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Assessing prognosis for early breast cancer: clinical
versus genetic profiles
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Since the introduction of systemic adjuvant chemotherapy (ACT) and
endocrine therapy in the early 1970s, the determination of risk of
recurrence and death from breast cancer became a critical piece of
information in the selection of the optimal postoperative treatment
strategy. Classical histopathological prognostic factors included tumor
size, regional lymph node metastases and number of axillary nodes
involved, tumor grade, presence of lymphovascular invasion, and, more
recently, estrogen receptor (ER) and progesterone receptor status,
measurement of proliferative activity (S-phase fraction, mitotic index,
Ki-67), and HER2 overexpression/amplification. As isolated factors,
they have limited predictive ability in the case of individual patients. For
that reason, prognostic indices were developed. The most successful
is Adjuvant!Online, an online nomogram developed by Peter Ravdin.
This nomogram incorporates tumor size, axillary nodal status, tumor
grade, ER status, age and comorbidity. The nomogram will provide an
assessment of recurrence and mortality rates at 10 years, including
deaths due to comorbid conditions. In addition, the nomogram also
calculates relative and absolute benefit from various adjuvant inter-
ventions: tamoxifen, aromatase inhibitors, and first-generation, second-
generation and third-generation ACT regimens. The prognostic and
predictive value of this nomogram has been externally validated, with a
margin of error <1%. Over the past decade, high-throughput
technologies have been developed based on gene expression profiling.
These include between two and a couple of hundred genes, and have
the ability to separate patients with excellent outcomes from those with
higher risk. One of these prognostic profiles has been externally
validated and is currently undergoing testing for clinical utility in a large,
multicenter, prospective randomized trial (MINDACT). Another
approach was based on prospectively identifying a set of genes from
the literature and from the results of gene expression profiling.
Mathematical modeling then led to the selection of 16 genes related to
cell proliferation, ER-driven genes, HER2 and proteases, as well as five
‘housekeeping’ genes (OncotypeDx). This assay is based on RT-PCR,
is reproducible and applicable to archival, paraffin-embedded material,
and has been shown to predict prognosis in patients with lymph-node-
negative, ER-positive primary breast cancer. Further testing indicated
that the assay might also predict sensitivity to tamoxifen, or first-
generation adjuvant chemotherapy. This assay is also under evaluation
for clinical utility in a large, multicenter, prospective randomized trial

(TailoRx). Whether these multigene predictors of prognosis will have
greater utility than Adjuvant!Online remains to be determined. In the
meantime, exploratory analyses are ongoing to identify reliable
predictors of response to individual drugs and modern combination
drug regimens. These are expected to lead to individualized selection
of treatment, or personalized medicine.
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Circulating tumor cells as predictors of recurrence in
primary breast cancer
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Minimal residual disease (MRD) (that is, isolated tumor cells (ITC) in
bone marrow) may be the source of potentially fatal overt distant
metastases in solid tumors even years after primary treatment. MRD
can be detected by immunohistochemical methods using antibodies
directed against cytokeratins, cell-surface markers, or molecular, PCR-
based techniques. Among solid tumors, the clinical relevance of MRD
has been most extensively studied in breast cancer patients. Recently,
the highest level of evidence for the prognostic impact of MRD in
primary breast cancer was reached by a pooled analysis comprising
more than 4,000 patients, showing poor outcome in patients with MRD
at primary therapy. Yet, clinical application of MRD detection is
hampered by the lack of a standardized detection assay. Moreover,
clinical trial results demonstrating the benefit of a therapeutic
interference derived from bone marrow status are still missing. Recent
results suggest that, in addition to its prognostic impact, MRD can be
used for therapy monitoring or as a potential therapeutic target after
phenotyping of the tumor cells. Persisting MRD after primary treatment
may lead to an indication for extended adjuvant therapy.

In a pooled analysis, bone marrow aspirates of 726 patients from
academic breast cancer units in Oslo (n=356), Munich (n=228) and
Tuebingen (n=142) were analyzed during recurrence-free follow-up at
a mean interval of 31.7 months after primary diagnosis of breast cancer
pT1-4, pNO-3 pMO. Persistent ITC were detected in 15.4% of the
patients (n=112). The Kaplan-Meier estimate for mean distant
relapse-free survival estimate was 163.6 months in patients with
negative bone marrow status and 105.2 months in patients with
positive bone marrow status. Patients without evidence of persistent
ITC had a significantly longer overall survival (165.6 months), than
patients with positive bone marrow status (103.3 months, P<0.0001).
In multivariate Cox regression analysis, allowing for bone marrow
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status, tumor size, nodal status and histopathological grading, ITC was
of independent prognostic significance for subsequent reduced breast
cancer specific survival (RR 6.3, 95% CI 2.3-17.6, P<0.0001), next
to nodal status at time of primary diagnosis (RR 2.9, 95% CI 1.8-4.7).
Given these inspiring results on ITC in bone marrow, several trials
currently analyze the prognostic relevance of circulating tumor cells
(CTCs) in peripheral blood in the adjuvant setting. In Germany, for
example, CTCs in peripheral blood of breast cancer patients at primary
diagnosis and during adjuvant chemotherapy as well as endocrine and
bisphosphonate treatment within the SUCCESS Trial (n=3,658
patients) are currently analyzed. In this study, the CellSearchSystem
(Veridex, Warren, USA\) is used for isolation and enumeration of CTCs
from 28 ml peripheral blood. Briefly, after immunomagnetic enrichment
with an anti-Epcam antibody, cells were labelled with anticytokeratin
(8,18,19) and anti-CD45 antibodies to distinguish epithelial cells and
leukocytes. In an interim analysis, 456 breast cancer patients at the
time of primary diagnosis before the start of systemic adjuvant
treatment were analyzed. In this patient group, 28% of patients
(n=129) presented with >1 CTC in peripheral blood. In patients with
the detection of CTCs, the mean number of cells was four (range
1-166). In 19 healthy individuals we found one CTC in the blood of
two patients. The presence of CTCs did not correlate with tumor size
(P=0.18), presence of lymph node metastases (P=0.09), histopatho-
logical grading (P=0.56), hormone receptor status (P=0.49) or
Her2/neu status of the primary tumor (P= 0.33).

Persisting MRD after primary treatment may lead to an indication for
extended adjuvant therapy. Until clinical consequences of MRD
detection in solid tumors and particularly in breast cancer have been
validated, however, the detection of isolated tumor cells in bone
marrow should be performed mainly in clinical trials.
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Circulating tumor and endothelial cells as predictors
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The detection of microscopic disease is associated with prognostic
implications in primary breast cancer [1]. In metastatic breast cancer
(MBC), reliable detection of circulating tumor cells (CTCs) has been
obtained using immunomagnetic separation and subsequent analysis
by the CellSpotter™ analyzer (Veridex LLC, a Johnson & Johnson
company, Warren, NJ, USA) [2,3]. This technology is becoming a
standard tool for the ‘real-time’ assessment of prognosis and response
to treatment [4,5]. The detection of CTCs in patients with MBC about
to start a new line of treatment has been shown to predict progression-
free survival and overall survival and treatment benefit. The prognostic
value was independent of the line of therapy (for example, first line
versus second line or more) [2,3]. Moreover, in multivariate analysis
CTCs demonstrated superior value compared with the site of meta-
stasis (for example, visceral versus soft tissue/bone), type of therapy,
and length of time to recurrence after definitive primary surgery.
Furthermore, the prognostic value of CTCs has been shown to be
superior to standard tumor markers (for example, Ca27-29), tumor
burden and phenotype of disease [6]. We have recently focused on
determining the feasibility of the genotypic characterization of CTCs
and correlating with the expression of similar genes in primary or
metastatic lesions [7].

