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Introduction Prognostic and predictive factors play important roles in
the treatment of breast cancer. Genome-wide monitoring of gene
expression using DNA microarrays makes it possible to study thousands
of genes in a tumour sample in a single experiment. By looking for an
association between the gene expression pattern and tumour behaviour,
it should be possible to identify new prognostic and predictive factors.
Method We used gene expression profiling using two different
microarray platforms: one containing 25,000 oligonucleotide probes
and one containing 18,000 cDNA probes. To obtain prognostic gene
expression profiles, we isolated RNA from tumours from a series of 295
patients younger than 53 years presenting with stage | and Il breast
cancer treated at our institute between 1984 and 1993. The
expression of 25000 genes was assessed, and using various
statistical approaches correlation of gene expression with distant
metastasis-free probability and overall survival was assessed [1-3]. In
addition, we started studies to obtain gene expression profiles
predicting response to specific chemotherapy regimens. Within a
single-institution, randomized phase Il trial, patients with locally
advanced breast cancer received six courses of either AC (n = 24) or
AD (n = 24) containing neoadjuvant chemotherapy. Gene expression
profiles for 18,000 genes were generated from core needle biopsies
obtained before treatment and correlated with the response of the
primary tumour to the chemotherapy administered [4]. Additionally,
pretreatment gene expression profiles were compared with those in
tumours remaining after chemotherapy.

Results We previously identified a 70-gene expression profile
associated with increased risk for developing distant metastases within
5 years [1,2]. More recently, we studied a Wound Signature in these
same tumors [3]. By combining the 70-gene expression profile to
subdivide the tumours into ‘good prognosis’ and ‘poor prognosis’
tumours, and the Wound signature to subdivide tumours into
‘activated’ and ‘quiescent’ tumours, subgroups of patients with
markedly different prognosis can be identified. Additional gene
expression signatures are being tested in this series of tumours to
arrive at an optimal prognostic classifier and to obtain improved insight
into breast cancer biology.

In the study to identify predictive profiles, 10 (20%) of the 48 patients
showed (near) pathological complete remission of the primary tumour
after treatment [4]. No gene expression pattern correlating with

response could be identified for all patients, or for the AC or AD
treated groups separately.
Conclusion Various gene expression profiles in breast cancer are
associated with the propensity of the tumour to develop distant
metastases. Gene expression profile predicting the response of primary
breast carcinomas to AC or AD based neoadjuvant chemotherapy are
most likely to be very subtle and cannot be detected when small series
of patients are studied. Genetic tests derived from gene expression
profiling studies are likely to become useful as prognostic and
predictive tests to guide clinical decision making in the treatment of
primary breast cancer.
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Introduction Genome-wide measures of gene expression can identify
patterns of gene activity that subclassify tumours and might provide
better means than are currently available for individual risk assessment
in patients with primary breast cancer and for prediction of tamoxifen
resistance.

Methods We analyzed, with Affymetrix Human U133a GeneChips, the
expression of 22,000 transcripts from total RNA of frozen tumour
samples from 286 lymph node negative (LNN) patients who had not
received adjuvant systemic treatment. In a separate second study
conducted in 112 estrogen receptor (ER)-positive primary breast
carcinomas from patients with metastatic disease and clearly defined
types of response to first-line treatment with tamoxifen, a 18,000
human cDNA microarray was used to discover gene expression
profiles predictive of tamoxifen resistance.
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Results In the first single-center study, in a training set of 115 tumors
(80 ER* and 35 ER- tumors) we identified a 76-gene signature (60
genes for ER* and 16 for ER") for predicting the occurrence of distant
metastasis within 5 years. This signature was successfully validated
with 93% sensitivity in an independent test set of 171 LNN patients as
a whole, irrespective of age or ER status. The 76-gene profile was
strongly predictive of those patients who will develop a distant
metastasis within 5 years or will remain recurrence free during that
period (hazard ratio [HR] 5.67; P < 0.00002) and in multivariate
analysis when corrected for traditional prognostic factors including
grade (HR 5.55; P < 0.00003). Analogously, the 76-gene expression
profile strongly predicted overall survival (HR 8.62; P < 0.00002). The
76-gene profile was also a strong prognostic factor in the subgroup of
79 patients with a tumor size ranging from 10 to 20 mm (HR 14.1;
P<0.00003) and in 84 premenopausal patients (HR 9.60; P<0.0002)
and 87 postmenopausal patients (HR 4.04; P = 0.0017). In the
subgroup of 42 ER~ patients in the validation set, even a profile of only
16 genes appeared to have a strong prognostic value (HR 8.74;
P=0.012). Recently, our 76-gene expression signature was
successfully validated in a separate multicenter European study of 180
patients from four institutions (Nijmegen, Munich, Bari, Ljubljana) (HR
7.41; P<0.0001) with similar sensitivity and specificity.
In the second study, conducted in 112 patients with metastatic
disease, using a training set of 46 breast cancers 81 genes were found
to be differentially expressed between tamoxifen-responsive and
-resistant tumors. From the 81 genes, a predictive signature of 44
genes was extracted and validated in an independent set of 66 tumors.
This 44-gene signature is significantly superior (odds ratio [OR] 3.16;
P = 0.03) to traditional predictive factors in univariate analysis and
significantly related to longer progression-free survival in univariate as
well as in multivariate analyses (P = 0.03). The predictive value of the
44-gene signature was recently confirmed in an extended series of 280
patients with advanced disease.
Conclusion In the first study, the identified 76-gene signature provides a
powerful tool for identification of patients at high or low risk for distant
recurrence or death due to breast cancer, allowing clinicians to adapt
choices of adjuvant systemic therapy. In the second study, the 44-gene
signature predicts tamoxifen resistance more accurately than do traditional
predictive factors. Interestingly, in a third study DNA methylation status
also appeared to be useful in predicting tamoxifen resistance.
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High throughput gene expression profiling provides a powerful tool for
discovery of prognostic and predictive markers for breast cancer [1-4].
The main limitation to this approach is the requirement for high-quality
RNA, which is difficult in the multicenter clinical trial setting. One
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solution is to use RNAlater, which allows procurement and shipping of

