
Breast cancer is the most common form of 
malignancy and still the second leading 
cause of cancer mortality in women.1 Despite 

an upward trend in incidence rates, a sustained 
decline in mortality rates can be reported over the 

past several years, resulting in incremental mature 
adjuvant regimens.2,3 A shift toward the detection 
of early-stage (< 2 cm) node-negative breast can-
cer is being reported, demonstrating the result of 
improved screening programs and public education. 
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Validated prognostic and predictive factors currently play an important role in treat-
ment planning for patients with early-stage breast cancer. The role of personalized 
medicine has led to the search for markers that can be applied to individual patients 
to optimize treatment regimens. In addition to traditional clinicopathologic measures, 
scores and gene tests have been developed to independently predict risk of patients 
in the neoadjuvant and adjuvant settings. The discovery of these markers provides the 
opportunity to identify patients at such low risk of recurrence that toxic therapy side 
effects are not justified. Selection and management of patients with early-stage, hor-
mone receptor-positive breast cancer who are appropriately treated with endocrine 
therapy alone after receiving locoregional therapy but do not necessarily require adju-
vant chemotherapy is currently problematic. This article reviews the current state-of-the-
art biomarker assessment methods and discusses the potential role for the prediction of 
chemotherapy benefit focusing on endocrine sensitive disease.
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However, this satisfying develop-
ment poses a challenge for clinicians 
with regard to the optimal adjuvant 
treatment choice, as patients gener-
ally have improved outcomes. High 
percentages of these patients with 
improved outcomes are treated by 
adjuvant chemotherapy in every-
day practice, depending on the 
extent of tumor growth and stage. 
Nevertheless, the benefit of preven-
tive adjuvant chemotherapy is not 
clearly demonstrated in early-stage 
disease. Novel treatment decisions 
are made by trying to individually 
estimate the absolute benefit of sys-
temic chemotherapy, taking into 
consideration which potential toxic 
side effects might occur. An inter-
national survey rated the develop-

ment of molecular signatures and 
biomarkers to identify patients who 
could be spared chemotherapy as 
the highest translational research 
priority for breast cancer.4 Serious 
treatment-related adverse events 
are common in chemotherapy, and 
one might hypothesize that the risk 
of death from causes other than 
tumor- associated ones becomes 
increasingly likely with the toxic-
ity of chemotherapeutic agents. In 
times of individualized care, clini-
cians should aspire to avoid over-
treatment and prevent toxic therapy 
side effects. During the past decade, 
many different tests have been 
developed to assist the process of 
improving the accuracy of predic-
tion. However, the current situation, 
with a broad choice of parameters 
and biomarkers, often constitutes 
a challenge in everyday practice. 
With regard to breast cancer, it can 
clearly be stated that mortality is 
associated with distant recurrence 
of cancer at an advanced stage of 
disease. Therefore, prediction of 

breast cancer recurrence at the time 
of diagnosis could optimize individ-
ual treatment decisions and could 
avoid overtreatment by unneces-
sary chemotherapy. Consequently, 
there is an upcoming trend of 
individualizing therapy regimens 
according to calculated recurrence 
risk estimates. Increasing effort is 
being paid to discovery and devel-
opment of biomarkers and gene 
tests in order to improve risk strati-
fication and personalized treatment 
of breast cancer. Furthermore, pre-
dictive markers that are the poten-
tial target of a specific therapy itself 
are of continued interest. Tools for 
prediction and risk estimation are 
in great demand by physicians try-
ing to determine whether patients 

with intermediate recurrence risk 
could be spared the toxicity and 
side effects of chemotherapy. The 
substantial number of tests claiming 
to stratify the risk of recurrence and 
provide clinicians with more infor-
mation on the treatment outcomes 
of using chemotherapy, endocrine 
therapy, or combination therapies 
complicates treatment decisions for 
oncologists.

