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Zusammenfassung
Das wachsende Verständnis um die pathophysiologi-
schen Zusammenhänge von Brustkrebs ist eng mit der
Entwicklung neuer molekularer Techniken, der Verbesse-
rung der individuellen Einschätzung des Krankheitsrisi-
kos sowie der Verfügbarkeit zielgerichteter Therapien
und individualisierter Therapiekonzepte verbunden. Gen-
expressionsanalysen sind in der Lage, prognostische
und prädiktive Gensignaturen zu liefern, die einerseits
die Tumorcharakterisierung, andererseits die zielgerich-
tete Therapie optimieren können. Darüber hinaus helfen
Genexpressionsanalysen, Einblicke in die Tumorentste-
hung zu erhalten und neue molekulare Marker zu identi-
fizieren, die dann Gegenstand weiterer klinischer Unter-
suchungen sind. Der zunehmende Trend, translationale
Forschungsprogramme im Rahmen großer klinischer
Studien voranzutreiben, liefert des Weiteren neue Einbli-
cke in pathophysiologische Zusammenhänge sowie die
Vorhersage des Ansprechens auf spezifische Therapie-
maßnahmen. Auch wenn die Identifizierung molekularer
Marker durchaus neue Hypothesen generieren kann, sind
allerdings viele Studien nicht prospektiv ausgerichtet, so
dass der routinemäßige klinische Einsatz zahlreicher
Marker limitiert ist.
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Summary
The increasing understanding of the pathophysiological
background of breast cancer is associated with new mol-
ecular techniques, improved risk assessment, targeted
therapy and individualized treatment. Gene expression
profiling may provide predictive and prognostic gene
signatures which could help characterize tumors and en-
able more tailored therapies. Beyond this, gene expres-
sion profiling allows us to better understand tumor de-
velopment and can help identify new molecular markers
which should be investigated in terms of specific clinical
objectives. There is also an increasing trend towards
translational research in large clinical trials which gives
new insight into pathophysiology and the prediction of
response according to specific therapeutic approaches.
Even if the detection of new molecular markers gives rise
to new hypotheses, most studies lack a prospective set-
ting, and thus the use of identified markers or specific
gene signatures in clinical routine is still limited.
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Introduction

Decision-making in adjuvant or palliative therapy of breast
cancer is not only determined by assessing individual risk and
prognosis but also by evaluating if corresponding targets are
present which may predict treatment efficacy in a more pre-
cise way. As a consequence, the establishment of biological
markers and the implementation of translational research is
an incremental part of clinical trials.

Predictive and Prognostic Markers in Adjuvant 
Cytotoxic Treatment of Breast Cancer

Anthracycline-containing chemotherapy is one of the most ef-
fective treatment options for both adjuvant and metastatic
breast cancer. However, a significant proportion of patients
have a pre-existing or acquired anthracycline resistance and
therefore do not benefit from such compounds. Many efforts
have been undertaken to identify patients with anthracycline-
resistant breast cancer, and there is growing evidence that
topoisomerase II α (topo II α) is one of the most important
markers in this context. Slamon et al. [1] presented the first in-
terim analysis of the Breast Cancer International Research
Group (BCIRG) 006 study, which investigated 3 different
chemotherapy regimens: i) 4 × AC → 4 × T; ii) 4 × AC → 4 ×
TH; iii) 6 × TCcH (A = doxorubicin, C = cyclophosphamide, 
T = docetaxel, H = trastuzumab, Cc = carboplatin) for 1 year
in 3,222 HER2-positive breast cancer patients. Both trastu-
zumab-containing treatment arms showed a significant benefit
in terms of disease-free survival (DFS). Furthermore, the au-
thors presented a subgroup analysis of the HER2 amplicon
with topo II α amplification in 17q21.2 as a marker for better
response to anthracycline-containing chemotherapy: in 35%
(744 of 3,222) of all patients treated within this study co-am-
plification of topo II α was demonstrated. Relating to all pa-
tients, in the subgroup with detectable topo II α co-amplifica-
tion DFS was significantly higher than in patients without co-
amplification (57 vs. 191 events, log rank p < 0.001). Stratifica-
tion by treatment arm in the subgroup with co-amplification
showed no significant differences (log rank p = 0.24), but a
trend in favor of AC→TH was seen. In summary, the authors
conclude that in the subgroup with co-amplification of HER2
and topo II α, treatment with an anthracycline-based
trastuzumab combination might be beneficial. HER2-positive
patients without topo II α co-amplification (approximately
65%) do not appear to have the same benefit and may be
ideal candidates for efficacious, non-anthracycline-based regi-
mens, thus avoiding potential cardiotoxicity.
The classification of breast cancer according to Sorlie et al.
[2] revealed 5–6 different subgroups associated with a distinct
prognosis. Within these subgroups, basal-like tumors consti-
tute the worst prognosis. However, it still remains unclear
whether this classification is of further predictive value, e.g. in