Increases in the number of circulating endothelial cells (CECs) and
progenitors (CEPs) have been reported in various pathological
conditions including cancer [8,9]. At the clinical level, evidence is
emerging that CEC kinetics and viability might correlate with clinical
outcomes in cancer patients who undergo anti-angiogenic treatment
[10]. The CellSpotter™ analyzer is also being investigated for measure-
ment and characterization of CEC [11]. Therefore, CEC and CEP
measurement has potential as a surrogate marker for monitoring anti-
angiogenic treatment and drug activity, and could help to determine the
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optimal biological dose of anti-angiogenic drugs, which are being used

with increasing frequency in medical oncology.
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Tumor factors that can predict prognosis and response to specific
therapies (for example, chemotherapy regimens) are of great potential
benefit for tailored treatment of patients with invasive breast cancer.
We have previously defined a gene expression profile of 70 genes that
is predictive for a short interval to distant metastases (<5 years) in
lymph node negative (LNO) patients [1]. We have subsequently
validated the prognostic value of this 70-gene profile in a cohort of 295
stage | and Il breast cancer patients younger than 53 years of age [2].
To test whether gene expression profiling can be used in clinical
practice, we have performed a study in 16 hospitals in The Nether-
lands. Female patients younger than 61 years presenting with primary
operable cT1-2NOMO breast carcinoma were eligible and entered into
this prospective feasibility study. Fresh tumor samples in a standard-
ized fashion were collected within 1-3 hours of primary surgery and
sent in RNAlater® to the Netherlands Cancer Institute. The 70-gene



signature (genomic profile) was obtained in node-negative patients with
a representative tumor sample; node-positive patients were excluded.
Between 2004 and 2006, 812 patients were enrolled and 427 (53%)
genomic profiles were obtained. The remaining 385 (47%) patients
were excluded mainly because of node-positive disease (22%). The
logistics of obtaining fresh-frozen material from the tumor has gone very
well in each of the participating hospitals. Approximately 50% of the
tumors were shown to have a good prognosis signature.
Another area of research is to identify gene expression signatures
associated with the response to chemotherapy. Within a single-
institution prospective phase |l trial, patients with locally advanced
breast cancer received six courses of either doxorubicin-cyclo-
phosphamide (AC) (n=25) or doxorubicin-docetaxel (AD) (n=24)
containing neoadjuvant chemotherapy. Gene expression profiles were
generated from core needle biopsies obtained before treatment and
correlated with the response of the primary tumor to the chemotherapy
administered [3]. Additionally, pretreatment gene expression profiles
were compared with those in tumors remaining after chemotherapy
(n=15).
Eleven (22%) of the 49 patients showed a (near) pathological complete
remission of the primary tumor after treatment. No gene expression
pattern correlating with response could be identified for all patients as
well as for the AC-treated or AD-treated group separately. The
comparison of the pretreatment biopsy and the tumor excised after
chemotherapy revealed differences in gene expression in those tumors
that showed a partial remission but not in tumors that did not respond
to chemotherapy.

No gene expression profile predicting the response of primary breast

carcinomas to AC-based or AD-based neoadjuvant chemotherapy

could be detected in this study. We are currently expanding the series
of patients in this neoadjuvant chemotherapy study.

We conclude that gene expression profiling is a method that has

greatly accelerated the identification of prognostic and predictive

factors in breast cancer and will lead to novel diagnostic tests that can
be reliably implicated in clinical practice.
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Many single-gene molecular markers have been evaluated as
predictors of response to specific regimens. However, no reliable and
routinely used molecular chemotherapy response predictors exist
today. Molecular markers of proliferative activity remain nonspecific
predictors of chemotherapy sensitivity in general. Multidrug-resistance
transport proteins, p53 gene mutations, and defects in apoptotic
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pathways remain highly controversial as predictors of response or
resistance to particular drugs. To date, the strongest (although still
indirect) evidence supporting a molecular predictor of response to a
particular regimen comes from a retrospective subset analysis of a
variety of studies that showed a link between topoisomerase |l
amplification and increased sensitivity to anthracyclines. However, the
best methodology for determining amplification of topoisomerase Il and
the appropriate cut-off value to distinguish between individuals with
and without amplification have not been established.

Several small studies provided ‘proof-of-principle’ that the gene

expression profile of cancers that are highly sensitive to chemotherapy

is different from that of tumors resistant to treatment. Table 1 (overleaf)
presents a summary of the current literature. The most exciting
possibility implicit to gene expression profiling-based diagnostic tests
is that multiple predictors could be applied to a single data set. It is

currently technically feasible to perform gene expression profiling on a

single biopsy and assess prognosis using a 76-gene, or 70-gene

signature, determine the ER and HER-2 status by measuring receptor
mRNA levels, predict endocrine sensitivity among the ER-positive
patients and estimate the probability of response chemotherapy.
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Reference

Patient
characteristics

Treatment

Results

Chang et al. [1]

Ayers et al. [2]

Iwao-Koizumi

et al. [3]

Hannemann et al. [4]

Gianni et al. [5]

Folgueira et al. [6]

Dressman et al. [7]

Thuerigen et al. [8]

Park et al. [9]

Cleator et al. [10]

Hess et al. [11]

Mina et al. [12]

24 (discovery) and
6 (validation)
patients. with LABC

24 (discovery) and
12 (validation)
patients with breast
cancer

44 (discovery) and
26 (validation)
patients. with

4 cycles docetaxel
every 3 weeks

3 or 12 cycles paclitaxel and
4 cycles of FAC (T/FAC)

4 cycles of docetaxel

stage Il/IV breast cancer

48 patients with
LABC

89 (INT-Milan) and
82 (MDACC)
patients with LABC

(1) 38 (discovery),
13 (validation)

(2) 31 (discovery),
13 (validation)

37 patients with
stage IIB/Ill breast
cancer

52 (discovery/
GEsDoc), 48
(validation/GEDoc)
patients with
T2-4N0-2MO
breast cancer

21 patients with
stage Il/Ill breast
cancer

40 patients with
primary breast
cancer

82 (discovery),
51 (validation)

45 patients with
stage Il/Ill breast
cancer

6 cycles of doxorubicin/docetaxel
(AD, n = 24) or doxorubicin/
cyclophosphamide (AC, n = 24)

3 cycles of doxorubicin/paclitaxel,
12 cycles of weekly paclitaxel

Liposomal doxorubicin x 4/paclitaxel
combined with local whole breast

hyperthermia

GEsDoc (gemcitabine, epirubicin
every 2 weeks x 5 followed by
docetaxel every 2 weeks x 2),
GEDoc (gemcitabine, epirubicin,
docetaxel every 3weeks)

