an irradiated breast, or new contralat-

eral primary breast cancers, are curable – especially if they are caught early-

yearly mammograms are important, as well as evaluation of new symptoms and
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evaluating psychosocial and other health concerns. The best use of resources
would be to ensure that all breast cancer survivors be taught signs or symptoms
of recurrence, do breast self-examination, and get mammograms. Finally, it is
important to stress to patients that not performing blood tests is not therapeutic
nihilism. There simply are not blood tests shown to improve quality or quantity
of life. It is important to make sure those things that work – mammograms,
good preventive care, and healthy lifestyle, including diet and exercise – are
performed regularly [34].

Local Complications After Breast Surgery and Radiation Therapy

for Breast Cancer

Breast surgery and radiation therapy can be associated with long-lasting side
effects. The vast majority of complications are mild, but they may interfere with
normal functioning or quality of life [35]. Local complications are worse with
more extensive surgery, more extensive radiation, or both and may be aggra-
vated by adjuvant chemotherapy [1].

There are no data suggesting that immediate or delayed breast reconstruction
alters the long-term outcome of breast cancer or that it impedes or delays
the detection of local or regional recurrence [36, 37]. The reconstructed breast
should be examined for nodular, erythematous, or rashlike changes in the skin
or subcutaneous tissues that might indicate recurrence [1].

Lymphedema affects 10–25% of breast cancer patients, its risk being directly
related to the extent of axillary surgery and radiation treatment [38–40]. Senti-
nel node biopsy is likely to be associated with a lower risk of lymphedema than
axillary dissection [1]. Obesity, weight gain, and infection in the arm are addi-
tional risk factors for lymphedema. Patients should be taught that usually
lymphedema responds to conservative management, such as arm elevation
and the use of compression gloves or sleeves [41]. Appropriate physical therapy
may relieve those cases that do not respond to conservative treatment. Patients
should also be told that, to minimize the chance of lymphedema, they should
protect the ipsilateral arm from infection, compression, venipuncture, exposure
to intense heat, and abrasion [42].

Long-lasting Side Effects of Systemic Adjuvant Treatment for

Breast Cancer

Chemotherapy for breast cancer can have many adverse effects, most of which
resolve after treatment has been completed. The most serious, even life-threa-
tening, late sequelae are secondary leukemias and cardiac impairment, both of
which are rare [1].
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Clinically significant congestive heart failure develops in 0.5–1.0% of women
treated with standard anthracycline-based chemotherapy regimens [43, 44].
Risk factors for cardiac toxicity include older age, pre-existing cardiac disease,
higher cumulative dose of anthracycline, and irradiation of the heart [45,
46]. Symptoms usually develop within several months after chemotherapy,
although they may develop later. Non-specific electrocardiographic or echo-
cardiographic abnormalities may arise during long-term follow-up in patients
without symptoms of cardiac disease. At present, routine screening of cardiac
function is not recommended, although patients with symptoms suggestive of
cardiac disease should be evaluated with electrocardiography and echocardio-
graphy [1].

Myelodysplastic syndromes or acute myeloid leukemias can occur after
chemotherapy. The risk is 0.2–1.0% after standard chemotherapy with cyclo-
phosphamide, methotrexate, and fluorouracil or anthracycline-based adjuvant
chemotherapy [47, 48]. Two secondary leukemia syndromes have been
described; they are associated with exposure to different classes of chemother-
apy and are characterized by different latency periods and cytogenetic findings.
Leukemias that are associated with exposure to alkylating agents may arise 5–7
years after treatment with agents such as cyclophosphamide and are frequently
preceded by a myelodysplastic syndrome. Topoisomerase inhibitors, such as
anthracyclines, can give rise to secondary leukemias 6 months to 5 years after
therapy. Risk factors for secondary leukemias include high-dose chemotherapy,
irradiation, and treatment with older regimens based on alkylating agents.
Currently, there are no methods of screening for these disorders in survivors
of breast cancer, although they should be considered in the evaluation of
patients in whom cytopenia develops after the treatment of breast cancer [1].

Adjuvant chemotherapy may cause temporary or permanent amenorrhea in
premenopausal women. The risk of chemotherapy-related amenorrhea is
directly related to age at time of treatment and varies with type, dose, and
duration of chemotherapy. Less than 50% of women younger than 40 years of
age will achieve menopause after adjuvant chemotherapy, whereas the majority
of women aged 40 years or older will become permanently menopausal. Rates
of permanent amenorrhea range from about 40% after four cycles of doxor-
ubicin and cyclophosphamide (AC) with or without four cycles of paclitaxel to
nearly 70% for six cycles of oral CMF, with a lower likelihood of becoming
amenorrheic with six cycles of intravenous CMF compared with six cycles of
oral CMF [49–53]. Chemotherapy-induced ovarian failure is characterized by
diminished circulating levels of estrogen and progesterone and elevated levels of
follicle-stimulating hormone and luteinizing hormone; these changes are similar
to the changes seen in natural menopause and have the same effects. Because of
the rapid change in menopausal status, symptoms can be more severe than
those associated with the more gradual lowering of estrogen levels that occurs
with normal aging [1].

Tamoxifen is a mixed estrogen agonist and antagonist that has a variety of
effects on gynecologic function [54]. It may cause hot flashes, night sweats, and
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vaginal discharge, itching, or dryness, and may contribute to dyspareunia and

loss of libido [55–57]. Patients should be advised that vasomotor symptoms

become less pronounced after several months of tamoxifen therapy. Women

who have menstrual dysfunction while taking tamoxifen may resume normal

menses after drug therapy stops [58, 59]. Patients taking tamoxifen should

be advised to adopt adequate contraception and, in those who wish to become

pregnant, to discontinue tamoxifen therapy several months before conceiving

because the drug causes urogenital abnormalities when given to neonatal

laboratory rodents, and its effects on human fetal development are not

known [1, 60].
Tamoxifen increases the risk of endometrial cancer, owing to its estrogenic

effects on the endometrium [54]. The risk is more pronounced among postme-

nopausal women, obese women, and women who have had hormone-replace-

ment therapy [61]. Endometrial cancer develops in 0.5–1.0% of women who

take tamoxifen for 5 years, as compared with one third as many women taking

placebo, but most of these are early-stage and low-grade tumors [62, 63].

Regular gynecologic follow-up is recommended for all women. Patients who

receive tamoxifen therapy should be advised to report any vaginal bleeding to

their physicians and they should undergo prompt and thorough evaluation,

including endometrial biopsy. Tamoxifen causes changes in the uterus that

reduce the specificity of screening measures such as ultrasonography and endo-

metrial biopsy. Fortunately, the vast majority of cases of uterine bleeding in

patients taking tamoxifen are due to benign processes [1, 16].
Breast cancer patients achievingmenopause as a result of adjuvant treatment

for early breast cancer may be at higher risk of developing osteoporosis, with a

loss of bone mineral density of 2–7%, similar to that which occurs during

natural menopause [64, 65]. As with normal menopause, trabecular bone

(such as the lumbar spine) is affected more than cortical bone (such as the

femoral neck). Tamoxifen preserves bone density in postmenopausal women by

its estrogenic effects and may reduce the incidence of osteoporotic fractures of

the hip, spine, and radius [54, 63]. In premenopausal women, however, tamox-

ifen therapy has been associated with varying degrees of loss of bone mineral

density. Bisphosphonates may prevent the loss of bone mineral density asso-

ciated with chemotherapy-induced menopause, as they do in the general popu-

lation of postmenopausal women [64, 65]. To minimize the risk of osteoporosis,

breast cancer patients should be encouraged to stop smoking, treat any meta-

bolic or endocrine disorders, perform regular weight-bearing exercise, and

receive adequate intakes of calcium (1,000–1,500mg per day) and vitamin D

(400 to 800 IU per day) [66]. Evaluation of bone mineral density within 6–12

months may be warranted in patients in whom adjuvant therapy induces

menopause and in premenopausal women taking tamoxifen because these

women are at higher risk for osteoporosis. Therapy to prevent further bone

loss should be considered for women found to have bone mineral density 1–2

SD below the mean bone mineral density of young women. Women with less
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pronounced bone loss may also benefit from treatment, particularly if other risk
factors for osteoporosis are present [1].

There is concern that prolonged estrogen deprivation may put survivors of
breast cancer at greater risk for heart disease. Patients should be encouraged
to manage possible risk factors for cardiovascular disease, such as hyperten-
sion, diabetes, and elevated lipid levels, and to quit smoking. With modern
techniques of radiation therapy, the risk of cardiac disease due to irradiation of
the left side of the chest appears to be minimal [67, 68]. Women treated
according to older radiation protocols and with older equipment may have a
slightly increased long-term risk of cardiac complications from irradiation of
the breast or chest wall [69]. Tamoxifen lowers the levels of total and low-
density lipoprotein cholesterol in postmenopausal women without affecting
high-density lipoprotein cholesterol, but it has minimal effects on the lipid
profiles of premenopausal women [54]. Some, but not all, randomized trials
of adjuvant tamoxifen have suggested a slight reduction in the incidence of
coronary events with the use of tamoxifen [70]. The Scottish Trial has reported a
decrease of death from myocardial infarction for patients treated with tamox-
ifen [71]. More recently, a report at the 2004 ESMOCongress from the Swedish
tamoxifen trial of 5 years vs 2 has confirmed that the mortality from coronary
heart disease was significantly reduced in the 5-year group [72]. On the other
hand, the National Surgical Adjuvant Breast and Bowel Project prevention trial
did not find a reduction in the risk of coronary events associated with use of
tamoxifen [63].

Tamoxifen therapy is associated with an increased risk of thromboembolic
events, including deep venous thrombosis, pulmonary embolism, and stroke.
The absolute risk is small (these events occur in 0.5% of patients) but is higher
among women receiving concurrent chemotherapy. Women who have even
minimal symptoms suggesting thromboembolic disease should be carefully
evaluated [1].

Psychosocial Issues

The diagnosis and treatment of breast cancer are life-altering events, with
significant psychological impact on patients, families, and friends. Specific
treatments for cancer and the experience of having a serious illness contribute
to psychosocial difficulties. During follow-up visits clinicians should inquire
about mood disorders, fatigue, anxiety, impaired cognitive performance, and
sexual dysfunction, since these problems are prevalent among survivors of
breast cancer. Psychosocial distress and problems are most intense during
the first year after diagnosis and therapy, and they tend to improve over time.
Risk factors for more pronounced psychological and social distress include
preexisting psychosocial, family, or marital stress; a more intense initial
response to diagnosis and treatment; younger age; negative body image; and
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treatment-related side effects, such as menopause or lymphedema. The use of
dietary or nutritional supplements and complementary or alternative therapies
among survivors of breast cancer is quite common and may be a marker of an
impaired quality of life.

Although the impact of breast cancer on psychological well-being and social
functioning can be profound, patients and clinicians can take heart from several
observations. First, most of these impairments resolve with time. Studies find
that the long-term quality of life among survivors of breast cancer is quite high,
with the large majority of patients functioning at levels similar to those for age-
matched controls. Second, survivors of breast cancer identify many positive
aspects of life after the diagnosis of cancer, including an optimistic outlook on
life and a renewed sense of confidence, purpose, and vitality [1].

Coordination of Care

With the increasing number of patients being followed-up after adjuvant treat-
ment for early breast cancer, there has been much debate about whether follow-
up visits should be performed by the hospital-based specialist or if patients – in
countries with a strong primary care base – should be referred to the general
practitioner for routine follow up, with the option to reinitiate specialist hospi-
tal care if problems develop [2].

In 1996, Grunfeld et al. published the results of a randomized trial, conducted
in Great Britain, on 296 women with breast cancer in remission (stage I–III)
comparing follow-up in hospital clinics according to the usual practice (control
group, n ¼ 148), vs follow-up from their own general practitioners (GPs, n ¼
148), with referral back to hospital clinics if any breast cancer related problems
developed (experimental group). Patients who were eligible but declined to
participate in the trial were significantly older than participants (mean age 64.3
vs 60.7 years). The two groups were similar in clinical characteristics and quality
of life [73]. The recommended frequency of routine visits in general practice was
the same as forwomen remaining in hospital follow up and depended on the time
since breast cancer had been diagnosed. In the trial, most recurrences (18/26,
69%) were detected by women themselves in the interval between follow up
appointments, and almost half (7/16, 44%) of the recurrences in the hospital
group presented first to general practice, irrespective of continuing hospital
follow up. The median time to hospital confirmation of recurrence was 21
days in the hospital group (range 1–376 days) and 22 days in the general practice
group (range 4–64 days). No significant differences in time to detection of
recurrence and quality of life (defined with scores for social functioning, mental
health and general health perception) emerged. The trial suggests that there is no
reason to believe that the place of follow up will affect recurrence rates or
survival. However, delay in confirming a diagnosis of recurrence and reinitiating
specialist care may result in an increase in morbidity: in all three cases of purely
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local recurrence in the general practice group, re-entry to the hospital system
from general practice took 4 weeks or more. In every case the delay was
primarily administrative. Such administrative delays can be avoided by good
organization and quality control, particularly if the pressure on outpatient
clinics can be relieved by reducing the burden of routine follow up. The vast
majority of general practitioners wish to provide follow up for their patients with
breast cancer if their concerns about increased workload can be met, if clear
guidelines for follow up can be given, and if assurances are given that patients
will be seen urgently by the specialist on an open access basis [2, 8]. In the same
trial, patient satisfaction was measured by a self-administered questionnaire
supplied three times during the 18-month study period. Patients were more
satisfied with follow-up in general practice than in hospital outpatient depart-
ments. Furthermore, in the general practice group there was a significant
increase in satisfaction over baseline; a similar significant increase in satisfaction
over baseline was not found in the hospital group [74]. Moreover, follow-up by
general practitioners led to lower health service and patient costs [75].

The above-mentioned report suggests an approach to follow up that can be
considered in the future. For women who are willing to consider follow up in a
general practice setting (one third were not) and for GPs who are willing to
accept this responsibility (in an Ontario survey 10% were reportedly unwilling)
[76], general practice is a possible option. However, whether sufficient unused
general practice resources exist to meet this demand has not been addressed.
Patients who have strong preferences for follow up in specialist settings and for
whom follow up in such settings would be most appropriate (e.g., those with
treatment related complications) will continue to exist. Furthermore, patient
preferences and satisfaction with care may differ considerably in health care
systems other than those of the British National Health Service; therefore
satisfaction measured by other groups and in the health care systems of other
countries should also be evaluated [77].

Possible limits of this trial were short follow up (18 months) and small
number of patients involved; moreover, women randomized to follow up by
their general practitioner knew that they were under special surveillance, which
is different from being "discharged" from hospital; finally, the detection of
recurrence is often difficult, particularly after breast surgery and radiation
therapy [78]. In addition, a report by Dixon and Norman suggests that regular
clinical follow up allows to detect local recurrence after breast conservation.
Among 55 patients treated by wide local excision and radiotherapy, 10 breast
recurrences were detected by patients themselves, 23 by regular clinical exam-
ination in follow up clinic, and 22 by annual mammography. Recurrences
detected by patients were larger than those in the two other groups. Of the 23
detected by regular clinical examination, 8 were not visible on mammography.
All but one patient with an asymptomatic recurrence were free of metastatic
disease and were suitable for a further excision or amastectomy, compared with
6 of the 10 with symptoms. Since over 80% of recurrences that develop after
breast conservation are detected by regular hospital visits, before regular
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hospital follow up is abandoned for patients with breast cancer a further study
looking specifically at the problem of local recurrence is clearly required [79].

In 2006, Grunfeld and colleagues published the results of a multicenter,
randomized, controlled trial conducted in Canada involving 968 patients with
early-stage breast cancer who had completed adjuvant treatment, were disease
free, and were between 9 and 15months after diagnosis. Patients were randomly
allocated to follow-up in the cancer center according to usual practice (CC
group) or follow-up from their own family physician (FP group). In the FP
group, there were 54 recurrences (11.2%) and 29 deaths (6.0%). In the CC
group, there were 64 recurrences (13.2%) and 30 deaths (6.2%). In the FP
group, 17 patients (3.5%) compared with 18 patients (3.7%) in the CC group
experienced a recurrence-related serious clinical event (0.19% difference; 95%
CI, –2.26% to 2.65%). No statistically significant differences (p<.05) were
detected between groups on any of the health-related quality of life question-
naires. The authors concluded that breast cancer patients can be offered follow-
up by their family physician without concern that important recurrence-related
serious clinical events will occur more frequently or that health-related quality
of life will be negatively affected [80].

Similarly rigorous evaluations of this same surveillance question for breast
cancer patients in the Unites States are not currently available. There is no a
priori reason to expect that patients in the United States would want different
follow-up schedules, and the demand for medically inappropriate testing may
be reduced by patient education about the specificity, sensitivity, and usefulness
of the available tests [34].

Data suggest that current follow-up procedures could be improved. How-
ever, there are substantial issues that have not yet been addressed. First of all,
there are no data that show how frequently oncologists or primary care physi-
cians inquire about some of the "softer" but important issues of body image,
sexuality, sexual functioning, adaptation back to normal life, cognitive dysfunc-
tion, neuropathic pain, bone health, depression, menopause, or all the other
symptoms left after treatment: a prospective study of a one-page follow-up
check list would give the answers. Second, there are no data assessing if patient
outcomes for specific symptoms due to treatment, such as chronic breast pain,
sexual function, menopause symptoms, depression, and so on vary between the
two groups, because the Hospital Anxiety and Depression Scale (HADS) and
36-item short form (SF-36) are good instruments for global function, but are
not designed for breast cancer survivor symptoms. Oncologists are not very
good at assessing emotional health. In a study of 204 patients and 5 oncologists,
patients reported many more symptoms than their oncologists perceived, and
the oncologists had better sensitivity and specificity for physical symptoms than
psychosocial. The oncologists had sensitivity rates up to 80% for fatigue,
nausea, vomiting, and hair loss, but recognized only 17% of the patients with
anxiety and only 6% of those with clinical depression [81]. Finally, there are
concerns about the way to educate all who follow breast cancer patients in the
many issues that are present during survivorship in a rapidly changing oncology
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practice. There are some practical steps that can be taken to improve follow-up
of women with breast cancer: working with patient advocacy groups to educate
their members; give the family physician a sort of one-page follow-up guideline
to help improve communication about important health issues; in the absence
of a single electronic medical record, providing patients with a USB flash drive
with a form for the health care professional to complete each time, that could
list the most common concerns and practical tips for fixing them, along with
allergies, problem list, radiographs, and so on; following the guidelines we
already have in place. The evidence from multiple randomized clinical trials
suggests that ASCO should begin partnering with our primary care colleagues
and our shared patients to better improve the follow-up process [82].

The 2006 ASCO Guidelines underline that continuity of care for breast
cancer patients is recommended and should be performed by a physician
experienced in the surveillance of cancer patients and in breast examination,
including the examination of irradiated breasts. Follow-up by a primary care
physician (PCP) seems to lead to the same health outcomes as specialist follow-
up with good patient satisfaction. If a patient with early-stage breast cancer
(tumor <5 cm and less than four positive nodes) desires follow-up exclusively
by a PCP, care may be transferred to the PCP approximately 1 year after
diagnosis. If care is transferred to a PCP, both the PCP and the patient should
be informed of the appropriate follow-up and management strategy. This
approach will necessitate referral for oncology assessment if a patient is receiv-
ing adjuvant endocrine therapy [16]. In fact, follow-up of a patient by multiple
specialists after initial therapy is costly, has not been shown to improve out-
comes, and may represent duplication of effort. A recently published overview
[83] by the Early Breast Cancer Trialists’ Collaborative Group reported 15-year
breast cancer recurrence and survival rates. Although hazard ratios for recur-
rence are highest during the first few years after diagnosis, there seems to be a
steady relapse rate through 15 years and beyond. In women with estrogen
receptor–positive breast cancer treated with tamoxifen for 5 years, the 15-year
probability of death from breast cancer is more than three times as great as the
5-year probability. This suggests that the majority of breast cancer recurrences
occur more than 5 years after diagnosis when patients are observed for more
than 15 years. These findings have implications for long-term breast cancer
surveillance and for choice of adjuvant endocrine therapy, which will be
required in most patients with hormone receptor-positive cancer. This latter
issue is of particular interest in the current era of changing endocrine therapy
strategies, and a number of clinical trials continue to address this matter. A
variety of care models have been proposed to coordinate follow-up care
between oncologists and PCPs. The Institute of Medicine’s recent report
‘‘From Cancer Patient to Cancer Survivor: Lost in Transition’’ [84] contains
recommendations for improving survivorship care including a shared-care
model that could be integrated across different specialties. If agreed by the
patient and treating oncologist, a shared-care model would provide treatment
summary information and a plan for follow-up care for the patient and PCP;
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the level of shared follow-up provided by the oncologist and PCPwould depend
on patient and provider preferences. This is an evolving field of evidence-based
practice; the mechanism of care transfer, level of shared care among providers,
and likelihood of success of this strategy will depend on the characteristics of
the local clinical setting [16].

Conclusions

Some women certainly seem reassured after a follow up visit (even if they find
the days before the visit stressful). This reassurance may be less solidly based
than they imagine, given that routine follow up has not been shown to improve
survival. Conversely, some women may find that the visits serve only to remind
them of their disease and remain a continuing source of anxiety. There is a
paucity of data on the effect of follow up on the quality of patients’ lives, plus
there are certainly financial costs for the patients – such as time off work and the
costs of travel – and also for any accompanying relatives or friends.

For the medical and nursing staff, the sheer numbers of patients attending
follow up clinics can reduce the time available for patients with problems.
Conversely, the presence of fit women in the clinic may serve as a useful
counterbalance to the negative effect of their continuously seeing patients
whose disease has relapsed. In addition, data on the morbidity of treatment
can be acquired only if all patients are seen [85].

With the lack of any convincing data to suggest significant survival benefits
from early detection of distant metastases and with increasing awareness of
financial constraints, more and more oncologists are abandoning the tradi-
tional follow-up practices established in the last few decades. Routine follow-up
visits including yearly mammography are of value to patients completing local
and adjuvant therapies for early breast cancer. They allow detection of isolated
locoregional recurrences, new primaries in the conservatively treated breast,
and new contralateral breast primaries. They may be of significant psychologi-
cal value. They provide the oncologist with an excellent opportunity for life-
style, family risk and pregnancy counseling and for monitoring of long-term
complications of combined modality therapy (including accelerated bone loss
and, rarely, long-term cardiovascular sequelae or secondary malignancies). All
these are worthy goals and should not be neglected [3].
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Quality of Life Issues During Adjuvant Endocrine

Therapy

Lesley Fallowfield and Valerie Jenkins

Introduction

When the media report the results from studies reporting the latest break-

through in adjuvant drug treatments, they are usually described in terms of

relative rather than absolute benefits. Many women with early stage breast

(EBC) cancer may not realise that they do not necessarily require any further

adjuvant treatments and that claims for example of a 50% reduction in risk of

recurrence does not relate to an individual woman’s risk. For many who receive

systemic therapy the relative benefits may be small and not outweigh the

associated costs of side effects. Until basic science can provide us with a better

understanding of how to target treatments to those most likely to derive benefit,

we need to collect side-effect data systematically and conduct considerably

more research into ameliorative interventions to help patients cope with the

worst symptoms. Unrelentingmenopausal symptoms, vasomotor complaints in

particular, can lead to non adherence with endocrine therapies, which are

prescribed for at least 2–5 years.
Acceptability of treatment and long-term adherence is influenced by the

actual burdens experienced, the impact of any side effects on quality of life

(QoL) and a patient’s beliefs and expectations about therapeutic intent [1]. In

order for a woman with EBC to make an educated decision about adjuvant

treatments, she needs to have clear and consistent verbal and written informa-

tion provided by all members of the multidisciplinary healthcare team. She

would need to know the different treatment options, likely therapeutic gains,

and side effect profiles associated with the different therapies. Obviously mem-

bers of the team can only discuss with patients things that have been system-

atically studied and recorded. Most of these data result from clinical trials.
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However the manner in which adverse events and side effects is collected are

often unreliable.
Healthcare professionals often underestimate non-life threatening but QoL

threatening side effects, making treatments appear more favorable and accep-

table during discussions. For example, for over 20 years the selective oestrogen

receptor modulator (SERM) tamoxifen, was the primary hormonal treatment

choice offered by clinicians to their breast cancer patients. Initially results from

the early trials suggested that tamoxifen had few, if any side effects; however the

mature, longitudinal data acquired over time now present a truer picture not

just of its efficacy, but also its substantial side effect profile. Yet the knowledge

that accurate safety and side effect data are usually gathered only after many

years of use does not appear to deter some of the media and trialists from

extolling the virtues of novel drugs after only 2 or 3 years of use. This has been

seen with the aromatase inhibitors (AIs) [2] and other classes of breast cancer

drugs such as herceptin.
The focus of this chapter will be on the importance of measuring QoL in terms

of side effects, patient preferences and adherence. We will consider these issues

particularly in relation to adjuvant hormone treatments for post-menopausal

women, SERMS and the AIs and LHRH analogues for the pre-menopausal

patient.

How Is Quality of Life Measured?

Several standardised instruments with excellent psychometric properties are

available to measure QoL in women receiving breast cancer treatments. Cur-

iously these instruments only ever appear to be used within clinical trials rather

than to help monitor and inform the management of patients outside the trial

setting and providing further useful data.
Health-related QoL has been evaluated in parallel with efficacy and safety in

several clinical trials of adjuvant endocrine therapy in postmenopausal women

withEBC, using the Short Form36-ItemHealth Survey (SF-36) [3], theFunctional

Assessment of Cancer Therapy-Breast þ Endocrine Subscale (FACT-B þ ES)

[4, 5], and theMenopause Specific Quality of Life (MENQOL) [6] questionnaires.
SF-36 poses questions about overall health, including energy, fatigue, bodily

pain, health-related limitations on physical and social activities, and emotional

well-being. The FACT-B þ ES is tailored for patients with breast cancer and

includes specific questions related to endocrine therapy. The FACT B com-

prises the FACT-G a general 27 item questionnaire covering 4 QoL domains:

physical, functional, social and emotional well-being along with a breast cancer

concerns subscale with 9 further questions. The ES subscale comprises 19 items

associated with menopausal symptoms such as hot flushes and night sweats.