Established Biomarkers
The Estrogen Receptor
The estrogen receptor (ER) is one 
of the most established prognos-
tic and predictive markers for 
adjuvant treatment decisions. 
Approximately 80% of all breast 
cancer patients have ER-positive 
disease, meaning that their tumors 
grow in response to estrogen.5 The 
tumor is considered to be ER posi-
tive if 10% or more of the cells stain 
positive by an immunohistochemi-
cal (IHC) assay,2 thereby provid-
ing the index for sensitivity to 

endocrine treatment. ER-positive 
tumors do respond to endocrine 
agents in approximately 50% to 
60% of cases, showing a greater 
benefit from endocrine therapy if 
they are strongly positive. ER is the 
direct target of endocrine therapy; 
ER-positive breast cancer can be 
classified into two intrinsic molecu-
lar subtypes with different progno-
sis and response to treatment, based 
on the biology of the underlying 
disease pathways.6,7 The so-called 
luminal A and luminal B subtypes 
are characterized by low and high 
proliferation levels, respectively.8-10 
In 1998, the Early Breast Cancer 
Trialists’ Collaborative Group11 
reported higher levels of ER being 
associated with lower recurrence 
risk in patients receiving adjuvant 
tamoxifen. Several subsequent tri-
als, such as the National Surgical 
Adjuvant Breast and Bowel Project 
(NSABP)-14 trial,12 and more recent 
trials comparing aromatase inhibi-
tors and tamoxifen,13,14 demon-
strated an association of improved 
outcome of both endocrine treat-
ment options with higher ER levels. 
As the situation in ER-positive dis-
ease is clear, the American Society 
of Clinical Oncology and the 
College of American Pathologists 
recommended the standard IHC 
assessment of both the estrogen and 
progesterone receptors. According 
to the expert panel, they should be 
determined in all invasive breast 
cancers and recurrences in a stan-
dardized algorithm.15 

The HER2/neu Oncogene
Predictive markers may also be the 
target of a specific therapy itself. 
The advent of specific tumor char-
acteristics that are treatable by such 
targeted therapies has significantly 
improved the outcome of these 
patients. The human epidermal 
growth factor receptor (HER2) is the 
most prominent representative of 
this group. A positive HER2 status 

… prediction of breast cancer recurrence at the time of diagnosis 
could optimize individual treatment decisions and could avoid over-
treatment by unnecessary chemotherapy.
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can be detected in approximately 
15% of all primary breast cancers. 
In cases of overexpression of the 
oncogene HER2, patients are more 
likely to relapse and tend to have 
shorter overall survival.16 HER2 
status predicts good response to 
anti-HER2 therapy, being the spe-
cific target of anti-HER2 drugs such 
as the monoclonal antibody trastu-
zumab and the tyrosine-kinase 
inhibitor lapatinib.17 Clearly, HER2 
plays a predictive and prognostic 
role in breast cancer. HER2 ampli-
fication status should obligatory 
be assessed by immunohistochem-
istry and/or fluorescence in situ 
hybridization in every breast can-
cer patient. This enables targeted 
treatment concepts for patients 
with over-expression of HER2. 
The gene amplification is being 
assessed by calculating the ratio 
of two locus-specific probes using 
ISH techniques.18 The test result 

is considered H ER2-positive if the 
ratio of the centromere of chromo-
some 17 and HER2 is above 2.2. 
Aside from many studies that have 
described the benefit of targeted 
therapy in cases of HER2 positivity, 
recent studies have also reported 
an association of HER2 amplifica-
tion with benefit from adjuvant 
anthracycline therapy and/or from 
paclitaxel. With regard to hor-
mone receptor-positive disease, it is 
clear that aromatase inhibitors and 
tamoxifen are equally effective in 
patients with HER2 amplification. 
Although anti-HER2 treatment is 
generally well tolerated, clinicians 
should bear in mind that some 
patients may develop symptomatic 
or asymptomatic cardiotoxicity, 
forcing its discontinuation.19 The 
risk of trastuzumab-related car-
diotoxicity can be minimized by a 

priori identifying patients who may 
be at high risk in whom additional 
anthracycline-based chemotherapy 
should be omitted, as well as by spe-
cific cardiac monitoring. Currently, 
trials to define, refine, and optimize 
the use of HER2-targeted agents in 
patients with HER2-positive early 
stage breast cancer are ongoing. 
Promising new agents, also with 
minimal cardiotoxicity, are cur-
rently under investigation. 