tissue specimens at room temperature [5,6]. The National Surgical

Adjuvant Breast and Bowel Project (NSABP) has conducted a pilot

study to procure pretreatement core biopsy specimens in a

neoadjuvant study. Most of the samples in this study provided high-

quality RNA, as determined by Bioanalyzer and Affymetrix GeneChip
analyses. When combined with a RNA amplification method, quality
data could be obtained from 10 ng of total RNA as starting material.

NSABP currently has two neoadjuvant trials in which pretreatment

specimens are procured in RNAlater. However, the typical practice

pattern in the USA makes it difficult to procure tissue in the adjuvant
setting even with the use of RNAlater. Therefore, methods that permit
high throughput gene expression profiling of formalin-fixed, paraffin-
embedded materials are in great need. Such methods will also allow
interrogation of archived tissue banks with annotation established from
previously finished trials and will therefore shorten the time for marker
development and validation. Chemical modification by formalin and
degradation during storage make RNA extracted from paraffin a poor
substrate for gene expression profiling [7]. We have examined both
microarray and RT-PCR platforms for this purpose. In general
microarray analysis using the Arcturus Paradise system has been a
disappointment in our hands, with high rate for assay failure for
materials older than 3 years. However, there are RNA amplification and
labeling methods in development that are not dependent on oligo-dT
priming for cDNA synthesis and may provide better results. In
collaboration with Genomic Health, Inc., we have explored the use of
high-throughput real time RT-PCR for discovery and validation of
prognostic markers for node negative and estrogen receptor positive
breast cancer [8]. This has resulted in development of the OncotypeDx
assay, which is offered as a commercial reference laboratory test. The
disadvantage of real-time RT-PCR assays is relatively low throughput

(less than 1000 genes, even at industrial scale). DASL assay from

lllumina is a kind of hybrid between PCR and microarray platforms, and

may provide relatively cost-efficient means by which to assay many
candidate genes using degraded RNA obtainable from paraffin blocks

[9].
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A molecular test that could help in selecting the most effective

chemotherapy for a particular individual could save patients from

unnecessary toxicity, and the right choice of drugs may save lives,
particularly in the adjuvant treatment of breast cancer. Administration of
chemotherapy before surgery provides an attractive opportunity to
discover predictors of response [1]. Pathologic complete eradication of
cancer from the breast and lymph nodes (pCR) represents an extreme
form of chemotherapy sensitivity and invariably heralds excellent long-
term survival. We adopted pCR as an early surrogate of clinically
meaningful benefit from therapy and as an outcome that is worth
predicting. There are simple clinical and histological parameters,
including grade, estrogen receptor status and tumor size, that can be
combined into powerful prediction scores. However, these clinical
variables do not yield treatment regimen specific predictions, and they
cannot be used to select one therapy over another. Assessment of
traditional single gene markers of chemotherapy sensitivity has not yet
resulted in clinically useful tests. Gene expression profiling, which
enables simultaneous measurement of thousands of genes, represents
a promising new tool that may be applied to this clinical problem. It is
currently unknown what the best strategy is to discover response
predictors from high dimensional gene expression data. The simplest
approach may be to search for the single most informative gene that is
differentially expressed between responders and nonresponders. This
may lead to new mechanistic insights into the biology of chemotherapy
response and could yield easy-to-use but moderately powerful single
gene predictive markers [2]. Another approach is to identify gene
expression signatures that are predictive of response, assuming that
the combined information provided by multiple genes would result in
more accurate predictions than any single gene can do. Several small
studies have suggested that this is feasible [3]. Large-scale validation
of these results is needed and is currently underway. Yet another
approach is to recognize the different molecular subtypes of breast

cancer and attempt to develop distinct predictors for each subtype [4].