terms of cytotoxic drug therapy. In a retrospective analysis of
49 patients with basal-like breast cancer and 49 matched-con-
trols, Banerjee et al. [3] investigated if anthracycline-based
adjuvant chemotherapy is an effective chemotherapy regimen
in this subgroup. The authors was able to demonstrate that
anthracycline-based chemotherapy is less effective in basal-
like tumors, since DFS and overall survival (OS) showed sig-
nificant differences. However, the multivariate analysis in-
cluding estrogen receptor (ER), progesterone receptor (PR),
lymphovascular invasion, endocrine therapy and basal-like
status reached no statistical significance, which can be attrib-
uted to the small number of patients analyzed. The authors
conclude that new treatment options (e.g. platinum-based
chemotherapy) should be investigated for this subtype of
breast cancer.
While activation of c-myc is associated with an increased rate
of apoptosis [4], HER2 amplification seems to antagonize the
pro-apoptotic effect of activated c-myc and lead to breast can-
cer with a high proliferation rate. Trastuzumab might inhibit
the anti-apoptotic effect of HER2 amplification. Kim et al. [5]
presented data from the National Surgical Adjuvant Breast
and Bowel Project (NSABP) B28 (n = 1,901) trial demonstrat-
ing that amplification of c-myc or HER2 is associated with a
poor prognosis. In tumors with no amplification, the 5-year re-
currence rate has been established at 19.17%. However, it in-
creases to as much as 29.5% if amplification of c-myc or
HER2 is present. The prognosis is even worse when both
genes are co-amplified (5-year recurrence rate of 40.17%).
Based on this observation, the authors investigated c-myc co-
amplification in HER2-positive tumors in patients enrolled in
the NSABP B31 trial (n = 1,549). Co-amplification was de-
fined as > 5 average hybridization signals per nucleus mea-
sured by fluorescence in situ hybridization (FISH) analysis in
tissue microarray. In this HER2-positive cohort, a proportion
of c-myc co-amplification of 30.4% was observed. Patients
without c-myc amplification treated with trastuzumab had 
a statistically significant better outcome in terms of time to
first recurrence than those who received no trastuzumab (haz-
ard ratio (HR) 0.63, 2p = 0.007). However, this benefit was
much higher in tumors with c-myc co-amplification (HR 0.24,
2p < 0.0001). The authors conclude that HER2 overexpres-
sion presumably inhibits the pro-apoptotic effect of c-myc,
resulting in an unfavorable prognosis. The administration of
trastuzumab seems to abrogate the inhibition and re-initiate
apoptosis in these tumors with co-amplification.
50% of all primary breast cancers are node-negative, and
60–70% of these patients are cured by surgical treatment
alone, implicating that 30–40% do not need any adjuvant ther-
apy. To date, the identification of patients with high-risk dis-
ease and subsequently the provision of suitable adjuvant ther-
apy is an ongoing controversy. In this context, the establish-
ment of a prognostic gene signature for risk determination of
node-negative breast cancer patients is an important issue.
Foekens et al. [6] demonstrated validation data of a 76-gene
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prognostic signature. The training set comprised 286 patients
and revealed 76 genes encompassing prognostic signature. The
authors first introduced the validation data of 171 patients in a
single center with a median follow-up of 101 months and
demonstrated that patients with a poor signature (n = 112)
had a statistically significant worse outcome in terms of metas-
tasis-free survival compared to those with a good signature (n
= 59) (HR 5.67, 95% CI 2.59–12.4, p = 9.5 × 10–7). Further-
more, a multicenter validation study with 180 patients likewise
demonstrated a significant difference in patients with a poor
signature (n = 102) compared to patients with a good signa-
ture (n = 78) (HR 7.41, 95% CI 2.63–20.9, p = 8.5 × 10–6).
Hence, 94% of patients with a good signature were free from
metastasis at 10 years compared to 65% with a poor signature.
In a multivariate analysis including age, menopausal status,
tumor size, grading and ER status, the 76-gene signature was
the only significant parameter for metastasis-free survival. A
further multicenter analysis in which 79 patients with ER-pos-
itive, node-negative breast cancer were enrolled confirmed the
prognostic value of this signature. The authors concluded that
the 76-gene signature is applicable to all lymph node-negative
breast cancer patients, irrespective of age, menopausal status,
tumor size, grade and steroid hormone receptor status.
Cyclin E2 was part of 2 molecular signatures designed for the
identification of node-negative patients with low risk of recur-
rence [7, 8]. Schmidt et al. [9] investigated mRNA expression
of cyclin E2 in 201 untreated, node-negative breast cancer pa-
tients and compared the expression level with metastasis-free
survival. Cox regression analysis revealed that cyclin E2
(p = 0.001) and histological grading (p < 0.001) were signifi-
cantly associated with the development of distant failure.
However, in multivariate analysis, only the histological grade
remained significant (p < 0.001), which challenges earlier re-
ports of an independent association between cyclin E2 and
prognosis. The prognostic value of cyclin E2 was higher in ER-
α (ESR1)-positive than in ESR1-negative tumors.