New Designs and 
Biomarkers
The Neoadjuvant Setting
Randomized clinical trials have 
evaluated neoadjuvant treatment 
in comparison with adjuvant sys-
temic regimens.20,21 However, supe-
rior outcomes after preoperative 
treatment could not be reported.22 
Chemotherapy administration 
before surgery has been used for 

treatment of breast cancer since the 
late 1970s, when De Lena and col-
legues23 reported tumor response 
and local control by chemotherapy 
and subsequent surgery plus radio-
therapy. Following preoperative 
chemotherapy, endocrine treat-
ment was then evaluated in the 
preoperative setting. Since then, 
improvements in surgical out-
comes have been reported with use 
of presurgical endocrine therapy 
agents; studies have confirmed 
elevated breast conservation rates 
in postmenopausal women with 
ER-positive disease. The role of 
presurgical therapies has since 
evolved, showing advantages, such 
as tumor down-staging, and assess-
ment of tumor sensitivity to the 
chosen regimen, while improv-
ing the chance of breast conserv-
ing surgery. However, one should 

be aware that these advantages 
are only achievable by selecting a 
defined cohort of patients for pre-
operative therapy. The preopera-
tive setting allows the opportunity 
to assess the effects of systemic 
treatment and certain regimens in 
prospective trials. It offers the pos-
sibility to identify prognostic and 
predictive significance by using 
biomarkers as primary endpoints 
of studies. The burning question of 
which combination of markers and 
tumor characteristics might be the 
best for risk assessment and which 
should be neglected could thereby 
be answered. 

One of the most important breast 
cancer trials that has evaluated 
outcomes after presurgical endo-
crine agent administration is the 
Immediate Preoperative Anastrozole, 
Tamoxifen or Combined with 
Tamoxifen (IMPACT) trial.24,25 
This randomized double-blinded 
study assessed the outcome of 
330 postmenopausal women with 
ER-positive disease, receiving either 
the aromatase inhibitor anastrozole 
or tamoxifen alone or in combina-
tion. As uncontrolled proliferation 
is one of the hallmarks of cancer, 
the proliferation marker Ki67 (dis-
cussed below) was used as primary 
endpoint in the IMPACT trial. 
The neoadjuvant design allowed 
comparing the levels of Ki67 sup-
pression following 2 and 12 weeks 
of administration of the particu-
lar endocrine agent. The greater 
decrease of Ki67 at 2 and 12 weeks 
with anastrozole than that seen 
with tamoxifen or their combina-
tion demonstrated its predominant 
position in endocrine treatment and 
predicted results of the much larger 
adjuvant Arimidex, Tamoxifen, 
Alone or in Combination (ATAC) 
trial.25,26 Other studies subse-
quently compared the effects of 
endocrine treatment agents in the 
neoadjuvant setting using Ki67 
as marker for volume and clinical 

With regard to hormone receptor-positive disease, it is clear that 
aromatase inhibitors and tamoxifen are equally effective in patients 
with HER2 amplification.
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HER2, which should all routinely 
be assessed in every breast can-
cer work-up.34 A recent study by 
Cuzick and colleagues35 evaluating 
1125 ER-positive patients from the 
ATAC trial, showed that accurate 
quantitative IHC measurements of 
this standard parameter provides 
additional prognostic informa-
tion, and are at least as informa-
tive as other genetic tools such as 
the recurrence score (RS), which 
is known to provide a very accu-
rate prediction of the likelihood of 
recurrence.