This approach assumes that, by focusing on the molecularly more

homogenous subgroups, more accurate predictors could be developed

than by analyzing all breast cancers together. We shall present results
from our own research program, illustrating the successes and
limitations of each of these approaches.
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Classification and staging systems are important in oncology to predict
clinical behavior and determine prognosis. In addition, they may
contribute to the selection of optimal treatment strategies. Much
clinical and translational research over the past 30 years was directed
at establishing or refining prognostic and predictive factors for breast
cancer. Initially, tumor related factors such as size, grade, lymph node
involvement, and hormone receptor status were considered in the
determination of prognosis. Patient characteristics, such as age,
menopausal status and performance status, also contributed to these
estimates. Some factors such as estrogen receptor (ER) status were
shown to be better predictive factors than prognostic factors. Thus,
although ER-positive tumors have a slightly better prognosis during the
early years of follow up than do ER-negative ones, the major application
of ER status is to predict response to endocrine therapy. A variety of
biochemical and molecular factors were reported to have prognostic or
predictive ability over the past 20 years. These included cathepsin D,
HER2, EGFR, p53, UPA, PAI, and many others. Of these, only HER2
was consistently validated as a prognostic factor, as well as a predictor
of response to the monoclonal antibody trastuzumab (Herceptin).
Developing, assessing, and discarding these various putative
prognostic and/or predictive factors was the result of an enormous
investment of time and effort of many scientists from many countries
around the world. Considering that only one new prognostic/predictive
factor was universally adopted over the past 25 years (HER2 status), it
must be concluded that this is an enormously inefficient process.
The Human Genome Project was a major milestone in the history of
medicine. Both the genetic information obtained and the technological
advances that took place during this large multicenter effort have had
enormous influence over all fields of medicine. For the field of
prognostication and prediction in breast cancer, the major consequence
was the development of technology that led to the simultaneous
evaluation of gene expression for hundreds and, more recently, thousands
of genes. In fact, recently launched gene arrays include the entire human
genome. Thus, we have the opportunity to assess, in a small tumor
sample, the expression profile of all known human genes. There are
multiple technological platforms under evaluation for this purpose, and the
results obtained with one cannot automatically be substituted for results
obtained with another platform. Nevertheless, on the basis of several
reports, it can be stated that gene expression profiling of human breast
cancer provides valuable information in the following areas:
1. Molecular classification of primary breast cancer
2. Identification of multiple distinct prognostic subgroups
3. Determination of expression level of several genes of interest (ER,
PR, HER2, etc.)
4. Identification of genetic networks
5.  Prediction of response to chemotherapy
The initial reports were based on small patient numbers that presented
substantial statistical challenges for adequate estimation of end-points
and to prevent frequent false-positive or false-negative results. More
recent analyses have included several dozen and up to a few hundred
patients. These reports provide greater statistical power and greater
reliability. However, these reports still represent retrospective analyses
of subsets of patients, and prospective validation is still sorely needed.
Reports are beginning to appear comparing the performance of
different platforms on the same tumor samples and considering the
same end-points. The source of tumor material, the manner in which it
was handled before testing, and the amount of tissue needed for
reliable testing are all under intense scrutiny. Gene profiling with
currently available platforms includes a number of genes or gene

S3



S4

Breast Cancer Research Vol 7 Suppl 1

segments of uncertain function (ESTs). These provide an excellent
opportunity to assess the functional value of these genes and enrich
our understanding of their biological function. Many centers and
groups are assessing the potential of molecular profiling in the
prediction of response to therapy. As technology evolves, this type of
information will transform the way we think of breast cancer, the way
we assess and stage primary and metastatic breast cancer, and the
manner in which we select the best combination and sequence of
therapies to obtain optimal therapeutic results. Today's costs, while
substantial, are rapidly falling and newer technology will make these
assays much more accessible. Furthermore, because multiple relevant
markers can be determined using a single assay, it is likely that gene
expression profiling will be more cost-effective than currently used
diagnostic and prognostic tests.
The major challenges in gene profiling are still in developing and using
the most appropriate statistical methods for data analysis. The need for
handling tens of thousands or hundreds of thousands of data points,
especially originating from a much smaller number of tumors, is
daunting and mistaken conclusions might be reached in the absence of
optimal analytical techniques.

