
Abstract. The 70-gene expression profile MammaPrint is a
powerful prognostic indicator for disease outcome in breast
cancer patients with improved prediction of recurrence risk
compared to currently used guidelines. The microarray-
based test TargetPrint further provides reliable, quantitative
assessment of mRNA expression levels of estrogen receptor
(ER), progesterone receptor (PR) and human epidermal
growth factor receptor 2 (HER2). This study was performed
as a validation of MammaPrint and TargetPrint in an
unselected German breast cancer population and was
designed to determine the degree of concordance with currently
applied clinical parameters. One hundred and forty cases of
breast cancer stage I and II were classified as being low or
high risk for distant metastasis using MammaPrint. Results
were compared to current clinical risk classifications and
adjuvant treatment management. Immunohistochemistry (IHC)
and fluorescent in situ hybridization (FISH)/chromogenic
in situ hybridization (CISH) assessments of ER, PR and HER2
were further compared with gene expression read-outs using

TargetPrint. Thirty-two percent of patients (19/59) with a poor
prognosis-signature identified via MammaPrint did not receive
adjuvant systemic treatment apart from endocrine therapy and
were potentially undertreated; whereas 42% (35/77) of patients
with a good prognosis-signature received chemotherapy and
were potentially overtreated. Comparison of microarray
receptor results with IHC and FISH/CISH were concordant in
97% for ER; 86% for PR; and 94% for HER2. In this German
study population, MammaPrint would have resulted in altered
treatment advice for adjuvant systemic therapy in 40% of
patients. Furthermore, TargetPrint presented high concordance
for ER, PR and Her2 with IHC and FISH/CISH analysis.

Introduction

The mortality of breast cancer in Western countries is
constantly decreasing due to effective treatment options (1).
Adjuvant systemic therapy substantially improves disease-
free and overall survival in both premenopausal and post-
menopausal women with lymph node negative or lymph
node positive breast cancer (2,3). Currently, the decision on
adjuvant treatment for breast cancer patients is based on risk
assessments using clinicopathological criteria (i.e. age,
tumour size, status of axillary lymph nodes, histologic tumour
subtype, pathological grade, and hormone receptor status).
However, patients with similar tumour characteristics can
have strikingly different disease outcomes, reflecting the
heterogeneity of breast cancer. Thus, for risk assessment
additional parameters are required to avoid both under- and
overtreatment.
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Systematic analysis of gene expression patterns using
microarray technology has led to the discovery of prognostic
gene expression signatures, one of which is the 70-gene
prognostic signature MammaPrint (4). Subsequent studies
have validated the prognostic value of the 70-gene profile in
early stage breast cancer patients with either node-positive
or node-negative disease (5-8). It was confirmed that the
70-gene signature discriminates between patients at high risk
of distant metastasis and patients with a favourable prognosis.
Furthermore, the 70-gene signature was shown to add
independent prognostic information to that provided by
commonly used clinicopathological factors. Although the
custom-designed array chip MammaPrint was originally
designed to identify younger breast cancer patients at low
risk for distant metastasis, the same signature was validated
in an older patient cohort showing a very high negative
predictive value for distant recurrence after adjuvant
treatment (9,10). As a result, patients with a good prognosis
and a low risk of developing distant metastasis may be
spared adjuvant systemic treatment and its associated toxicity
(4,8,11). At present, these issues are being addressed in the
MINDACT trial, a prospective, multicenter, clinical trial in
Europe (12).

In our study, we further evaluated TargetPrint, a new
diagnostic test providing the precise molecular read-out of
standard prognostic factors. TargetPrint quantitatively
determines gene expression levels of the estrogen receptor
(ER), progesterone receptor (PR) and human epidermal
growth factor receptor 2 (HER2) in breast cancer tumours. At
present, a high percentage of inconsistent results are being
reported for the assessment of hormone receptors and HER2
via immunohistochemistry (IHC) (13,14). The microarray-
based read-out TargetPrint relies on controlled and objective
quantification of receptor mRNA levels showing a high
concordance with IHC, as well as fluorescence in situ
hybridization (FISH) or chromogenic in situ hybridisation
(CISH) assessments. Concordant results between TargetPrint
and IHC/CISH were detected in 93% for ER and 96% for
HER2 (15) indicating that this method provides accurate
measurement of important prognostic factors and, therefore,
is a reliable addition to current techniques.