Respondents rate each item on a five point scale from ‘‘not at all’’ to ‘‘very
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much’’ indicating the extent to which they have been affected in the past 7 days.

The ES can be used alone or in combination with the FACT-B.
Another frequently used measure is the generic EORTC QLQ-C30 together

with its breast cancer module BR23 [7].

Acceptability of Adjuvant Endocrine Therapy

Until recently, tamoxifen was the gold standard in adjuvant endocrine treat-

ments [8], but despite the efficacy of the drug the serious side effects such as

thromboembolic problems, stroke and endometrial cancer limit its use. The

treatment also has many side effects that affect QoL including hot flushes, night

sweats and vaginal discharge.
It was hoped that the newer third generation AIs, such as anastrozole and

letrozole (non-steroidal) and exemestane (steroidal), would not only have better

efficacy than tamoxifen but also fewer side effects impacting on QoL. Results

from three international trials, which have QoL sub-protocols, are presented to

highlight some of the similarities and differences between the endocrine treat-

ments. The ATAC trial compared anastrozole, tamoxifen alone or in combina-

tion, IES (the Intergroup Exemestane Study) compared exemestane with

tamoxifen in patients who had already received 2–3 years of adjuvant tamoxifen

and the MA-17 trial looked at letrozole versus placebo in women who had

completed 5 years of tamoxifen. All three trials take patients at different time-

points so are not directly comparable but they do provide some information

about the types of side effects experienced and the temporal relationship of

treatment starting and symptoms developing. See Fig. 1
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Fig. 1 Recent trials of AIs with QoL
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9366 postmenopausal women with localised EBC participated in ATAC and
the 5 year completed treatment analysis at a median follow up of 68 months
showed that anastrozole was superior in terms of both efficacy and tolerability
[9]. The combination arm was discontinued as no efficacy or tolerability benefit
was demonstrated compared with either drug alone. In a sub-protocol of the
ATAC trial, QoL was investigated prospectively in 1,105 women recruited to
the trial; the 2- and 5-year QoL data have been published [10, 11]. The primary
objective of the QoL sub-protocol was to compare the difference in overall QoL
between the anastrozole and tamoxifen treatment groups as assessed by the
FACT-B Trial Outcome Index (TOI). This is the sum of the PhysicalWell Being
(PWB), Functional Well Being (FWB) and Breast Cancer Subscale of the
questionnaire. A total of 23 items contribute to the TOI, resulting in a max-
imum possible score of 92. A high score indicates good QoL and lower scores
equate with a poorer QoL. Some items are negatively framed and reversed for
analysis. The sample size calculation for this QoL sub-protocol was powered to
detect a difference of at least 5 points in the TOI score between anastrozole and
tamoxifen groups at the 6-month time point [10]. A change of 5 points in TOI
score is considered clinically meaningful [4]. The secondary objectives were to
compare the prevalence and severity of specific endocrine symptoms as
recorded on the ES inventory, and to compare Emotional Well-Being (EWB)
and Social Well Being (SWB) between treatment groups. Also, in order to
provide clinically relevant information regarding treatment side effects, patients
responses to each ES question were labelled ‘‘clinically significant’’ if they
scored ‘‘quite a bit’’ or ‘‘very much’’ and ‘‘not clinically significant’’ if they
responded ‘‘not at all’’, ‘‘a little’’ or ‘‘somewhat’’.

The 2-year QoL analysis was conducted on 1,021 women: 335 anastrozole,
347 tamoxifen and 339 in the combination arm. Over the 2-year period, 17.8%
(182) of patients withdrew from the QoL study, 49 (A), 67 (T), 66 (C); most had
withdrawn from the main ATAC trial. There was good compliance from those
completing QoL forms, with 85% of questionnaires completed at each post
baseline visit. Results showed that all groups improved in TOI from baseline to
3months: the mean improvements wereþ1.29 (anastrozole),þ2.22 (tamoxifen)
and þ1.61 (combination arm). Exploratory analysis showed that women who
received chemotherapy had lower baseline scores and greater improvements at
3 months compared with women who did not receive chemotherapy. Use of
hormone therapy at baseline had no effect on the TOI score. By 24 months the
mean improvements wereþ4.16 (A),þ3.49 (T) andþ3.73 (C). The proportions
of patients showing a clinically significant change in the TOI score at any time
point from baseline were 60% (A), 61.9% (T) and 59.8 (C). The proportions
who always improved over time were 22.4% (A), 19.5% (T) and 20.5% (C).
These two distinctions (ever improved and always improved) provide the least
and most conservative estimates, respectively, of the proportion of people who
improved from baseline [10].

The ES scores did worsen for all three groups from baseline following 3
months of endocrine treatment but did not differ between groups and
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subsequently stabilised. There were no significant differences among groups for

EWB or SWB scores. The most interesting findings were the post hoc analyses

comparing individual endocrine items for the tamoxifen and anastrozole treat-

ment groups. The individual symptoms were categorised into four groups, vaso-

motor symptoms, neuropsychological problems, gastrointestinal symptoms and

gynaecological/sexual problems. The proportions of patients who experienced

severe symptoms at each time point are shown in Table 1. There were interesting

differences in the reporting of the severity of endocrine symptoms among treat-

ment groups. There was a vasomotor advantage for the anastrozole group, with

fewer cold sweats but troublesome gynaecological symptoms, such as vaginal

Table 1 Proportion (%) of patients experiencing ‘‘very much’’ or ‘‘quite a bit’’ ES symptoms
from the 2- and 5-year ATAC QoL analyses

Anastrozole Tamoxifen

2 years 5 years 2 years 5 years

Vasomotor symptoms

Hot flushes 30.4 26.6 32.7 28.5

Cold sweats 7.8 7.7 10.6 9.1

Night sweats 18.9 17.8 23.9 21.3

Sleeping difficulties 20.1 19.0 19.7 18.8

Neuropsychological symptoms

Dizziness 3.5 3.1 5.0 5.4

Headaches 4.7 5.1 5.3 5.0

Mood swings 10.8 10.3 11.5 11.3

Irritability 8.6 8.7 9.0 9.1

Lack of energy 16.5 15.9 20.2 18.3

Nervous feeling 6.5 6.6 9.2 8.6

Gastrointestinal symptoms

Weight gain 21.8 22.6 22.6 20.6

Vomiting 0.5 a 0.4 a

Diarrhoea 2.9 3.1 1.1 1.3

Bloated feeling 10.9 10.4 11.0 10.9

Nausea 1.3 1.2 2.6 2.2

Gynaecological/sexual symptoms

Vaginal discharge 1.2 1.2 5.2 5.2

Vaginal itching 2.6 3.4 4.7 5.0

Vaginal bleeding or spotting 0.2 a 1.2 a

Vaginal dryness 16.3 18.5 8.4 9.1

Pain or discomfort with intercourse 17.8 17.3 7.5 8.1

Loss of interest in sex 15.8 34.0 8.5 26.1

Breast sensitivity 13.0 12.0 13.7 11.6
aData not available due to the very low incidence for these symptoms
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dryness and dyspareunia were also more common in this group compared with
patients taking tamoxifen.

Over the 5-year study period 17% of expected QoL evaluations were missing
and the missing data rate increased particularly in the fifth year of follow up. The
results for the QoL profile at 5 years showed a continued improvement for both
the anastrozole and tamoxifen groups, continuing a trend from baseline to 2
years. However as the missing data rate increased also, it was not clear whether
and to what extent this slight increase reflected the effect of non random missing
data, particularly given that somewomen dropped out from treatment due to side
effects [11]. Most patients (67%) regardless of treatment had a clinically mean-
ingful improvement with no differences between the groups. The same improve-
ments applied to the SWB, EWB and ES score. However analysis of the dichot-
omisedES items suggested somedifferences between the treatment groups (shown
in Table 1). The differences between the treatment groups in terms of side effect
profile are evident from these patient reported outcomes (PROs). The importance
of such data are that the efficacy benefits of anastrozole in terms of disease free
survival and time to recurrence in hormone receptor positive patients was
achieved without a detrimental overall impact on QoL. From a clinical point of
view women can be informed that most side effects appear within the first 12
weeks of treatment and thereafter either plateau or get slightly better.

Exemestane is an irreversible steroidal AI so it was possible that its side effect
profile might differ from anastrozole, a non-steroidal when it too was compared
with tamoxifen. The IES used the same QoL instruments to record PROs as used
inATAC, which enables us to conduct some comparison. IESwas a double blind
randomised controlled study of 4,724 postmenopausal women with primary
breast cancer who were disease free after 2–3 years of tamoxifen. Women were
randomised to continue tamoxifen until 5 years of treatment had been reached or
switch to exemestane. Initial results after a median follow up of 37 months
showed significantly fewer recurrences, less contralateral breast cancer and
superior disease free survival in patients who were switched to exemestane [12].
The most recent results now show a survival benefit [13].

The QoL subprotocol has published 2 year post-randomisation results from
562 patients, 289 of whom received exemestane and 293 tamoxifen. Attrition
rate was low during the 2 year period, with a total of 90 patients (15.5%)
withdrawn (exemestane 38, tamoxifen 52). Compliance was good with 85.3%
of questionnaires completed at each post baseline visit, similar to ATAC [10].
The analyses performed on the FACT-B and ES questionnaires were the same
as for ATAC: That is TOI, ES, EWB, SWB plus differences in individual
endocrine symptoms. Again, the results showed no differences between the
treatment arms. QoL was generally good and stable over 2 years (by which
time most patients had received at least 4 years of endocrine therapy) with no
clinically meaningful differences found in TOI or ES between groups. The
proportions of patients who maintained a clinically meaningful TOI at all
time points were 3.9% (exemestane) and 4.7% (tamoxifen). The proportions
of patients who had a clinically meaningful sustained decrease at each time
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point compared with baseline were 2.5% for exemestane and 3.6% for tamox-
ifen. Irrespective of treatment, mean ES scores increased over time (i.e. endo-
crine symptoms decreased). Severe endocrine symptoms were high at trial entry
showing that the side-effects of tamoxifen following 2–3 years of treatment are
persistent. The most frequently reported symptoms were for vasomotor com-
plaints and sexual problems but the only endocrine symptom showing a sig-
nificant difference between treatments was vaginal discharge, which was more
pronounced with tamoxifen (p<0.001) [14].

The results from both the ATAC and IES QoL studies are encouraging. In
the former anastrozole compared favourably to tamoxifen whilst having an
added clinical benefit. In the latter, clinical benefits for switching to exemes-
tane compared with continuous tamoxifen are achieved without a detrimental
effect on QoL. The results from both these sub-studies allow us to begin to
compare the profiles of tamoxifen, anastrozole and exemestane, mindful that
the IES patients had already received at least 2 years of tamoxifen. Table 2
shows the dichotomised symptom reporting at 24 months for the IES patients
(some of whom will have received tamoxifen for 4 or 5 years) and 5 years for
ATAC. What is especially interesting to note is that the FACT-ES appears to
be a very sensitive instrument and that some tamoxifen symptoms over two
different populations of patients at different timepoints remain consistently
high. This reinforces an earlier comment that from a clinical point of view,
women can be told that the worst endocrine symptoms are apparent by 3
months of treatment’ start and that thereafter they stay more or less the same
or reduce slightly.

MA-17 compared letrozole with placebo in women with EBC who had
already completed 5 years of tamoxifen treatment. The study was stopped
early when DFS was found to be better for letrozole than placebo. The most
recent update after a median follow-up of 30 months, has shown overall
survival to be the same in both arms (HR for death from any cause ¼ 0.82,
95% CI ¼ 0.57–1.19; p ¼ .3) but a survival benefit to women in the letrozole
arm among lymph node-positive patients (HR ¼ 0.61, 95% CI ¼ 0.38–0.98;
p¼.04) [15]. The MA.17 QoL subprotocol used the SF-36 and MENQOL
questionnaires. Although large numbers were recruited to the QoL study with
1,799 randomised to placebo and 1,813 to letrozole, few ever completed long
term follow up as the trial was stopped early. This is a pity as the study
afforded the opportunity to obtain data on the long term consequences of
endocrine therapy. However, for those patients who did complete question-
naires some interesting results emerged. There were no differences between
groups in mean change scores from baseline for the SF-36 physical and mental
summary scores at 6, 12, 24 and 36 months but small statistically significant
differences were reported for the SF-36 domains of physical functioning
(12 months), bodily pain (6 months) and vitality (6 and 12 months), and the
MENQOL vasomotor (6, 12 and 24 months) and sexual domains (12 and 24
months). Using a complicated response analysis, a significant difference was
found between groups for the bodily pain (47% placebo vs 51% letrozole;
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p¼ .009) and the vasomotor domain (22% placebo vs 29% letrozole; p¼ .001)

[16]. Although overall QoL did not differ significantly between treatment

groups, this was a highly selected patient cohort, disease-free after an initial

5 years of tamoxifen and who had volunteered for an additional 5 years of AI

therapy. It is plausible that women who had found the menopausal symptoms

associated with tamoxifen intolerable had already dropped out of treatment;

Table 2 Proportion of patients experiencing ‘‘very much’’ or ‘‘quite a bit’’ ES symptoms from
the 2-year IES and 5-year ATAC QoL analyses

Anastrozole
Tamoxifen
(ATAC) Exemestane Tamoxifen(IES)

Vasomotor symptoms

Hot flushes 26.6 28.5 23.5 25.9

Cold sweats 7.7 9.1 8.9 8.7

Night sweats 17.8 21.3 16.8 20.5

Sleeping difficulties 19.0 18.8 16.0 19.6

Neuropsychological
symptoms

Dizziness 3.1 5.4 3.5 5.9

Headaches 5.1 5.0 0.8 1.8

Mood swings 10.3 11.3 8.8 11.0

Irritability 8.7 9.1 6.2 8.1

Lack of energy 15.9 18.3 14.9 12.7

Nervous feeling 6.6 8.6 8.4 9.2

Gastrointestinal symptoms

Weight gain 22.6 20.6 19.1 28.3

Vomiting a a 0.8 1.3

Diarrhoea 3.1 1.3 5.3 8.2

Bloated feeling 10.4 10.9 8.0 15.1

Nausea 1.2 2.2 1.7 1.8

Gynaecological/sexual
symptoms

Vaginal discharge 1.2 5.2 1.3 8.2

Vaginal itching 3.4 5.0 1.7 4.5

Vaginal bleeding or
spotting

a a 0 1.8

Vaginal dryness 18.5 9.1 16.0 17.5

Pain or discomfort with
intercourse

17.3 8.1 12.0 11.3

Loss of interest in sex 34.0 26.1 34.0 32.0

Breast sensitivity 12.0 11.6 8.0 12.3
aData not available due to the very low incidence for these symptoms
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thus MA-17 results are from a group of tamoxifen-tolerant women limiting

our ability to generalize its results to other populations of patients with early
breast cancer.

QoL in the Pre-menopausal Patient

The commonest pituitary down-regulator is the LHRH analogue goserelin. The
drug has many advantages over chemotherapy being a more effective means of
inducing ovarian ablation than chemotherapy and, because of its reversibility,
potential preservation of fertility. It also has fewer unpleasant side-effects than
chemotherapy in particular avoidance of alopecia. In the ZEBRA trial of 1640
pre or peri-menopausal women with EBC, adjuvant goserelin showed similar

overall survival to CMF in nodeþ disease after 7.3 years’ median follow-up
(HR ¼ 0.94; 95%CI: 0.75–1.18) [17].

In another study of 1034 nodeþ/�, receptorþ, pre and peri-menopausal
patients with early breast cancer randomised to 3 years’ goserelin plus 5 years’
tamoxifen or to six cycles of CMF, adjuvant goserelin þ tamoxifen was 40%
more effective for recurrence-free survival. Although adjuvant therapy with
anthracyclines is 13% more effective than CMF for reduction of recurrence,
there are no direct comparative trials of goserelin þ/� tamoxifen vs anthracy-

cline containing chemotherapy.
In the ZEBRA trial, overall quality of life was significantly better with

goserelin than with CMF during first 6 months of therapy [18]. Hormonal
symptoms improved in goserelin patients at 3 years (1 year after the end of
treatment) and were significantly better than CMF patient scores (p<0.0001).
At 3 years, 1 year after end of goserelin therapy, 77% of CMF patients still had
amenorrhea, compared with only 23% of goserelin patients [19].

A recent meta-analysis of 16 trials [20] showed that, together with tamox-
ifen, goserelin conveys similar benefits to chemotherapy without necessarily
affecting fertility or inducing a permanent early menopause with its associated

symptoms. These findings are rarely discussed with pre-menopausal women
who might well have preferences for treatment other than chemotherapy.
In one hypothetical study, 200 healthy pre-menopausal women, were shown
profiles describing the administration and side-effects of goserelin and adju-
vant chemotherapy; they were then asked which therapy they preferred
and why. A total of 78% chose goserelin, 11% chose chemotherapy and
11% were undecided (p<0.001). The chemotherapy side effects women most

wanted to avoid were alopecia and loss of fertility. Furthermore women
regarded goserelin therapy as less disruptive than chemotherapy to their
daily life [21].

It seems outrageous that so few young women worldwide are given this
information or the option of avoiding chemotherapy especially as patient
preferences and choice are meant to be part of the modern era of cancer care.
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It is interesting to consider what choices women would make if given the
information outlined above.

Patient vs Clinician Reported Side-Effects

Many of the side effects of endocrine therapy are not life threatening but are
potentially quality of life threatening. Unresolved side effects may also influ-
ence adherence and outcomes so deserve more attention. When reading clinical
reports it is very important to consider whether the side-effects and adverse
events have been collected by physicians on case report forms or by patients
using standardised QoL questionnaires. Treatment-related symptoms, docu-
mented by clinicians in medical notes during a clinical trial comparing che-
motherapy with or without tamoxifen, differed from those side-effects patients
reported in an interview. Hormone related side effects especially hot flushes,
night sweats and fatigue were under-reported by the doctors and their severity
underestimated [22]. A marked discrepancy in physician-completed CRFs and
patient-reported symptoms on QoL forms has been noted in several other
hormonal therapy studies. For example, in the IES trial, discordance between
physicians and patients was as high as 32% for some side effects with consider-
able physician under-reporting of vasomotor complaints, vaginal dryness and
loss of libido [23]. Likewise, in the ATAC trial it was noted that physicians
tended to under-report certain side effects particularly those related to sexual
function compared with women. In Canada researchers found that discordance
between patient and physician recorded symptoms in breast trials were signifi-
cant enough to have altered the main study findings [24].

These issues are potentially very serious and require further investigation
and explanation as data collected by doctors are used not only to evaluate the
effectiveness of drugs in clinical trials but are also important when discussing
therapeutic options with patients.

Review of taped interviews between doctors and their patients shows that
clinicians tend to monitor only those adverse events that are either potentially
life-threatening or those for which they have useful interventions. There is also an
ascertainment bias with selective enquiry only about the side effects in areas
where problems might be predicted. Few clinicians routinely enquire about
such issues as sexual functioning or gynaecological problems other than vaginal
bleeding [25]. Another worry about accuracy concerns case report forms being
completed by nurses or others transcribing the information written in a patient’s
medical notes onto the trial forms thus introducing the potential for further error.
Finally, women sometime feel embarrassed discussing some symptoms or they
may not even realise that they could be associated with the treatment. Without
this information about the burdens experienced we are unable to provide patients
with facts that might influence their choices between treatment options. Neither
can we initiate research into ameliorative interventions [1].
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Adherence

Even when patients have a potentially life threatening disease such as cancer it

cannot be assumed that they will adhere to treatment. There are some alarm-

ing data from a variety of studies in the chemoprevention [26], early breast

cancer [27] and evenmetastatic breast cancer [28, 29] setting that women either

forget or deliberately chose not to take their medication particularly if they are

getting troubling vasomotor side-effects. Some patients said that they would

rather have intramuscular fulvestrant to ensure their own compliance rather

than oral drugs [28]. There are physical and psychological explanations for

these findings. If a woman stops her medication she ‘benefits’ from a reduction

or cessation of side effects and the constant reminder that she is still at risk of

recurrence. If she is asymptomatic she may not feel that the treatment is

worthwhile [30] Given the recent work on tamoxifen metabolism and

CYP2D6 it may well be the case that the very women who experience hot

flushes are those who stand to gain most from medication and need to be

helped to take their drugs regularly.

Conclusions

The maturing data from clinical trials of adjuvant hormone therapy in early

breast cancer is demonstrating the efficacy of the AIs over tamoxifen. There is

reason however to remain vigilant and to question their long term affect upon

bone and fracture rates. The AIs appear to be reasonably well tolerated in the

trial settings in which they have been tested, but women do have to endure

non-life threatening but potentially quality of life threatening side-effects.

Vasomotor problems such as hot flushes, night sweats and cold sweats are

apparent with all the AIs and with tamoxifen and are bothersome enough to

affect adherence.
Vaginal discharge appears greater in tamoxifen but vaginal dryness causing

dyspareunia and a loss of libido are probably common to all the AIs. The

arthralgias and joint pains are important to monitor especially in the more

elderly patients who may well have concomitant osteoarthritis developing. If

worries about an increase in the fracture rate materialise then this will have a

profoundly detrimental affect upon QoL. Some have expressed concerns about

the impact AIs may have on cognition. However, to date the cognitive impair-

ments that have been found with endocrine therapy do not affect all and appear

to be specific and subtle in nature. They are unlikely to be more of a problem

than that which we have seen with chemotherapy [31, 32].
Finally, we need to invest in much more research on the development of

effective ameliorative interventions to help patients cope with quality of life

threatening side-effects [33].
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Fertility

K.J. Ruddy and A.H. Partridge

Introduction

Breast cancer is the most common invasive cancer in women of childbearing
age, and the most common cause of cancer-related death in young women. It is
estimated that 1 in every 210 women under 40 years old will be diagnosed with
breast cancer, and young women represent approximately 5% of new breast
cancer patients in the United States [1]. This translates into more than 10,000
women diagnosed annually with breast cancer under age 40 in the United States
alone, and over 50,000 young women diagnosed worldwide [1]. Young women
with breast cancer face not only the anxieties associated with a potentially life-
threatening illness and aggressive treatment, but also several unique medical
and psychosocial issues. Future fertility, in particular, has been increasingly
recognized as a major concern for many young breast cancer survivors [2, 3].

A diagnosis of breast cancer can compromise a woman’s fertility in a number
of ways. Optimal breast cancer treatment typically requires that a woman delay
pregnancy for at least several months, and oftenmany years. During this time, a
woman’s fertility is declining naturally with age. Breast cancer treatment,
including adjuvant chemotherapy, may also diminish future fertility due to
direct cytotoxic effects on the ovary. Concerns that continuedmenstrual cycling
or pregnancy after breast cancer, particularly among women with hormone
receptor-positive (HR+) tumors, may increase a woman’s risk of recurrence
and ultimately decrease her chances of survival complicate these issues. To date,
available studies regarding pregnancy after breast cancer have revealed no clear
detriment to a woman’s survival. Ovarian suppression, however, is a long-
standing treatment option for women with HR+ tumors, and retrospective
studies have suggested that those who continue to menstruate after chemother-
apy may have a greater risk of recurrence of breast cancer compared to women
who experience amenorrhea [4–6]. Ongoing studies including the SOFT trial
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(www.cancer.gov, www.ibcsg.org) should help to elucidate the risks and bene-
fits of ovarian suppression in the era of more modern endocrine therapy,
including tamoxifen.

Despite these concerns, future fertility is a vital issue for many young women
with breast cancer and their families. Notwithstanding the limitations of avail-
able data, patients facing this dilemma are interested in understanding what is
known and what is unknown about the risk of infertility, strategies to preserve
fertility, and the safety of pregnancy after breast cancer. In the complex treat-
ment decision-making process, patient preferences are critical, especially given
the limitations of the data, and some women ultimately may be willing to
compromise their therapy in the hope of improving their likelihood of having
a biological child in the future [3].

Mechanisms of Ovarian Damage

There are multiple mechanisms by which chemotherapy may cause ovarian
damage. The human ovary has a fixed number of primordial follicles, which
is maximal at 5 months gestation and declines with age. The rate of decline rises
at approximately age 37, preceding menopause by 12–14 years in the average
woman. Dividing cells are most vulnerable to the actions of most cytotoxic
agents, and drugs may interrupt follicular maturation. Ovarian toxicity from
chemotherapy was first reported in 1956, when amenorrhea was described after
treatment of a premenopausal woman with busulfan (an alkylating agent) for
chronic myelogenous leukemia [7]. Alkylating agents carry the greatest risk of
impaired fertility because they are not cell-cycle specific, and may damage cells
that are not actively dividing including oocytes and the estrogen-producing
granulosa cells and pregranulosa cells of primordial follicles. The alkylating
agent cyclophosphamide is the most commonly implicated drug causing infer-
tility, as it is widely used and carries high gonadotoxic potential by inducing
inaccurate base pairings, resulting in breaks in DNA strands during replication
and inhibiting protein synthesis [8]. Doxorubicin and cisplatin are thought to
carry only moderate gonadotoxic potential, while risk from methotrexate and
5-fluorouracil (5-FU) is only mild [9]. The degree of damage to the ovaries will
determine whether amenorrhea is temporary or permanent. If fewer oocytes
remain after chemotherapy, periods may be irregular and temporary meno-
pausal symptoms may occur. If no oocytes remain viable, periods cease and
menopausal symptoms may ensue.