4 cycles of FEC every 3 weeks
followed by 12 cycles of weekly

paclitaxel

6 cycles doxorubicin/

cyclophosphamide (AC)

3 or 12 cycles paclitaxel and
4 cycles of FAC (T/FAC)

3 cycles doxorubicin every
2 weeks and 6 cycles docetaxel

weekly x 6

92 differentially expressed genes (P < 0.001)

LOOCV results in training: predictive accuracy of 88% (95% Cl, 68-97%), PPV
of 92%, NPV of 839%, sensitivity of 85% (95% Cl, 55-98%), specificity of 91%
(95% CI, 59-100%)

Independent validation: all six patients with sensitive tumors correctly identified

No single gene sufficiently associated with pCR to serve as single valid marker
74-gene predictor for response to chemotherapy

- Predictive accuracy of 78% (95% Cl, 52-94%), PPV of 100%

(95% ClI, 29-100%), NPV of 73% (95% Cl, 45-92%), sensitivity of 43%
(95% Cl, 10-82%), specificity of 100% (95% ClI, 72—100%)

85-gene-predictor of pCR with:

— Predictive accuracy of 80.7% (95% Cl, 63.5-92.5%), PPV of 73.3%
(95% Cl, 49.5-90.3%), NPV of 90.9% (95% Cl, 65.9-99.4%), sensitivity of
91.7% (95% Cl, 68.1-99.5%), specificity of 71.4% (95% Cl, 46.7-89.5%)

No differentially expressed genes identified, no possible multigene predictor
developed

Patient samples did not cluster distinctly for pCR/near pCR compared with RD in
hierarchical clustering

86 genes correlating with pCR (P < 0.05) forming three clusters

— ER gene cluster

- Proliferation gene cluster

— Immune-related gene cluster

RS correlated with pCR in INT-Milan patients

86-gene model developed on INT-Milan patients validated on MDACC samples

(1) 25 (3.8%) differentially expressed transcripts between responders and
non-responders, three-gene classifier could not be validated

(2) Three-gene classifier successfully developed and validated both by LOOCV
and in an independent validation set

(a) 22-gene signature characterizing IBC identified and validated by LOOVC
(b) 18-gene signature characterizing IBC identified and validated by LOOVC
(c) No gene signature predicting clinical response could be identified

512-gene-signature predictive of pCR: predictive accuracy of 88%

(95% Cl, 75-95%), PPV of 64% (95% CI, 39-81%), NPV of 95%

(95% CI, 82-99%), sensitivity of 78% (95% Cl, 40-97%), specificity of 90%
(95% Cl, 76-97%)

11 differentially expressed ABC transporters

Multigene predictor model with the ABC transporters differentially expressed
between the two classes (P < 0.003) with predictive of pCR with:

- Predictive accuracy of 92.8% (95% Cl, 88.0-97.4%), PPV of 93.2%
(95% Cl, 85.2—-100%), NPV of 93.6% (95% Cl, 87.8-99.4%), sensitivity of
88.1% (95% Cl, 76.8-99.4%), specificity of 95.9% (95% Cl, 87.8—100%)

253 differentially expressed genes;

— 75 genes overexpressed in resistant tumors (that is, transcription, differentiation,
signal transduction, amino acid metabolism)

- 178 genes overexpressed in sensitive tumors (that is, cell cycle, survival, stress
response, and estrogen-regulated genes)

30-gene predictor identified and validated by fivefold cross-validation, permutation
testing and application to an independent data set:

— Predictive accuracy of 76% (95% Cl, 62-87%), PPV of 52%

(95% ClI, 31-73%), NPV of 96% (95% Cl, 82—-100%), sensitivity of 92%

(95% CI, 64-100%), specificity of 71% (95% Cl, 54-85%)

22 of 274 candidate genes correlated with pCR (P < 0.05) forming three large
clusters: angiogenesis-related genes, proliferation-related genes, invasion-related
genes, no correlation between RS and pCR, 24/274 genes correlated with
inflammatory phenotype