With the emergence of gene expression analysis as a
promising tool for the prediction of disease outcome and
therapeutic decisions, a number of authors have emphasized
critical issues on the use of microarray data. Matters such as
gene selection bias, error estimation and fragility of gene
signatures have been discussed (16-18). Moreover, questions
have arisen if gene signatures will add prognostic value to
that provided by the risk classification based on standard
clinicopathological factors (19-21). Therefore, the recently
proposed gene signatures need to be validated independently,
preferably by teams external to the original institutions, using
prospectively defined criteria.

Our study was set up to validate MammaPrint and Target-
Print in an unselected German patient population using
samples from the ‘Patients Tumor bank of Hope’ (PATH),
a unique tumour bank established by the breast cancer
initiative ‘Mamazone’ (http://www.mamazone.de). The
objectives of our study were: i) to analyze the concordance
between the 70-gene profile and the risk estimation based on

clinicopathological parameters, and ii) to validate TargetPrint
as a quantitative assessment of the expression of hormone
receptors and HER2.

Materials and methods

Patients. A total of 170 frozen tumour samples from women
who had been consecutively diagnosed with breast cancer
stage I and II between 2005 and 2008 were selected from the
‘Patients Tumour bank of Hope’ (PATH). This tumour bank
initiated by the German breast cancer patient group
‘Mamazone’ represents the first fresh frozen tumour tissue
bank founded and owned by cancer patients to provide cryo-
preservation of tumour samples. All patients had been treated
by modified radical mastectomy or breast-conserving surgery,
including dissection of axillary lymph nodes and followed by
radiotherapy, if indicated. Biopsies of the primary tumour
were snap-frozen and either stored in the gas phase above
liquid nitrogen at -196˚C or alternatively at -152˚C in low
temperature deep freezers. All patients from whom adequate
RNA could be extracted from the tumour samples were
included in the study. The study was approved by local and
regional ethics committees. All participants gave written
informed consent.

Histopathological data, patient demographics and therapy
information were available through PATH. Tumour grading
was defined according to the Elston and Ellis method (22).
ER and PR status were determined by immunohistochemistry
and interpreted as positive if >10% of the nuclei stained
positive. HER2 status was assessed by scoring the intensity
of membrane staining using immunohistochemistry.
Tumours with a score of 3+ (strong homogeneous staining)
were considered HER2-positive. In case of 2+ scores (moderate
homogeneous staining) either CISH or FISH was used to
determine amplification (23). Amplification was defined as a
gene copy number of over five copies per cell.

Microarray expression profiling. RNA labelling, microarray
hybridization and scanning were performed at Agendia. RNA
was co-hybridised with a standard reference to the custom-
designed array chip MammaPrint consisting of eight identical
subarrays, each containing oligonucleotide probes for the 70
genes in triplicate (11). Tumours were classified using the
previously reported 70-gene classification model (4) and
were defined as having a low-risk gene signature if the
correlation coefficient was above the set threshold. All other
cases were assigned to the high-risk group. According to the
previously established classifier, good prognosis was defined
as a probability of a 10-year distant metastasis-free survival
of >90% (6).

Clinical risk classification. The prognostic value of the 70-gene
signature was assessed in comparison with the St. Gallen
criteria defining three risk categories; lower risk node-negative
disease and intermediate and higher risk node-positive disease
(24). Referring to the 9th St. Gallen Consensus Meeting in
2005, criteria also included the size of primary tumour, age,
histological grade, hormone receptor status, peritumoral
vascular invasion and HER2 status. However, as the majority
of patients were classified as intermediate risk according to
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the St. Gallen criteria, the clinical risk of developing distant
metastases was additionally assessed using the recently
introduced Adjuvant! software (http://www.adjuvantonline.
com) (25). Adjuvant!Online is being increasingly used in
routine clinical practice as a tool for treatment decisions. This
software calculates population-based estimates of a patient's
10-year relapse risk based on clinicopathologic information.
Input variables include age, ER status, nodal status, tumour

size and histological grade. In a recent external validation,
Adjuvant! software was shown to predict overall survival,
breast cancer specific survival and event-free survival in
women diagnosed with early breast cancer (26) with high
accuracy.