Finally, prospective validation of the clinical utility of gene profiling for

classification, determination of prognosis, and selection of optimal

therapies for individual patients will require large, prospective,
multicenter, controlled clinical trials. If successful, these will take us
one step closer to individualized medicine.
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Magnetic resonance imaging (MRI) is a very sensitive diagnostic tool
for the evaluation of breast cancer. A MRI is more frequently utilized in
conjunction with other diagnostic modalities, particularly mammogram,
to better assess a breast abnormality or biopsy-proven cancer,
including ductal carcinoma in situ (DCIS) [1]. Most recently it has also
been demonstrated to be a better screening tool for women at high risk
for developing breast cancer, including women with documented
genetic predisposition. Because MRI has the advantages of providing a
three-dimensional view of the breast, it has been shown to be more
precise than standard imaging in determining the initial staging and
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evaluation of the extension of invasive disease [2]. This information is of
particular value in patients with locally advanced disease, including
inflammatory breast cancer (IBC) and in classic lobular histology, which
may exhibit diffuse involvement of the breast at initial presentation and
therefore are frequently treated with primary systemic therapy (PST) [3,4].
The management of primary breast cancer has evolved significantly in
the past decade, with the increasing use of preoperative or primary
chemotherapy (PST), and most recently also primary hormonal therapy
for both early and locally advanced breast cancers (LABCs). The
advantages of the early use of systemic therapy are considered: the
feasibility of a more conservative surgery, and the possibility of true in
vivo testing of the tumor's drug sensitivity. The amount of residual
disease found following surgical excision represents the pathological
response to the preoperative treatment and remains the most important
prognostic factor.
The high staging accuracy of breast MRI makes it an attractive method
for assessing tumor response to PST. MRI can contribute in several
ways to the management of patients receiving preoperative chemo-
therapy, including the initial determination of extent of disease for
proper staging (baseline evaluation), early identification of poor
responders  (intermediate  evaluation during treatment), and
identification and description of the presence and extent of residual
disease for surgical planning (preoperative imaging study) [3,4]. MRI
measurements of tumor response may have predictive value for
disease recurrence and responsiveness to novel therapeutics.
Comparison of dynamic parameters (e.g. signal enhancement ratio) at
baseline and at subsequent evaluation time points can also contribute
information on the response to treatment and predict residual disease
[4]. A series of prospective trials has been conducted in patients with
LABC, including IBC. Most recently a large multicenter trial sponsored
jointly by the American College of Radiology Imaging Network, the
Cancer and Leukemia Group B, and the National Cancer institute is
integrating serial MRI tumor measurements with serial collection of
tissue for evaluation of biomarkers (expression, genomic, protein arrays,
as well as specific immunohistochemical markers and fluorescence in
situ hybridization). The goal of such studies is to compare tissue
assessment of biomarkers with imaging to identify the most appropriate
tool for prediction of pathological response to PST. This study could
impact on the present management of primary breast cancer by
allowing the early introduction of novel therapeutics in patients with
early demonstration of poor response to treatment.
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Introduction Positron emission tomography (PET) with 18F-fluoro-
deoxyglucose (FDG) is a functional imaging technique that has
demonstrated advantages over anatomically based imaging modalities



in oncology in the detection of malignant lesions. The recent

introduction of combined computed tomography (CT)/PET systems

allows the coregistration of functional PET and anatomical CT images,
which will very likely improve accuracy. The role of PET and CT/PET in
breast cancer is reviewed.

Methods In breast cancer, FDG-PET has been used for detection,

staging, and response monitoring; one of its main clinical applications

is defining the extent of recurrent or metastatic disease [1]. We have
reviewed the evidence regarding the roles of PET and CT/PET as
preoperative studies in breast cancer.

Results The review of the evidence shows that PET and CT/PET can

contribute to patient diagnosis and management as preoperative

studies in breast cancer in the following situations:

1. Detection of primary breast cancer. When evaluating suspicious
breast abnormalities, FDG-PET has a sensitivity of 80-100% and
specificity of 75-100%. However, its role in primary tumor
detection is not clear when compared with conventional imaging
methods and remains to be determined [1].

2. Prognostic value of FDG uptake in primary tumor. Most studies
suggest that the level of FDG uptake in primary breast tumors
carries clinical and biological information, and that a higher FDG
uptake is correlated with more clinically aggressive tumors [1].
This information may help to stratify patients according to
prognosis and risk for recurrence, and may help to tailor
treatments to the individual patient.