ABGC transporter, ATP binding cassette transporter; discovery, development/training set; FAC, 5-fluorouracil, doxorubicine, cyclophosphamide; FEC, 5-fluorouracil,
epirubicin, cyclophosphamide; IBC, inflammatory breast cancer; LABC, locally advanced breast cancer; LOOCYV, leave-one-out cross-validation; NPV, negative predictive
value; pCR, pathological complete response; PPV, positive predictive value; RD, residual disease; RS, recurrence score (Oncotype DX®); validation, validation set.
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Role of MR and digital mammography for screening
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New technologies have raised the issue of their application as a
replacement for or in addition to screen-film mammography in screen-
ing of women at normal risk and elevated risk of breast cancer.
Digital mammography images the breast using the identical information
obtained in screen-film mammography. The image is processed, stored
and displayed electronically. This conveys several advantages over film
techniques, but the approval of digital mammography by the US Food
and Drug Administration has been based on comparable ability to
detect cancer, not any diagnostic advantage.
Four prospective studies comparing digital and film mammography on
the same patients have shown that for population-based screening
there is no advantage for digital over film. The last and largest of these
studies [1] initially reported an advantage for several subgroups of
women for digital screening. Later analysis of data from this study,
however, concluded that only women with dense breasts may benefit
and that screening of entire populations with digital mammography is
excessively costly and not beneficial.
Analysis of MR as a screening tool has been directed at women with
greatly elevated lifetime risk of developing breast cancer. The ability of
MR to detect a large percentage of cancers in these women earlier
than mammography, sonography or physical examination and at a stage
at which they should be curable has been clearly demonstrated. This
has lead the American Cancer Society, along with others, to
recommend the use of MR to annually screen women with at least a
20% lifetime risk of developing breast cancer starting at age 25 years.
Those at less risk were not included due to lack of supporting data and
concern over excessive biopsies in those women.
Reference
1. Pisano ED, Gatsonis C, Hendrick E, et al.: Diagnostic perfor-
mance of digital versus film mammography for breast-cancer
screening. N Engl J Med 2005, 353:1773-1783.
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Surgical issues in the breast and axillary nodes in
patients treated with neoadjuvant systemic therapy
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Breast Cancer Research 2007, 9(Suppl 1):S7 (doi: 10.1186/bcr1690)
Several unique surgical issues arise in the management of patients
who are candidates for neoadjuvant systemic therapy. These involve
the original diagnostic assessment of the extent of disease in the
breast and axilla, the preoperative planning, and ultimately the surgical
management of the primary breast tumor and that of axillary lymph
nodes. Careful consideration of these issues is crucial in order to
maximize local control of the disease, while minimizing the extent of the
required surgical resection and the ensuing surgical morbidity.
Adequate diagnostic assessment with core needle biopsy before the
initiation of neoadjuvant systemic therapy ensures the presence of
invasive carcinoma and provides adequate material for routine bio-
marker evaluation (such as ER, PR and HER-2 neu), while minimally
disturbing the primary breast tumor. Consideration should also be
given in assessing the status of axillary nodes by minimally invasive
techniques such as ultrasound of the axilla and fine needle aspiration of
suspicious nodes. Optimal preoperative planning aims at accurately
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determining the patterns of primary tumor shrinkage and the amount
and location of any residual disease in the breast.
Surgical treatment after neoadjuvant systemic therapy focuses on the
management of the primary breast tumor and that of axillary lymph
nodes. Regarding the primary breast tumor, several studies have
shown that neoadjuvant systemic therapy converts a proportion of
mastectomy candidates to candidates for breast-conserving surgery.
Neoadjuvant systemic therapy can also decrease the amount of breast
tissue that needs to be removed at lumpectomy even in patients who
are lumpectomy candidates at presentation.
Neoadjuvant systemic therapy (primarily neoadjuvant chemotherapy)
downstages axillary lymph nodes in up to 30-40% of the patients.
Although this observation was of little clinical significance when axillary
node dissection was the sole method for staging the axilla, the
development and validation of sentinel lymph node biopsy has provided
an additional potential advantage for neoadjuvant chemotherapy; that
is, the possibility of decreasing the extent and morbidity of axillary
surgery. This approach is, naturally, predicated on the premise that
sentinel node biopsy is feasible and accurate following neoadjuvant
chemotherapy. Until recently, only small, single-institution studies have
examined the efficacy of lymphatic mapping and the accuracy of
sentinel node biopsy after neoadjuvant chemotherapy with significant
variability in the rate of sentinel node identification and in the rate of
false negative sentinel node [1]. When these studies are examined
collectively [1,2] or when larger, multicenter data sets are analyzed [3],
however, sentinel node biopsy after neoadjuvant chemotherapy
appears to have similar performance characteristics to those of sentinel
node biopsy before systemic therapy [4-6].
Some have proposed that candidates for neoadjuvant systemic therapy
should have a sentinel node biopsy before, rather than after,
neoadjuvant systemic therapy so that information on the status of the
axillary nodes is obtained without the potential confounding effects of
systemic treatment, and sentinel node-negative patients can avoid
axillary dissection [7-9]. Although this approach may be useful in
patients who will not need systemic therapy (that is, chemotherapy) if
the sentinel node is negative, it is not generally useful for the majority of
candidates for neoadjuvant systemic therapy, for whom little — if
anything — is to be gained by knowing the pathologic nodal status
upfront. In addition, this approach commits patients to two surgical
procedures and does not take advantage of the down-staging effect of
neoadjuvant chemotherapy on the axillary nodes.
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Treatment of the intact primary in women with
metastatic breast cancer
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"Department of Surgery, 2Robert H. Lurie Comprehensive Cancer
Center and 3Department of Preventive Medicine, Feinberg School of
Medicine of Northwestern University, Chicago, IL, USA
Breast Cancer Research 2007, 9(Suppl 1):S8 (doi: 10.1186/bcr1691)
Background Approximately 12,000 women with primary breast cancer
present with stage IV disease annually in the United States. The present
treatment paradigm is that systemic therapy is the standard of care and
surgical therapy for the primary tumor is provided only to palliate symptoms.
Methods We have examined the impact of local therapy on survival in
patients presenting with stage IV breast cancer at initial diagnosis,
reporting to the National Cancer Database (NCDB) between 1990 and
1993. In a subsequent study, we reviewed the medical records of
women presenting with stage IV breast cancer to Northwestern
Memorial Hospital (NMH) over the 10-year period 1995-2005. Cox
regression models and logistic regression was used to estimate
adjusted overall survival in both studies, and the time to first
progression (TTFP) and chest wall status in the NMH population.
Results A total of 16,024 patients with stage IV disease were
identified in the NCDB over 4 years, of whom 42.8% received only
diagnostic or palliative procedures, and 57.2% underwent partial or
total mastectomy. A multivariate proportional hazards model identified
the number of metastatic sites, the type of metastatic burden, and the
extent of resection of the primary tumor as significant independent
prognostic covariates. Women treated with surgical resection with free
margins, when compared with those not surgically treated, had
superior prognosis, with a hazard ratio of 0.61 (95% Cl 0.568-0.65). In
the NMH study, we identified 114 women; 48 (42%) underwent
resection of the primary tumor. Local control of the chest wall was
maintained in 36/48 (75%) of the surgical group, versus 31/66 (47%)
patients without surgical therapy (P=0.002). TTFP was prolonged in
the surgical group, adjusted HR 0.639 (P=0.03). The HR for overall
survival in the surgical group was 0.724 (P=0.160). Notably, in
women with controlled chest walls we observed an overall survival
benefit with a HR of 0.418 (P<0.0002).
Conclusion Recent retrospective studies suggest that surgical
resection of the primary tumor in women who also have distant disease
may be beneficial [1-3]. These are remarkably consistent in the
magnitude of the survival advantage, with a hazard ratio of about 0.6
when surgical intervention is used. There is a paucity of data supporting
the assumption that surgical resection will maintain a disease-free chest
wall. A study of women with in-breast recurrence of breast cancer and
synchronous distant metastases found that women undergoing
resection were more likely to avoid uncontrolled chest-wall disease and
to survive longer [4]. Our study at NMH (the largest reported to date
examining this issue) finds that maintenance of a disease-free chest wall
is associated with improved survival. This further emphasizes the need
for prospective randomized trials to establish the role of local therapy in
the setting of metastatic breast cancer.
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Immediate versus delayed breast reconstruction
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Breast Cancer Research 2007, 9(Suppl 1):S9 (doi: 10.1186/bcr1692)
With numerous advances in the field of plastic surgery, breast recon-
struction is available today to almost any woman undergoing surgery
for breast cancer. Several methods can be used for restoration of the
breast either at the same time as breast cancer surgery (immediate
reconstruction) or months or even years later, at the patient’s discretion
(delayed reconstruction). The skin sparing approach to mastectomy,
originated in the early 1990s, has especially facilitated immediate
reconstruction of the breast and resulted in a high standard of
cosmetic outcomes. In general, the reconstructive options include
using autologous soft tissues from the patient’s donor areas, such as
the abdomen, hips, back, or buttock, or using a prosthetic implant to
create a new breast mound. For well over a decade now, skin-sparing
mastectomy and immediate reconstruction has offered the compelling
advantages of both superior cosmetic appearance of the reconstructed
breast as well as favorable psychological and economic benefits [1].
For many years in the past there was the misconception that breast
reconstruction must be delayed for several years after mastectomy
because reconstruction might prevent or delay detection of local
recurrence. Hence, a large population of women has sought and
presently still seeks to undergo delayed postmastectomy recon-
struction months to years later. The outcomes of these reconstructions
are good to excellent but the cosmetic outcome is always somewhat
inferior to the results obtainable by immediate reconstruction because
of the loss of the breast skin envelope after mastectomy and the need
to replace so much of the chest wall skin. In regard to the all-important
question of local recurrence, several longer term follow-up studies at
the MD Anderson Cancer Center actually indicate a lower incidence of
local recurrence after immediate reconstruction.

Current comparative statistics for the numbers of patients undergoing
immediate as well as delayed reconstruction from 2002-2006 are
presented in Table 1. Since 2002, the MD Anderson Plastic Surgery
Department has seen a progressively increasing demand of early
breast cancer patients for implant-based reconstructions performed on
an immediate basis. The opposite trend of a preference of autologous
tissue reconstructions is apparent for delayed reconstructions.