Predictive Markers for Primary Systemic Chemotherapy
Based on Gene Expression Profiling

To date, many efforts have been made to detect specific mark-
er genes for predicting tumor response and prognosis. Global
gene expression profiling by microarrays has been used to
identify prognostic marker genes. Gene expression analysis in
breast cancer patients undergoing neoadjuvant chemotherapy
is an interesting tool for the detection of gene signatures or
new markers suitable to predict tumor response. Pusztai et al.
[10] investigated gene expression profiling for a marker dis-
covery associated with pathological complete remission (pCR)
after 12 preoperative cycles of paclitaxel weekly followed by 
4 cycles of 5-fluorouracil, doxorubicin and cyclophosphamide
chemotherapy. Fine needle aspirations were obtained from 
82 patients with stage I–III breast cancer for gene expression

analysis using Affymetrix U133A chips (Affymetrix, Santa
Clara, CA, USA). The authors identified a marker set of 31
differentially expressed probes between pCR and residual dis-
ease with a false discovery rate of 0.5%. In a 5-fold true cross
validation by diagonal linear discriminant analysis, a 30-probe
classifier proved to be the best predictor (sensitivity 75%,
specificity 73%, positive predictive value (PPV) 50% and neg-
ative predictive value (NPV) 90%). Furthermore, the authors
demonstrated that many different multi-gene predictors of re-
sponse can be developed, each showing good performance in
cross validation. Still a matter of debate is the question of the
optimal sample size when establishing a predictive marker set.
The authors performed a learning curve and concluded that
80–100 cases can yield predictors that operate close to a pro-
jected plateau of accuracy. Nevertheless, the validation of the
30-probe predictor is outstanding.
Schneeweiss et al. [11] also performed gene expression profil-
ing using the Operon Human Oligo Set 2.1 (Operon, Alame-
da, CA, USA), comprising 21,329 gene-specific 70mers, in pri-
mary breast cancer patients receiving neoadjuvant chemother-
apy with gemcitabine, epirubicine and docetaxel, either in
combination or as dose-dense sequential therapy. Comprehen-
sive RNA expression analysis was started with a training set of
50 patients, and the results were validated with an indepen-
dent test set of 48 patients. The authors revealed a 512-gene
signature which showed a sensitivity of 78%, specificity of
90%, PPV of 64% and NPV of 95%. This signature encom-
passes genes of the TGF-β pathway, RAS signaling, DNA
damage response and apoptotic pathways. Validation of se-
lected candidate genes by reverse transcription polymerase
chain reaction (RT-PCR) showed a good correlation with the
microarray data. Furthermore, the authors demonstrated that
the gene expression signature is independent of conventional
predictive parameters. However, beyond the described signa-
ture, HER2 was an independent predictor of pCR.
Likewise, our group [12] presented predictive gene signatures
for response to neoadjuvant chemotherapy with combinations
of docetaxel, doxorubicine and cyclophosphamide from gene
expression profiling within the GEPARTRIO trial. 50 Patients
with histologically confirmed breast cancer were enrolled in
this study. Gene expression analysis was performed from core
cut biopsies using the Affymetrix U133A microarrays. We an-
alyzed tumors according to the classification described by Sor-
lie et al. [2] and compared these results with several clinico-
pathological data. Neither menopausal status, tumor stage,
nodal status nor histopathological grading showed significant
differences in the normal-like, basal-like, erbB 2 or luminal
cluster. The histopathological grading revealed a high propor-
tion (68%) of intermediate-grade tumors. However, in a fur-
ther analysis, ‘genomic grading’ as proposed by Sotiriou et al.
[13] splits the tumors into well and poorly differentiated types.
A high genomic grade was detectable in 90% of basal-like tu-
mors and in 100% of erbB2 tumors (p < 0.0001 each). Inter-
estingly, most cases of pCR were observed in the erbB2+ sub-
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group (5/8, 62.5%; p = 0.024), and this subgroup also con-
tained the highest number of clinical responders (90.9%). In
contrast, relapse during follow-up was mainly observed in the
basal-like and normal-like subgroup and not in the erbB2+
subgroup. Furthermore, our analyses resulted in a marker set
encompassing 90 genes allowing the identification of all cases
of stable and progressive disease and the discrimination of all
pCRs.