3. Axillary node staging. In this situation, FDG-PET had a sensitivity
of 57-100% and specificity of 66—-100%. FDG-PET under-
estimates the number of tumor-involved nodes compared with
pathologic evaluation from conventional dissection. Therefore,
FDG-PET should not replace axillary node sampling for routine
staging of the axilla because even microscopic nodal involvement
may be important for prognosis and treatment planning [1].
However, FDG-PET may be complementary to sentinel lymph
node mapping and other standard axillary procedures in patients
with more advanced tumors or equivocally palpable axillary nodes.

4. Detection of locoregional and distant metastases. Functional
imaging with FDG-PET is more accurate than CT for the detection
of nodal involvement in the mediastinum; the sensitivity of FDG-
PET was significantly higher (85%) than CT (50%), with nearly
the same specificity (90% for FDG-PET versus 83% for CT).
Regarding the detection of distant metastases, FDG-PET can
accurately detect sites of distant disease with a sensitivity of
80-97% and specificity of 756-94% [1].

5.  Evaluation of therapy response. In locally advanced breast cancer
(LABC), the assessment of response to neoadjuvant
chemotherapy with conventional imaging methods is often
inaccurate or slow because it depends on morphological criteria.
Initial studies have shown the utility of FDG-PET in the evaluation
of treatment response, specifically in its ability to discriminate
responders from nonresponders more accurately and earlier than
conventional imaging methods [1]. Changes in FDG uptake after
a single course of chemotherapy can predict pathological
response in primary LABC tumors [2,3]. Histopathological
response could be predicted with an accuracy of 88-91% after
the first and second course of chemotherapy [3]. Other PET
tracers may be used in the evaluation of the primary tumor;
preliminary results suggest that applying PET in this way may help
to identify physiologic manifestations of drug resistance, which
would help to tailor systemic therapy [1]. Preliminary data also
suggest that FDG-PET may be useful in the assessment of sites
of disease other than the primary tumor for monitoring response
to chemotherapy in advanced breast cancer. Initial studies
suggest other possible applications of FDG-PET, such as
evaluation of the response of skeletal metastases to therapy, and
prediction of the response to antiestrogen therapy in patients with
advanced estrogen receptor positive breast cancer [1].
Regarding CT/PET, to date only few studies have been reported,
but the advantages of CT/PET compared with PET alone may be
taken to indicate that CT/PET may improve the accuracy in the
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evaluation of treatment response by directly defining metabolic
and morphological changes [4].

6. Future applications. FDG is the most important radiotracer for
PET in breast cancer and therefore it is analyzed in most studies.
However, in the near future more specific PET
radiopharmaceuticals may help to guide treatment, individualizing
therapies to a particular patient depending on the tumor’s biologic
characteristics [1]. PET may help in management decisions by
quantifying the therapeutic target, identifying resistance factors,
and measuring early response to therapy.

Conclusion The clinical application of PET and CT/PET in breast
cancer will help to predict clinical behavior, and allow one to choose
the appropriate treatment and to tailor local treatment options to the
individual patient. PET and CT/PET are also likely to play key roles in
monitoring systemic therapy and evaluating the response to therapy at
an earlier stage than conventional methods. In the future, PET may be
applied with other tracers in addition to FDG, to improve
characterization of tumor biology and more effectively measure
response to therapy.
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Introduction We conducted a study to determine whether a group of
estrogen-induced genes could be used to detect and monitor for
micrometastases in the bone marrow of patients with breast cancer.
Methods We data-mined for potential markers of estrogen action,
verified their relationship to ER in cell lines and purified cells from
patient biopsies, and checked their estrogen-inducibility after
developing a real-time quantitative PCR assay for each. We then
examined 99 bone marrow samples obtained over 2 years during the
follow up of good (n = 7) or poor (n = 19) prognosis patients to
determine the expression frequency.

Results We discovered that the expression of eight out of 23 genes,
identified by data-mining, were estrogen-regulated. We developed real-
time quantitative PCR (QPCR) assays for measurement of the genes
for which ESTs were available (ER-o,, PR and GATA-3, EEIG-1, EP-3,
PS2). We examined their expression in purified breast cancer cells
from primary cancers and also from metastases from endocrine-
resistant cancers and confirmed that these genes were still expressed.
Of these, three were expressed in peripheral blood, excluding them as
candidate markers. We then examined 79 samples of bone marrow
from 19 poor prognosis patients and 20 from seven good prognosis
patients. We found that GATA-3 and ER expressions were significantly
higher in the bone marrow of poor-prognosis patients.