The controversy today is that we continue to undergo an important
evolution in our approach to breast reconstruction because of the
identified advantage of the addition of postmastectomy radiation
therapy to mastectomy and chemotherapy. The inability to determine
which patients will require postmastectomy radiation therapy,
especially which patients with early-stage breast cancer, has increased
the complexity of planning for immediate breast reconstruction. There
are two potential problems with performing an immediate breast
reconstruction in a patient who will require postmastectomy radiation
therapy. One problem is that postmastectomy radiation therapy can
adversely affect the aesthetic outcome of an immediate breast
reconstruction [1-3]. The other potential problem is that an immediate
breast reconstruction can interfere with the delivery of postmastectomy
radiation therapy. Because radiation therapy is one of the most
important considerations affecting the timing and technique of breast
reconstruction, plastic surgeons and radiation oncologists must work
together to maintain an appropriate balance between minimizing the
risk of recurrence and providing the best possible aesthetic outcome.
Our experience at the MD Anderson Cancer Center and many of the
other experiences reported in the literature indicate that breast
reconstruction should probably be delayed in patients who are known
preoperatively to require postmastectomy radiation therapy [2,4].
Considering, then, our evolving approach for early breast cancer
patients who want immediate breast reconstruction but are at higher
risk for postmastectomy radiation therapy and likely delayed recon-
struction, our updated ‘delayed-immediate’ [5] reconstruction
experience between May 2002 and November 2006 includes 42
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Immediate versus delayed breast reconstruction, 2002-2006, MD Anderson Cancer Center

Number of immediate reconstructions

Number of delayed reconstructions

Total number of Number of

Year Implant Patient’s own tissue Implant Patient's own tissue reconstructions mastectomies
2002 167 153 43 55 418 418
2003 186 176 53 68 483 482
2004 256 158 45 84 543 541
2005 239 164 48 75 526 523
2006 313 234 39 98 684 683

patients who were considered preoperatively to be at an increased risk
of requiring postmastectomy radiation therapy (PMRT) and underwent
delayed-immediate breast reconstruction at the MD Anderson Cancer
Center. After review of the permanent pathology, 62% (26 of 42
patients) of patients did not require PMRT and, because of the preserved
breast envelope, could go ahead with essentially an immediate
reconstruction. The remaining 38% (16 of 42 patients) did require
PMRT, but selected patients are being managed on a similar IRB
reconstruction protocol that will allow a ‘skin-preserving’ delayed
reconstruction following completion of the PMRT. Fifteen of these 16
patients (94%) were evaluated as having uncompromised radiation
delivery. Cosmetic results of this approach are very promising and
compare favorably with immediate reconstruction in the short-term
follow-up to date. Complication rates with delayed-immediate
reconstruction are considered quite acceptable and included: stage |
(three of 42 patients, 7%), stage Il (four of 26 patients, 15%), skin-
preserving delayed reconstruction (one of 13 patients, 7%), and
expander loss (surgery-related, 2%; PMRT-related, 6%). Only 2% (one
of 42 patients) of the patients developed a recurrence of breast cancer
after an average follow-up of 24 months.
Breast reconstruction plays an important role in the multidisciplinary,
comprehensive care of the breast cancer patient. Advances in
techniques have allowed immediate reconstruction to minimize
incisional scars on the breast and improve overall breast contour, shape,
and appearance. The improved aesthetic outcomes over delayed
reconstruction, achieved also by the skin-preserving ‘delayed- immediate’
approach for early breast cancer patients at risk for radiation therapy
and similarly for selected patients actually undergoing PMRT, has
convinced many breast cancer patients to view mastectomy with
reconstruction as a viable and positive treatment choice. Those patients
who are candidates for and who will undergo delayed reconstruction,
either because of the planned need for adjuvant radiotherapy or
because of poorly controlled comorbidities that must be stabilized
before a reconstruction can be undertaken, can still anticipate an
excellent cosmetic outcome with a record of high patient satisfaction.
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Background Under certain conditions, the nipple sparing mastectomy
can be proposed for the treatment of breast cancer when the
mastectomy remains indicated. The nipple areola complex (NAC)
preservation improves the quality of life, reducing the feeling of
mutilation. The main argument against the procedure is the lack of
radical resection of the retroareolar ductal system. A novel
radiosurgical treatment combining subcutaneous mastectomy with
intraoperative radiotherapy is proposed.

Methods Seven hundred and seventy-three nipple sparing mastec-
tomies have been performed since March 2002, for invasive carcinoma
in 63% and for in situ carcinoma in 37%. Clinical complications,
aesthetic results, and oncological and psychological results were
recorded.

Results The NAC necrosed totally in 26 cases (3.3%) and partially in
49 cases (6.3%), and was removed in 36 cases (4.6%). Thirteen
infections (1.6%) were observed and 32 (4.14%) prostheses removed.
The median rating of the patients for global cosmetic results on a 0
(worst) to 10 (excellent) scale was 8. The surgeon in charge of the
follow-up has given the same rating. A radio dystrophy was observed
on the areola in 5.1% of the patients. The sensitivity of the NAC
recovered slowly and partially in only 30% of the cases. Twelve local
recurrences (1.5%) occurred in an average follow-up period of 18
months (range 1-61 months). Most recurrences were located far from
the nipple areola site, outside the radiated field. Two recurrences were
Paget disease associated with an in situ carcinoma. Overall, we
observed 23 metastases and three deaths. Sixty-eight per cent of
patients were satisfied with their reconstructed breast and 97% were
satisfied with having preserved the NAC.

Introduction

Conservative treatment is now well accepted for a majority of breast
cancers and is performed in around 70-80% of cases [1]. However,
mastectomy remains indicated in at least 20% of patients. An important
improvement resulted from the skin-sparing mastectomy technique,
validated by several publications [2-11]. The preservation of the skin
envelope has favoured the quality of the breast reconstruction, and
breast reconstructive surgery has made important progress, providing
more natural shape. However, despite the reconstruction, patients
often deplore a feeling of mutilation. The nipple areola complex (NAC)
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(a) The sterile collimator of the LINAC. (b) The gauze over the areola
allows a more homogeneous distribution of the dose to the nipple and
the areola. (c) Protective lead and aluminum disks. (d) Pectoralis major
muscle.

appears an identity mark of the breast [12]. Several authors have
evaluated the risk of nipple areola involvement and investigated the
possibility of nipple areola preservation [13-18]. Focusing on such risk,
and the possible cancer recurrence in the breast tissue preserved
beneath the NAC for the blood supply, we proposed to combine the
subcutaneous mastectomy technique with intraoperative radiotherapy
with electrons (ELIOT), previously trialled in breast-conserving
treatment [19]. The preliminary results of the ‘nipple sparing mastec-
tomy’ (NSM) were published in 2003 [20]. Today, we report the results
of 773 NSMs performed at the European Institute of Oncology.
Materials and methods

From March 2002 to March 2007, 898 patients were invited to
undergo a NSM. The inclusion criteria were primary tumours located at
least 1 cm outside the areola margins, an absence of nipple retraction
or bloody discharge, and an absence of retro areola micro-
calcifications. Multifocality was not a cause for exclusion, provided that
all the tumour sites were distant from the areola. Invasive as well as in
situ carcinomas were included. Patients were excluded at the time of
the operation when the frozen examination of the retro areola tissue
had been positive for carcinoma: in these cases, ELIOT was not
delivered and the NAC was removed. Among the 898 cases, 98 were
excluded, mainly because of the positive extemporaneous examination

Figure 2 (abstract S10)
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and in several cases because of the poor blood supply requiring the
NAC removal. Fifty-one candidates were excluded because no
radiotherapy was delivered, most often when the blood supply was
poor and the risk of necrosis very high. Finally, 749 patients underwent
a NSM, among whom 24 had a bilateral NSM.