Predictive and Prognostic Markers in Endocrine 
Treatment of Breast Cancer

Prediction of response is an important issue not only in terms
of cytotoxic drug therapy but also for endocrine treatment.
Goetz et al. [14] retrospectively investigated the predictive
power of homeobox 13 (HOXB13) and interleukin 17B recep-
tor (IL-17BR) in 206 women receiving adjuvant tamoxifen
with a median follow-up of 11 years. Paraffin-embedded
tumor tissue was laser-microdissected, and real time PCR was
performed after RNA extraction to evaluate expression 
of both markers. Patients with a HOXB13/IL-17BR ratio of 
> –1.849 (n = 84), experienced significantly worse relapse-free
survival, DFS and OS. This observation was independent of
routine prognostic markers, such as ER, PR, HER2, tumor
grade, tumor size and nodal status. The HOXB13/IL-17BR
ratio showed best performance in the node-negative subgroup
and predicted survival in the univariate (p < 0.0001), multi-
variate (HR 2.4, 95% CI 1.19–4.84, p = 0.014) and multivariate
(HR 2.01, 95% CI 1.02–3.99, p = 0.045) cross validation analy-
sis. Interestingly, no events were observed in the lymph node-
negative cohort with a HOXB13/IL-17BR ratio of < –1.34
within the first 2 years of follow-up. The authors conclude that
patients who are identified as being at risk might benefit from
endocrine therapy with upfront aromatase inhibitors and/or
chemotherapy.
Adjuvant endocrine therapy for hormone receptor-positive
breast cancer is a mandatory tool for all patients, irrespective
of menopausal status. However, approximately 30–40% of all
patients experience relapse with subsequent metastatic dis-
ease and death. Furthermore, about 5–10% of patients with
ER-α-negative disease respond to tamoxifen treatment. In
this context, it is important to find markers which help to iden-
tify patients who are at risk and possibly do or do not benefit
from endocrine treatment. Gruvberger-Saal et al. [15] present-
ed a study investigating the prognostic role of ER-β in 105
ER-α-negative and 248 ER-α-positive breast cancer patients
receiving adjuvant tamoxifen for 2 years. The role of ER-β in
tamoxifen response is still unclear, particularly with regard to
the fact that tamoxifen binds to ER-β with similar affinity as
ER-α. In addition to ER-β immunostaining, the authors
demonstrated gene expression profiles of tumors which are

ER-α-negative and were clustered for ER-β status. Patients
with strong ER-β expression showed a significant favorable
distant DFS compared to those who were moderately positive
or negative for ER-β (log rank p = 0.01). This was exclusively
observable in ER-α-negative but not ER-α-positive tumors,
indicating that ER-β is a marker for a favorable prognosis in
this subgroup (multivariate analysis ER-β-negative vs. ER-β-
positive: HR 14, 95% CI 1.8–106, p = 0.01). The authors could
demonstrate that a misclassification of ER-α is not causal for
this. Gene expression analysis of ER-α-negative tumors by hi-
erarchical clustering according to ER-β expression revealed a
signature with differentially expressed genes in each subgroup.
The authors conclude that ER-β has prognostic value in ER-
α-negative breast cancer, and hence, ER-α-negative/ER-β-
positive tumors might benefit from endocrine treatment with
tamoxifen.
Histopathological grading of breast cancer is a well estab-
lished factor for risk evaluation of disease. However, approxi-
mately 40% of all tumors show an intermediate-grade classifi-
cation with high interobserver variability and resulting diffi-
culties in clinical decision making. At the annual meeting of
the American Society of Clinical Oncology (ASCO) 2005,
Sotiriou et al. [13] demonstrated that approximately one half
of all intermediate-grade tumors were well differentiated,
while the other half was poorly differentiated by genomic
grading. The same author presented a study investigating if tu-
mors classified by luminal subtype according to Sorlie et al. [2]
can be better defined by genomic grading, and correlated the
resulting subtypes with clinical outcome [16]. Overall, 787 ER-
positive/luminal subtypes with gene expression profiles have
been enrolled in this analysis. Applying genomic grade to Sor-
lie molecular subtypes revealed 2 different subgroups in lumi-
nal tumors (L1, L2) which showed statistically distinct clinical
outcomes in both untreated and tamoxifen-treated popula-
tions. In multivariate analysis of 417 ER-positive, untreated
breast cancers, genomic grade as well as tumor size showed
significant value, whereas in ER-positive, tamoxifen-treated
tumors, genomic grade was significant in terms of prognosis.
The authors conclude that these subtypes may provide a new
stratification for upcoming breast cancer trials and further in-
dividualization of treatment.

Conclusion

In conclusion, there is growing evidence that molecular char-
acterization of breast cancer may be an interesting tool of clas-
sifying tumors in terms of prognosis and predicting specific
therapeutic agents. However, most studies lacked a prospec-
tive approach. Hence, validation of the actual impact of these
markers in prospective trials is necessary to estimate whether
they are ready to be applied in clinical routine.
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