There is some evidence that chemotherapy given during the follicular phase
of the menstrual cycle (days 1–14 of an idealized 28-day cycle in which bleeding
occurs on days 1–5) is more injurious to ovarian function [10]. In the follicular
phase, dividing cells surround a maturing egg until a surge of pituitary hor-
mones induces release of the egg into the fallopian tube, and the remaining
follicle becomes the corpus luteum. Drugs that interfere with DNA synthesis
may be especially detrimental when given during the phase of rapid follicular
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cell division prior to ovulation. Some animal research supports this hypothesis
[11], but other studies have not supported this finding [12].

Chemotherapy regimen likely interacts with individual patient characteris-
tics including premorbid ovarian reserve and pharmacodynamics to determine
the degree of ovarian damage sustained during breast cancer treatment. Age
is the conventional surrogate for ovarian reserve, but there is considerable
variation among individuals that is not accounted for by age alone. For exam-
ple, there is some evidence that obese patients may be less likely to develop
chemotherapy-related amenorrhea (CRA) than non-obese patients after che-
motherapy [12]. Theoretically, this could be a consequence of more fragile
ovaries in non-obese patients or of faster metabolism or greater volume of
distribution of drugs in the obese patients. Further research to elucidate how
obesity and other individual characteristics contribute to the risk of CRA and
associated infertility is warranted.

Chemotherapy-Related Amenorrhea with Adjuvant Regimens

for Breast Cancer

There are three substantial limitations to the available data regarding ovarian
function and fertility among young breast cancer survivors: (1) most studies
have used CRA as a surrogate for fertility; (2) studies generally have limited
durations of follow-up; (3) patients have been grouped heterogeneously by age
making cross study comparisons difficult. Despite these limitations, some gen-
eralizations can be made. There is no question that standard adjuvant breast
cancer chemotherapy regimens are associated with CRA as well as with a risk of
infertility. Risk of CRA increases with age and when greater cumulative dose of
alkylating agents are used (see Table 1) [13]. In the International Breast Cancer
Study Group (IBCSG) Trial V, 31% of the 188 premenopausal women with
node-positive disease who received only one cycle of perioperative cyclopho-
sphamide-methotrexate-fluorouracil (CMF) reported at least 3 months of ame-
norrhea within the 9 months after surgery, compared with 68% of the 387
similar patients who received 6–7 cycles of CMF [6]. More recently, a prospec-
tive study of 25- to 40-year-old women with breast cancer undergoing either
doxorubicin-cyclophosphamide (AC, 120 pts), doxorubicin-cyclophospha-
mide-paclitaxel (ACT, 168 pts), CMF (83 pts), 5-FU-doxorubicin-cyclopho-
sphamide (FAC, 38 pts), doxorubicin-cyclophosphamide-docetaxel (ACD,
19 pts), or another regimen (58 pts) found that menstrual cycles were more
likely to persist after the regimens that contained a lower cumulative dose of
cyclophosphamide (AC, ACT, or ACD rather than FAC or CMF) [14]. While
womenwhowere on CMFweremore likely than those onAC, ACT, or ACD to
bleed during the one month following chemotherapy (approximately 50% vs
20%, odds ratio 2.9, 95% CI 1.7–5), 1 year later the likelihood of menses was
less in the CMF group (OR .37, 95% CI 0.37–0.67). Older age makes higher
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dose cyclophosphamide particularly damaging. In this study, rates of menstrual
bleeding 6 months after completion of chemotherapy were approximately 85%
in those <35, 61% in those 35–40, and <25% in those >40.

A meta-analysis of 12 studies confirmed that amenorrhea occurred in
approximately 40% of women younger than 40, and in 76% of women older
than 40 after CMF chemotherapy [15]. Anthracycline-containing regimens
including cyclophosphamide-epirubicin-5-FU (CEF) may be even more gona-
dotoxic thanCMF. In one study, premenopausal womenwho received CEF had
a 51% risk of amenorrhea compared to a 42.6% risk in women who received
CMF at 6-month follow-up [5]. However, in this study, rates of amenorrhea
were similar in the two groups at 12 months (76% in CEF group, 71% in CMF
group), highlighting the importance of longer term follow-up.

The gonadotoxic effect of the addition of a taxane (paclitaxel or docetaxel) to
standard anthracycline-based adjuvant chemotherapy for breast cancer
remains uncertain as results to date have been conflicting. A small prospective
evaluation of 50 premenopausal women revealed hormonal changes in follow-
up suggesting that regimens containing a taxane (including paclitaxel or
docetaxel) were more gonadotoxic than those that did not [16]. Another retro-
spective survey of 195 breast cancer patients under age 50 found that only
among women aged 40 or younger, the chance of 6 months of CRA beginning
within 1 year of the start of chemotherapy was increased by the addition of 3
months of a taxane after AC (40% vs 61%, p¼ .04 in the �40 group; 81% vs
84%, p¼ .35 in the >40 group) [17]. In this study, however, many resumed
menses in the�40 group after this period of CRA (33% in the AC alone group,
43% in the AC ! T group). In contrast, a retrospective evaluation of 235
premenopausal women younger than 40 treated with AC followed by a taxane
showed a rate of amenorrhea (17%), which was comparable to historic controls
treated with AC alone [18]. Similarly, a retrospective study of 403 patients
evaluated after treatment with AC or AC followed by paclitaxel every 14 or
21 days revealed no significant increase in amenorrhea at 6 months or later with
the addition of paclitaxel (OR 1.45, 95% CI 0.78–2.69) or with giving the
treatments more frequently in a ‘‘dose dense’’ fashion (OR 1.61, 95%

Table 1 Risk of amenorrhea with common treatment regimens [5, 14, 18, 25, 74, 75]

Regimen Age <30 Age 30–40 Age >40

None �0 <5 20–25

AC� 4 – 13 57–63

CMF� 6 19 31–38 76–96

CAF/CEF� 6 23–47 80–89

TAC� 6 62

AC� 4, T� 4 38(15% age <40)

AC ¼ doxorubicin and cyclophosphamide; CMF ¼ cyclophosphamide, methotrexate,
5-fluorouracil; CAF ¼ cyclophosphamide, doxorubicin, 5-fluorouracil; CEF ¼ cyclo-
phosphamide, epirubicin, 5-fluorouracil; TAC ¼ docetaxel, doxorubicin, cyclopho-
sphamide; T ¼ paclitaxel
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CI .74–3.49), when controlling for age and other variables [19]. Prospective
recording of menstrual functioning, more specific assays of ovarian function,
and fertility outcomes among breast cancer survivors should help to elucidate
further the effects of newer chemotherapy regimens.

An additional complicating issue for young women with breast cancer con-
sidering their future fertility is that while many will remain premenopausal
immediately after treatment, the duration of their premenopausal status
and their associated fertility may be shortened by premature ovarian failure.
Previous studies have revealed a significantly increased risk of premature meno-
pause among childhood cancer survivors who initially remained premenopausal
after treatment compared to age-matched controls [20–22]. A recent retrospective
evaluation of long-term follow-up data from IBCSGTrials V andVI showed that
the 227 women who remained premenopausal after 6 cycles of adjuvant CMF
had high rates of menopause at 5 years even in younger age cohorts [23, 24].

In this study, a woman who was 30 years old at time of diagnosis with
continued menstruation after six cycles of CMF had a 37% risk of menopause
at age 35 and an 84% risk at age 40. The occurrence of not immediate, but
nevertheless premature menopause following adjuvant chemotherapy is not
well studied as most studies of amenorrhea have focused on earlier endpoints.
However, this has important implications for the duration of fertility of breast
cancer survivors andmay affect a woman’s decisions regarding family planning.

Impact of Hormonally Based Treatments on Fertility

Temporary manipulations of the hormonal axis appear to primarily impact
fertility by delaying pregnancies, thereby allowing for natural waning of ovar-
ian function. Previous studies have demonstrated a significant association
between amenorrhea in follow-up and the use of tamoxifen [19, 25]. Goodwin
and colleagues revealed that use of tamoxifen was independently associated
with a small increased risk of amenorrhea at 1 year from diagnosis in a cohort of
183 premenopausal women who were treated for early stage breast cancer [25].
However, this finding likely reflects well-known temporary menstrual abnorm-
alities induced by tamoxifen rather than any permanent ovarian damage.

Gonadotropin-releasing hormone agonists (GNRH-a) and aromatase inhi-
bitor therapy have likewise not been found to impair reproductive function
permanently. According to a study by Anderson et al., treatment for breast
cancer withGNRH-a reduces estradiol (E2), luteinizing hormone (LH), follicle-
stimulating hormone (FSH) and inhibin B almost immediately (after a brief
initial flare). After approximately 6 months, AMH also falls [16]. GNRH-a
administration downregulates pituitary release of FSH and LH, thereby pre-
venting follicular maturation and associated hormonal changes. However,
there is no change in follicular count or ovarian volume during treatment
with GNRH-a other than what would be expected with age. Similarly,
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aromatase inhibitors, which are currently only recommended for premenopau-
sal women in conjunction with GNRH-a in the setting of a clinical trial, may
contribute to temporary hormonal changes but probably not permanent ovar-
ian damage. There is little data on their long-term effects in the younger group
of breast cancer patients, but they are unlikely to impair fertility directly.

Measuring Fertility

One of the major limitations of available information regarding fertility is the
use of ongoing menses or CRA as surrogates for fertility or infertility, respec-
tively, among breast cancer survivors. Interruptions in menstrual cycles are not
entirely sensitive or specific for infertility. Some women who experience ame-
norrhea during or after chemotherapy later recover menses and are able to
conceive. Women who menstruate after chemotherapy may still have impaired
fertility. The fact that menstruation is a poor surrogate for fertility status is
evident in the general population in the low rates of conception of women over
45 despite the fact that many menstruate into their 50s. Women may be infertile
for 5–10 years before menses cease. In addition, hormonal treatments like
tamoxifen may cause menstrual irregularities, making the presence or absence
of menses even less accurate a reflection of reproductive potential. Assessment
of the ability to conceive a child after treatment for breast cancer based on
actual fertility outcomes including pregnancy and live births is complicated by
an array of medical and psychosocial factors. Thus, many survivors are inter-
ested in better predictors and surrogate measures of fertility.

Serum levels of hormones may be better indicators of fertility than ongoing
menses. E2 is produced by granulosa cells in functioning ovaries, and levels
drop after menopause. After ovarian cycling stops, because estradiol provides
negative feedback to FSH and LH release from the pituitary gland, FSH and
LH levels rise. In general, an FSH<20mIU/mL by radioimmunoassay, LH<20
mIU, and E2>20 pg suggest that ovulation is still possible, and thus fertility
may be preserved, even if periods are absent. Even within the normal preme-
nopausal range of these hormones, there may be a correlation between higher
levels and poorer chance of conception [26]. Furthermore, cycle length is
important, as those with decreased ovarian reserve often have shorter more
regular cycles due to accelerated follicle development. Pregnancy years
into CRA is rare, though it is likely that many women retain some ovarian
function for months to years after amenorrhea develops. There are case
reports of patients becoming pregnant many years into CRA, with previous
menopausal-level FSH and estradiol measurements [27].

Several other markers of ovarian reserve have been evaluated including
serum inhibin levels, anti-mullerian hormone (AMH), and measurements of
antral follicle count (AFC) and ovarian volume. Inhibin A is primarily secreted
during the luteal phase of the ovarian cycle, while inhibin B is primarily secreted
during the follicular phase. Blumenfeld et al. report that levels of both decrease
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during chemotherapy but return to normal range in those who eventually
resume menses [28, 29]. AMH is produced by early stage ovarian follicles, so
AMH level reflects ovarian reserve present in quiescent primordial follicles [30].
Antral follicle count as measured by transvaginal ultrasound during the early
follicular phase (on days 2–4) of the menstrual cycle is an excellent predictor
of fertility in non-cancer populations [31]. Ultrasound is usually preferable
to ovarian biopsy because a biopsy specimen may inaccurately estimate the
density of follicles in other areas of the ovary because distribution is very
heterogeneous [32].

Ideally, thesemeasurements of ovarian reserve should be done before women
begin adjuvant hormonal therapy including tamoxifen, because hormonal
manipulation can have a major impact on these values. E2 can be elevated
fivefold and FSH can be markedly reduced due to long-term tamoxifen use.
Because FSH is needed to stimulate follicular development, antral follicle
counts while on tamoxifenmay not accurately reflect potential fertility. Because
AMH is produced by very early follicles and is not influenced by menstrual
cycle phase [33], it may be a better indicator of ovarian reserve in a woman who
has been on tamoxifen, although there are only limited available data.

Fertility Preservation Considerations inWomen with Breast Cancer

Choice of Chemotherapy

For women for whom chemotherapy is necessary, but who are interested in
retaining fertility, treatment with the most effective, and least gonadotoxic
regimen may be prudent. It is also reasonable to consider foregoing chemother-
apy in some women with low risk disease for whom the benefits may be small,
and concerns about and likelihood of ovarian toxicity are high. However, for
those women who do require chemotherapy and are at risk of future infertility,
there are several strategies that have been explored for fertility preservation
(see Table 2).

Hormonal Manipulation

Hormonal manipulation to stop ovarian cycling through treatment is one
method that has been considered in order to preserve fertility. Oral contra-
ceptive pills (OCPs), which are generally comprised of either combined estrogen
and progestin or progestin alone, downregulate FSH and LH levels such that
follicular growth is halted. Because fewer cells are dividing in the ovary under
the influence of OCPs, it is plausible that fewer cells would be vulnerable
to chemotherapeutic damage. To date, results regarding the efficacy of OCPs
in reducing damage from chemotherapy are mixed, and have focused on
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non-breast cancer populations. One older study (of only 44 patients) found no
protective effect of oral contraceptives in women who received MVPP for
Hodgkin’s disease [34]. However, a survey sent to all Hodgkin’s patients treated
in Germany between 1994 and 1998 revealed that, of the 405 who were under
age 40, those who had not been taking oral contraceptives during chemotherapy
had a 44.1% rate of amenorrhea at the time of the survey, while those who had
been taking them (but were no longer) only had an amenorrhea rate of 10%
(p<.0001) [35]. Although interesting, this result could reflect the fact that
younger women with better ovarian function at the time of diagnosis were
more likely to have taken oral contraceptives. At present, data are too limited
to recommend this approach broadly and there is limited enthusiasm for this
approach for women with breast cancer due to concerns about the effects of
exogenous hormones among women with hormone receptor positive disease,
and uncertainty about their role in the development and promotion of hormone
receptor-negative disease.

There is more interest in studying GNRH-a as ovarian protectants because
they do not carry the potential risk of stimulation of cancer growth. There are
multiple mechanisms by which GNRH-a are purported to protect the ovaries
from chemotherapy and most animal studies do support their efficacy [36, 37].
After causing an initial flare in FSH and LH, recruiting more follicles and
potentially briefly heightening sensitivity to gonadotoxic chemotherapy,
GNRH-a suppresses further FSH and LH spikes, thereby interrupting the
ovarian-pituitary feedback loop. If chemotherapy is given after GNRH-a
administration, GNRH-a should prevent the release of FSH and LH from the

Table 2 Strategies for fertility preservation in women with breast cancer

Method Risks Efficacy

OCPs � Theoretical stimulus
to growth and development
of breast cancer

Efficacy unknown

GNRH-a �Menopausal symptoms and
bone thinning

Efficacy unknown, studies
ongoing

GNRH-antagonists �Menopausal symptoms and
bone thinning

Efficacy untested

Embryo cryopreservation � Requires sperm source

� Ethically problematic if
patient dies
� Delay in treatment
� Concern that hormones may
adversely impact prognosis

20–30% pregnancy rate per
transfer of two or three
embryos

Oocyte cryopreservation � Concern that hormones may
adversely impact prognosis

Approximately 2%
pregnancy rate per
thawed oocyte

Ovarian tissue
cryopreservation

� Invasive
� Potential for reintroduction
of malignant cells at
reimplantation

Case report level evidence
(few babies born to date)
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pituitary in response to a fall in inhibin and estrogen concentrations when
ovarian cells are killed by chemotherapy. If no FSH and LH spike occurs,
maturation of more follicles is halted. If fewer follicles are maturing, fewer
may be vulnerable to damage by the gonadotoxic drugs. In addition, GNRH-a
treatment induces a low estrogen environment in which blood flow to ovaries
and uterus may be reduced, decreasing delivery of chemotherapies to the
ovaries. Furthermore, GNRH-a may bind directly to ovarian cells, decreasing
apoptosis. In an ovarian carcinoma cell line in vitro, activating GNRH-I and II
receptors has been found to prevent cell death [38].

Although several small clinical trials have failed to show that giving GNRH-
a before and during chemotherapy for lymphoma improves rate of return of
menses [39, 40], other small clinical trials do conclude that these agents may
increase the likelihood of ovarian cycling after chemotherapy (see Table 3)
[41, 42]. Previous single-arm studies of women with breast cancer suggest
potential efficacy in this population. Recchia et al. administered goserelin
monthly to 64 premenopausal women (median age 42) with early breast cancer
(44% ER+). Eighteen patients received CMF, 46 received an anthracycline-
based regimen, and 9 received an autologous stem cell transplant. Of these
patients, 86% resumed normal menses by 12 months after they completed
chemotherapy [43]. In another study, 24 premenopausal patients (median age
35) with early-stage breast cancer were given leuprolide before and during
treatment [44]. Menses resumed in 23/24 by 12 months after chemotherapy
(mean 5.7 months). Of the 21 not lost to follow up or death, at a mean of 34
months, 5 women had been pregnant (1 twice), with 3 of these 6 pregnancies
requiring assisted reproduction techniques. To elucidate further the effects of
GNRH-a for preservation of menstrual functioning and ovarian reserve in young
women with breast cancer, the Southwestern Oncology Group is conducting a
randomized trial amongwomenwith hormone receptor negative Stage I–IIIAbreast
cancer to receive or not receive goserelin through treatment (www.cancer.gov/
clinicaltrials/SWOG-S0230). In the UK, the ongoing OPTION trial is similar, but
also includes women with hormone receptor positive disease (www.isdscotland.org/
isd/1663.html).

Because GNRH-antagonists would suppress FSH and LH release without
causing an initial flare in LH and FSH levels, it has been hypothesized that these
would be more efficacious ovarian protectors. However, these agents are new
and very expensive, and studies have not yet evaluated their effect in women
undergoing chemotherapy. It is unclear how they would directly affect the cells’
apoptotic pathways. Mouse studies have not been consistent in their findings
regarding efficacy of GNRH-antagonists in protection of primordial follicles
[45, 46]. Another very experimental class of drugs are the anti-apoptotic agents
such as sphingosine-1-phosphate. The anti-apoptotic action of GNRH-a may
occur via upregulation of sphingosine-1-phosphate, an inhibitor of ceramide, a
pro-apoptotic second messenger [47]. Therefore, there is interest in developing
these compounds to assist in protecting gonadal tissue from chemotherapy
damage.
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Embryo Cryopreservation

Embryo cryopreservation is the most well-established method for the treatment

of infertility in the general population. For older women especially, it is the

most reliable fertility preservation technique in the breast cancer patient popu-

lation. Although success rates are slightly lower than with transfer of fresh

embryos, women who have a partner or want to use donor sperm can freeze

embryos in order to plan pregnancy after cancer treatment is completed. One

persistent controversy is whether the presence of cancer limits the feasibility of

in vitro fertilization (IVF) by impairing oocyte development. One small cohort

Table 3 Evidence on efficacy of GNRH-agonists

Study Subjects N Result

Recchia (2002) [43] Early breast cancer (average
42 years old, 44% ER+)
given GNRHa before/
during chemo

64 86% resumed menses by 12
months after chemo

Fox (2003) [44] 24 women (average 35 years
old) with early breast
cancer given GNRHa
before/during tx

24 23 resumed menses by 12
months (mean 5.7
months), 5 had been
pregnant by 34 months,
3 had been unable to
conceive despite assisted
reproduction

Blumenfeld
and Eckman
(2005) [41]

GNRHa given to women
(average 25.5 years old)
receiving cytoxan for
leukemia, lymphoma, or
other dx compared to
similarly treated pts
(average 26.7 years old)

202 Premature ovarian failure in
6.7% of GNRHa treated
group, but in 53.7% of the
group who received
chemotherapy alone
(p< .01)

Castelo-Branco
(2007) [76]

Women aged 14–45 w/
Hodgkin’s were given
GNRH-a plus HRT 1–2
wks pre-chemo and
compared to control
group who did not want
to postpone chemo for
GNRH-a

56 Significant differences found
in FSH (p< .001), LH
(p< .001), E2 (p< .05),
inhibin A (p< .01) and B
(p< .05), all suggesting
better reproductive
function in GNRH-a/
HRT arm. No difference
in bone mineral density
between groups.

Pereyra Pacheco
(2001) [42]

Girls aged 14.7–20 given
GNRHa during tx for
leukemia and lymphoma

12 100% recoveredmenses, two
became pregnant.

Waxman (1987) [39] Premenopausal women
receiving cytoxan were
randomized to buserelin
or not

17 At 3 years, no difference in
rates of amenorrhea (4/8
vs 5/9).
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study found that eight women with cancer of various types who underwent in
IVF prior to treatment had fewer high quality mature oocytes retrieved than did
an age-matched non-cancer group [48]. Also, stimulated cycles carry the theo-
retical risk that drugs used to induce ovulation may also encourage tumor
growth. Estradiol levels during traditional stimulated IVF cycles are 2,000 pg/
mL, while levels are only 200 pg/mL in the normal menstrual cycle. Although
natural cycle IVF is an option, natural cycle IVF has amuch lower efficacy than
stimulated IVF. It is difficult to assess howmuch risk IVF poses to breast cancer
prognosis. There is interest in using tamoxifen and aromatase inhibitors to
prevent breast cancer proliferation during an IVF cycle prior to adjuvant
therapy. Oktay et al. compared 12 women with breast cancer who were stimu-
lated with 40–60mg tamoxifen daily for their IVF to a retrospective control
group of 5 breast cancer patients who had natural cycle IVF. Embryos were
produced from all twelve tamoxifen-stimulated women, but only from three out
of five of the women who underwent natural-cycle IVF [49]. Although peak
estradiol level was higher in the tamoxifen group, one might expect that tamox-
ifen would block the effects on potential micrometastatic disease.

Letrozole either alone or in combination with FSH is another option for
ovulation induction. It has been shown to be effective either 2.5–5mg on days
3–7 of the menstrual cycle or in a 20mg one-time dose on day 3 [50]. Oktay et al.
compared several IVF regimens in 29 nonmetastatic breast cancer patients
aged 24–43: tamoxifen alone, tamoxifen plus FSH, and letrozole plus FSH
[51]. Tamoxifen plus FSH produced higher estradiol levels than the other
two regimens. Letrozole plus FSH produced the most mature oocytes. After
approximately 1.5 years, cancer had recurred in 3 of the 29 patients who had
undergone IVF (not obviously different from the rate in 31 similar patients who
had not received IVF). Future research to elucidate the risks and efficacy of
these strategies is warranted.

Other important issues that may arise when a woman undergoes IVF in the
setting of adjuvant therapy for breast cancer is the ethical dilemma that may
result if a patient dies prior to the use of the resultant embryos. Consideration of
this issue in the decision-making process may be prudent. Furthermore, IVF
requires a 2- to 6-week delay in treatment (depending on when in the menstrual
cycle a woman presents to a reproductive specialist), which may be prohibitive
in some disease settings.

Oocyte Cryopreservation

Oocyte cryopreservation is another experimental strategy for fertility preserva-
tion, particularly for patients who do not have a partner and do notwish to create
embryos using a sperm donor. The Practice Committee of the American Society
for Reproductive Medicine recommends that oocyte cryopreservation only
be offered to cancer patients as part of a research protocol because it is not yet
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well-studied. Technical difficulties include crystal formation causing cytoplasmic
damage, sensitivity to temperature changes, depolymerization of meiotic spindle
by cryoprotectants leading to aneuploidy, and hardening of the zona pellucida.
Success rates are only approximately 1.6% live births per frozen oocyte, 3–4
times lower than standard embryo cryopreservation [2]. The concerns about
hormonal stimulation on breast tissue apply, just as they do in traditional IVF.
However, ethical issues are less problematic than when embryos are stored.

The standard technique for oocyte cryopreservation is termed ‘‘slow freeze-
rapid thaw,’’ but vitrification (use of highly concentrated cryoprotectant solu-
tion and rapid cooling to prevent ice formation) appears to improve pregnancy
rate from 1.52% to 1.7% per thawed oocyte. New technologies allowing
transplant of germinal vesicle oocytes may improve outcomes because of the
absence of the easily damaged spindle apparatus and zona pellucida, abundant
germ cells, a nuclear membrane to protect chromosomes, and less delay (only
2–5 days). However, germinal vesicle oocyte retrieval and maturation are still
fraught with difficulties, so the final yield of mature oocytes may be no better
than with the standard technique [9].