Another combination of Ki67 
with other parameters is consid-
ered in the preoperative endocrine 
prognostic index (PEPI) score. This 
score has integrated Ki67 measure-
ments in a model with pathologic 
stage and ER levels. Patients with 
a PEPI score of 0 (suppressed Ki67 
level and persistent ER expres-
sion after endocrine treatment) 
showed a statistically significantly 
lower risk of relapse, so that they 
could potentially be spared adju-
vant chemotherapy.36 One inter-
esting study evaluating the PEPI 
score as secondary endpoint is 
the recent study by Ellis and col-
leagues.28 Their major interest was 
the response rates to the three dif-
ferent aromatase inhibitors letro-
zole, anastrozole, and exemestane. 
The trial took place in the neoad-
juvant setting and was initially 
designed to select agents for further 
phase III investigation. A total of 
377 postmenopausal women with 
ER-positive disease were enrolled 
and clinical response was selected 
as the primary endpoint. Breast-
conserving surgery, Ki67, and PEPI 
score changes, as well as the bioclas-
sifier panel PAM50-based intrinsic 
subtype analysis, were selected as 
secondary endpoints. The study 
selected letrozole and anastro-
zole for further investigation on 
the basis of clinical response rates 
but could not report differences 

with shorter overall survival for 
Ki67 positivity. Interestingly, base-
line Ki67 has been found to predict 
response to chemotherapy, and 
serial measurements are still under 
investigation in neoadjuvant set-
tings. Recent data confirm the fact 
that post-neoadjuvant measure-
ment of Ki67 is a strong predictor 
of long-term disease outcome, such 
as overall and recurrence-free sur-
vival. Studies detecting decreas-
ing levels of Ki67 after therapy 
were attracting enormous interest. 
Just as with the IMPACT trial, the 
Perioperative Endocrine Treatment 

for Individualizing Care (POETIC) 
trial31 evaluates levels of Ki67 and 
treatment outcomes. Ki67 levels 
were measured in postmenopausal 
patients with hormone receptor-
positive disease 2 weeks before and 
2 weeks after surgery. The authors 
reported that higher Ki67 levels 
after 2 weeks of endocrine treat-
ment were statistically significantly 
associated with lower recurrence-
free survival, whereas higher 
Ki67 levels at baseline were not. 
Moreover, their data showed poorer 
recurrence-free survival rates in 
patients with larger tumor sizes and 
lower ER levels at baseline. In this 
study, short-term changes in pro-
liferation in the neoadjuvant set-
ting were able to predict outcome 
during adjuvant use of the agents. 
Again, this study uses the new trial 
design as a chance to investigate the 
optimal agent and time for admin-
istration. However, paradoxical 
Ki67 increases after neoadjuvant 
endocrine treatment have also been 
reported.32,33

Further advances in this field 
have been made to combine Ki67 
with other IHC measurements, 
such as hormone receptors and 

response.27,28 This novel approach 
with proliferation response to a 
short-term induction therapy is 
distinct from designs that simply 
match baseline levels and muta-
tions with relapse-free survival. 
These considerations highlight the 
importance of designing trials in 
which emerging biomarkers can be 
evaluated for their prognostic and/
or predictive value and therapy reg-
imens for their effectiveness. Such 
trials provide a great opportunity 
for detailed study of the determi-
nants of response and resistance to 
endocrine agents. 

Ki67 and Treatment Benefit
An alternative to conventional pri-
mary endpoints of neoadjuvant 
endocrine therapy trials is the 
proliferation marker Ki67, already 
being tested in numerous stud-
ies. Ki67 was named after the city 
of Kiel, Germany, where it was 
first described in the 1980s, when 
researchers identified a monoclo-
nal antibody against the nuclear 
antigen from a Hodgkin lymphoma 
cell line.29 After administration 
of an endocrine agent, tumor lev-
els of this proliferation marker are 
more prognostic than after baseline 
analysis. The change in the expres-
sion of this antigen after short-
term exposure to particular agents 
is frequently used as a dynamic 
marker for treatment efficacy. Ki67 
is absent in quiescent cells, and is 
therefore a reliable parameter for 
measurement of proliferation. The 
expression levels are determined by 
the percentage of tumor cell nuclei 
stained positively. Unfortunately, a 
standard cutoff value has not been 
defined thus far.30 Various stud-
ies have investigated the prognos-
tic role of the nuclear proliferation 
marker, showing an association 