Conclusion GATA-3 and ER appear to be potentially useful markers, in
addition to CK19, for monitoring the effects of treatment in the bone
marrow of patients with ER-positive breast cancer.
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The detection of microscopic disease in breast cancer has been
evaluated in lymph nodes, bone marrow (primary breast cancer), and
peripheral blood (metastatic disease) [1,2]. Most of these studies
demonstrated that the detection of microscopic disease in breast
cancer patients contributes prognostic information and, in selected
cases, can predict the efficacy of treatments [1,2]. In primary breast
cancer, the detection of microscopic disease in lymph nodes and bone
marrow has led to a better understanding of the role of minimal residual
disease (MRD). In metastatic breast cancer (MBC) reliable detection of
circulating tumor cells (CTCs) had been obtained by using immuno-
magnetic separation and subsequent analysis by the CellSpotter™
analyzer (Veridex LLC, a Johnson & Johnson company, Warren, NJ,
USA). This technology is becoming a standard tool for the ‘real-time’
assessment of prognosis and response to treatment. This is particularly
important in the context of advanced disease management, considering
the incurable status of the disease and the increasing therapeutic
options available that could at least contribute to improve palliation and
impact on overall survival.

In fact, despite years of clinical research, the odds of achieving
complete response, and hence major survival benefit, for patients with
MBC remain extremely low. Only a few patients who achieve a
complete response after chemotherapy remain in this state for
prolonged periods of time, with some remaining in remission beyond
20 years. There are presently no reliable biological markers that can
predict prognosis and monitor therapy effects in MBC.

The detection of CTCs in patients with MBC about to start a new line
of treatment has been shown to predict progression-free survival (PFS)
and overall survival (OS). This prognostic value was independent of the
line of therapy (e.g. first-line versus second-line or more) [2,3].
Moreover, in multivariate analysis CTCs demonstrated superior value
compared with site of metastasis (e.g. visceral versus soft tissue/bone),
type of therapy, and length of time to recurrence after definitive primary
surgery. In recent analysis, detection of CTCs has also been found to
be prognostic in patients with bone-only disease (not measurable
disease). CTCs have been shown to be superior to standard tumor
markers (e.g. Ca27-29) in predicting prognosis. Furthermore, the
efficacy or benefit to systemic therapy could be predicted by the level
of CTCs as early as 3-4 weeks after initiation of therapy. Patients with
persistent of >6 CTCs demonstrated lack of response or progressive
disease at the time of restaging by standard imaging modalities.
Conversely, patients with <5CTCs showed objective remission. These
data clearly suggest that CTCs can be used as an early predictor of
treatment efficacy and be extremely useful in sparing patients from
futile therapy early in the course of their treatment.

Prospective clinical trials are presently being conducted in MBC to
validate further the prognostic value of CTCs, possibly to use this
diagnostic tool to better stratify patients with metastatic disease,
eventually modifying the current staging system (International Stage IV
Stratification Study [ISSS]). Patients with metastatic disease could be
divided into the subcategories IV, and IVg, depending on the presence
or absence of CTCs. Additional studies are presently assessing the
survival benefit of early change in treatment based on the persistence
of CTCs and the possibility of collecting the cells, after sorting for
evaluation of biomarkers (RT-PCR, gene profiling). Exploratory studies
in PBC are also being conducted.

This technology could be integrated with other new investigation tools
to develop blood-based integrated platforms that will facilitate
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screening, diagnosis, prognosis and target discovery. A recent
acquisition is represented by the use of glycan arrays [4].
Malignant transformation and tumor progression are associated with
the specific changes in the complex surface carbohydrates known as
tumor-associated carbohydrate antigens (TACAs). Production of
autoantibodies against these abnormal carbohydrates during cancer
progression is expected. A robust printed glycan array was recently
fabricated that employs a library of over 200 well defined structures
comprising carbohydrate sequences of N-glycans, O-glycans,
glycolipids, and glycoproteins. This printed glycan array was used to
simultaneously detect multiple specific antiglycan autoantibodies in
sera from breast cancer patients.
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Breast reconstruction following radical mastectomy, if desired, is
considered vital to the patient’s rehabilitation and is an intrinsic part of
her breast cancer treatment. Immediate reconstruction — especially
immediate reconstruction using autologous tissues — has become
more established since the introduction of the skin-sparing mastectomy
in the early 1990s. Now, as the more current therapeutic armamen-
tarium has been expanded to feature preoperative tumor shrinking with
chemotherapy, accelerated or partial breast radiotherapy, and, in
particular, the increased use of breast conservation surgery for larger
tumors, immediate breast reconstruction techniques have also further
evolved to address the radical mastectomy defect with newer micro-
surgical techniques and autologous flap tissues, such as the IGAP,
gracilis [1], and SIEA flaps, as well as improved silicone and anatomic
saline implant designs [2] with post-operative adjustment capabilities
designed to facilitate longer term symmetrical breast reconstruction
outcomes.