Ovarian Tissue Cryopreservation

Ovarian tissue cryopreservation is another novel and not yet well-tested method
for allowing pregnancy after gonadotoxic treatments. Theoretically, it could
allow preservation of hundreds of primordial follicles prior to chemotherapy
without any need for ovarian stimulation and the associated concerns about
hormonal surges, and treatment delays, as menstrual phase is irrelevant. In
comparison to more mature oocytes, primordial follicles are less vulnerable to
freezing-related damage due to their smaller size, slower metabolic rates, and
lack of zona pellucida [9]. Limitations to the efficacy of ovarian tissue cryopre-
servation arise primarily from the difficulty of maturing these follicles into
oocytes that are ready for fertilization. The safety of ovarian tissue cryopreserva-
tion in cancer patients has been demonstrated in several case reports; however,
there are theoretical concerns about the reintroduction of cancer cells hiding in
the ovary during reimplantation [52–54]. However, the rarity of ovarian-only
metastasesmakes this fear less than overwhelming. Success rates in older patients
are unclear, but in younger patients it appears that approximately 70% of
follicles survive. Concerns over ischemia-reperfusion injury persist despite
improving techniques. Although orthotopic placement is the only method that
allows natural conception, heterotopic placement of ovarian tissue into the arm
is a less invasive procedure. Xenotransplantation is not yet in use because of
concerns regarding transmission of infections and abnormal oocyte develop-
ment. In the future, this may facilitate repeat grafting and easy access for IVF.
At present, however, this technique should be considered highly experimental
and only conducted at experienced centers under IRB-approved protocols.
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For some patients, a combination of these options may be the best choice.
For example, a woman could have an IVF cycle or an ovarian tissue removal for
cryopreservation and then start on GNRH-a before chemotherapy begins. If
she regains ovulatory function after chemotherapy ends, she might attempt
natural conception and only turn to the embryos or ovarian tissue she froze if
she is unsuccessful. Prompt referral of any patient who expresses interest in
fertility preservation is essential to allowing every woman access to the best
options available to her.

Safety of Pregnancies After Breast Cancer

Outcomes of Offspring

Previous studies among select populations have suggested that 5–15% of young
women with breast cancer will have a subsequent pregnancy [44, 55, 56].
Although an increased rate of birth defects might be expected in offspring
conceived using eggs exposed to potentially mutagenic drugs, none has been
found. In 3 large studies including nearly 4,000 offspring of survivors of child-
hood cancer, when clearly hereditary cancers like retinoblastoma were
excluded, no statistically significant increase in cancers or malformations was
detected in the offspring [57]. Some women and their families may consider
preimplantation genetic testing in the setting of cancers associated with known
mutations in the germ line (i.e., a BRCA 1 or 2 mutation).

Maternal Outcomes

In breast cancer, fertility preservation is more complex than in many other
cancers because of concerns that hormone-receptor positive tumors will grow
under the influence of high hormonal levels surrounding a pregnancy. To date,
however, there is no clear evidence for a negative effect of subsequent preg-
nancy on the prognosis of young women with breast cancer. Several retro-
spective studies have evaluated the safety of pregnancy after breast cancer,
comparing breast cancer survivors who had a subsequent pregnancy to those
who did not (See Table 4). These studies suggest that subsequent pregnancy
itself does not appear to impair prognosis of women with early stage breast
cancer, and in some studies, pregnancy appears to have a protective effect [56,
58–69]. It is likely that this protective effect reflects at least to some degree a
‘‘healthy mother’’ effect, in which only the healthiest women attempt to and are
able to become pregnant after cancer treatment [70]. However, there may also
be a biological effect by which pregnancy protects against breast cancer recur-
rence. Conventionally, high dose estrogen and progestins have been used as a
treatment modality for breast cancer. There has also been an anti-tumor effect
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seen in in vitro and animal models, possibly due to signaling via the insulin
growth factor pathway [71]. Nonetheless, available studies are all limited by
significant biases and concerns remain for some women and their physicians
regarding the safety of pregnancy after breast cancer [61]. Conducting a rando-
mized controlled trial to answer this questionmore definitively would obviously
be unethical. Ongoing prospective studies may help to elucidate further the
potential risks and benefits of pregnancy after breast cancer.

A common recommendation is that that women wait at least 2 years after
treatment is completed before attempting conception, primarily because this is
the time of highest rate of aggressive recurrence, and treatment for a breast
cancer may be quite complicated during a pregnancy. However, it is unclear
whether a shorter wait has any effect on prognosis in a patient who does not
plan to take pregnancy-prohibitive treatment such as tamoxifen during that
time. Ives et al. reviewed records from women under 45 years old in Western
Australia who conceived after breast cancer treatment between 1982 and 2000,
finding that 123 out of 2,539 (5%) conceived, and only 50 (41%) of these had
received chemotherapy [56]. Of the 123 women, 62 conceived earlier than 2
years after diagnosis. They found that women who had a pregnancy after breast
cancer had better breast cancer outcomes than those who did not have such a
pregnancy. This seemingly protective effect was stronger among women who
became pregnant at least 2 years after diagnosis, but also present if the preg-
nancy was only 6 months after diagnosis. This study highlights the fact that the
2-year wait recommendation is somewhat arbitrary, especially given that rates
of recurrence are significant long beyond the 2-year point and conception
becomes more and more difficult with time.

Conclusion

Fertility after breast cancer is one of the most complex and difficult issues facing
young women with breast cancer, their families, and their clinicians. There is
some evidence, however, that more attention should be paid to this important

Table 4 Safety of pregnancy after breast cancer

First author of study
(year of publication)

# Breast cancer survivors
with subsequent
pregnancy # Controls

Relative risk (95%
CI) of recurrence or
death

Sankila(1994) [70] 91 471 0.20 (0.10–0.50)

Von Schoultz (1995) [60] 50 2,119 0.48 (0.18–1.29)

Kroman (1997) [58] 173 5,514 0.55 (0.28–1.06)

Valentgas (1999) [63] 53 265 0.80 (0.30–2.30)

Gelber (2001) [66] 94 188 0.44 (0.21–0.46)

Mueller (2003) [68] 438 2,775 0.54 (0.41–0.71)

Blakely (2004) [69] 47 323 0.70 (0.25–1.95)

Ives (2007) [56] 123 2,416 0.59 (0.37–0.95)
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survivorship issue. According to a survey of 166 premenopausal breast cancer
patients under 50 years old, only 34% recalled a discussion with a physician
about fertility, though 68% recalled a discussion about menopause [72]. In
another study of 228 women under age 40 at diagnosis of breast cancer, 71%
of patients recalled discussing fertility issues with a health professional as part of
oncologic care [73]. A survey of 657 premenopausal women with breast cancer
revealed that 57% described fertility as a major concern, and 51% said that
fertility issues had been adequately addressed by their caregivers [3]. In 2006,
guidelines published by the American Society of Clinical Oncology recom-
mended that oncologists address the possibility of infertility with all patients
with cancer treated during their reproductive years and be prepared to discuss
possible fertility preservation options or refer interested patients to reproduc-
tive specialists as early as possible [2]. References that physicians may provide to
patients include websites such as www.plwc.org, http://www.BreastCancer.
Org/fertility_pregnancy_adoption.html and http://www.fertilityandcancerpro
ject.org. Another resource is Fertile Hope (www.fertilehope.org), a nonprofit
organization that provides cancer patients with reproductive information as
well as emotional and financial support to facilitate infertility treatments.

Because a short delay before chemotherapy is not likely to impair outcomes
in breast cancer (unlike in leukemia), avenues for fertility protection are
particularly relevant in this disease. For a woman interested in assisted repro-
duction, early referral to an infertility specialist may be critical to avoid
excessive treatment delays. However, in breast cancer patients, the issue of
ovarian damage due to chemotherapy is complicated by the fact that post-
treatment amenorrhea correlates with improved survival in hormone-receptor
positive disease [5]. Data are limited, partly due to obstacles to randomization
to fertility-preservation strategies and due to the impossibility of randomizing
women to pregnancy. Nonetheless, future research is needed to empower
patients to make decisions best suited to their preferences and values. Discus-
sions of fertility should be tailored to each patient’s individual priorities and
risks for recurrence and infertility.
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Cognitive Function in Breast Cancer Survivors

Janette Vardy

Cancer survivors have coined the terms ‘‘chemobrain’’ and ‘‘chemofog’’ to refer

to the problems that patients experience with their memory and/or concentra-

tion during and after completing chemotherapy. A number of studies have

confirmed that some breast cancer survivors suffer cognitive impairment after

chemotherapy [1–8], although recent studies have found that some women’s

cognitive impairment may predate the chemotherapy [9], and hormonal treat-

ment may also impact on cognitive function [8, 10]. For most women the

problem appears subtle and often improves after ceasing chemotherapy; how-

ever, for a subset of survivors, the symptoms are sustained and can impact

significantly on their quality of life and ability to function in their everyday

activities [7, 11, 12].
Cognitive studies in cancer patients who have received chemotherapy are

inconsistent in describing the types of neuropsychological dysfunction found,

although commonly affected cognitive domains are attention/concentration,

verbal and visual memory, and processing speed [1–8, 13]. Similar types of

cognitive impairment have been identified in patients with early stage human

immunodeficiency virus (HIV) infection [14, 15], Huntington’s disease [16],

Parkinson’s disease [17] and multiple sclerosis [18]. In each of these diseases,

when cognitive dysfunction occurs, it is generally subtle, ‘‘spotty’’ and variable

from one patient to the next [14, 19]. A number of neuropsychologists believe

that the deficits found are generally more consistent with sub-cortical abnorm-

ality [14, 15, 20–23] as distinct from the cortical deficits seen in dementias.
Age, intelligence quotient (IQ) and education are all factors that can

influence cognitive function [24, 25] and are often corrected for in standard

neuropsychological tests. Other variables that may affect cognitive function,

particularly in the context of a cancer diagnosis, but are more difficult to correct
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for, include fatigue, anxiety and depression [25, 26]. Information on these
variables (summarised in Fig.1 and discussed below) needs to be included in
cognitive studies in order to be able to determine their impact on neuropsycho-
logical function.

Overview of the Literature

The earliest reports of cognitive dysfunction in relation to chemotherapy were
by Weiss and colleagues and appeared in 1974 [27, 28]. A limited number of
small studies evaluating cognitive impairment after chemotherapy in breast
cancer patients was published in the subsequent 25 years [29–35], but it has
only been in the last 10 years that larger studies have been published [1–6, 8, 9,
13, 36–44]. There has been very little research performed investigating cognitive
function in non-breast cancer survivors, and there are still more reviews of
cognitive impairment post-chemotherapy [7, 11, 13, 25, 26, 30, 34, 36, 45–80]
than original studies.

Table 1 summarises the main cognitive studies that have been published in
breast cancer survivors and the incidence of cognitive impairment found. The
major studies will be discussed below.

Fig. 1 Effect of Chemohormonal Therapy on Cognitive Function and Quality of Life
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Wieneke and Dienst first used comprehensive neuropsychological tests
to evaluate cognitive impairment in women with breast cancer 3–18 months
post-chemotherapy (predominantly cyclophosphamide, methotrexate and
5-fluorouracil [CMF]) and compared the results to published normative data.
As many as 75% of women were reported to have cognitive impairment based
on a definition of >2 standard deviations (SD) below the normative mean in at
least 1 of 16 tests [81]. No association was found between cognitive impairment
and chemotherapy regimen, time from treatment, or depression, although
increased duration of chemotherapy was associated with worse cognitive
impairment. The main domains affected were concentration and memory.
This paper stimulated further research, although thankfully this high degree
of impairment has not been found in subsequent studies. The main weaknesses
of this study are that normative data only was used for comparison, the sample
size was small, and the definition for cognitive impairment required impairment
on only one test.

The Dutch group, led by van Dam, published a study in 1998 that com-
pared lymph node positive breast cancer patients randomised to either stan-
dard dose chemotherapy (5-fluorouracil, epirubicin and cyclophosphamide
[FEC]) plus tamoxifen or high dose chemotherapy (FEC-cyclophosphamide,
thiotepa, carboplatin (CTC) with peripheral blood stem cell transplant) plus
tamoxifen, vs a control group with stage 1 disease, who did not receive
chemotherapy. Patients were a mean of 2 years post-chemotherapy. A com-
prehensive neuropsychological battery was used to assess seven cognitive
domains, and cognitive impairment was defined as greater than 2 SD below
the control group mean for individual tests and below the fifth percentile of
controls overall. They showed that 32% of those receiving high dose che-
motherapy had cognitive impairment, compared to 17% of those who
received standard dose chemotherapy, and 9% of women who received local
treatment only (p = 0.043) [3]. This study was important both for its meth-
odology, and in demonstrating a likely dose dependent relationship for cog-
nitive impairment.

A subsequent study compared patients who were lymph node positive and
received CMF chemotherapy with the same control group from the previous
study (lymph node negative patients not receiving chemotherapy). Cognitive
impairment in the chemotherapy arm was 28% as compared to 12% for those
receiving only local treatment, with memory and concentration the main
domains affected. This study demonstrated a significant difference between
two groups in which all subjects had breast cancer, albeit with a difference in
severity of disease, and had all been through the stress of diagnosis and local
treatment (surgery and radiotherapy) approximately 2 years previously (OR
6.4, 95% CI 1.5–27.6, p = 0.013) [4].

Follow up of patients from both of the above studies showed improvement in
cognitive function in all chemotherapy groups, with mild deterioration in the
control group, approximately 4 years post-treatment. No significant difference
was found between the groups in the incidence of cognitive impairment,
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although more of the high dose chemotherapy group were not assessed due to
disease progression. There was no difference in anxiety, fatigue or depression
between the arms [42].

The Toronto group, led by Tannock, published a pilot study in 2000 in which
they found substantial cognitive impairment in 48% of patients receiving
chemotherapy (mainly CMF), compared with 50% of patients that had
received chemotherapy more than 1 year previously, and 11% of healthy
controls (p<0.002) [1]. This was followed by the largest published study to
date, which compared 100 patients receiving adjuvant chemotherapy (mainly
anthracycline-based) with age-matched controls nominated by the patients, and
evaluated cognitive function, fatigue and menopausal symptoms. Large and
highly significant differences in fatigue and menopausal symptoms were found
between patients and controls, with moderate-severe cognitive impairment in
16% of patients compared to 4% of the controls (p = 0.008) on the High
Sensitivity Cognitive Screen (HSCS). A strong correlation was found between
fatigue, menopausal symptoms and quality of life, but none were significantly
associated with cognitive dysfunction [82]. The patients and controls were
re-evaluated 1 and 2 years later and cognitive function appeared to improve
to within normal range in most subjects [40], although this may be due to
practice effect associated with the use of the HSCS [83] (see below).

Ahles and his colleagues assessed breast cancer and lymphoma survivors a
minimum of 5 years post-treatment and compared survivors who had received
chemotherapy with those who had received local treatment only. Of chemother-
apy patients, 39% had cognitive impairment (below the 25th percentile on Z
score in at least 3/9 domains) compared with 14%who received local treatment
only (p<0.002). Although the cognitive impairment was global, verbal memory
and executive function domains were the most affected [2].

Wefel and colleagues combined data from three separate studies assessing 84
breast cancer patients after either surgery or core-needle biopsy and prior to any
chemotherapy. They found that 35% had cognitive impairment, based on
impairment in at least 1 of up to 14 tests. The main domains affected were
verbal learning (18%) and memory (25%) [9]. The same group published the
first prospective longitudinal study in which 18 breast cancer patients were
assessed pre-chemotherapy, at approximately 6 months post-baseline (>3
weeks post-chemotherapy) and again at 18 months. Prior to chemotherapy,
33% of patients had cognitive impairment; at 6 months, 61% had cognitive
decline in at least one domain; and at 18 months, 50% of those with decline had
improved and 50% remained stable (although below baseline) [44]. The main
domains affected were attention, learning speed and information processing
speed. At baseline and 6 months there was no association found between
cognitive impairment and age, education, menopausal status, radiotherapy,
hormone replacement therapy history or tumour stage. There was no correla-
tion between cognitive function and depression or anxiety at any time point.

Despite methodological problems, the Wefel studies raise the important
question as to whether there is a higher rate of cognitive impairment

394 J. Vardy



pre-chemotherapy than previously appreciated, which might have been
attributed to the effects of chemotherapy in the cross-sectional studies. Another
study, albeit with a limited neuropsychological battery, suggests that post-
diagnosis, but prior to surgery, cognitive function is not impaired in women
with breast cancer [84]. A longitudinal study by Bender and colleagues evalu-
ated 46 women at baseline (post-surgery and pre-chemotherapy) with assess-
ments at approximately 6 and 18 months; only 21 women completed the
18-month assessment. Patients with breast cancer receiving chemotherapy and
tamoxifen were compared with patients receiving chemotherapy alone, and
with women with ductal carcinoma in situ (DCIS) who did not receive che-
motherapy or hormonal treatment. Those who received chemotherapy and
tamoxifen had decline on visual and verbal working memory at 18 months,
whilst women who received chemotherapy alone had deterioration in verbal
working memory only. The healthy controls had improvement in cognitive
scores, consistent with practice effect [37]. Both the above longitudinal studies
(albeit with small sample sizes) support the findings of the majority of the cross-
sectional studies that a subset of patients experience a decline in cognitive
impairment with chemotherapy, and help to define domain specific deficits.

By contrast, the larger longitudinal study by Jenkins and colleagues found
that only a non-significant minority of patients experienced decline in cognitive
function after chemotherapy [39, 85]. Their study evaluated 85women with
breast cancer who were to receive chemotherapy (predominantly FEC), 43
who were to have local treatment only (hormone treatment and/or radiother-
apy) and 49 healthy controls. Subjects were assessed at baseline (pre-che-
motherapy), at 6 months (post-chemotherapy), and at 18 months. Although
more women with cancer had a decline on multiple measures than healthy
controls there was no statistically significant difference in cognitive decline
between the three groups, with 20% of the chemotherapy group, 26% of the
hormone group and 18%of the controls having declined at 6 months, and 18%,
14% and 11% respectively at 18 months. Women who had a treatment-induced
menopause had a trend to more cognitive decline at 6 months (OR 2.6, 95% CI
0.82–8.3, p = 0.09). There was no association of objective cognitive function
with self reported impairment, quality of life or psychological distress, although
the later three variables were significantly intercorrelated [39].

Determining if Cognitive Impairment Is Present

A major difficulty in evaluating cognitive function is determining what consti-
tutes impairment. There is no consistency in the definition of cognitive dysfunc-
tion used in the cancer studies or in the neuropsychological literature. Most
cognitive tests report their results as Z (mean = 0; SD = 1) or T (mean = 50;
SD = 10) scores, thus indicating how many standard deviations (SD) an
observation is from the mean for a ‘‘normal’’ population. A definition of
cognitive impairment is usually based on cut-off scores for the various tests.
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Subtle cognitive impairment is most commonly defined as >1 SD below the
mean, while more severe impairment is defined by a cut-off at 1.5–2 SD below
the mean [22, 86]. The definition of cognitive impairment is complex because
neuropsychological batteries include several tests, which are scored individu-
ally. If an abnormal result on any single test is used to define cognitive impair-
ment, the probability of falsely classifying a subject as impaired increases with
the number of neuropsychological tests, such that with 20 tests and a signifi-
cance level of 5%, the probability of at least one significant result given no true
difference is 0.64 [87]. Most studies require impairment on more than one
measure to classify a subject’s performance as abnormal, but false positives
and negatives will still occur.

One way to mitigate the problem of multiple tests is to compute a summary
score or a neuropsychological impairment score to reflect overall performance
[88]. Deficit scores can be calculated for each domain and then an average
computed: they are weighted by both the number and severity of deficits and
have been used widely to define cognitive impairment [19, 20, 89].

Of paramount importance to the survivor is whether her cognitive function
has deteriorated in comparison to pre-morbid status. The major limitation of
the cross-sectional studies is the lack of evaluation of cognitive function prior to
chemotherapy and no longitudinal data. Lack of pre-chemotherapy or pre-
surgery baseline assessments means that women who were functioning at a high
level prior to diagnosis may have had a substantial decline in cognitive function
but still formally score within normal limits so that the degree of their cognitive
decline is not recognised [25, 90, 91]. Conversely, lack of baseline assessments
can mean that impairment that was already present prior to chemotherapy is
being incorrectly assumed to be secondary to chemotherapy [25, 91]. However,
baseline evaluations have their own limitations, as they may be confounded by
the stress related to a new life-threatening diagnosis, anaesthesia and surgery.

Neuropsychological Tests

Neuropsychological tests should be valid, reliable and have good sensitivity and
specificity. The test battery selected needs to be able to identify correctly
subjects who do and do not have cognitive impairment [92]. An individual’s
cognitive function is likely to decline initially during chemotherapy and then
either stabilize or improve after ceasing treatment. Tests that are administered
to the same subjects more than once need to be responsive; that is, to detect
change when it occurs [93]. Unless the cognitive battery is responsive, and
testing is performed at appropriate time intervals, the decline may be missed.
Responsiveness is confounded by practice effect, whereby subjects perform
better on subsequent tests, and this needs to be accounted for in longitudinal
studies which must differentiate between true change in performance, practice
effect and chance variation.
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Most neuropsychologists recommend a comprehensive battery of neuropsy-
chological tests as the ‘‘gold standard’’ for assessing cognitive function, but vary
in opinion as to which tests, and how many, should be incorporated into a
battery. A test battery should include assessment of the full range of psycholo-
gical functions, both general and specific, allow comparison to a control group
or normative data, and include validated tests with good sensitivity and speci-
ficity [94]. Extensive batteries take several hours [15, 95], and require a trained
psychometrist to administer, and a neuropsychologist to interpret them [96]. An
8-h battery has been recommended for subjects withHuman Immunodeficiency
Virus (HIV) [15], but is not feasible for large trials or for patients about to
receive chemotherapy, many of whom have had a recent diagnosis of cancer and
major surgery.

Testing of cognitive function is a compromise between extensive batteries,
which are likely to be more sensitive and detect more subtle impairment, and
shorter tests that are more practical for serial assessment of patients receiving
chemotherapy. The latter seek to determine if impairment is present, and to
indicate whether in-depth testing is warranted. However, very brief screening
tests are unlikely to provide helpful information and in particular the Mini
Mental State Examination is not a useful screening test for subtle cognitive
impairment [97].

Computerised tests have been developed to replicate traditional tests and to
provide briefer screens. Potential advantages are there is less variance in admin-
istration and scoring, greater reaction time precision, they can be less language
dependent, are able to be administered by less experienced staff and can gen-
erate immediate results. However, despite considerable overlap with tests, they
do not necessarily provide the same information as traditional tests [89, 98].

Self-Reported Cognitive Impairment

Multiple studies have reported no significant association between objective
cognitive impairment after chemotherapy and patients’ self-report of their
cognitive function: the patient’s perception of cognitive impairment is generally
worse than that detected on objective assessment [2–4, 7, 8, 38, 99–101]. This
apparent dissociation between subjective and objective cognitive function has
been described in patients with other medical illnesses [102–107].

Reasons for the discrepancymay be due to limitations of neuropsychological
tests to evaluate cognitive function under relevant conditions [8, 102, 108, 109].
Survivors frequently report that their cognitive problems are most noticeable
on multitasking and become more apparent when they resume their daily work
[7, 12]. Despite attempts at using more ecologically valid tests it is possible that
patients are not being evaluated under the conditions most likely to reproduce
their problems. Also, the cross sectional studies do not detect as impaired
people who were previously high functioning and then declined to within
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normal limits, although the individual would be very aware of the difference
[7, 8, 90]. Other possible explanations are that people reclassify pre-existing
cognitive problems as due to the cancer and its treatment, and/or that the
perceived impairment is secondary to increased emotional stress/anxiety,
which may be more apparent in everyday situations than in a controlled test
situation [7, 60, 109].

The literature indicates consistently that perceived cognitive impairment is
more strongly related to affective problems than objective impairment [37, 110],
with a strong association between perceived cognitive impairment and fatigue,
anxiety and/or depression [3, 4, 8, 12, 39, 84, 109, 111] (see below).

Incidence of Cognitive Impairment After Chemotherapy

Despite their methodological problems [7, 36, 45, 47, 62, 80, 91], most studies
report a 15–50% incidence of cognitive impairment in breast cancer patients
who have received chemotherapy [1, 2, 4, 6, 7, 40, 112] (see Table 1). In addition
to the study of Jenkins [39, 85], one cross-sectional breast cancer study reported
evidence against a causative role for chemotherapy with respect to cognitive
impairment, but it had methodological limitations [38]. Six months after com-
pleting treatment, 60 women who received chemotherapy and radiotherapy for
localised breast cancer were compared with 83 women who received radio-
therapy alone. No significant difference was found between the two groups in
mean cognitive performance or prevalence of impairment [38]. However, the
radiotherapy group was significantly older and a higher proportion was receiv-
ing hormonal agents, which might have contributed to the negative result.

Shilling and colleagues have highlighted the interpretive difficulties caused
by different definitions of cognitive impairment and methods of analysis by
comparing data from breast cancer patients 4 weeks post-chemotherapy with
healthy controls and reanalysing the data using seven different criteria selected
from the literature. They found that the incidence differed substantially depend-
ing on the method of analysis used, with ‘‘cognitive impairment’’ ranging from
12 to 68% in the chemotherapy group, and 5 to 64% in the control group [91].
The odds ratio of being classified with cognitive impairment post-chemother-
apy ranged from 1.21 to 3.68 compared to either controls or normative data,
depending on which criteria and method were used [91].

Effect Sizes and Cognitive Domains Affected: Results of Meta-

analyses

An overview of the studies suggests that cognitive deficits are diffuse, spotty
within domains, and most frequently involve the domains of attention/concen-
tration, verbal and visual memory, and processing speed [1–5]. There have been
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four meta-analyses of the cancer literature [77–80], with each using different
selection criteria, and combining different cancer populations. Two of these
were restricted to adjuvant breast cancer survivors [78, 80]. Methods of com-
parison depended on the original study design, and included comparison with
normative data, controls, or the patient’s own baseline performance. Each
calculated an effect size to compare the magnitude of a treatment effect between
the studies: the effect size is intended to convey clinical as opposed to statistical
significance. However the clinical significance of any effect size on an indivi-
dual’s everyday functioning is unknown [79, 80].

Both the breast cancer meta-analyses showed a small overall effect size on
cognitive function. Stewart reported that the cognitive domains with the great-
est effect size were language (�0.37), short-term memory (�0.31) and spatial
abilities (�0.30) [80] and Faletti reported the effect size being greatest for spatial
ability (but the sample size was small in this domain), language and motor
function [78]. Possible reasons for an apparent lack of a significant effect are
that the neuropsychological tests may not be sensitive to subtle cognitive
impairment; many studies had small sample sizes, and many of the individual
studies had methodological limitations [78, 79].