Recent data confirm the fact that post-neoadjuvant measurement 
of Ki67 is a strong predictor of long-term disease outcome, such as 
overall and recurrence-free survival.
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women with early-stage breast can-
cer who are most likely to benefit 
from adjuvant treatment. Several 
genomic tests have been developed 
to assist in this process, claim-
ing to revolutionize the predictive 
and prognostic assessment in the 
clinic.44-46 Subsequent studies have 
demonstrated an additional contri-
bution of gene expression profiles 
to current clinicopathologic factors 
that are routinely evaluated.7,12,47-50 
Currently, their prognostic role 
is under investigation in various 
clinical trials. Three prognostic 
biomarkers that are already used 
in clinical practice are the 70-gene 
MammaPrint signature (Agendia 
Inc., Irvine, CA), the 21-gene 
Oncotype DX panel (Genomic 
Health, Redwood City, CA), and 
the EndoPredict test (Sividon 
Diagnostics, Köln, Germany). 
These tests analyze genes that are 
involved in the cell cycle, invasion, 
angiogenesis, and metastasis of the 

cancer, and could influence clinical 
care based on the individual molec-
ular profiles of each patient.44 

The Oncotype DX assay is a 
reverse transcriptase polymerase 
chain reaction assay, analyzing a 
panel of 21 genes, involving 16 can-
cer-related genes that are strongly 
correlated with distant recurrence-
free survival, as well as 5 control 
genes.12 It is still the most frequently 
used genomic test in clinical prac-
tice in the United States and in 
many countries in Europe.51 It 
has been reported that this test is 
prognostic for hormone receptor-
positive, postmenopausal, tamox-
ifen-treated patients with negative 
and positive nodes.52,53 Oncotype 
DX determines an RS represented 
by a number between 0 and 100. 
The number corresponds with the 

for women with early-stage breast 
cancer, validated by various regis-
tries and databases.4,43 In a study 
involving more than 4000 women 
with early-stage localized breast 
cancer, Adjuvant! Online was 
shown to overestimate overall sur-
vival, breast cancer-specific sur-
vival, and event-free survival in 
patients younger than 35 years who 
had additional adverse prognostic 
factors such as lymphatic or vascu-
lar invasion.43 The study reported 
a reliable predictive quality of 
Adjuvant! Online for the major-
ity of patients, but it showed overly 
optimistic results in subgroups 
that were not accounted for in the 
model. The authors recommended 
a manual adjustment using the 
prognostic factor impact calcula-
tor, which uses a Bayesian method 
to make adjustments based on rela-
tive risks and prevalence of posi-
tive test results.39 Consequently, in 
a time when IHC and genetic tests 

were way below today’s standards, 
the call for further adjustment of 
risk estimation, especially for the 
subgroups with adverse prognos-
tic factors, came up. In response to 
this, a rising number of novel bio-
markers, scores, and gene tests have 
been developed for prognostic and 
predictive purposes. However, only 
a few markers have reached highest 
levels of evidence and consequen-
tially made their way into clinical 
routine. 

Multigene Signatures
In recent years, numerous multi-
gene signatures have been iden-
tified that aim to outperform 
traditional prognostic markers. 
Novel high-throughput technolo-
gies for gene expression profiling 
have been introduced to identify 

in clinical response rates between 
the different hormonal agents. 
Interestingly, luminal A breast can-
cer subtypes seemed to be more 
suitable for neoadjuvant endocrine 
therapy without chemotherapy, 
as 25% of the patients had a PEPI 
score of 0. Further trials in this area 
are urgently needed. Currently, in 
Germany, the West German Study 
Group Adjuvant Dynamic Marker-
Adjusted Personalized Therapy 
(WSG ADAPT)37 trial uses the 
approach of Ki67 response to short-
term therapy in all subtypes of early 
breast cancer.