The mean patient age was 46 years (range 20-73 years). Seventy-five
per cent of the patients have a mean follow-up of 18 months (range
1-61 months).

The surgical technique has already been described [20]. Breast
reconstruction was achieved with a definitive prosthesis in 689 cases
(89%) and with an expander in 185 (24%). Only six patients underwent
a reconstruction with an autologous transverse rectus abdominis
myocutaneous and one with an autologous Latissimus dorsi.

Once the glandular tissue has been removed and the frozen section of
the retro areola tissue proved free of cancer, ELIOT was performed on
the NAC area. The ELIOT technique has already been described
[21-24]. In our technique, 16 Gy were delivered on the NAC in one
shot with lead and aluminium disk protection of the pectoralis muscle
and thoracic wall (see Figure 1). However, in 145 cases, the same
radiotherapy was postponed to the following day, due to technical
problems with the machine in the operating room.

Sensitivity, colour, radio dystrophy, position and symmetry, and global
evaluation by the surgeon and the patient, were rated according to a
scale (0-10), 10 indicating the best results. (The results were rated
poor when rated from O to 3, fair from 5 to 6 and good or excellent
from 7 to 10.)

Local recurrences, distant metastases and death were also recorded.
A psychological study was conducted concomitantly. A detailed
questionnaire was sent to the patients 1year after the operation to
evaluate the degree of satisfaction. The statistic analysis of psychological
results was performed with the chi-square test and exact Fisher test.
Results

NAC total necrosis was observed in 26 cases out of 773 NSMs
(8.83%). Partial necrosis was observed in 49 cases (6.3%). The NAC
was removed in 36 cases (4.6%). The definitive histology of the 773
NSMs was invasive carcinoma in 63% and in situ carcinoma in 37%. In
53 cases (6%), the definitive histology of the retro areola tissue
returned positive for carcinoma (invasive in 35 cases and in situ in 18
cases). Thirteen infections (1.6%) were observed in the immediate
postoperative period; 32 prostheses were removed (4.1%). A capsulo-
tomy has been required in 137 cases (17.7%).

Cosmetic results and sequelea were evaluated by the surgeon in
charge of the follow-up according to the scale previously mentioned.
The average evaluation of the sensitivity of the areola and the
periareolar area was 2/10. Thirty per cent of the patients recovered
some kind of sensitivity in several months. The colour of the areola was
judged 8/10. The radio dystrophy was absent in most cases: 9/10. A
radio dystrophy such as telangiectasia has been observed in 5.1% of
the cases. The symmetry of the breasts was evaluated well in most
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Case 1. (a) Preoperative drawing and result. (b) and (c) Final result with contralateral augmentation.
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(a)

Case 2. (a) Right NSM. (b) Breast reconstruction with TRAM flap.

cases: 7/10. The global result was rated by the patient as 8/10 and
also as 8/10 by the surgeon (see cases 1-3, Figures 2-4).

Cancer results

Despite the frozen section performed underneath the NAC to eliminate
the cases with positive results, the final histology of the retro areola
tissue was positive in 53 (6.8%) cases, among which 35 were invasive
carcinomas (66%). However, the NAC has been preserved in most
cases when the final examination returned positive, taking into account
the intraoperative radiotherapy to avoid recurrences. The secondary
removal was due to local necrosis. Twelve local recurrences were
observed. Two were located on the NAC and the 10 others at a
distance from the radiated area, usually in the same area of the tumour
location. Both recurrences on the NAC were a DCIS associated with a
Paget disease on the nipple. No recurrence on the NAC was observed
in the group of patients with persistent positive histology.

Twenty-three cases of distant metastases and three deaths were
observed in our series.

The psychological study was completed for 1569 patients who had at
least 1 year follow-up and who answered our questionnaire. Ninety-
seven per cent of the patients interviewed declare being very satisfied
with the appearance of the breast after the NSM. No patient regretted
having undergone reconstructive surgery, and 91.5% agreed with the
mutilation being decreased by having preserved the NAC. Similarly,
93% of women responded that conserving the nipple aided in facing
illness, and only 1.6% expressed a total dissatisfaction.

Discussion

Our study on 773 skin-sparing mastectomies performed at the
European Institute of Oncology confirms the feasibility of the
procedure, with a majority of good results after the preservation of the
NAC. However, a partial or total NAC necrosis due to insufficient blood
supply was observed in 9.7% of the cases. Moreover, 6.6% of the final
retro areola histology return positive while it was observed negative at
the frozen section. Such results could be improved with a better
selection of the NSM, if we cancel the cases requiring an extensive
retro areola tissue removal and if we change the surgical indications of
the reconstruction in cases of large breast, more often using
autologous tissue reconstruction. Concerning the retro areola free
margins, we should verify with more accuracy the clinical proximity
between the tumour and the NAC.

A partial or global return of the NAC sensitivity was present in only
30% of the patients. As expected, the return is incomplete and takes
months to happen [25]. The risk of radio dystrophy is low with such
intraoperative radiotherapy at the level of 16 Gy. Seven per cent of the
patients had a severe or moderate radio dystrophy, but a mild
pigmentation was observed in around one-third of the women with at
least 1 year follow-up.

Two in situ local recurrences were observed on the preserved NAC,
which is reassuring although the median follow-up is only 18 months. A

(a)

Case 3. (a) Left nipple sparing mastectomy, right prophylactic
mastectomy. (b) Bilateral reconstruction with prosthesis.

longer follow-up is required to prove the efficacy of the intraoperative
radiotherapy. The dose of ELIOT chosen to reduce the recurrence risk
could be questioned [20-24]. The single application of 16 Gy
corresponds to the classic fractioned radiotherapy of 45 Gy for tumour
cells and of 70-80 Gy for late responding normal tissue. This dose
should be sufficient to sterilise more than 90% of the residual cancer
cells, and to obtain an acceptable risk (less than 5%) of severe late
complications (necrosis). However, the percentage of patients with
positive persistent carcinoma behind the NAC in our series justifies

ELIOT, although other authors advocate the possibility of NAC

preservation without ELIOT [13,26-29].

Finally, the primary goal of the NSM is the psychological improvement

of patients requiring a mastectomy. The preliminary results of the

questionnaire report a high level of satisfaction and confirm the
psychological importance of NAC conservation.
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Over the past few years an increasing number of papers have appeared
in peer-reviewed journals detailing various partial breast irradiation (PBI)
approaches, utilizing high-precision external beam radiation therapy,
single-dose intraoperative radiation therapy or brachytherapy. The
concept of PBI has been associated with the use of accelerated
schedules of fractionation. More recently, several preliminary clinical
reports of retrospective series and the 5-year results of the only
randomized study from Budapest using brachytherapy have produced
significant discussion and confirmed the widespread interest toward
PBIl. The comparison between the current standard with early data
coming from PBI techniques poses a dilemma as to when preliminary
results are sufficiently mature to consider a new treatment approach as
safe.