Establishing a Causal Relationship Between Chemotherapy and

Cognitive Impairment

It can be difficult to establish causation but the presence of the following
criteria are generally regarded as evidence that an association is more likely to
be a true cause and effect rather than an association due to chance, confound-
ing, bias or an effect-cause relationship: appropriate timing between the
exposure and effect, strength of the association, a dose response relationship,
consistency of the association, biological plausibility and specificity of the
association [113, 114].

Animal Studies

Support for a causal relationship between cognitive dysfunction and che-
motherapy can be derived from animal studies investigating the effect of che-
motherapy on cognitive function. Our own cognitive studies in mice have
demonstrated that mice randomised to receive intraperitoneal methotrexate
and 5-fluorouracil (5-FU) performed worse on spatial memory, non-spatial
memory and conditional rule learning than mice randomised to receive normal
saline [115]. A mouse model of cognitive dysfunction associated with a single
administration of high dose chemotherapy has been developed byKoolhas et al.
[7]. They demonstrated that post-chemotherapy, mice had difficulties with
spatial learning and exhibited problems with retaining new information.
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A secondmouse model developed by Lee et al. did not support a causal effect of
chemotherapy on cognition, with the chemotherapy group performing better
than controls at 2 months post-chemotherapy; no difference was seen at 8
months [116].

Brain Imaging

Structural and functional brain imaging studies with magnetic resonance
imaging (MRI) and positron emission tomography (PET) support a causal
relationship for chemotherapy and cognitive impairment. Changes seen in
chemotherapy-treated breast cancer survivors, compared with healthy con-
trols include reductions in grey matter, and regions of locally decreased white
matter [61]. One study showed smaller regional brain volume in grey and
white matter in breast cancer patients at 1 year post-chemotherapy compared
to women who did not receive chemotherapy, although this difference did not
persist at 3 years post-treatment [117]. Studies using functional MRI (fMRI)
with participants performing a working memory task have shown increased
activation in the cingulate area in patients who received chemotherapy
compared to controls [61, 118]. Our own preliminary fMRI studies show
modified brain activation after chemotherapy, with lower levels in the
parietal region and increased superior to the cingulate gyrus in women who
had chemotherapy who self report cognitive impairment compared to those
who do not [119]. PET scans of breast cancer survivors who received adju-
vant chemotherapy 5–10 years previously have shown greater cerebral
activation in the inferior frontal gyrus when performing a mental task com-
pared to women who had not received chemotherapy. There were also
differences in blood flow in the frontal cortex and cerebellum. Women who
had received chemotherapy and tamoxifen had decreased metabolism in the
basal ganglia compared to those who received chemotherapy alone or no
chemotherapy [120].

Neurophysiological Studies

Studies by the Dutch group have demonstrated changes on neurophysiological
evaluation between patients receiving high and standard dose chemotherapy
and cancer controls [121]. Event related potential (ERP) and electroencephalo-
grams (EEG) with asymmetry of alpha rhythm >0.5Hz (considered to be
pathological) were reported in 42% of the high dose chemotherapy patients,
12.5% of the standard dose and none of patients who received only local
treatment [121]. No correlation was found between neuropsychological test
results and the EEG results. Two studies by Kruekels et al. found that breast
cancer patients who received chemotherapy had reduced amplitude in the P3
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component (thought to be related to decreased activity in the norepinephrine
system and important for attention) as compared to cancer patients not receiv-
ing chemotherapy [122, 123].

Chemotherapy Studies

The lack of pre-chemotherapy assessments in most studies makes the establish-
ment of a causal relationship between cognitive dysfunction and chemotherapy
difficult. As discussed above, support for a causal relationship comes from the
studies by Schagen et al. [4] and Ahles et al. [2] which both showed greater
cognitive deficits in patients treated with chemotherapy than in those patients
who had not received chemotherapy. There are limited longitudinal studies, and
sample sizes are generally small. Large longitudinal studies with appropriate
control groups not receiving chemotherapy are underway and these, together
with other mechanistic studies, will be required to determine definitively
whether chemotherapy causes cognitive impairment, or whether it is secondary
to the cancer per se or other aspects of treatment.

Chemotherapy Regimen and Dose Related Toxicity

Chemotherapy Intensity and Duration

It is probable that the chemotherapy regimen used, and the dose and duration
of chemotherapy, influence the incidence and severity of cognitive dysfunction.
The study by Van Dam et al. supports a dose effect with patients receiving high
dose chemotherapy having worse impairment than those receiving standard
doses. The risk of cognitive impairment was 8.2 times greater for high dose
chemotherapy than for local treatment alone (95% CI 1.8–38, p = 0.006) and
3.5 times greater than for standard chemotherapy (95% CI 1.0–12.8, p = 0.06)
[3]. In contrast, a recent study found no statistical difference in cognitive
impairment between high dose and standard dose chemotherapy 5 years after
treatment [43]. The study of Ahles et al. found an association with cognitive
impairment and the number of cycles of chemotherapy received [2].

Chemotherapy Regimens

The probability of impairment appears to be higher following cyclophospha-
mide, methotrexate and 5-fluorouracil (CMF) chemotherapy than after anthra-
cycline-containing regimens [7, 73, 124]. This may account for the higher
incidence of impairment in breast cancer survivors reported in the earlier
studies, in which CMF was generally used, than in the later studies in which
methotrexate was generally replaced by doxorubicin or epirubicin.
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Duration of Cognitive Impairment

The duration of cognitive impairment after anti-cancer treatment is uncertain.
Ahles et al. reported cognitive dysfunction in patients up to 10 years post
systemic treatment [2]. Schagen et al. found such impairment in patients at a
median of 1.9 years after chemotherapy [4], but no difference between groups at
4 years post-treatment [42]. In the study of Mar Fan et al. using the High
Sensitivity Cognitive Screen (HSCS) there was no statistically significant dif-
ference between chemotherapy patients and healthy controls at 2 years post-
treatment [40]. However, subsequent research has shown that the HSCS has a
marked practice effect [125] and it is possible that the improvement seen, in both
controls and patients, is a reflection of practice effect rather than true improve-
ment in cognitive function [83, 125]. Large, longitudinal studies with long term
follow up are required to determine the duration of cognitive impairment post-
chemotherapy, but will need to account for practice effect.

Potential Confounders

Fatigue

Cancer related fatigue is described by the National Comprehensive Cancer
Network expert panel as ‘‘a common, persistent, and subjective sense of tired-
ness related to cancer, or to treatment for cancer, that interferes with usual
functioning.’’ [126].

In contrast with normal fatigue, cancer-related fatigue results in tiredness
and weakness despite adequate rest or sleep [127]. It is estimated that 75–96%of
cancer patients suffer chemotherapy-induced fatigue [128–133] that may last
well beyond the treatment period [6, 127, 128, 130, 132, 134–137]. It has become
recognised as the most common and most disabling symptom associated with
chemotherapy [12, 133, 138] and can have amarked deleterious effect on quality
of life [6, 40, 132]. As fatigue is a subjective state it needs to be assessed
by patient-reportmeasures [129, 139].Mechanisms leading to fatigue are largely
unknown but are thought to be multifactorial. A fall in haemoglobin and sleep
disturbance may contribute, but account for a relatively small component of
fatigue [127].

Although there is a strong association between fatigue and perceived cogni-
tive impairment, studies have not shown a significant association between
fatigue and objective neuropsychological testing [2–4, 6, 8, 37, 39, 40, 85, 100,
123]. For example, Mar Fan et al.’s follow up study showed that fatigue
gradually improved during the 2 years after treatment but it remained signifi-
cantly worse than in healthy controls at 1 (p<0.0001) and 2 years (p<0.01).
There was a non-significant trend for women receiving hormonal treatment to
have worse fatigue than those breast cancer patients not receiving it at 2 years
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(p = 0.02) [40]. At 1 and 2 years post-chemotherapy, fatigue was strongly
associated with menopausal symptoms and overall quality of life, but not
with chemotherapy regimen or duration or with the presence of cognitive
impairment.

Anxiety, Depression and Stress

The diagnosis of a life-threatening disease is stressful, but there is no consensus
on the incidence of pathological anxiety or depression in cancer patients.
Studies suggest an incidence of depression ranging from no difference com-
pared to the general population (approximately 6%) [140, 141] to greater than
four times higher, with the greatest rates of major depression in those with
advanced cancer (40–50%) [142–145]. The strongest predictor of depression in
survivors was found to be ongoing cancer-related symptoms [146]. The study of
Jenkins et al. found that 55% of breast cancer patients about to commence
adjuvant chemotherapy had psychological distress (on the General Health
Questionnaire), compared with 62% waiting to start local treatment, and
16% in healthy controls; at 6 months the incidence was 51, 24 and 18%
respectively [39].

Only one study has reported any association between objective cognitive
testing and affective stress, and this was found on only one (of up to 14)
cognitive test, and using one of 6 measure of affective stress [9], so that it may
well be due to chance alone. All the other cognitive studies which havemeasured
psychological distress have found no correlation between objective cognitive
performance and depression, anxiety and/or mood [1–4, 6, 8, 37, 39, 40, 44, 81,
84, 99, 147, 148]. However, as discussed above, many studies have found a
strong association between perceived cognitive impairment and anxiety and/or
depression [3, 8, 39, 84, 99, 111].

Hormonal Agents

Approximately 60% of women with breast cancer have oestrogen receptor
positive disease, and almost all of these receive hormonal treatment for at
least 5 years after completing chemotherapy, or after surgery if they do not
require chemotherapy [149]. A thorough review of the impact of hormonal
treatment on cognitive function is beyond the scope of this chapter but hormo-
nal treatment either in the form of hormone replacement therapy (HRT) or
anticancer hormone treatment might affect cognition [150–155]. Oestrogen
receptors are located throughout the brain and central nervous system (CNS)
[156]. Although decreased oestrogen levels are often implicated in cognitive
impairment [47], the Women’s Health Initiative did not find a cognitive func-
tion benefit in post-menopausal women randomised to receive HRT compared
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with placebo [157]. Three studies found no cognitive difference in patients on
chemotherapy and tamoxifen compared to chemotherapy alone [2, 4, 6] but
Castellon et al.’s study showed that patients who received tamoxifen after
chemotherapy had worse cognitive impairment [8]. Paganini-Hill and Clark
performed limited neuropsychological testing in 1,163 breast cancer patients, of
whom 710 had received tamoxifen. They found that current tamoxifen users
reported seeing their physician more often for memory problems, and per-
formed worse than women who had never received tamoxifen on a task asses-
sing narrative writing [158].

Shilling et al. reviewed cognitive performance from 94 breast cancer patients
on the Arimidex, Tamoxifen, Alone or in Combination (ATAC) Trial. Women
receiving these hormonal agents had specific impairments on verbal memory
and information processing speed tasks in comparison to a group of healthy
controls [10].

The above findings suggest that some of the cognitive impairment seen in
breast cancer studies might be due to hormonal agents. If so, hormonal therapy
may be an important confounder, affecting both patients who have had che-
motherapy and women with cancer in the control groups of many previous
studies. Studies in other cancer populations not using hormonal treatmentsmay
give additional insight.

Other Medications

Most breast cancer patients at the time of surgery receive opioids for analgesia;
patients then take anti-emetics during chemotherapy, including glucocorticos-
teroids for control of nausea and vomiting. Glucocorticosteroids have been
shown to decrease capillary permeability of the blood brain barrier and
decrease cerebral blood flow [61]. Complementary and alternative therapies
are also employed by a large proportion of cancer patients (mean 36%, range up
to 70%), particularly women with breast cancer (45%) [159]. It is unknown if
any of these agents have an impact on long-term cognitive function.

Potential Mechanisms

The aetiology of cognitive impairment in cancer patients is unknown but it is
likely multifactorial [47]. Possible mechanisms by which chemotherapy might
lead to cognitive dysfunction include direct neurotoxic effects (e.g. injury to
neurons or surrounding cells, altered neurotransmitter levels) [61, 66, 160],
oxidative damage [68, 161], indirect effects such as induced hormonal changes
[76], immune dysregulation with release of cytokines [68, 162], blood clotting in
small vessels of the CNS and anaemia and reduced delivery of oxygen to the
CNS. Some individuals may have a genetic predisposition [61, 163].
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Chemotherapy can cause direct neurotoxic damage, with a higher concen-
tration of anticancer drugs crossing the blood brain barrier than had previously
been recognized, including methotrexate, 5FU and cisplatin [66, 160]. Noble’s
group have reported that carmustine, cisplatin and cytosine arabinoside are
toxic to CNS progenitor cells and oligodendrocytes in vitro and in animal
studies with increased cell death and decreased cell division in the subventricu-
lar zone, the hippocampus and corpus callosum [164]. It is hypothesised that
chemotherapy may affect the microglia, oligodendrocytes and neuronal axons,
causing demyelination or alterations in water content [61, 160]. Free radicals are
metabolic by-products of oxidative stress and are known to cause accumulative
damage to blood vessels in the CNS [68]. Changes in neurotransmitter levels
have also been reported [165].

Women with breast cancer often experience early menopause secondary to
chemotherapy [130, 166]. It is hypothesised that an early abrupt menopause
induced by chemotherapy might contribute to cognitive impairment, secondary
to decreased oestrogen, which is thought to be neuroprotective [47, 61]. The
study of Tchen et al. showed profound changes in women’s levels of sex
hormones after chemotherapy but did not find a significant correlation between
hormone level or menopausal symptoms with cognitive dysfunction, although
it may have been underpowered to detect a weak association [82].

Anaemia is a common side effect of cancer and/or chemotherapy that can
cause fatigue and decreased cerebral oxygenation [26, 56]. Jacobsen reported
that patients with greater levels of anaemia performed worse on visual memory
and executive function tasks than those with normal haemoglobin or mild
anaemia; however the effect was associated with fatigue [167]. This mechanism
may account for acute problems with cognitive function but is less likely to
account for cognitive impairment with increased duration from chemotherapy
when haemoglobin levels have normalised. The administration of erythropoie-
tin has been found to increase haemoglobin levels during chemotherapy. Two
randomised controlled trials have been performed looking at differences in
breast cancer patients randomised to receive erythropoietin or placebo during
adjuvant chemotherapy. One assessed cognitive function from 12 to 30 months
post-chemotherapy and found no difference in cognitive function between the
two groups at any time point [168]. The second study reported improved
executive functioning during chemotherapy (prior to cycle 4) in the erythro-
poietin group, but no difference in cognitive function at 6 months follow up in
comparison to the placebo group [112].

Chemotherapy can damage blood vessels and interfere with blood perfusion
and flow to the small vessels of the CNS, either by direct effects, from damage
due to the by-products of oxidative stress [11, 68, 161, 169, 170], or from
increased blood coagulation [171]. Thrombin-anti-thrombin complex (TAT),
prothrombin fragment-1 & -2, and d-dimers have been found to be elevated in
patients with breast cancer receiving chemotherapy, and might be involved in
thromboembolic events [172]. High circulating homocysteine concentrations
are associated with cardiovascular disease, stroke, Alzheimer’s disease and

Cognitive Function in Breast Cancer Survivors 405



vascular dementia, and with poor performance on some cognitive tests in
healthy elderly men and women [173, 174]. It is possible that patients with
greater homocysteine levels are predisposed to greater cognitive impairment
secondary to cerebral vascular changes.

One hypothesis is that either the cancer and/or chemotherapy cause activa-
tion of the immune system with proinflammatory cytokines. Inflammatory
cytokines such as interleukin (IL)-1, IL-6 and tumour necrosis factor alpha
(TNF-a) cross the blood-brain barrier and have been associated with cognitive
impairment and/or fatigue in other disease states [175–179]. Support for this
cytokine-immunologic prototype is seen in animal models where ‘‘sickness
behaviour’’ is found after injecting infectious or inflammatory agents or some
cytokines [180, 181]. It is also seen in cancer patients and others treated with
cytokine therapy (e.g. interferon, IL-1), in whom the rate limiting toxicity is
often severe fatigue, depressed mood, cognitive disturbance and flu-like symp-
toms [181–184].

Meyers et al. reported that higher IL-6 levels were associated with poorer
executive function, whereas higher levels of IL-8 were associated with better
memory performance in patients with acute myelogenous leukaemia or myelo-
dysplastic syndrome [179]. Studies by Collado-Hidalgo et al. have reported an
association between increased monocyte production of IL-6 and TNFa,
decreased monocyte cell-surface IL-6 receptor, and decreased frequencies of
activated T lymphocytes and myeloid dendritic cells in the peripheral blood of
breast cancer survivors with prolonged fatigue compared to those without
fatigue [185]. Our ongoing studies show that serum levels of several cytokines
are elevated in breast cancer survivors (and colorectal cancer patients) com-
pared to healthy subjects and remain elevated at 5 years post-treatment [119,
186]. There is a trend to cytokine levels being higher in women who had not
received chemotherapy for their breast cancer and a strong trend to elevated
cytokine levels being associated with greater cognitive impairment on neurop-
sychological testing [119, 186].

The apolipoprotein E gene is polymorphic with three common alleles,
APO«2, -«3 and -«4, which produce six genotype combinations [25]. People
with APO«4 alleles are more vulnerable to cognitive impairment after head
trauma [187] and cardiac bypass surgery [188] and have a higher risk of
dementia [189], possibly due to reduced microvascular and neuronal repair
processes [190]. One study suggests greater cognitive impairment after che-
motherapy in people with APO«4 genotypes, which is also associated with
changes in MRI images of the brain [7].

It is also hypothesised that other genetic polymorphisms may increase the
risk of some individuals to cognitive impairment after chemotherapy due to a
predisposition to some of the above mechanisms [163]. For example, by
decreasing the effectiveness of the blood-brain-barrier due to less efficient efflux
pumps or changes in transporters, [164, 191, 192] decreased DNA or neuronal
repair mechanisms, [170, 193] decrease in neurotransmitters, [194, 195] shorter
telomere length or less telomerase, [196, 197] and cytokine dysregulation [163].
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Interventions

There are no proven interventions to prevent cognitive impairment or to treat it

once it has developed. It is difficult to develop rational treatments until the

mechanisms have been elucidated, but the following interventions have been

either evaluated or are undergoing evaluation.
The use of erythropoietin has not been shown to improve cognitive function

after completing chemotherapy (see above). Improved cognitive impairment in

other disease states has been seen with methylphenidate, the herb Ginkgo

Biloba, and anti-cholinesterase inhibitors such as donepezil. Methylphenidate

has been widely used in children and adults to treat attention-deficit/hyperac-

tivity disorder (ADHD) and narcolepsy.Methylphenidate has also been used to

treat cognitive impairment in childhood survivors of cancer [198], patients with

brain tumours [199] and in two placebo-controlled RCT in solid tumour

patients. One trial randomised women receiving adjuvant chemotherapy for

breast cancer to receive methylphenidate or placebo as prophylaxis for fatigue

and cognitive dysfunction, but the study closed early due to poor accrual with

57 of a planned 170 patients entered. No difference was found in either fatigue

or cognitive function between the two groups [200]. The second study used

methylphenidate in a heterogeneous cancer population, which included patients

with metastases from any primary excluding brain or patients with known CNS

involvement. Although reported by the authors as positive, cognitive function

was only improved in thememory component of theHSCSwith no difference in

overall HSCS score between the groups [201].
Ginkgo biloba has been evaluated in randomised placebo controlled trials in

patients with other types of acquired cognitive impairment, particularly in

elderly people with dementia. Although there are some conflicting results,

most studies show a modest benefit for gingko biloba, particularly in people

with milder forms of cognitive impairment [202–204]. A Cochrane review has

concluded that gingko biloba improves cognition andmood, with no increase in

side effects, in patients with acquired cognitive impairment including dementia

[205]. Studies in healthy younger volunteers have shown improved cognition in

subjects treated with daily gingko � ginseng compared to placebo [206–208].

The Mayo group are assessing gingko biloba in a placebo-controlled RCT in

breast cancer patients.
Cholinesterase inhibitors, such as donepezil, have been widely investigated

and found to improve cognitive function across a variety of disease states,

particularly dementia [209–212]. However, a recent Cochrane review shows

no evidence to support the use of donepezil in patients with mild cognitive

impairment without a diagnosis of dementia [213].
Based on the hypotheses about mechanisms of cognitive dysfunction, other

pharmacological agents that could be considered for future trials are antiplate-

let agents (e.g. aspirin, anti-inflammatory non-steroidal agents or low dose

warfarin), anti-inflammatories and anti-oxidants.
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Cognitive rehabilitation has been shown to be effective in treating non-
cancer patient groups with cognitive impairment [214–217]. The majority of
methods focus on either restoration of a specific cognitive function or compen-
satory training to help patients adapt to the presence of deficits [214, 216, 218,
219]. In view of the strong association of anxiety and depression with perceived
cognitive impairment it is also important to treat the psychological distress in
affected patients [216, 219]. Psychosocial programs have been found to help
improve non-cancer patients’ coping with cognitive problems, to increase
understanding of their difficulties and to improve well-being [216, 220]. Educa-
tion about brain injury has also been found to result in improved self-reports of
psychosocial function in other patient populations [221]. Studies are underway
to assess whether cognitive behavioural programmes or psychosocial support
programmes would be beneficial for cancer survivors with either objective or
subjective cognitive impairment [7, 25].

Summary

Studies have found consistently that a subset of cancer survivors have cognitive
sequelae that persist after cancer treatment. Most evidence suggests an associa-
tion with chemotherapy, although other factors associated with the diagnosis
and treatment of cancer may contribute. For most cancer survivors the objec-
tive impairment is subtle, although patients self-report a greater degree of
impairment than is found on current neuropsychological testing. Even mild
cognitive dysfunction can have substantial impact on a patient’s daily activities
and quality of life.
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Costs of Adjuvant Breast Cancer Treatments

Nina Oestreicher

Introduction

Breast cancer is the leading incident cancer and the second highest cause of cancer

mortality in the U.S. In 2004, breast cancer treatment expenditures were $8.1

billion [1], and may account for as much as 1% of healthcare expenditures in the

U.S. [2]. Increased early detection has led to a shift towards diagnosis of early

stage cancer and with the array of adjuvant therapies available, average survival

has improved over time [3]. Primary therapy for early breast cancer is commonly

surgery. Following surgery, chemotherapy and endocrine therapy are used alone

or in combination to kill cancer cells that have spread throughout the body,

because a high percentage of patients with localized disease have undetectable

metastases [4]. This treatment choice depends on stage and progression of disease,

tumor characteristics, presence of hormone receptors, side effect profile, and

patient age, menopausal status, and comorbidities [2, 5]. Because of the strong

demonstrated survival benefit of adjuvant therapy (chemotherapy and endocrine

therapy) in early stage breast cancer (summarized in [4, 6]), NIH and National

Comprehensive Cancer Network guidelines recommend the use of adjuvant

chemotherapy for the majority of these patients and endocrine therapy to those

women whose tumors express hormone receptor protein [5, 7].
The use of endocrine therapy and chemotherapy is common and has been

increasing over time [8] for almost all stages and ages, suggesting that the results

of clinical trials are disseminated fairly rapidly to community-based physicians

and their patients. Treatments are also getting more expensive. As a result of the

increasing utilization of and expense associated with adjuvant therapy, it has

become important to understand the economic burden on the healthcare system

and on patients placed by the use of these therapies. In addition, in recent years,
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economic modeling has become a popular method for evaluating costly health-
care technologies (drugs and devices) in oncology that are arriving on themarket.
For example, genetic tests have been developed that predict prognosis (with or
without the use of endocrine therapy) in patients with breast cancer [9, 10] and
would presumably spare some women unwarranted chemotherapy. The costs of
chemotherapy have been an important driver of economic analyses of these
technologies [11, 12], so it is especially important to have accurate chemotherapy
cost estimates to inform such analyses. Another example where costs of adjuvant
therapy have been used in economic modeling is in a cost-effectiveness analysis
comparing aromatase inhibitors to tamoxifen as adjuvant endocrine therapy [13].

Economic studies in breast cancer have varied widely in design and focus.
The common goal, however, has been to arrive at an estimate of opportunity
costs, or the health benefits lost due to the next best alternative not being
selected [14]. Reimbursements [15], provider charges [16], or, more rarely,
accounting costs [17], have all been used in studies as proxy measures of
opportunity costs, although reimbursements are a better estimate of opportu-
nity costs than are charges, which tend to overestimate costs. The parameters
that differentiate cost studies include healthcare setting, years over which the
study was conducted, analytic method for costing, characteristics of the study
population, time horizon, components of care included in costs, and cost
perspective. Also, discounting of results to present day monetary values may
or may not be performed. Differences in these design elements may dramati-
cally affect cost estimates and may also make comparisons of costs between
studies difficult. Several examples of parameters by which studies may differ are
discussed in the following section.

Calendar Years of Study

Many new and expensive targeted chemotherapies, endocrine agents, and
supportive care agents are being developed for use, shifting the treatment
paradigm and causing an increase in the overall level of cancer treatment
costs. One such example is the use of taxanes (docetaxel, paclitaxel) as
adjuvant therapy. Therefore, costs may vary widely depending upon the
time period in which costs were evaluated. Indeed, few studies have been
performed from 2000 onward to take costs of these new therapies into
account (e.g., [13, 18]).

Characteristics of the Study Population

Personal and clinical characteristics such as age, menopausal status, stage and
insurance status may also influence costs. For example, older patients may cost
less because they tend to receive less aggressive therapy than younger patients,
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and patients with more advanced stage disease at diagnosis tend to receive more
aggressive therapies and cost more than those with earlier stage disease. Despite
these known phenomena, there are few studies that stratify costs by these
characteristics (e.g., [15, 17, 19]).