Modern Risk Assessment
The Adjuvant! Online  
Software
For a long time, prognostic esti-
mates were just based on stage of 
disease, pathologic tumor charac-
teristics and treatment efficacy.11,38 
Classical clinicopathologic char-
acteristics such as the TNM-score 
have been used in clinical practice 
for many years for assessing patient 
prognosis. However, they are insuf-
ficient for today’s complex treat-
ment decisions.39,40 The Web-based 
Adjuvant! Online software (www.
adjuvantonline.com [Adjuvant!, 
Saint Cloud, MN]) is one of the most 
widely used prognostic tools to help 
inform clinicians and patients in 
decision making about therapeutic 
regimen.41 It was first described in 
1995, utilizing life table analytic 
techniques and tumor characteris-
tics to project outcomes and thus 
aid clinicians. It requires the entry 
of patient age, menopausal status, 
comorbidities, tumor size, num-
ber of positive lymph nodes, and 
ER status.42 This Web-based tool 
calculates individualized 10-year 
survival probabilities and predicts 
benefit of adjuvant systemic ther-
apy. Estimates of relapse risk in 
Adjuvant! Online are based on the 
10-year observed overall survival 

Three prognostic biomarkers that are already used in clinical prac-
tice are the 70-gene MammaPrint signature, the 21-gene Oncotype 
DX panel, and the EndoPredict test.
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the correlation between the RS and 
Adjuvant! Online, studies showed 
poor results but commented on a 
possible benefit of the combination 
of both prognostic tools.61 

The MammaPrint is a diagnostic 
test to determine patient risk and 
identify which patients will ben-
efit from chemotherapy treatment, 
based on the Amsterdam 70-gene 
breast cancer gene signature. 
The assay tests 70 genes that are 
focused primarily on proliferation 
with additional genes associated 
with invasion, metastasis, stromal 
integrity, and angiogenesis. The 
assessment of these 70 risk profile 
messenger RNAs (mRNAs) and 
536 quality and reference mRNAs 
requires fresh tissue for the micro-
array analysis.48 MammaPrint can 
be used for lymph node-negative 
tumors < 5 cm in patients of all 
ages and every ER status. Initially, 
it was developed to predict the risk 
of developing distant metastases in 
5 years for node-negative patients 
< 55 years.48 Validation studies 
then demonstrated its prognostic 
value and independent clinical risk 
classification.62-64 

MammaPrint was the first 
fully commercialized microarray-
based multigene assay designed 
to individualize treatment for 
breast cancer patients, which was 
approved by the US Food and 
Drug Administration.65,66 In 2007, 
the Microarray in Node Negative 
and 1-3 Positive Lymph Node 
Disease May Avoid Chemotherapy 
(MINDACT) trial,67,68 sponsored 
by the European Organization 
for Research and Treatment of 
Cancer, began to clinically vali-
date this genomic microarray 
assay. This multi-institutional, 
prospective, phase 3 randomized 
trial compared MammaPrint with 
Adjuvant! Online, enrolling over 
6600 patients with negative or one 
to three positive nodes for adju-
vant chemotherapy. In MINDACT, 

node-negative, hormone receptor-
positive, HER2-negative tumors 0.6 
to 1 cm in size that are moderately 
to poorly differentiated, or those 
with angiolymphatic invasion, high 
nuclear or histologic grade, and 
tumors > 1 cm in size.59 To assess 
the important question regarding 
how to manage the large popula-
tion of patients at intermediate 
risk (RS between 11-25), the Trial 
Assigning Individualized Options 
for Treatment (Rx) (TAILORx)60 
was launched in May, 2006. In this 
prospective trial enrolling over 
10,000 patients, Oncotype DX is 
currently being evaluated in node-
negative, ER-positive breast cancer. 
It remains to be seen whether trial 
results will be presented in 2014, as 
expected. Results of the TAILORx 
trial will provide important infor-
mation on how to manage the large 
population of intermediate risk 
patients. The translational arm of 
the ATAC study (TransATAC)61 
assessed biomarkers for their pre-
diction of overall and distant 
recurrence in the translational arm 
of the ATAC study. The authors 
found out that each of the factors, 
ER, progesterone receptor, HER2, 
and Ki67, was associated with the 
risk of recurrence. Interestingly, 
the 21-gene RS Oncotype DX pro-
vided equal prognostic value as the 
combination of these four major 
characteristics did. However, the 
combination of molecular profiles 
with classical clinicopathologic 
variables provided the most accu-
rate prediction of outcome and was 
even superior to the 21-gene RS. If 
the multivariate model of ER, pro-
gesterone receptor, HER2, and Ki67 
(so-called IHC4), is being com-
bined with classical clinicopatho-
logic parameters, it could provide 
similar predictive value to genetic 
scores as the 21-gene RS. The reclas-
sification in the intermediate RS 
risk group will surely be a topic for 
upcoming trials.34 With regard to 