The increased use of postmastectomy radiation therapy in patients with
early-stage breast cancer has increased the complexity of planning for
immediate breast reconstruction. Studies have evaluated the outcomes
of breast reconstruction performed before radiation therapy, revealing a
high incidence of complications and poor aesthetic outcomes [3].
Moreover, immediate breast reconstruction can interfere with the
delivery of postmastectomy radiation therapy. Multidisciplinary breast
conference identification of early breast cancer patients at high risk for
radiation therapy has evolved a unique and highly successful ‘delayed
immediate’ reconstruction [4] approach that preserves the aesthetic
outcomes of immediate reconstruction and avoids radiation injury to the
reconstructive tissues. This is accomplished by utilizing a filled
subpectoral tissue expander to temporarily preserve the breast skin
envelope until the final tissue pathology is confirmed and the patient
either goes on to definitive reconstruction or to radiation therapy with
the expander deflated. A total of 28 high-risk early breast cancer
patients have undergone the delayed immediate approach with 20
patients (71%) not ultimately requiring radiation therapy. Nineteen



patients in the non-radiated group (95%) have now completed
definitive reconstruction, primarily with the use of autologous tissues.
The eight patients who required radiation have completed the radiation
therapy and six (75%) have undergone tissue re-expansion and skin-
preserving delayed reconstruction designed to be as similar in
outcome to immediate reconstruction as possible. The complication
rate for the initial expander placement at the time of mastectomy was
18% for all patients. Five nonradiated patients (25%) had
complications in the second stage of definitive reconstruction and one
patient (17%) following radiation therapy had complications in the skin-
preserving delayed reconstruction.
Finally, following the successful experience of the delayed immediate
approach for early breast cancer patients, 17 advanced stage patients
with planned postoperative radiation therapy also had the opportunity
for skin-preserving tissue expansion prior to radiation therapy upon
multidisciplinary approval. All the patients received neoadjuvant
chemotherapy. Five of the patients (29%) had complications in the first
stage of expander placement but two patients (12%) have now
completed definitive reconstruction following radiation therapy with re-
expansion of preserved breast skin and have experienced no
complications.
Immediate reconstruction minimizes incisional scars on the breast and
improves overall breast contour, shape, and appearance. The improved
aesthetic outcomes over delayed reconstruction, achieved as well by
these diverse skin-preserving ‘delayed immediate’ approaches without
significant incidents of complications, has convinced many breast
cancer patients to view mastectomy with reconstruction as a viable and
positive treatment choice.
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Introduction Lymphatic mapping and biopsy of the sentinel lymph
nodes (SLNs) as a method for pathologically staging breast cancer
patients has been extensively evaluated over the past 10 years. The
goal of this approach is to stage patients accurately in order to make
appropriate decisions about adjuvant treatment, but also to avoid the
potential morbidity of conventional axillary lymph node dissection
(ALND). A large number of single center and multicenter trials have
been reported that indicate the accuracy of several different methods,
and the largest prospective randomized trial of SLN biopsy versus
ALND, conducted by the National Surgical Adjuvant Breast and Bowel
Project (NSABP), completed accrual last year. Other trials with
different designs and objectives have also been completed. A great
deal of information is now available on the use of this approach to
breast cancer staging, but many questions remain controversial,
including technical issues and patient selection parameters.