Time Horizon

The chosen time horizon for the analysis may affect results because patients may,
for example, take longer than usual to complete all the cycles of a chemotherapy
regimen due to temporary stoppage because of side effects. If the chosen time
horizon is relatively short, it may not fully capture the costs of these patients. In
addition, adjuvant endocrine therapy may be taken for 5 years after the initial
cancer diagnosis [7]. However, if the time horizon is relatively long, costs may not
only include those of adjuvant therapy but may also include treatment costs for
women with aggressive cancers who experience an early recurrence.

Cost Perspective

Studies may adopt different viewpoints from which to evaluate costs. Common
perspectives are the healthcare system payer perspective or the societal perspec-
tive. The payer perspective evaluates only direct medical costs. The societal
perspective includes all costs from the payer perspective and also may include
direct non-medical costs (e.g., lost productivity from time spent in treatment) or
place an economic value on caregiver burden, an indirect cost.

Methods

Since the early 1990s, there has been an emerging trend of using payer admin-
istrative claims databases to estimate cancer treatment costs because of the
convenience of obtaining large amounts of data on relatively large study
populations in a relatively short timeframe. However, some of the greatest
challenges in evaluating cancer treatment costs using these secondary data
sources are (1) the lack of clinical data which may be an important predictor
of cancer costs and (2) determining which costs are attributable to the cancer
itself vs to some other condition. The lack of clinical data can be overcome if an
investigator is fortunate to have access to a cancer registry (such as the Surveil-
lance, Epidemiology and End Results (SEER) registry) to which the adminis-
trative records of patients with a cancer diagnosis who are enrollees of a health
plan can be linked to their cancer diagnosis record in the cancer registry for a
complement of clinical, utilization and economic data. This approach has been
used successfully in several economic studies of breast cancer [15, 17, 19].
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Most important of all aspects of economic evaluation in breast cancer, the
rigor and methods of estimating costs are critical to producing reliable results.
There are two predominant techniques used to evaluate costs, namely attribu-
table costing (e.g., [15, 19, 20]) and microcosting (e.g., [21, 22]). There are
various other empirical estimation methods for costs that are not well defined,
which appear in various studies.

Attributable Costing

To overcome the challenge associated with attributing individual cost elements
to the cancer vs to some other condition, studies have used the attributable
costing method. Attributable costing is an indirect estimation approach which
avoids this attribution issue. This method estimates cancer-related costs as the
difference in total healthcare costs for breast cancer cases and age- and gender-
matched controls without breast cancer, and assumes that cancer-related costs
are additive to the costs of existing comorbid conditions [23]. Attributable
costing has the advantage of generating estimates that take into account the
full range of possible treatment outcomes and costs, but carries with it the
limitations of potential selection bias in the study groups, violating the assump-
tions of similarities between the case and control groups and making the
interpretation of results difficult.

Microcosting

In contrast, microcosting takes into account a narrower range of treatment costs
and outcomes. First, a typical course of therapy is determined based on clinical
guidelines, clinical trial regimens [21], expert opinion, or review of patientmedical
records, and then a cost is applied to each line item in this treatment protocol.
Treatment of complications and treatment discontinuation may not consistently
be taken into account. In general, accounting for heterogeneity in patient experi-
ence is limited with this method, and evaluations of RCT-based treatment regi-
mens generally have poor external generalizability [24]. Although published
guidelines exist for the appropriate use of adjuvant therapies, in community
practice these guidelines are not necessarily followed [25], and may depend on
the type of insurance a patient has [26] which will affect costs.

Types of Costs

Breast cancer treatment costs can be separated into direct costs (both medical
and non-medical), morbidity costs (indirect) and mortality costs [27]. Direct
medical costs are expenditures for medical procedures and services associated
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with care for the breast cancer. Direct non-medical costs, such as time spent in
treatment and transportation costs, may also be included. Morbidity costs
encompass lost income due to inability to work, caregiver burden and lost
time to engage in leisure activities. Mortality cost is lost income associated
with premature death.

For analyses relevant to payers, generally only direct medical costs are
included, whereas for analyses from the societal perspective, direct non-medical
and indirect costs may be included as well. For economic modeling exercises
such as cost-effectiveness analysis, which may be useful for policymaking, the
inclusion of indirect costs is less common. It is also potentially important to
account for patient copayment if it is desirable to estimate the full costs of the
drug (economic burden of disease) and not just costs to the payer.

Studies of Breast Cancer Treatment Costs

Studies of breast cancer treatment costs in the U.S. have focused on a variety of
phases of treatment, treatment modalities and healthcare settings and have used
various proxies for costs. For example, some studies have identified the costs
incurred during the initial, continuing and terminal phases of treatment, for
both a Medicare population [28] and at an HMO [17]. Costs have also been
compared between specific breast cancer treatment procedures at the same
HMO [29]. Other, informal analyses were based on charges rather than costs
[16, 30] or included costs unrelated to cancer [31].

In addition, there are few studies that specifically address the costs of
adjuvant therapy in a U.S. healthcare setting. In a review of adjuvant therapy
cost studies published in 1999, van Enckevort and colleagues commented how
few studies had been published from 1980 to 1997 [32]. The same is true of the
present time. Hillner and Smith performed some early economic analyses of
chemotherapy costs [16, 33–35], but these analyses considered treatment regi-
mens from the 1990s. The types of adjuvant therapy regimens used and asso-
ciated costs have changed dramatically since that time so results may no longer
be applicable. For example, the cyclophosphamide/methotrexate/fluorouracil
regimen standard at the time of these analyses is less popular now, with the
availability of other regimens such as the adriamycin/cyclophosphamide regi-
men recommended by current guidelines [5].

Perhaps because of the predominance of single payer health systems outside
of the U.S., international studies, especially in European countries, of adjuvant
therapy costs (e.g., [36–42]) or overall breast cancer treatment costs [42] have
been more common than studies in the U.S. In contrast to Europe, there are few
population-based resources available to identify breast cancer costs in the U.S.
[28]. However, applying results from ex-U.S. studies to aU.S. healthcare setting
may not be straightforward, as considerable variation would be expected in
costs and practices between the U.S. and other countries, such as differences in
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aggressiveness of treatment approaches, administration of healthcare in these
systems and differences in cost structures between single payer systems and the
more diffuse payer system in the U.S. Also, most European studies addressed
costs in the healthcare systems of the early 1990s and, as discussed above,
treatment options have changed since then. Thus these estimates may not be
useful for healthcare decision-making today, in the U.S. or elsewhere. In the
coming sections, results of ex-U.S. economic analyses are reported infrequently,
mainly in circumstances where there is a dearth of literature from U.S. health-
care systems.

Costs of Chemotherapy

Current NIH consensus guidelines [5] recommend adjuvant chemotherapy for
breast cancer patients with lymph node metastases or primary tumor size larger
than 1 cm. Because most women who are diagnosed with breast cancer have
tumors larger than 1 cm, adjuvant chemotherapy is recommended for the
majority of patients, including those with early stage disease. Adjuvant che-
motherapy use in community practice in patients less than 50 years of age with
early stage disease has been reported to be in the range of 45–86%, depending
on lymph node and hormone receptor status [25, 43] and has been increasing
over time [8]. As chemotherapy use increases, it has become critical to under-
stand the economic burden of this treatment on the healthcare system. At the
same time, genetic tests have been developed that predict prognosis in breast
cancer patients and would spare some women from unwarranted chemotherapy
(and spare medical resources). The costs of chemotherapy have been an impor-
tant driver of economic analyses of these technologies [11, 12], so it is especially
important to have accurate chemotherapy cost estimates to inform such
analyses.

Chemotherapy cost per cycle is highly dependent on the type of chemother-
apy administered. The type of chemotherapy administered can depend on
factors such as the stage of disease, tumor characteristics, presence of hormone
receptors, side effect profile and the patient’s menopausal status [2], and CMF,
because it is an older regimen, is generally the least costly chemotherapy regi-
men. A chemotherapy regimen usually combines several drugs. For example,
one regimen is referred to as ‘‘CMF’’ combines cyclophosphamide (a DNA
damaging agent), and methotrexate and fluorouracil (which interfere with the
metabolism of cancer cells). Cyclophosphamide may also be combined with
doxorubicin (‘‘AC’’ regimen) and a taxane. However, it is difficult to compare
the costs of chemotherapy regimens solely by examining the cost per cycle, as
number of cycles may vary by regimen and regimens may not be completed due
to side effects.

Chemotherapy cost studies have varied on factors such as cost estimation
methods, assumptions about the risk of chemotherapy-induced complications,
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the years over which the study was conducted, and characteristics of the study

population. Due to these design differences, there has been wide variation in

costs reported in studies. A 2005 study [44] by Naiem et al. estimated costs of

adjuvant chemotherapy regimens, including treatment of side effects, using

Medicare Average Wholesale Price (AWP) and the less conservative Medicare

Public Health Service price that pharmaceutical manufacturers offer to facilities

with a disproportionate share of indigent patients. Naiem and colleagues found

that using Medicare AWP, costs ranged from $4568 for a six-cycle CMF regi-

men to $12,320 for an AC regimen (including the cost of 5 years of tamoxifen

use). Although there is not an extensive description of methods, it appears that

microcosting methods were used, with assumptions about the risk of chemo-

toxicity during therapy. In a recent study of trial-based chemotherapy protocols

for node-positive patients in Canada, costs ranged over twofold from $3,557 for

a fluorouracil/epirubicin/cyclophosphamide regimen to $8,266 for a docetaxel/

doxorubicin/cyclophosphamide combination (costs in U.S. dollars), including

the costs of supportive care agents [45] (Table 1).

Few studies of the costs of adjuvant chemotherapy have focused on preme-
nopausal women [15, 46], and one of these was conducted outside of the

Table 1 Treatment costs and health care utilization of selected regimens for node-positive
breast cancer patients (from Trudeau et al. 2005) [45]

FEC100
Oral
CEF TAC

AC60
then P175

AC60
then P225

Dose
dense AC
then P175

Administration cost $216 $347 $239 $221 $221 $221

Chemotherapy
acquisition cost
per treatment

$3,162 $3,860 $6,825 $4,072 $5,185 $4,072

Protocol-driven
supportive drug
cost per treatment

. . . $159 $92 $11 $11 $7,412

Incidental
supportive-care
cost per treatment

$179 $486 $1,110 $36 $248 $36

Total treatment cost $3,557 $4,852 $8,266 $4,340 $5,665 $11,741

Monthly clinic visits 1.3 2 1.3 1.3 1.3 2

Overall clinic visits 6 12 6 8 8 8

Total time on
treatment
(months)

4.5 6 4.5 6 6 4

Total chair time (h) 9.0 5.4 14.0 21.6 21.6 21.6

FEC100¼ fluorouracil, epirubicin 100mg/m2, and cyclophosphamide; CEF¼ cyclophospho-
mide, epirubicin, and fluorouracil; TAC¼ docetaxel, doxorubicin, and cyclophosphamide;
AC60 then P175¼ doxorubicin 60mg/m2 and cyclophosphamide then paclitaxel 175mg/m2;
AC60 then P225¼ doxorubicin 60mg/m2 and cyclophosphamide then paclitaxel 225mg/m2;
Dose dense AC then P175¼ dose dense doxorubicin 60mg/m2 and cyclophosphamide then
paclitaxel 175mg/m2
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U.S. [46]. A study by Oestreicher et al. was the first known U.S. study to focus
on premenopausal women. It was also the first study to examine costs of
adjuvant chemotherapy stratified by age, stage, type of surgery, and comorbid-
ity status in a community oncology setting and found total costs to be $23,019 in
the overall group. This study was notable in that it was the only one that utilized
an attributable cost methodology to specifically estimate costs of chemother-
apy. Not surprisingly, the cost of adjuvant chemotherapy reported by Oestrei-
cher and colleagues was higher than what had been found previously using
different costing methods, because this method accrues costs arising from the
true clinical experiences of the patients, as opposed to, for example, costing a
trial-based chemotherapy regimen, which may have poor generalizability to
community practice. The study by Oestreicher et al. did not estimate costs for
specific chemotherapy regimens. However, the authors performed a prelimin-
ary evaluation of the incremental costs of taxanes when compared to the costs
of adjuvant therapy pooled over all regimens ($23,019), and found they
increased chemotherapy costs by $8,328 per patient when included as part of
treatment.

There are some older articles that specifically estimate chemotherapy costs
but some of these articles are too low to be applicable to modern healthcare
systems. For example, in one of these studies [47], the costs of chemotherapy
and supportive care agents amounted to no more than $1,500. As previously
mentioned, CMFwas the standard regimen at the time of these analyses, but an
AC regimen is recommended by current guidelines and taxanes are often used in
conjunction with AC [5]. A 1995 study by Kattlove et al. [30] notable for its
public health significance, evaluated the costs of a CMF regimen at $2,523,
including nine cycles of chemotherapy, administration of antiemetics, supplies,
blood cell counts, and physician visits. They estimated these costs with the goal
of developing a basic benefit package for detection and treatment of early breast
cancer by evaluating the effectiveness and costs for screening mammography,
primary surgery, adjuvant therapy, and follow-up care. Messori et al. [48]
estimated the costs of a CMF regimen for a cost-effectiveness model at
$1,595, which included administration costs but did not include costs of sup-
portive care agents for treating toxicities. Irvin andKuhn [22] costed trial-based
regimens and found that costs (represented as charges) varied from $2,026 for
six cycles of CMF to $9,316 for six cycles of fluorouracil/doxorubicin/cyclopho-
sphamide and includes costs of antiemetics as supportive care agents. In addi-
tion to these cost estimates pertaining to practice patterns from the 1990s, they
were also derived from charges to the insurer and were protocol-based so may
not be realistic representations of the current economic burden of these regi-
mens. Lokich et al. [49] estimated costs of $5,300 for an AC regimen, excluding
hospital visit and radiology charges and the cost of treating drug toxicity.
The healthcare setting in which costs were evaluated for this study was unclear.
The highest chemotherapy cost estimate from studies prior to 2000 was by
Hillner et al. [16], who reported a cost of approximately $16,000, including
complications from chemotherapy, although it is not clear what other medical
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resource utilization is included in this estimate. In any case, results from these
studies are difficult to interpret because they were conducted too long ago to
represent the economic burden of current chemotherapy regimens, were some-
times based on trial-based regimens with poor generalizability to community
practice and used charges as a proxy for costs.

Costs of Endocrine Therapy

Breast cancer is considered to be a hormone-dependent cancer and endocrine
therapy deprives cancer cells of the estrogen that some of them need to grow.
Cells in the breast contain estrogen and progesterone receptors that allow tissue
to grow or change in response to changing hormone levels and if the levels of
these receptors are high enough, the cancer may be amenable to anti-estrogen
treatment. As of 1998, 78% of invasive breast cancers were estrogen receptor
positive and 68% were progesterone receptor positive [50]. For these types of
tumors, the primary treatments have been oral medication, most commonly
tamoxifen, which has been approved since 1977 for treatment of breast cancer.
Newer agents are the aromatase inhibitors, anastrozole, letrozole and exemes-
tane, that specifically target aromatase-mediated production of estrogen. The
Arimidex, Tamoxifen Alone or in Combination (ATAC) trial resulted in a
statistically significant increase in progression-free survival compared to
tamoxifen [51]. Based on results from the ATAC and other studies, aromatase
inhibitors are now recommended as adjuvant endocrine therapy, either as initial
therapy or after treatment with tamoxifen, for postmenopausal women [7, 52].
Aromatase inhibitors are also being prescribed more frequently because tumors
may become resistant to tamoxifen over time and also because of the serious
side effects of tamoxifen, such as thromboembolism and endometrial carci-
noma [2, 13].

Tamoxifen has been available as a generic agent since 2003. In contrast,
anastrozole, the first aromatase inhibitor to be developed, was approved by the
FDA for use in the adjuvant setting in 2002. The prices of these two agents that
have been reported reflect their relative maturity in the market. Hillner et al.
reported a fivefold price difference between tamoxifen and anastrozole ($1.25 vs
$6.75 per day), based on 2004 estimates from drugstore.com in their cost-
effectiveness model of anastrozole vs tamoxifen based on results from the
ATAC trial [13]. International estimates of the costs of endocrine therapy
have been as parameters in economic models, including a recent one for letro-
zole therapy [53], although the costs are given per cycle as opposed to for the
entire treatment period. Another study performed in Norway did include
annual costs of tamoxifen and letrozole, at $200 and $1,727, respectively (in
U.S. dollars) [54]. Finally, analyses performed from the perspective of a health-
care payer in Brazil again suggest high costs for aromatase inhibitors [55].
Extended adjuvant letrozole therapy after 5 years of tamoxifen use in
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postmenopausal women would cost approximately $2,735, $2,650, $2,572, and
$2,467 in years 1–4 following tamoxifen therapy, respectively.

Costs of Supportive Care Agents

Both chemotherapy and endocrine therapy may lead to complications requiring
treatment with supportive care agents. Side effects associated with chemother-
apy are common and may include nausea, alopecia, hematologic toxicities,
cardiotoxicity, menopausal symptoms, fatigue, decrements in cognitive func-
tion, and weight gain [56]. For endocrine therapy, side effects of tamoxifen may
include endometrial cancer and vaginal bleeding [2, 13], whereas aromatase
inhibitors commonly lead to brittle bones and fractures.

Chemotherapy Supportive Care Agents

There is a host of supportive care agents available to address chemotherapy
complications. Hematological side effects of chemotherapy, anemia, neutrope-
nia, and thrombocytopenia are common to all chemotherapy regimens and are
usually the most costly side effect to treat, because they may become life-
threatening and require hospitalization. These hematological complications
can be prophylaxed or treated with granulocyte colony stimulating factors
(G-CSF). National Comprehensive Cancer Network (NCCN) guidelines sug-
gest G-CSFs should be used prophylactically with dose dense AC/paclitaxel
chemotherapy regimens [7]. Febrile neutropenia is a severe and costly side effect
that can result in infection and sometimes death [45]. Economic analyses have
suggested that about 10% patients may require G-CSFs during their chemo-
therapy regimen for low white blood cell counts and 3% would require hospi-
talization for neutropenia [44]. Monitoring and treatment of cardiotoxicity, a
side effect for anthracyclines, particularly for doxorubicin/paclitaxel in combi-
nation [45], can be costly. Nausea may be treated with antiemetics such as
serotonin 5-HT3 receptor antagonists, ondansetron, and granisetron.

Costs of supportive care agents for chemotherapy have been examined
directly in the metastatic setting [57], but little such work has been performed
in the adjuvant setting. Data from a recent study suggest that protocol-driven
supportive care agents can vary from $47 for an AC60 then P175 regimen to
$7,448 for the dose dense counterpart of this regimen [45] (Table 1). Oestreicher
et al. [15] included the costs of supportive care agents in the overall cost of
chemotherapy and also broke out the incremental costs of these supportive care
agents as separate line items. They estimated costs of $2,833 per patient treated
with erythropoietin or darbepoetin for anemia, $3,682 per patient treated with
G-CSFs for neutropenia and $1,040 for antiemetics. Hospitalizations for com-
plications costed an extra $6,945 per patient. Guidelines for the use of CSFs [58]

430 N. Oestreicher



suggest that the routine use of CSFs for primary prophylaxis cannot be justified
on the basis of cost savings unless the risk of febrile neutropenia is greater than
40% (based on a hospitalization cost of $10,000), but no routine regimens have
rates greater than 15%. If the hospitalization costs were lower, the risk of
neutropenia would have to be even higher to offset the costs of G-CSFs.

Endocrine Therapy Supportive Care Agents

It is important to note that endocrine therapies may be taken over a long period
of time, up to 5 years after the initial course of adjuvant therapy [7]. Because of
the long duration of treatment, there is a high probability of side effects in the
patient. Bisphosphonates are substances that inhibit the resorption of bone and
also may prevent bone metastases. Even though bisphosphonates are not
inexpensive, they are being used to prevent osteoporosis and fractures in
patients treated with aromatase inhibitors. Lonning et al. [54] reported annual
costs of $484 for use of oral alendronate, a bisphosphonate used to prevent
osteoporosis and bone metastases, which is far smaller than the costs of a hip
fracture ($33,000) or hip replacement ($16,600). These costs were derived from
a clinical trial [59].

Costs of Targeted Therapies: Trastuzumab and Lapatinib

As oncology as a field progresses and gets more molecular in nature, drug
development has evolved to design agents that act on specific molecular targets
in carcinogenesis, leading to more intensive and expensive modes of therapy.
Trastuzumab was the first monoclonal antibody specifically targeted for
HER2-overexpressing breast cancer. Trastuzumab was approved in 2006 for
use in the adjuvant treatment of HER2+, node-positive breast cancer as part of
a treatment regimen containing doxorubicin, cyclophosphamide and paclitaxel,
after having been used in the metastatic setting since 1998. There are now
therapies being developed with the goal of avoiding chemotherapy and its
concurrent toxicities. Lapatinib, although not FDA-approved for the adjuvant
setting, is already being used off-label for this purpose. Lapatinib was only
recently approved by the FDA for use in women with HER2+ metastatic
breast cancer who received prior therapy in the form of anthracycline, taxanes
or trastuzumab, in combination with capecitabine [60]. There are no cost data
available for lapatinib in the metastatic setting since it was only recently
approved for use.

Since trastuzumab had not been approved until recently for the adjuvant
setting, there are no known published economic analyses of its use in article
form, although one article in the metastatic setting suggests its costs are
$21,209, including the cost of the fluorescent in situ hybridization (FISH) as
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the diagnostic test for HER2 status. Its cost is $17,395 if FISH is not used [61].

In recently disseminated economic modeling exercises of trastuzumab in the

adjuvant setting from the payer perspective, average costs of trastuzumab were

estimated at $47,278 (Canadian dollars) in one such exercise, as compared to

$26,648 for the treatment of metastatic disease [62]. These estimates included

the costs supportive medications, diagnostics and health resources utilization

attributable to the use of trastuzumab. It is not explicitly stated whether the
costs of monitoring for cardiotoxicity associated with trastuzumab are included

in estimates. Garrison et al. [18] also estimated the costs of adjuvant trastuzu-

mab when added to a standard regimen of doxorubicin, cyclophosphamide and

paclitaxel for a cost-effectiveness model, at $46,300. This estimate included

HER2 testing, monitoring and treatment for cardiotoxicity, treatment for

recurrence and end-of-life costs for dying patients. Costs are likely overesti-
mated because Garrison et al. used a 20-year time horizon for their cost-

effectiveness model, whereas adjuvant treatment occurs in a much shorter

timeframe.

Differences in Costs by Age, Stage and Other Characteristics

As previously mentioned, many clinical and personal characteristics are con-
sidered in the choice of adjuvant therapy. One example of this is that although

tamoxifen is indicated for ER+ tumors, not all patients with ER+ breast

cancer receive tamoxifen [10]. In general, cancer treatment tends to be more

intensive in younger patients and in more aggressive cancers, so these factors

need to be taken into account when evaluating treatment costs in real world

studies of breast cancer patients. Not surprisingly, age and stage gradients have

been found in cancer care [15, 17, 19] (negative age-cost gradient and positive
stage-cost gradient). For example, younger women can tolerate more aggressive

regimens which also have greater side effects, leading to higher treatment costs.

Baker et al. [20] showed that the total costs of breast cancer care increase with

stage and decrease with age using an attributable cost approach. Tollestrup

et al. found differences in total costs of care by age using an attributable cost

approach [63] when cases of in situ disease were compared to regional distant
disease for women under age 50 years ($17,093 vs $5,089) and about twice as

great for women over 50 years. Oestreicher [15] found similar effects for costs of

adjuvant chemotherapy (Table 2). Costs for women<50 years, 50–59 years and
60+ years were $26,834, $19,889, and $17,098, respectively. In the Oestreicher

et al. study [15], for local stage disease, costs were $12,659 and for regional stage

they were almost threefold greater ($36,076). Interestingly, costs of care were
not substantially influenced by level of comorbidities as measured by the

Charlson Index, adapted to utilize International Classification of Diseases

(ICD-9-CM) diagnosis and procedure codes [64, 65].
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Table 2 Adjuvant Chemotherapy Attributable Costs Stratified by Age, Stage and Comor-
bidity (from Oestreicher et al, 2005)a

95%
ConfidentceInterval

Breast Cancer
Attributable
Costs With
Chemotherapy

Breast Cancer
Attributable
Costs With
Chemotherapy

Chemotherapy
Attributable
Costs

Lower
Bound

Upper
Bound

Age at diagnosis

<50 yr $47,034 $20,199 $26,834 $22,234 $31,434

50–59 yr $42,819 $22,929 $19,889 $14,269 $25,510

60+ $36,421 $19,322 $17,098 $10,055 $24,142

Stage Stratified by Age

Local Stage

Age <50 $34,651 $20,443 $14,208 $10,359 $18,058

Age 50–59 $34,983 $23,259 $11,724 $6,101 $17,348

Age 60+ $28,787 $19,593 $9,194 -$215 $18,602

All Ages $34,175 $21,516 $12,659 $9,416 $15,902

Regional Stage

Age <50 $59,756 $15,949 $43,806 $33,213 $54,400

Age 50–59 $50,405 $18,032 $32,374 $20,801 $43,946

Age 60+ $40,913 $17,150 $23,763 $13,119 $34,407

All Ages $53,376 $17,300 $36,076 $30,609 $41,544

Charison Index Stratified by Age

0 Comorbidities

Age <50 $47,000 $20,482 $26,517 $21,506 $31,529

Age 50–59 $43,051 $22,752 $20,299 $14,102 $26,496

Age 60+ $36,984 $20,080 $16,904 $8,528 $25,280

All Ages $45,012 $21,406 $23,606 $19,804 $27,407

>¼ 1 Comorbidities

Age <50 $43,534 $16,444 $27,091 $17,077 $37,104

Age 50–59 $45,281 $24,246 $21,035 $9,629 $32,440

Age 60+ $34,796 $17,023 $17,773 $7,010 $28,536

All Ages $42,037 $20,697 $21,340 $14,599 $28,081

Charlson Index Stratified by Stage

0 Comorbidities

Local Stage $34,552 $21,611 $12,941 $9,480 $16,402

Regional
Stage

$55,488 $18,817 $36,671 $29,072 $44,269

All Stages $45,012 $21,406 $23,606 $19,804 $27,407

>¼ 1 Comorbidities

Local Stage $34,877 $21,688 $13,188 $4,526 $21,851

Regional
Stage

$46,440 $10,901 $35,539 $26,826 $44,252

All Stages $42,037 $20,697 $21,340 $14,599 $28,081
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Direct Non-medical, Indirect and Out of Pocket Costs

Few studies have been performed to estimate the indirect costs of cancer, such
as the economic burden on the family for their care of the patient [66–68] and
the effect of cancer survivorship on employment [69–71]. Also, direct non-
medical costs, such as lost wages due to time spent in cancer treatment and
out of pocket costs to the patient are seldom included in economic analyses,
which often are performed from the payer perspective. Although there has been
little literature on the effect of adjuvant therapy on ability to work after breast
cancer, a recent study [70] suggests that adjuvant treatments do not appear to
play a role in breast cancer survivors’ cessation of employment. Adjuvant
treatments did not appear to predict work cessation 3 years after breast cancer
diagnosis, although the authors acknowledge other aspects of having breast
cancer may have influenced the decision to reduce work effort after diagnosis of
the disease. Other studies [69, 71, 72] have had similar findings.