PBI allows reducing the radiation field to only the initially involved
quadrant of the breast and significantly shortens the duration of
radiation therapy. This may represent the possibility of overcoming
constraints such as accessibility to the radiation therapy centres, and
the socioeconomic impact on the working life and on the personal
habits of the patient. PBIl seems to have a positive impact on patients’
quality of life. Another important advantage is the avoidance of
interactions with systemic therapy that may determine delays in the
initiation or in the carrying out of the conventional treatment.

These possible benefits must be balanced with the potential risk of
recurrence within the untreated tissue in the breast receiving PBI as
well as the unknown long-term cosmetic results with the accelerated
techniques. Significant practical considerations also include the choice
of technique, interstitial brachytherapy (high dose-rate versus low dose-
rate), balloon-based brachytherapy (MammoSite®), external beam (3D-
conformal versus intensity modulated radiation therapy), and intra-
operative irradiation (electrons versus low-energy X-ray device). The
choice of the technique has an impact on the schedules and dose-rate
that can be used, on the volume that can be irradiated and on the dose
homogeneity achievable.

Patient selection also remains uncertain, including questions regarding
age exclusions, applicability with various primary tumour sizes,
hystopathological features, the tumour-free margin and amount of
tumour near the margins, and negative (including micrometastasis) or
positive axillary lymph node status (up to three or more).

For this reason, data coming from the multicentric or unicentric large
phase lll ongoing trials in the United States and Europe comparing
standard irradiation with the different PBI schedules and techniques will
hopefully support the movement of PBI into routine clinical practice.
Issues of patient selection, target volume definition, total dose,
fractionation, and the quality assurance programme should be addressed
and defined from analysing the results of such randomized trials.
Acknowledgements The authors thank the support of the American
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The increased risk of death from cancer in young women attests to its
aggressive nature and a greater likelihood of being oestrogen receptor
(ER)-negative. Approximately 60% of tumours are ER-positive, however,
and thus endocrine therapy is an important consideration in this group.
In some countries chemotherapy alone was used for many years until
the importance of the additional therapeutic effect of amenorrhea
became evident and later, after much scepticism, tamoxifen was shown
to be effective in this group of women. Sadly this rather staccato
history of treatment has left many questions concerning endocrine
therapy in young women unanswered. For example, there have been at
least nine studies that show ovarian suppression is equivalent for
disease-free and overall survival to chemotherapy, showing equivalent
therapeutic advantage. However, the correct design of their studies
should have included a third arm of chemotherapy and ovarian ablation
and some randomisation to investigate the role of additional tamoxifen.
New trials such as SOFT, TEXT and PROMISE will help answer the
question of optimal endocrine therapy + chemotherapy in young
women and will also help decide whether aromatase inhibitors are
effective in the presence of ovarian suppression. Two further points are
important to consider. One is that chemotherapy used alone in very
young women with ER-positive disease is detrimental since they do not
have chemotherapy-induced amenorrhoea. Secondly, the value of
chemotherapy in strongly ER-positive disease is being increasingly
questioned.

References

1. Brown RJ, Davidson NE: Adjuvant hormonal therapy for pre-
menopausal women with breast cancer. Semin Oncol 2006,
33:657-663.

2. Colleoni M, Gelber S, Goldhirsch A, Aebi S, Castiglione-Gertsch
M, Price KN, Coates AS, Gelber RSP: International Breast
cancer Study Group: Tamoxifen after adjuvant chemotherapy
for premenopausal women with lymph node positive breast
cancer. J Clin Oncol 2006, 24:1332-1341.

3. Goldstein LJ: Controversies in adjuvant endocrine treatment of
premenopausal women. Clin Breast Cancer 2006, 6:S36-S40.

4. Kaufmann M, Jonat W, Blamey R, Cuzick J, Namer M, Fogelman |,
de Haes JC, Schumacher M, Sauerbrei W, Zoladex Early Breast
Cancer Research Association (ZEBRA) Trialists Group: Survival
analyses from the ZEBRA study. Goserelin (Zoladex) versus
CMF in premenopausal women with node positive breast
cancer. Eur J Cancer 2003, 39:1711-1717.

S13

Triple-negative (basal-like) breast cancer: a new entity
LA Carey

Hematology/Oncology Department, University of North Carolina,
Chapel Hill, NC, USA

Breast Cancer Research 2007, 9(Suppl 1):S13 (doi: 10.1186/bcr1696)
Unsupervised gene expression array profiling has provided biological
evidence for the heterogeneity of breast cancer through the identification
of intrinsic subtypes such as luminal A, luminal B, HER2+/ER- and the
basal-like subtype. The basal-like subtype is characterized by low
expression of both the ER and HER2 clusters of genes, so is typically
ER-negative, PR-negative, and HER2-negative on clinical testing; for this
reason, it is often referred to as ‘triple-negative’ breast cancer.

Available online http://breast-cancer-research.com/supplements/9/S1

Basal-like breast cancer has some unique characteristics. It is the type of
breast cancer that BRCA1 mutation carriers generally develop, although
most basal-like breast cancers are sporadic. It comprises approximately
15% of all breast cancers, but is overrepresented among young African-
American women who develop breast cancer, in whom it comprises 39%.
Although it does not occur at higher stages than other breast cancer
subtypes, it is usually high grade and highly proliferative, which may
explain the poor prognosis associated with this subtype in several series.
Given the triple-negative status of basal-like breast cancer, it cannot be
treated with ER-targeted or HER2-targeted therapies, so is primarily
treated with chemotherapy. Fortunately, advances in adjuvant therapy
appear to benefit ER-negative breast cancer even more than ER-
positive breast cancer, and women with the basal-like subtype have
similarly benefited. In addition, in cohorts of breast cancer treated with
neoadjuvant chemotherapy, the pathologic complete response to
anthracycline/taxane-based therapy was significantly higher among
basal-like breast cancers than luminal breast cancers. The women with
pathologic complete response have good outcome; the poor prognosis
of basal-like breast cancer appears to relate to a particularly high risk of
early distant relapse among those that had residual disease. Among
the targeted agents for breast cancer, bevacizumab added to paclitaxel
in a randomized phase lll trial appeared to have similar benefit in the
triple-negative subset as the other breast cancer phenotypes, suggest-
ing effectiveness in basal-like breast cancer. Current investigations into
other therapeutic options for this subtype include confirmation of
effectiveness of VEGF targeting, examination of EGFR-targeted
strategies, determining whether the association of basal-like breast
cancer with BRCA1 mutations means that this DNA repair pathway is
dysfunctional in all basal-like breast cancer, and determining whether
specific chemotherapy agents have greater or lesser efficacy in this
subtype. Future studies should also focus upon identifying whether
there are particular genetic or environmental risk factors for basal-like
breast cancer that differ from other subtypes, and whether there are
metastatic or predictive signatures that can be identified within the
basal-like subtype.
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Metastatic breast cancer patients represent a very heterogeneous
population and several factors are important for therapeutic decision:
patient characteristics including age, comorbidities, and performance
status, tumor biological characteristics, site and extension of metastatic
spread, prior adjuvant therapies and disease-free interval. In the past
years, adjuvant treatment has been rapidly changing as new cytotoxics,
new endocrine agents and targeted therapies are becoming the
mainstay of treatment [1]. For endocrine-sensitive breast cancer,
several large randomized trials have shown that third-generation
aromatase inhibitors, can reduce the risk of relapse of early breast
cancer in comparison with tamoxifen. Nowadays, aromatase inhibitors
administered up front, as a switch after 2-3 years of tamoxifen or as
extended treatment after 5 years of tamoxifen represent the standard
treatment in postmenopausal women. As anthracycline and taxanes are
the most active cytotoxic agents in breast cancer, anthracycline/taxane-
containing regimens are becoming the mainstay of adjuvant
chemotherapy. Finally, the growing understanding of the biology of
breast cancer cells led to identification of key molecular points that
represent possible therapeutic targets. Trastuzumab, the monoclonal
antibody against the HER-2 receptor, is approved for the treatment of
high-risk early breast cancer overexpressing HER-2 and represents the
standard treatment in these patients. With increasing use of very active
drugs in the adjuvant setting, there is a greater need for effective
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therapy at the time of relapse [2]. In endocrine-sensitive breast cancer,