specific likelihood of breast cancer 
recurrence within 10 years of the 
initial diagnosis and is classified 
by low, intermediate, or high risk. 
The RS categorizes hormone recep-
tor-positive lymph node-negative 
disease into low (RS < 18), interme-
diate (RS 18-31) or high (RS . 31) 
risk groups. In 2004, Paik and col-
leagues12 reported distant recur-
rence rates of 6.8%, 14.3%, and 
30.5% in the different risk groups, 
respectively. The RS assay may 
also predict the magnitude of che-
motherapy benefit.54,55 Unlike the 
MammaPrint assay, Oncotype DX 
does not require freshly prepared 
tissues. In collaboration with sev-
eral independent investigators, the 
test has been evaluated in numer-
ous studies involving over 3300 
patients. The Southwest Oncology 
Group 8814 analysis, for instance, 
demonstrated both prognostic and 
predictive significance of Oncotype 
DX in women with ER-positive 
early breast cancer and positive 
lymph nodes.56 The NSABP B-14 
and B-20 studies clinically vali-
dated a major role of Oncotype 
DX in recurrence risk estimation 
and also demonstrated a possible 
prediction of the magnitude of 
chemotherapy benefit.57 Generally, 
patients with a high RS showed 
greater benefit from additional che-
motherapy than patients with a low 
RS.47 Chemotherapy seems to pro-
vide little, if any, benefit for patients 
with low RS, despite the presence of 
a low number of positive nodes.54 
Another large clinical study con-
ducted by Kaiser Permanente con-
firmed in a community setting 
that Oncotype DX helps to predict 
the likelihood of breast cancer sur-
vival at 10 years among ER-positive 
tamoxifen-treated and systemically 
untreated patients.58 According 
to the National Comprehensive 
Cancer Network Guidelines, 
Oncotype DX should be consid-
ered as an option for patients with 
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outcomes. They also benefit sig-
nificantly from adjuvant chemo-
therapy.76 Although the German 
Working Group for Gynecological 
Oncology strongly recommends 
their use as risk group classifica-
tion markers for routine clinical 
decision making, they are still not 
used by the majority of clinicians, 
likely due to the need for fresh-fro-
zen tumor tissue.77 

The integration of pre- and post-
treatment biomarker assessment 
could also improve prognostic 
algorithms. However, not all cur-
rently available biomarkers and 
risk estimates provide accurate pre-
diction of the likelihood of recur-
rence; some need to be combined 
with clinical information. It is still 
difficult to decide which constella-
tion of biomarker assessment 
results helps select the correct treat-
ment regimen. The decision to 
abstain from a potentially life-sav-
ing treatment can cause uncer-
tainty and anxiety for clinicians as 
well as patients. Further improve-
ments should focus on the optimal 
choice and combination of markers 
and tests, to safely avoid the use of 
chemotherapy and its accompany-
ing side effects. 
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Main Points

•	Breast cancer is the most common form of malignancy and still the second leading cause of cancer mortality in 
women. The role of personalized medicine has led to the search for markers that can be applied to individual 
patients to optimize treatment regimens.

•	With regard to breast cancer, mortality is clearly associated with distant recurrence of cancer at an advanced 
stage of disease; therefore, prediction of recurrence at the time of diagnosis could optimize individual treatment 
decisions and avoid overtreatment with unnecessary chemotherapy.

•	Three prognostic biomarkers currently used in clinical practice are the 70-gene MammaPrint signature, the 
21-gene Oncotype DX panel, and the EndoPredict test. These tests analyze genes that are involved in the cell 
cycle, invasion, angiogenesis, and metastasis of the cancer, and could influence clinical care based on the 
individual molecular profiles of each patient.
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