Even for women who are insured, out of pocket costs to the patient from
their breast cancer care can be substantial [73], as much as 98% of household
income for women with annual household incomes below $30,000. Out of
pocket costs were estimated at $1,455 in a recent study [73], including medica-
tions not fully covered by insurance and transportation (an average of 36 miles
roundtrip for clinic visits at an average of 4.5 visits per month [72]). Other
studies have also reported on these costs [68, 74]

Methodologic Challenges

Despite the large recognized economic burden of adjuvant therapy for breast
cancer there is only a limited literature quantifying this burden. As previously
mentioned, claims databases are becoming a popular source of data for cost
analyses. It is possible that the lack of depth in the literature is due to the
extensive methodologic challenges in performing these analyses in administra-
tive claims databases. However, because of the decentralized healthcare system
of the U.S., there are few population-based alternatives available to identify
breast cancer treatment costs [28]. There are challenges around identifying the
use of chemotherapy or other treatments in administrative databases and algo-
rithms are often developed to identify these treatments in claims data.
Although, investigators who have used such algorithms in breast cancer
patients have found reasonable accuracy (88% sensitivity) [75]. These inaccura-
cies can still affect results. For example, Oestreicher et al. found trastuzumab
users in their population of breast cancer patients undergoing adjuvant therapy,
well before it was approved for use in the adjuvant setting [15]. With these
algorithms it may be possible to identify whether a patient received chemother-
apy or endocrine treatment, but it may be more difficult to identify the type of
treatment received. Specific treatment modalities might not even be accurately

434 N. Oestreicher



identified by cancer registries such as SEER which are more focused on disease
characteristics than treatment.

Claims-based data also have several other important limitations. First, there
may be selection bias among patients who did and did not receive chemother-
apy. In other words, important differences may exist between these two groups
beyond the treatment itself and if results are not stratified by these character-
istics they may be misleading. Age is a good example of where multiple aspects
of selection bias may be acting on costs. In the Oestreicher et al. study [15],
women treated with chemotherapy were younger and tended to have more
severe disease than women not treated with chemotherapy, leading to higher
costs. On the other hand, peri-/post-menopausal women may be experiencing
conditions such as depression, hot flashes, insomnia, and endometrial bleeding,
which may potentially increase their health care costs. We would expect these
phenomena to affect not only the decision to administer chemotherapy, but also
other treatment decisions and health conditions in the adjuvant therapy period
following diagnosis. Furthermore, premenopausal women may elect to have
different procedures than older women. For example, premenopausal women
with early stage breast cancer are more likely to forego mastectomy and
undergo breast-conserving therapy than older women [29]. In the Oestreicher
et al. study [15], chemotherapy attributable costs for mastectomy patients
($31,075) were almost twice as large as for patients who had breast conserving
surgery, and it is expected that some of this difference would be due to the cost
difference between the two types of surgery, in addition to any cost differences
due to the chemotherapy itself. Because of potential selection bias, cost esti-
mates pooled over subgroups may be difficult to interpret, and the analyses
stratified by age, stage, type of surgery, and comorbidities may be more infor-
mative for decision-making.

Conclusion

As healthcare costs continue to rise and technology-based therapies so common
in oncology play a role, payers and patients will need estimates of the economic
burden of these new therapies. Costs of adjuvant therapy are high and make a
substantial contribution to economic burden in cancer care. The treatment of
breast cancer is evolving constantly and new approaches, especially in the area
of targeted therapies, are being explored. There can now be a variety of active
regimens designed to deal with the diversity of patient characteristics, and
economic information will be an important contributor to cost-benefit analyses
of these agents for policymaking. In this era of increasing financial constraints
and where new therapies are generally more expensive than existing ones, policy
allocation decisions may need to be made, especially for a disease as common as
breast cancer. Increasing use and availability of electronic sources of data for
analyses may increase the knowledge base around this large economic burden
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and help policymakers make better decisions around resource allocation. Costs
can be useful information on their own, but may also serve to inform policy-
oriented models in oncology, such as evaluating the cost-effectiveness of using
the results of DNA microarray analysis to inform chemotherapy decisions in
early stage patients [11, 12].

An important defining characteristic of a reliable cost analysis is the rigor of
its methods. Even if the analytic methods are adequate to address the research
question, it is important for the consumer of these analyses to critically interpret
the results of any economic study, especially because of the dramatic differences
in study results that can be produced by differences in study parameters. Other
caveats are that costs may only generalize to the institution or type of institution
in which they were studied, and thus may only be useful to decision makers at
that institution.

There are several areas in evaluation of the costs of adjuvant therapy in
which further study is needed. First, it is important to perform up to date cost
analyses which take into account the costs of newer chemotherapies and endo-
crine agents which are quickly coming onto the market and changing the
treatment paradigm for early stage breast cancer. Second, further investigation
is merited as to the important contributors to costs of adjuvant therapies in
breast cancer, and differences in treatment patterns among recipients and non-
recipients of various types of adjuvant therapy that may bias results. Finally,
little work has been done to investigate the indirect costs of cancer and the
economic burden of cancer care to patients. In conclusion, in order to make
decisions about resource allocation in oncology taking into account the stake-
holders for these decisions, patients, payers and physicians, it is critical to
accurately identify economic burden to the payer, and to the patient.
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Social Issues: Marital Support

Louise Picard

The cancer’s appearance awakens a shared anxiety about the possible ending of
the conjugal relationship. For many couples, this anxiety leads to a re-evaluation
of the depth of their attachment and commitment and of the importance of the
other person in their life. The goal of this chapter is to present two dimensions
crucial to the deepening of the intimate bond in cases where the female partner
has breast cancer: the establishment of open, emotional communication and the
development of exchanges based on mutuality. They will be commented on in
terms of their contribution to marital well-being or marital distress. Implications
for psychosocial intervention and research will be discussed.

Introduction

The development of a body of knowledge on psychosocial oncology in recent
decades has highlighted the fact that the appearance of breast cancer in women
does not merely constitute a medical event, but also a social event. Its occur-
rence profoundly disrupts the family system, especially the conjugal system.
The stressors connected to the illness and its treatment and the emotional
upheavals that they cause in both individual and conjugal life are liable to
provoke changes in the type of communication, sexual intimacy, and the
exercise of roles and responsibilities [1–3].

More fundamentally, the cancer’s appearance awakens a shared anxiety about
the possible ending of the conjugal relationship. For many couples, this anxiety
leads to a re-evaluation of the depth of their attachment and commitment and of
the importance of the other person in their life. The entire universe of the couple’s
relationship is suddenly disrupted and brought to the forefront [4].

On the other hand, marital support seems to play a role in protecting against
cancer-related stress. Some studies recognize the quality of marital support as a
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determinant of the degree to which both spouses adjust to breast cancer. The
quality of exchanges within a couple’s intimate relationship is increasingly viewed
as a crucial aspect to consider with respect to the quality of support [4–8].

For Laurenceau and Kleimann [9], intimacy is ‘‘a personal, subjective (and
often momentary) sense of connectedness that is the outcome of an interperso-
nal, transactional process consisting of self-disclosure and partner responsive-
ness.’’ Intimacy is conceived as an interpersonal process that rests on two
determining facets: the personal revelation of significant information (feelings,
thoughts) and the sincere and immediate response of the partner, who commu-
nicates his or her affection and comprehension of needs and confirms the
personal value of the other. Reis and Shaver [10] add a third determinant: the
perception of the response. They observe that despite the intention to give a
sincere and understanding response and confirm personal value, the person
receiving the response may not perceive it as such.

These authors underline the importance of ensuring correspondence between
the information disclosed, the understanding transmitted, and the perception of
this response for developing a sense of intimacy within exchanges. Intimate
exchanges are said to have a beneficial effect, insofar as they contribute to
improving mutual comprehension, validating the other person’s sense of value
and nourishing the bond of trust within the marital relationship. The feeling of
being supported in amarital relationship is said to stem from this intimate sense
of being connected, understood and accepted by the other [10]. The mutual
understanding that emerges from these intimate exchanges is thought to help
guide the type of support to be given on both sides [4]. However, while the
intimate conjugal relationship can be a haven of security, affection, and well-
being that attenuates the uncertainty surrounding the continuity of the attach-
ment bond, it can also become a source of tension and generate feelings of
loneliness, resentment, and insecurity if the partners do not provide each other
with the kind of support that fosters the deepening of this intimate bond.

The goal of this chapter is to present two dimensions crucial to the deepening
of the intimate bond in cases where the female partner has breast cancer: the
establishment of open, emotional communication and the development of
exchanges based on mutuality. These two dimensions are presented in succes-
sion for purposes of clarity, but within the conjugal dynamic, they coexist and
influence each other. They will be commented on in terms of their contribution
to marital well-being or marital distress. Finally, we will draw implications for
psychosocial intervention and for the development of future research.

Open and Healing Communication

Communication based on self-disclosure is thought to play an important role in
the development and maintenance of the intimacy bond between couples
[6, 11–13]. Greene et al. [14] define self-disclosure as ‘‘an interaction between
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at least two individuals where one intends to deliberately divulge something
personal to another.’’ Self-disclosure gives access to personal feelings and thoughts
regarding the self and the intimate relation in which the partners are engaged. It
permits a deeper knowledge of each person’s personal experience, the real self, and
the status of the relationship. On the other hand, the decision to disclose personal
information is a complex process that presupposes reflection about a certain
number of questions:whatwill be revealed and how, when andwhere the disclosure
will take place. The question ofwhy constitutes a key factor for positively orienting
the process of personal disclosure. The motivations for disclosure considered most
likely to lead to positive outcomes are those associated with the desire and will-
ingness to improve relational intimacy and emotional support. Beyond this, the
benefits of self-disclosure are also said to depend in part on the other person’s
reactions to what is disclosed [14]. It is viewed as beneficial insofar as it leads to an
understanding and confirmation of identity and personal value. In the opposite
situation, however, it can lead to a deterioration of the intimacy bond. Self-
disclosure thereby requires discernment regarding timing (which moment makes
most sense), the setting, and the manner in which to proceed. It calls upon
communication skills as well as adequate knowledge of the feelings of each person
and the areas of vulnerability the couple faces. This knowledge may not always be
present in the absence of open and appropriate communication concerning the
various aspects affected within the intimate relationship.

Adopting open intimate communication can be uncomfortable for a couple
confronted with breast cancer. Encounters with couples in clinical practice reveal
that one of the first tasks confronting women and their partners is to resolve their
personal discomfort regarding what they can or wish to communicate about their
experience. They will often express their discomfort in dichotomous terms: for
example, as a matter of talking openly or not about emotions provoked by the
disease and the tensions it introduces to their relationship. The reasoning behind
the choice to talk or not often reveals the magnitude of their disarray as well as
their own personal style of dealing with their personal suffering and the suffering
of those they love. The decision to open up completely or partially or to remain
closed will largely be influenced by their capacity to assess and endure their own
distress as well as that of their partner in the search for individual and mutual
well-being. It also reveals their beliefs regarding the most appropriate way of
giving support in such an emotionally charged context.

Despite the growing recognition of the benefits of open emotional commu-
nication [5, 6, 11, 12, 15], the belief most often encountered among couples is
that hiding one’s worries is a way to protect the other [16, 17]. This protective
attitude translates into the suppression of negative feelings and the need to keep
up an optimistic facade at all times so as to minimize impact, avoid conflict or
discussion about the illness. Both partners feel fragile and feel a legitimate need
to protect themselves by diminishing the emotional repercussions for them-
selves and for those around them. Each is afraid of further upsetting the other
and the relationship if they open up regarding their needs, thoughts and
negative feelings (fears, frustrations, etc.).
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However, this fear discourages the adoption of open communication regarding
issues related to the illness (loss, fears of death and recurrence of the disease,
disruption of sex life, overburden of responsibilities, etc.). Limiting self-expression
or silencing one’s concerns and emotions is generally harmful and prevents people
from resolving sources of anxiety and sharing plans for the future [13]. A facade of
assurance has been shown to block rather than facilitate marital communication
[18]. Moreover, the protective attitude of the male spouse may be interpreted by
his partner as insensitivity and leave her with feelings of isolation, abandonment,
and rejection [19].

In this context, one of the relational issues for the couple becomes precisely
that of adopting a type of communication that favours the nuanced disclosure
of feelings, thoughts, and needs. Intervention with couples often reveals that
emotional distance arises from the partners’ inability to share their feelings and
needs, and from the adoption of an inappropriate pattern of conflict resolution
based primarily on an attitude of protection [20]. Better understanding of
feelings and needs is reported to facilitate the resolution of problems and
conflicts. The problem is not so much the presence of conflicts, but rather the
manner in which they are resolved [19]. Constructive resolution of conflict
based on open communication and commitment to the other is reported to
lead to greater harmony in the couple and a greater understanding of specific
individual, as well as relationship, needs.

General knowledge regarding the resolution of conjugal conflict indicates
that suitable resolution is more closely associated with open communication
and a genuine interest in understanding the feelings of one’s partner. On the
other hand, patterns of demand-withdraw (one partner presses to discuss a
problem and the other withdraws and refuses to talk about it) and avoidance
are problematic for conflict resolution [21]. Moreover, prolonged exposure to
conflict in the context of ineffective conflict resolution erodes the positive
aspects of an intimate relationship and is reported to expose the couple to
tensions and ultimately to marital break-up. An ineffective pattern of commu-
nication is thought to often precede the development of marital distress [22].

In a context of distress such as that generated by the development of breast
cancer, establishing and maintaining open marital communication that is com-
forting and healing and adopting a constructive process of conflict resolution
can prove difficult tasks. Stronger communication skills are required to be able
to formulate problems and needs clearly, and to solicit or provide support,
while physical, cognitive, and affective resources are likely to be considerably
affected and solicited [23, 24]. However, a significant percentage of couples
seem to rise to the challenge and maintain the quality of their intimate relation-
ship [25]. Couples possessing the skills for establishing open communication
before the diagnosis will have more chances of avoiding this pitfall and experi-
encing an increase in closeness.

Unfortunately, intervention with couples undergoing unusual hardship
often reveals that a lack of understanding of the needs, concerns, and meaning
of support behaviours can rapidly become a source of tension and lead to
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emotional distancing. Couples who considerably limit the expression of their
needs, concerns, and feelings or express them poorly during the initial crisis and
the months that follow risk developing an emotional distance between them-
selves. With time, this distance may increase even further because they possess
insufficient and sometimes erroneous knowledge of how they respectively func-
tion, both personally and as a couple, in a situation of mutual suffering. The
knowledge they do have is based on presuppositions, unvoiced ideas and,
sometimes worse, misunderstandings. Lack of communication or a communi-
cation deficit (light, medium, severe) is often revelatory of their difficulties in
establishing open intimate communication. Progressively and without realizing
it, they lose sight of each other and become increasingly at risk of experiencing
conflicts that have no real resolution.

For some couples, the return to harmony comes with the development of
skills for coping with the reactions of their partner and clearly communicating
their specific concerns and need for support. Simultaneously, theymust come to
terms with their own distress and learn to deal with intimate communication
that may upset them further in the short term. Otherwise, emotional distance
may set in, undermining the attachment bond and making them vulnerable
during other episodes of the illness.

Mutuality within the Relationships

A second major issue for developing well-being within the intimacy bond is the
reinforcement or development of a couple’s mutuality. Mutuality relates speci-
fically to reciprocity of exchanges within the intimate relationship. The presence
or lack of mutuality within the relationship depends on the partners’ capacity
for empathy, i.e., their capacity to be mutually affected by one another. It rests
essentially on an attitude of receptivity to differences and active mutual engage-
ment [26, 27]. Mutuality thus presupposes the emotional availability needed for
understanding one another within each partner’s system of reference as well as a
commitment to undertaking, if necessary, a change in response patterns for the
sake of the partner’s well-being, as well as one’s own.

Mutuality involves the recognition of the other person’s uniqueness and
respect for his or her autonomy and different experiences. In situations where
empathy or commitment is lacking on the part of one or both of the partners,
the development of mutuality within the couple may be compromised. For
Jordan [27], the principal obstacles to mutuality are discomfort with revealing
oneself, reluctance to allow the partner to have an emotional impact, with-
drawal into oneself, and decreasing interest in the partner’s world due to
depression.

Research increasingly highlights the beneficial effects of mutual support in
cases where the female partner is affected by breast cancer. An empathetic
response oriented towards confirmation and personal acceptance of the other
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favours greater adjustment in the two partners. The sentiment of being heard,

understood, and validated, both for the woman and her partner, is associated

with a greater feeling of intimacy and greater satisfaction with the relationship.

The presence of mutuality in exchanges also promotes constructive resolution

of conflicts and the use of positive joint strategies of adaptation. It ensures

better relational support and the pursuit of the most normal interactions

possible in the context of crisis [5–8, 28, 29].
Another aspect of mutuality is constructing the meaning of the experience.

According to the results of a qualitative study by Skerrett [30], couples that

coped best with the cancer experience reportedly demonstrated a capacity to

experience it as ‘Our’ problem. They were shown capable of redefining their

identity as a couple—the ‘We’—by reconciling the demands introduced by the

illness and the other aspects of their daily lives. This redefinition provided

direction for their coping efforts. In contrast, couples that were having difficulty

coping were shown to exhibit a deficit in the formulation of the mutual meaning

of their experience. The development of the sense of ‘We’ is an important aspect

of marital support and coping. Skerrett proposes a type of intervention that

helps couples develop dialogue promoting a more acute awareness of this

feeling of togetherness. The efforts of the couple are guided towards a greater

awareness of the history of the evolution of their intimacy bond, at its genesis,

during and following their experience of the illness.
These few studies corroborate certain clinical observations and provide evi-

dence of the importance of a mutual attitude of empathy and engagement in

ensuring support that has significant affective scope and connects to partner

concerns, worries and needs. This receptivity to what the other person is going

encourages active listening to his or her needs and subjective experience, and

thereby fosters marital cohesion in resolving problems and conflicts and defining

the future of the couple. This mutual understanding ensures a clearer articulation

of needs and the responses they engender. Support based on the harmonization of

needs and responses to these needs is seen asmost beneficial. Empathy and active

commitment to the other are two key elements to be achieving this harmonization

[31]. Thus, the positive or negative effects of support within the intimacy bond are

not linked solely to the use of specific communication strategies; the affective tone

and related commitment are equally determinant.
Finally, exchanges based on mutuality foster the construction of a healing

dialogue that nurtures the sense of connectedness. This dialogue is founded on

listening to the real self and respecting the uniqueness of the other in his or her

difference [30]. From this point of view, we could argue that a rigid protective

attitude constitutes a sizeable obstacle to the establishment of this dialogue.

Conversely, the establishment of open communication receptive to the inter-

subjective experience of the couple will favour a further deepening of the

intimacy bond. As a result, the bond of intimacy will be able to play its full

protective role against individual and conjugal suffering when the female part-

ner is going through the experience of breast cancer.
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Conclusion

Interest in better understanding what occurs within couples’ intimate relation-

ships when the female partner is diagnosed with breast cancer is still a recent

phenomenon. Current developments in knowledge highlight the importance of

taking into account the relational aspects of marital support. More and more

studies indicate that the establishment of intimate and open communication

and the development of exchanges founded on mutuality are crucial for marital

support during the cancer experience. These issues appear to be sufficiently

important to determine whether couples develop a sense of well-being or

marital distress within their intimate relationships. However, other studies are

necessary to further document and deepen our understanding of the relational

processes at work with respect to marital support in the event of breast cancer.

For example, studies are needed to address how the presence or absence of

feelings of intimacy affects the relationship and the repercussions this has for

the couple’s adjustment process. It would also be useful to understand better the

conditions and circumstances in which the intimacy bond interferes negatively

or positively with the process of adjustment for couples confronted with breast

cancer. More studies are required on exchanges within couples and their posi-

tive or negative effects on the development of the intimacy bond. Cancer also

affects the manner in which couples perceive their evolution and future. The

way they assimilate the experience, and the meaning they give to it, will have an

impact on how their bond of intimacy evolves.More specifically, research needs

to delve deeper into the existential dimension of couples’ experiences of cancer.
The studies presented in this chapter show how important it is for health

professionals to support couples in a way that takes into account issues of

communication and mutuality related to the deepening of the bond of intimacy.

First and foremost, they highlight the importance of offering a support pro-

gramme that includes a preventive and educational component as well as support

for couples in difficulty. A preventive and educational intervention should be

offered immediately upon diagnosis of cancer to make couples aware of the

dimensions of their intimacy bond that may be affected and constitute normal

aspects of their cancer experience. This intervention should also aim at helping

them review and adjust their beliefs about the best way to support each other and

acquire communications and relationship skills that promote the development or

maintenance of their intimacy bond aswell asmarital adjustment. For example, it

is important to dispel the belief that a protective attitude and unidirectional

support will always have the positive effect desired. It would also be useful to

lead them to open up to different communication strategies that promote the

maintenance and deepening of the intimacy bond. This intervention should help

them increase their response repertoire. Interest in what the other person is going

through and the desire to ‘be with and together’ can express themselves in diverse

ways [4]. All couples have their own personal style of manifesting their love and

commitment. They sometimes need help rediscovering their love relationship and
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nourishing it positively [30]. Furthermore, the possibility of developing a stan-
dard early intervention to promote awareness would help reach the greatest
number of couples and prevent the possible development of marital distress.

Finally, couples in difficulty should be subject to special attention. It is impor-
tant that they receive more sustained support so as to better understand how they
have evolved within their intimate relationship and acquire skills to nurture it
positively. Marital support is thought to be more effective with empathetic com-
munication, which develops feelings of being connected, loved, accepted, and
understood. Intervention models oriented towards dyadic coping and the develop-
ment of mutual emotional support are currently emerging in both clinical and
scientific circles. These models are of interest for applications and validation in
different contexts [8, 30, 32]. They generally aim to improve individual coping,
marital communication, and problem and conflict resolution skills. At the same
time, evaluative studies are necessary to establish better which interventions are
most effective in helping couples provide each other with mutual support. Parallel
to this, screening tools adapted to the context of breast cancer will have to be
designed to identify more quickly couples at risk, based among other things on the
two fundamental dimensions of their intimacy bond—communication and
mutuality. Detecting problems before they become irreparable is preferable for
preventing potential marital breakdown.

In the years ahead, research and clinical facilities must join forces in devel-
oping and deepening knowledge of relationship issues linked to marital support
that appear fundamental for reinforcing the intimate relationship of couples
dealing with breast cancer. Meetings with such couples often reveal that when
the bond of intimacy is nourished in a positive way, it can help protect against
the loss of meaning provoked by suffering from this devastating experience.
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The View and Role of Breast Cancer Advocacy

Stella Kyriakydes

Breast Cancer – The Journey

A diagnosis of breast cancer finds no woman prepared. Despite the increasing

levels of awareness surrounding this disease, one never actually expects to hear

this diagnosis when it involves one’s own self. It appears that human beings

have an inborn defense mechanism which frequently allows one to push unde-

sirable or difficult life events into dark areas of ones brain, or, when actually

faced with the potential reality, one still feels it is almost magically going to go

away. How often do human beings project onto others experiences which they

are afraid will touch upon themselves?
Breast cancer is a disease that is knownnot only to affect the body of thewoman

diagnosed but also to have a huge psychological impact affecting all aspects of her

psyche, impacting on her concept of femininity, sexuality and ‘‘motherhood’’.
However, more than this, it brings the woman in touch with possibly one of

the most basic fears of the human being, the fear of death. No matter the

amount of information or support, the patient is always aware that facing a

cancer diagnosis is always potentially a life threatening situation. One is thrown

into a world of uncertainty, a world taken over by medical and other interven-

tions; the feeling is one of suddenly finding oneself in the deep sea and finding

out if the skills you thought you had in terms of surviving will now serve you

well. It is characteristically expressed by a woman patient that, following her

diagnosis, she felt as if she had been swept away by a tsunami, but that it was not

one alone but a series of tsunamis that washed over her over and over again

until she finally saw calmer waters and felt safe.
It is a long and often difficult journey, from the moment of diagnosis,

through the treatment, and then forward with living a life with changed and

often unknown realities. It is a journey that has many different intense
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emotions, emotions that at times overtake you like a dam breaking out of its
walls, but at other times seem to freeze within you like the snow on a glacier.
Emotions that alternate between anger-denial-depression-fear-leading hope-
fully to acceptance, not necessarily in this order and not necessarily one at
a time. Much has been written about these stages. Elisabeth Kubler-Ross
has been instrumental in increasing our understanding of how the patient
and family feels, but the experience itself gives an insight that is at times
daunting. Daunting because it is almost wondrous actually to be part of this
emotional journey and then realize that this is a journey shared by thousand
of others, thus creating an almost universal awareness of being travelers on
this road together.