sequencing data for anastrozole and tamoxifen have shown that

tamoxifen is likely to be effective after progression on anastrozole.

Moreover, in recent years Fulvestran, a selective ER downregulator

acting as a pure antiestrogen agent, has been developed. Tamoxifen,

Fulvestran or an aromatase inactivator are possible options after failure

of adjuvant aromatase inhibitors. At present, it is not possible to define

the optimal sequence of these endocrine agents. In endocrine-resistant
disease, a treatment-free interval (TFI) >12 months after adjuvant
chemotherapy has been shown to be an important factor for
determining sensitivity to drug rechallenge. If the tumor has been
exposed to an anthracycline and a taxane in adjuvant setting and the

TFl is >12 months, the re-treatment with the same agents may be an

option [3]. If the TFl is <12 months it is preferable to use a different

agent. Capecitabine, gemcitabine and vinorelbine have demonstrated
substantial activity in metastatic breast cancer. Finally, patients with

HER2-positive tumors receiving adjuvant trastuzumab might be

refractory (primary resistance) or might become resistant (secondary

resistance) to trastuzumab. The mechanisms of primary and secondary
trastuzumab resistance are not yet fully elucidated. Lapatinib, a new
target agent that simultaneously inhibits both HER-2 and EGFR
tyrosine kinases, has been shown to be active in trastuzumab-resistant
metastatic breast cancer. Moreover, several new agents targeting

HER-2 are currently under clinical development. There are no data on

rechallenge with trastuzumab in patients who had received this agent

as adjuvant treatment and relapsed after a long TFIl, and this issue is a

new area of research.

References

1. Conte PF, Bengala C, Guarneri V: Controversies of chemother-
apy for the treatment of metastatic breast cancer. Eur J
Cancer 2007, Suppl 5:11-16.

2. Conte PF, Guarneri V: The curability of breast cancer and the
treatment of advanced disease. Eur J Nucl Med Mol Imaging
2004, 31(Suppl 1):5149-S161.

3. Gennari A, Bruzzi P, Orlandini C, et al.: Activity of first line epiru-
bicin and paclitaxel in metastatic breast cancer is indepen-
dent of type of adjuvant therapy. Br J Cancer 2004, 90:
962-967.

S15

Present and future role of bisphosphonates in
treatment

GN Hortobagyi

Department of Breast Medlical Oncology, The University of Texas MD
Anderson Cancer Center, Houston, TX, USA

Breast Cancer Research 2007, 9(Suppl 1):S15 (doi: 10.1186/bcr1698)
Bone metastases are part of a spectrum of conditions based on
dysregulated osseous metabolism. Metastatic cancer cells activate
osteoclasts, both directly, by producing and releasing local humoral
factors that result in osteoclast activation, and by activating osteo-
blasts, which in turn further affect osteoclast activity. Activated osteo-
clasts, when uncoupled and unbalanced from osteoblast activity, result
in net excess bone resorption, resulting in bone loss and eventually lytic
or mixed metastatic lesions. Therefore, the osteoclast, and the humoral
activation system that leads to osteoclast recruitment and activation
have become the major targets for developing therapies active in bone
metastases. Bisphosphonates are potent osteoclast inhibitors and
interfere with recruitment of osteoclast precursors, activation and
release of bone resorbing substances. Bisphosphonates represent the
treatment of choice for osteoporosis. They might also have weak, but
direct, antitumor effects. As single agents, bisphosphonates relieve
pain, and reduce the skeletal complication rate associated with bone
metastases. Prospective randomized trials have clearly demonstrated
that when added to standard antitumor therapy, bisphosphonates
reduce skeletal morbidity, fractures, pain and analgesic requirements,
as well as the need for radiotherapy or orthopedic interventions.
Bisphosphonates also increase the time to first skeletal event, thus
extending the complication-free survival of patients with bone

VIl Madrid Breast Cancer Conference

metastases. These observations have been made in a variety of tumor
types. The optimal duration of bisphosphonate therapy has not been
determined, and while the usual schedule of administration is monthly
intravenous therapy for this indication, there are ongoing trials
attempting to determine the most effective and safest schedule for
patients with bone metastases. Similar studies are ongoing for patients
with osteoporosis and osteopenia. Although bisphosphonates are very
well tolerated, the last few years have brought a number of anecdotal
reports of osteonecrosis of the jaw associated with bisphosphonate
administration. More recently, systematic retrospective analyses of
large databases have indicated a low but definite incidence of this
complication, predominantly in patients receiving third-generation,
potent bisphosphonates. These reports suggest the incidence to be in
the range of 0.1-2.0%, varying with tumor type and research methodo-
logy. There is insufficient information about prevention and manage-
ment of this condition, although risk factors include poor oral hygiene,
oral/dental interventions, increasing cumulative dose of bisphospho-
nates and duration of therapy.

There is much interest and ongoing trials to define the role of
bisphosphonates in the preventive treatment of primary breast cancer.
Whether bisphosphonates can prevent osseous metastases or not,
emerging information about their use in treatment-induced bone loss
might lead to the incorporation of these agents into the combined
modality management of primary breast cancer anyway. This makes the
determination of therapeutic benefit, optimal dose and schedule of
administration very important.
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Breast cancer is an increasing global public health burden with more
than 1 milion new cases anticipated worldwide and more than
200,000 new cases anticipated in the United States in 2007.
Screening and awareness have increased the detection of breast
cancer at its early stages where it is most curable, but many such
patients have microscopic metastatic disease even when diagnosed.
The outcome for such patients can only be improved through the
effective control of this undetected systemic disease, thus motivating
adjuvant therapy. For patients with sufficient risk, based historically on
nodal status, tumor size, specific histology, and hormone receptor
status, chemotherapy can be the only option or a component of
regimens including hormonal agents and anti-HER2 drugs. Genetic
profiling is a recent addition to our risk stratification methods and can
allow for more precise selecti