Available online http://breast-cancer-research.com/supplements/7/S1

Methods A review of the literature was performed, with particular
attention to recently reported results from the NSABP's B-32 trial and
the UK ALMANAC trial.
Results Single center and multicenter validation trials of sentinel node
biopsy for breast cancer have demonstrated success rates varying
from under 70% to 100%, accuracy rates from 95% to 100%, and
false-negative (FN) rates from 0% to 19% [1]. The NSABP B-32 study
is a randomized trial comparing SLN biopsy alone versus SLN biopsy
plus ALND. Patients with positive SLN by routine histology (without
immunohistochemical staining) underwent completion axillary node
dissection. A total of 5611 patients were accrued to this trial, and the
technical results and accuracy of SLN biopsy were recently reported
[2]. At least one SLN was identified in over 97% of the evaluable
subjects, and the SLN was positive for metastases in 26%. The FN rate
in the group who also had an ALND was 9.7%. The SLN was the only
positive node in 61.5% of patients, and only 0.6% of patients had a
positive SLN outside of the axilla. SLN identification improved with
increasing surgeon experience, and the FN rate was higher after
surgical biopsy of the breast versus needle biopsy. In the ALMANAC
trial, patients were randomly assigned to SLN biopsy or ALND.
Analysis of morbidity demonstrated markedly decreased functional
sequelae after SLN biopsy versus ALND, especially in the incidence of
sensory loss and arm edema [3].
Issues that are controversial include technical parameters, such as the
use of a radionuclide or visible dye alone versus the combination, the
sites of injection (subareolar, intradermal, or intraparenchymal), and
timing of injection. Several patient selection factors, such as age,
obesity, tumor size, and multicentricity, may also impact on the success
rate and accuracy of SLN biopsy. Some have advocated routine use of
SLN biopsy in patients with ductal carcinoma in situ (DCIS), but it is
not clear that this impacts on treatment decisions. It is appropriate to
consider SLN biopsy in patients with extensive DCIS diagnosed by
needle biopsy, especially if there is a high risk for finding invasive
cancer on definitive excision or if the patient is undergoing a total
mastectomy. The prognostic significance of ‘occult’ micrometastases
found in SLN by immunohistochemistry is uncertain, but will hopefully
be resolved by the NSABP B-32 trial and the American College of
Surgeons Oncology Group (ACOSOG) Z0010 study. There is also
great interest in being able to predict accurately which patients with a
positive SLN have no other nodes involved and could therefore avoid
completion ALND. Finally, there is disagreement about the role and
timing of SLN biopsy in breast cancer patients receiving neoadjuvant
chemotherapy. The FN rates for SLN after chemotherapy have been
extremely varied, but in the largest series of patients who underwent
SLN biopsy and ALND after chemotherapy (in the NSABP B-27 trial)
the FN rate was 10.7% and was not affected by clinical nodal status
prior to treatment [4].
Conclusion SLN biopsy, in experienced hands, is a very accurate
method for assessing lymph node status in women with breast cancer
and clinically negative nodes. A surprising array of techniques and
patients selected for the procedure appear to be successful. SLN
biopsy has the potential to reduce drastically the incidence of morbidity
related to surgical staging of the regional lymph nodes in women with
breast cancer.

References

1. Kelley MC, Hansen N, McMasters KM: Lymphatic mapping and
sentinel lymphadenectomy for breast cancer. Am J Surg 2004,
188:49-61.

2. Julian TB, Krag D, Brown A, et al.: Preliminary technical results
of NSABP B-32, a randomized phase Ill clinical trial to
compare sentinel node resection to conventional axillary dis-
section in clinically node-negative breast cancer patients
[abstract]. Breast Cancer Res Treat 2004, 88:S11-S12.

3. Mansel RE, Goyal A, Fallowfield L, Newcombe RG: Sentinel
node biopsy versus standard axillary treatment: results of the
randomized multicenter UK ALMANAC trial [abstract]. Breast
Cancer Res Treat 2004, 88:S13.

4. Mamounas EP: Sentinel lymph node biopsy after neoadjuvant
systemic therapy. Surg Clin North Am 2003, 83:931-942.



S8

Breast Cancer Research Vol 7 Suppl 1

S12

Partial breast irradiation: why and how

FA Calvo', JA Diaz2, A Montero?, A Alvarez Gonzélez!

"Hospital General Universitario Gregorio Maraiién, Madrid, Spain;

2Clinica Universitaria de Navarra, Madrid, Spain; 3Hospital Ramén y

Cajal, Madrid, Spain

Breast Cancer Research 2005, 7(Suppl 1):S12 (DOI 10.1186/bcr1216)

Introduction Successful treatment of early breast cancer, with high

cure rates and excellent cosmetic results, is a reality that has been

achieved in the past 25 years due in part to the use of post-
tumorectomy whole breast radiotherapy [1]. The EORTC randomized
trial questioned the need for radiation boost to the post-tumorectomy

surgical bed, with an evident age-related local control effect [2].

Furthermore, examination of the topography of breast cancer

recurrences after breast conservation, whether or not a radiotherapy

treatment component was included, revealed that recurrences
developed in the operative area in 90% of cases [1]. These factors
have stimulated emerging interest in exploring partial breast irradiation

(PBI) in early breast cancer. Intraoperative radiation therapy (IORT) is

an appropriate technical alternative to delivering PBI, together with high

dose rate brachytherapy and/or external irradiation precision
techniques (3DCRT, IMRT).

Method IORT implies delivery of a high, single dose of radiation to a

limited intrasurgical anatomic area. In the case of post-tumorectomy

early breast cancer, the target volume is the tumor bed, maintaining a

safety margin in depth (thickness of tissue to be treated) and laterally.

Dosimetrically, electrons and high dose rate brachytherapy are well

suited to these requirements. Intrabeam (soft X-rays at 50 kV),

mammosite 3DCRT and IMRT are alternative technologies that have
been adopted into clinical radiotherapy practice and have theoretically
favourable dose—gradient effects. Target size, normal tissues included
in the radiation fields, and operative/treatment time are variables that
differ for each individual patient. The optimal PBI dose is under
investigation based upon radiobiological dose-effects models. An
efficient therapeutic index in IORT trials has been identified, with boost
doses in the range 10-12.5 Gy (maximum 15 Gy). For IORT single

ra