In writing this chapter it is, for a patient advocate, impossible to stand away
from the experience of the disease in addressing the role and meaning of
advocacy. It is part of this life experience and is part of the concept of where
this journey, this road can lead. A journey that leads to travels into worlds
initially unknown, strange and frightening, but that along the way have their
own meaning, become familiar and strangely inspiring.

This stems from the premise that, when faced with a difficult life reality, one
has fundamentally two choices – to go on in life feeling sorry for oneself while
angrily asking ‘‘why me’’ questions, or to try to integrate this experience into
your own life pattern and thus transform this experience into something that is
creative, productive and dynamic. Into amovement that can lead to change and
progress, to strength and solidarity. This is the passion behind advocacy.

The Meaning Of Advocacy

Advocating for a cause has been part of people behavior for centuries. Joining
voices to promote a cause has been advocated byMartin Luther King Jr among
others who once said that ‘‘an individual has not started living until he can rise
above the individual confines of his individualistic experience.’’

This is what is entailed in moving away from personal experience to advocat-
ing for a cause that is far broader. The role of advocacy is in fact to effect
change. This is never to be seen as a static process but is a journey that involves
many changing emotions and pathways.

When advocating for a cause, one needs to define clearly the goals and the
process, and one needs to have a very clear view of the cause itself. It is of
paramount importance to have an understanding of the end points, what are the
challenges involved and the roads to get to ones goals. Advocacy involves the
belief that one can bring about actual changes and frequently this may also
involve a political process. Advocacy can also lead to the changing of attitudes,
of beliefs, of society standards, of legislations. This can only be done by building
a common base of the cause in question-by creating a movement that has a
wider pertinence and acceptance.
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Following the Universal Declaration of Human Rights there began to be a
change in the way that individuals looked at their own position in society and
this had a direct impact in the promotion of patient rights. The emphasis on the
right to equality and the right to dignity are fundamental issues that have been
advocated by patients.

Of course, patient rights differ across countries and across jurisdictions
depending on prevailing social and cultural norms. The roles that are assigned
to doctors and their relationship with patients are forever changing and are not
in any way predefined in the practical sense.

Advocating for patient rights has, however, brought about a fundamental
change – it has allowed individuals to have dignity and equality as key issues
and it has in some cases enabled patients to be able to participate in the decision
making processes. Advocacy is in itself an art – it is the art of changing political
opinions, it is the art of dialogue between citizens and public officials, it is the
art of shaping policy making and, finally, it is the art of collective action. This
creates amomentum for change – this has led to the promotion of patient rights,
to the breakdown of taboos and stigmas, to changing the face of a cancer
diagnosis.

The aims of cancer advocacy are varied – it is fundamental to work towards
minimizing the disparities between countries in terms of diagnosis and treat-
ment, to equalize standards, quality and access to services and to dispel the
myths around cancer. Advocates need to be well informed and well educated
and this knowledge needs to be disseminated in order to maintain the strength
in collective actions.

Patient advocacy is about the building of partnerships. Patients slowly
develop effective voices which are not threatening to physicians, while other
professions also become involved as equal partners.

Breast cancer has been one of the most dynamic fields where patient advo-
cacy has resulted in changing the face of this disease. In fact, one could say there
has been a revolution in breast cancer in the last 20–30 years .A revolution that
is still ongoing, and as with many revolutions, only when one looks back into
the pages of history can one truly understand the magnitude of what has taken
place.

Cancer – The Fear

Cancer has always been a disease that evokes fear. There was always a stigma
attached to this diagnosis, it was little understood and at times thought even to
be contagious. Cancer patients were treated in separate hospitals, many patients
felt that this diagnosis was equivalent to a death sentence, and many kept their
diagnosis a secret.

The fear of death is a very primitive fear, it brings an individual in touch with
the reality of ones own mortality. It was a disease that at times was considered
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to be best left untreated and that spread in almost devious and unpredictable
ways. With the progress of science, the understanding on the nature of this
disease changed, and with this change in the understanding came the introduc-
tion of concepts of reality that allowed those affected to have a new perspective,
that of hope. Research redefined the ideas behind early diagnosis, treatment
and care; cancer became understood not as a single entity but as a multitude of
entities each with their own outcomes.

The word ‘‘cancer’’ suddenly does not have one meaning but a multitude of
meanings generating a multitude of emotions – the emotional rollercoaster of a
diagnosis is still very much there – but it is now not only characterized by fear
but by hope, power, and a changing feeling of control. Possibly the greatest
element evoking fear in diagnosis is the loss of control over ones body, over ones
life – breast cancer advocacy had added new ingredients into this life event and
this has allowed many a patients to achieve a sense of control and thus have less
fear and helplessness.

Diagnosis of Breast Cancer

Breast cancer has evoked its own fears, and in many ways has brought different
psychological issues to the forefront. The breasts are a part of the female body
that have swept and inspired the imagination of artists and sculptors, that have
been associated with basic female characteristics that have to do with mother-
hood, with sexuality, with femininity. The breasts as the source of milk for
breast feeding are a source of life. It is of little wonder when a disease is
associated with a threat to life and has as its ‘‘source’’ the female breast that
this gave rise to fear, to stigma, to taboo, to silence. Women felt guilty that their
bodies were not only failing them but that the part of their bodies that is
associated with everything that is life giving is in fact life threatening. In many
cultures women were almost blamed for this; in many parts of the world women
still hide their diagnosis, while others still shy away from having the necessary
routine examinations almost in denial that their breasts could ever be the source
of disease.

Breast cancer is however not a disease that affects only the patient herself – it
is a disease that affects the whole family, the surroundings. It has an impact that
is life changing, and needs to be addressed at this multi-varied level by teams of
professionals. Many women are not aware of this, many women do not allow
themselves to think that they should be sharing their experience, out of fear and
out of guilt. It is a journey that can be extremely lonesome in some societies,
while in others it is one that can lead to a sense of belonging to a greater cause.

It is a strongly emotive powerful personal journey, one that starts from the
moment of diagnosis. The confirmation of a breast cancer diagnosis throws the
woman into a world of uncertainty. It is the beginning of a long road that is
often frightening and confusing. It is the beginning of a journey that involves
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the whole family. As this diagnosis can come at any age in a woman’s adult life
it often finds children in the centre of this family journey. Children are affected
differently at different ages. In some cultures children are protected from
the knowledge of disease and a diagnosis of any type of cancer is even more
prone to silence and foreboding. For this to be effectively dealt with, adults need
to have an understanding of the situation, myths need to be dispelled and
realities faced.

Breast cancer is indeed a changing disease. The knowledge pertaining to its
diagnosis and treatment are dramatically changing; terminology is becoming
not simpler but more andmore complex. Awoman, orman, diagnosed with this
is often faced with medical terms used by those treating that make the situation
even more frightening and confusing. Terms that were never heard before need
not only to be understood but treatment decisions need to be made based on
these. And these are situations that at the same time are full of anxiety and
uncertainty, where the human defense mechanisms are on full alert, thus bring-
ing denial and projection into play.

The breast cancer revolution has not only impacted in the decisions that need
to be made concerning treatment – it has impacted on life styles in terms of
prevention, it has impacted in the need for screening and the optimal screening
methods, it has impacted in the surgical methods, in the introduction of new
concepts such as breast reconstruction, in the understanding of long term
treatments and their side effects; in fact, the list is never ending and ever
changing. It is indeed a revolution that has not yet run its course – one that is
a challenge to all, especially breast cancer advocates.

The Personal Becomes Political

This is the ethos of breast cancer advocacy. It is using ones own personal
experience with this disease to create energy that is dynamic, creative and
even positive. When one has to face any difficult and painful life event, one
has two fundamental choices – either to proceed through life feeling angry and
asking ‘‘why me?’’ or to incorporate this difficult life event into ones personal
realities and use it into becoming creative. This is exactly what breast cancer
advocates do – but, more than this, they use their personal experience into
bringing about change that will affect woman and men across the world. It is
about the joining of voices, of individuals not only affected by the disease but
women and men who believe that this will create a new momentum for change
and progress.

Breast cancer advocacy has raised awareness of this disease. However, no
woman believes that this will be a diagnosis that will directly affect herself. Even
when faced with confirmation of the diagnosis, women often describe the
feeling of wanting to ‘‘wake up from a nightmare’’, or of almost being part of
a film that is not part of the real world. This comes from the difficulty of
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integrating this painful experience into the self. The personal experience with
breast cancer is a life changing event. Inmany parts of the world women still hide
after diagnosis, frightened by the reality of the situation, and often feeling alone
not aware of themany other women andmen affected by this disease. This feeling
of isolation in fact puts patients in greater danger as they are not able to pursue
their rights to optimal care. Additionally, traditional relationships between doc-
tors and patients often put patients in a position of absolute dependency where
they are concerned that asking for information or explanations will in fact
threaten this relationship. The doctor patient relationship is the centre point of
the breast cancer journey – the need to challenge and the right to question is part
of a changing concept of the characteristics of communication – patients need
more written information, they need to be allowed time, they need to be treated
always with respect and individuality. The growing demands have now led to the
development of multi-disciplinary teams so that the different patient needs are
met by a team of trained professionals. This is not to say that the doctor–patient
relationship has taken second place – when dealing with the diagnosis of a
potentially life threatening disease, the most important single factor is individual
survival. However, communication skills have in fact led to the strengthening of
this relationship, breaking new ground that is of benefit to all.

Following initial diagnosis, the patient is faced with many different treat-
ment options. Many of these are difficult to comprehend. Clinical trial options
create further confusion with many patients believing that entering a clinical
trial will in fact place them at a disadvantage. The various surgical options
create added anxiety. Until recently better outcome was directly associated with
more aggressive surgery. This has led to many women having to live with
mutilating surgery with little or no option to breast reconstruction. When
diagnosed with breast cancer, many women feel that the only way forward is
to have the cancer removed, and many do not consider the long term impact
this will have on their future body image. It is in fact only after the initial fear
has subsided that other worries and concerns come to the surface. Women
describe how difficult it is to allow their partners or children to see their body,
sexual relationships are thrown off balance, and there is a feeling of guilt as if
the woman brought the cancer on herself.

Informing ones children, in the case of a mother being diagnosed, is
approached differently across cultures and even within societies and families.
Issues that are now related to breast cancer and pregnancy or having children
after having had breast cancer are all new and constantly changing. Informa-
tion is difficult to access and there are many wrong and inaccurate concepts that
concern these areas.

Breast cancer is therefore an overwhelming personal experience that affects
the individual patient, the family, and the surroundings. It is a disease that one
does not have to learn about as a past reality but it is a disease that someone has
to learn to live with. It is part of the life reality that involves follow up and,
unfortunately, in many cases recurrence or even loss of life. It is an experience
that has to be shared and not dealt with through silence and fear. It is a disease
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whose treatment is undergoing a revolution, thus creating an even greater need

for better understanding and care. And this is where the power of the advocacy

movement has come to rise to the many challenges and changing realities.

Advocates Join Forces

The breast cancer advocacy movement started in the early 1970s and tracing the

first successes one could say that these were realized first in the United States.

There, women joined forces and voices to lobby government to provide funding

for research and to allocate funds from the defense budget towards this cause.

Other continents followed, with various degrees of success and empowerment.

The power of the advocacy movement was enhanced by inspired scientists,

doctors and other professionals who saw that building partnerships would

strengthen the voice and the goals would only be achieved if this was possible.
Breast cancer advocacy covers a spectrum of targets, goals, and inspirations.

It involves advocating for more research in finding the cure, the best treatment

for this disease; it involves advocating for access to optimal care, to accede to

early diagnostic procedures andmethods. It involves advocating for the right to

access to information and the promotion of guidelines. It involves advocating

towards the promotion and respect for patient rights at all stages of the disease

process; it involves advocating for the right of families, for the right to secure

employment, for the right of equality and not to be discriminated because of

this diagnosis.
Breast cancer advocacy is a commitment to change the world and realities of

a disease that affects thousands of women, and men, to change the realities for

the generations that will follow. However, is the joining of this power of voice

and building partnership enough to lead to change?

Advocacy and Politics

Bringing about change can be achieved at different levels. Raising awareness is

a fundamental first step. One needs to be aware of the problem and even to have

proposed solutions. This can only be achieved if advocacy is strong at the

grassroots level. It is this spreading voice that can lead to effective and long

term change. One of the largest problems faced world wide by advocacy move-

ments, not least in the field of breast cancer, is not creating the movement but

maintaining the momentum. Maintaining the momentum is a challenge that is

achieved if the grassroots strength is maintained. If this is not done, many

advocacy movements remain small, limited groups that do not lead to effective

progress. This is where breast cancer advocacy can build on its successes. It has

achieved a global nature, one that has moved men and women across countries
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and that has allowed the scientific revolution in the world of breast cancer to
reach as many citizens as possible.

The breast cancer advocates have learnt that having a strong and effective
voice can only be achieved if they are well educated and informed. Having had
experience of the disease does not necessarily mean effective advocacy – the
personal experience cannot stand andmaintain a reliable advocacymovement if
this is based solely on emotion. Breast cancer advocates have fought to achieve
a seat at the table where decisions about them are made, but the battle is
maintaining that seat and convincing all other partners that this is an effective
and valid voice and representation.

This voice can only be powerful if there is partnership with the media. The
role of the media is of paramount importance because media can create and
change attitudes and beliefs in a society. Over the last few decades, the role of
the media in raising awareness in breast cancer and enhancing the breast cancer
advocacy movement cannot be understated. However, media can also have a
negative effect by giving false hope, by creating false expectations. Working
effectively with the media is only one portion of the many delicate balances that
advocates need to master.

This changing face of advocacy has led to the voice leading to political
change. It has led to legislations that have safeguarded patient rights, that
have led to the aims and goals placed by breast cancer advocacy movements
being translated into governmental policies and decisions. It has led to lobbying
at country and other levels, thus laying the foundations for cementing all that is
being achieved by the breast cancer revolution.

All type of discrimination, whether this has to do with access to optimal care,
to the latest clinical trials, to employment, to privacy, to screening, need to be
fully supported by legislative changes. In this way there is dissemination of the
achievements, and new goals and targets can be placed. Advocacy is never static
– it is a changing journey that aims at genuinely impacting positively on all those
affected by this disease.

Final Thoughts

Is this a role then that is clearly defined? Is it a role that has an inherent power?
Is breast cancer advocacy really making a difference? Making a difference is
only measurable in terms of the realities that are changing for patients across
the world. In some countries these changes are happening very slowly, frustrat-
ingly so due to the direct relationship with the economic realities of the country
and its social welfare state. In other countries, there is still a loud silence, a
stigma, while in others breast cancer awareness months have become extraor-
dinary media events.

Whether the steps are big or small, whether they are quick or slow, the
important fact is that worldwide steps are being made, breast cancer advocates
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are no longer those that have been through the disease fighting the battle alone,
but they are advocacy partners together with all who are committed to making
the difference. This is the power of the breast cancer advocacy voice.

Breast cancer advocacy has as its mission to:

– Inform
– Empower
– Represent
– Link together individuals and groups sharing similar issues and

experiences
– Develop and strengthen partnerships with media, clinicians, scientists,

politicians

Advocacy works at many levels including the political and the systemic to
improve the diagnosis, management, care, and the future world of breast cancer
patients.

‘‘So long as some women are still misdiagnosed, or poorly managed, so long
as the number of breast cancer diagnoses increases, so long as so many women
die from this disease, it is vital that breast cancer remains on the political agenda
across the world – this is a global effort. There is still much work to be done.’’
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The Voice of a Special Patient

Stefan Aebi

What is the meaning of ‘‘special’’ in the context of breast cancer or, in particular,

of this book? Dictionary definitions encompass distinguished from what is

ordinary or usual, of a distinct or particular kind or character, particularly valued,

having a particular function or purpose, or simply additional; extra [1]. The title

of this chapter was proposed by the editor but I do not feel ‘‘special’’ in any of

the above senses, and I do not intend to use my author privilege, only to give an

additional testimony of my coping with breast cancer.
The reader may recognize that the adjective ‘‘special’’ is derived from the

Latin root ‘‘specio’’, an archaic word meaning ‘‘I see’’ or ‘‘I look at.’’ ‘‘Species’’, a

derived Latin noun with female grammatical gender, is usually translated by

‘‘sight, appearance’’, ‘‘kind’’ or ‘‘type’’. In addition to ‘‘special’’, a large number

of derived words are commonly used in contemporary English, such as suspi-

cious, perspective, respect, spectrum, conspicuous, aspect, specimen, prospec-

tive, auspices, expect, spectacular, speculative, and many more [2]. The word

‘‘spice’’ for delicacies like lemongrass or chili peppers obviously evolved from

the same linguistic origin. The Latin word, in turn, has Indo-German roots,

presumably characterized by the letters SPC and – by metathesis – SCP; there-

fore, some reference works indicate that certain words derived fromGreek such

as ‘‘microscope’’ and ‘‘skeptical’’ share the same origin [3]. Thus, this family of

words, gravitating around the concept of seeing, covers many aspects of today’s

practice of medicine.
Special. A superficial look at the above definitions might lead to the conclu-

sion that, being a man, I might somehow be distinct among other persons

suffering from breast cancer. But in addition to men, who represent about

0.8% of newly diagnosed cases of breast cancer [4], there are many other patients

whose characteristics make them belong to rare subgroups of persons with

breast cancer. Some of these particular populations have been appropriately
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addressed in the present volume, such as patients who are diagnosed with
cancer during pregnancy, and in many regards, a man with breast cancer is
not more ‘‘special’’ than one of those patients. Further, even without the
promise of highly individualized medicine based on molecular properties of
the cancer and its host, patients have always been unique individuals such that
being special is not ‘‘special’’ after all.

Suspicious. Of course, I was very worried when the chest strap of my Polar
heart rate monitor started to hurt, leading me to discover a lump. A biopsy a
few days later confirmed it as carcinoma. I asked the multidisciplinary team I
always work with to take care of my surgery and adjuvant therapy. I still think
that this was a wise decision, as it gave me a fresh view of my own service from
the patient’s perspective. In spite of long-lasting efforts to the contrary, the
patient’s or consumer’s perspectives of the achievements of medical and nursing
sciences tend to receive little attention in professional education and thus in the
thinking of physicians and nurses, men and women alike. If I were asked to
name the single most important aspect of my experience as a patient, it would be
the respect for my concerns and values that should be and usually was central to
the communication with my physicians and nurses.

Spectrum. Little is known about breast cancer in men, although men do
profit from the huge research efforts that womenwith breast cancer have agreed
to participate in. Breast cancer in men occurs at an average age of 65–70 years,
so I was at least 20 years below the average. Its incidence has been increasing in
the past few years in the United States and likely in other Western countries [5].
The occurrence of breast cancer in a man is an indication for genetic counseling
as there is a substantial probability of germline mutations of BRCA2 [6–8] and
other genes [9]. The surgical therapy in men should be similar to that in women,
including sentinel lymph node biopsy [10, 11], and the indications for radiation
therapy are likely the same as in women although traditionally, postmastect-
omy radiation was considered more essential in men than in women. Stage by
stage, the prognosis after breast cancer is similar in men and in women [12]. The
biological characteristics of breast cancer in men are slightly different from
those in women: the vast majority of cancers express estrogen receptors [5] and
the amplification and overexpression of the HER-2/neu gene may be relatively
uncommon [13, 14].

Auspices. The adjuvant therapy of breast cancer in men has never been
investigated in prospective trials. Thus, the merits of chemotherapy and hor-
monal therapy are unknown, although it is reasonable to conjecture that
tamoxifen is effective adjuvant therapy based on non-controlled studies. The
efficacy of chemotherapy is less certain although, by tradition, men have been
treated with the same regimens as women [15]. The adjuvant use of aromatase
inhibitors has not been investigated, and they may be less effective in men as the
suppression of circulation estrogen is less complete than in women [16–19]. The
worth of the suppression of testicular androgen production to therapeutically
target the frequent expression of androgen receptors or to facilitate the use of
aromatase inhibitors is unknown. However, the experience with metastatic
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breast cancer in men suggests that androgen deprivation could be effective
adjuvant therapy [20–22]. Advanced disease is treated according to the same
general principles as in women with an emphasis on endocrine therapies;
letrozole has been used successfully in a small number of patients [23, 24],
whereas anastrozole induced no remissions in a small series of five patients
[25]. The efficacy of the suppression of testicular androgens in conjunction with
aromatase inhibition is being investigated [26].

Spices. Given the uncertainties outlined above, I consulted a small number of
excellent medical oncologists and finally opted for anthracycline-containing
chemotherapy followed by adjuvant radiation therapy and hormonal therapy
with tamoxifen. I have tolerated the chemotherapy, the radiation therapy, and
the hormonal therapy with no major adverse effects. This is not to say that I had
no grade 3 or 4 toxicity according to the ‘‘Common Terminology Criteria for
Adverse Events’’, but the grading of severity reflects the concerns of the regulatory
authorities, the pharmaceutical industry, and the physicians rather than those of
the patients. For instance, amild hand-foot-syndrome induced by doxorubicin and
possibly sports (‘‘Moderate to brisk erythema; patchymoist desquamation, mostly
confined to skin folds and creases; moderate edema’’ [27]) was much worse than
a short episode of grade 4 neutropenia. A frequent, harmless but annoying effect of
chemotherapy is a disturbance of taste. In my case, I developed a taste for spicy
food, such as found in Thai cuisine because this tasted almost normal andwas for a
couple of weeks the only kind of food that I truly enjoyed.

Prospects. Quality of life and life style are important, but many aspects are
poorly investigated and are hard to investigate in terms of generalizable knowl-
edge. Quality of life at the time of diagnosis does not predict the outcome
of breast cancer in women [28, 29]. Exercise is likely to reduce the fatigue
associated with chemotherapy [30] and may diminish the risk of recurrence [31].
The importance of different aspects of work, such as responsibilities and social
contacts, or psychological ‘‘stress’’ have been poorly investigated. A Medline
search using ‘‘Quality of Life’’[MeSH] AND ‘‘Work’’[MeSH] AND (‘‘Breast
Neoplasms’’[MeSH] OR ‘‘Breast Neoplasms, Male’’[MeSH]) retrieved zero arti-
cles. Stress is difficult to conceptualize, but a systematic review concluded that
psychological stress does not cause breast cancer in women [32]. A retrospective
study suggested an adverse relation between severe life events and relapse of
breast cancer [33], but a more extensive prospective evaluation by the same
authors did not confirm the initial findings [34], and other authors also failed
to associate stressful life events with the risk of breast cancer recurrence [35, 36].
I do not see an argument against extrapolating these conclusions from women to
men with breast cancer. In my case, I think that the results of such research have
helped me to keep up my work and exercise habits during chemotherapy,
although at a reduced level of around 70% of my usual activities, and they
havemotivatedme to resumemy normal life soon after the end of chemotherapy.
I also conclude that it is appropriate to approach the normal changes in mood,
perceived quality of life, and the stressful events of everyday life with serenity as
I am convinced that these factors will not jeopardize my medical prognosis.
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Perspectives. It is encouraging that the NCI Clinical Trial web site lists 99

trials that are accessible to men with breast cancer [37]. At last, affected men

can contribute to the progress of certain breast cancer research projects.

However, only one trial is listed that specifically targets men [26]. Maybe

gender-specific research will be obsolete in the future if the progress in the

molecular understanding of breast cancer makes individually targeted thera-

pies possible. In the meantime, at least endocrine questions deserve to be

investigated specifically in men with breast cancer. The current research envir-

onment discourages the design of clinical trials targeting small populations

[38], especially if the evaluation includes drugs that are already registered for

breast cancer in women. Thus the role of patient advocacy organizations

such as the John Nick Foundation (http://www.johnwnickfoundation.org)

or Y-ME (http://www.y-me.org/information/male_breast_cancer) is crucial

to raise men’s awareness to the condition and to encourage scientific research

in the field of breast cancer in men.
Introspection. Did my experience make me a better doctor, and more speci-

fically a better breast cancer physician? I doubt it, even though a patient who

had found out that I was being treated for breast cancer came to my consulta-

tion saying ‘‘now you are one of us’’. There are new chances and challenges in

communicating with patients. The chances are obvious: I have learnt a few

lessons on being a patient, like having to have confidence in a surgeon, a nurse,

and other health professionals. I know that it is hard to wait for test results,

while at the same time desiring that the tests be conducted according to the

highest standards of quality. And, yes, I do have a personal experience with

some therapies commonly used to treat patients with breast cancer, an advan-

tage that I share with very few oncologists. Thus, I think that I have a deeper

understanding and empathy for the concerns of the patients than I had before.

But the challenges must not be overlooked. For instance, it is trivial that the

physiological, psychological, and social meaning of the breast differs between

men and women; the changes in body image might be less dramatic for a man

than for a woman, although this hypothesis has not been investigated to date

[39]. I did not have to cope with anything resembling iatrogenic menopause.

Thus, contrary to a superficial appearance, I do not have a first-hand experience

of everything related to early breast cancer. Indeed, the ‘‘emotional labor’’ of

clinical empathy [40] has become even more demanding than it was: Personal

empathy could cause an inappropriate professional distance, too close and too

distant being equally possible, and result in flawed diagnostic and therapeutic

reasoning. Thus, I try to profit from the advantages of my special experience

while avoiding the numerous new pitfalls.
Is it necessary to have had cancer in order to communicate adequately with

and treat a patient with cancer? Certainly not, just as an oncologist need not be

a man to treat a man nor a woman to treat a woman. However, sympathy and

mutual respect are the essential ingredients of the special partnership between

health professionals and patients.
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