Statistical analysis. Analyses were performed using SPSS
version 15.1 (SPSS Inc, Chicago, IL). The differences in
patient and tumour characteristics between the MammaPrint
poor and good prognosis-signatures were tested using the
Pearson Chi-square or Fisher's exact probability test.

Results

Clinical characteristics. A total of 170 samples were collected
from the German tumour bank ‘PATH’ with 26 samples
ineligible for gene expression profiling, as they contained too
few tumour cells. Of the remaining 144 patients, four samples
had insufficient RNA quality and 140 (97%) were successfully
hybridized. Clinicopathological characteristics are given in
Table I. Among the 140 patients analyzed with MammaPrint,
78 (56%) had a good prognosis-signature, whereas 62 (44%)
patients displayed a poor prognosis-signature (Fig. 3).
Median age at surgery was 62.5 years (range: 33-88 years).
Tumours with a poor prognosis-signature were more often
associated with a larger tumour size (66% vs. 45% >2 cm;
p=0.005) and a high histological grade (G3) (47% vs. 12%;
p<0.001). However, 9 out of 38 poorly differentiated tumours
(24%) still had a good prognosis according to MammaPrint.
Further, tumours with a poor prognosis-signature were
significantly more often classified as ER negative (37% vs.
1%; p<0.001) and PR negative (52% vs. 13%; p<0.001).
Patients with a good prognosis-signature tended to be more
often diagnosed with breast cancer stage I (45% vs. 24%;
p=0.011). There was no difference in percent comparing poor
with good prognosis patients with lymph node metastases
(35% vs. 31%; p=0.555). Notably, however, a large
proportion of patients with lymph node positive status
(24/46, 52%), which would have been classified as poor
prognosis-cases according to clinical para-meters, were
found to have a good prognosis-signature. No difference was
seen according to the histological tumour subtype or HER2
status.

Concordance of risk assessment. MammaPrint profiles for
the St. Gallen risk groups are depicted in Fig. 1A. The majority
of patients (n=123) were classified as intermediate risk by
St. Gallen. Of these 43% (53/123) were reclassified as having
a poor prognosis by MammaPrint, whereas 57% (70/123) had
a good prognosis. Two of the ten patients classified as
St. Gallen high risk had a good prognosis using the 70-gene
prognostic signature. In addition, one case in the St. Gallen
low risk group (n=7) had a poor prognosis-signature by
MammaPrint. Comparing the MammaPrint results with the
risk classification determined by Adjuvant!Online revealed
discordance in 57 of 140 (41%) of patients (Fig. 1B). Forty-five
patients (47%) in the Adjuvant!Online high risk group (n=95)
had a good prognosis using the MammaPrint while 12 patients
(27%) of the Adjuvant!Online low risk group (n=45) were
classified as having a poor prognosis by MammaPrint.
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Table I. Clinicopathologic features of patients classified as high
or low risk for distant metastasis using MammaPrint.
–––––––––––––––––––––––––––––––––––––––––––––––––

MammaPrint MammaPrint
Good Poor

Total prognosis prognosis
n=140 n=78 (%) n=62 (%) P-value

–––––––––––––––––––––––––––––––––––––––––––––––––
Age (years)

<36 2 1 (1) 1 (2)
36-45 16 11 (14) 5 (8)
46-55 29 17 (22) 12 (19)
>55 93 49 (63) 44 (71)

Histology
Ductal 108 59 (76) 49 (79) 0.635
Lobular 23 12 (15) 11 (18) 0.708
Other 9 7 (9) 2 (3)

Grade
Good 14 11 (14) 3 (5)
Intermediate 88 58 (74) 30 (48)
Poor 38 9 (12) 29 (47) <0.001b

Stage
I 50 35 (45) 15 (24) 0.011a

IIa 56 27 (35) 29 (47)
IIb 32 15 (19) 17 (27)
IIIa 1 0 (0) 1 (2)
IIIb 1 1 (1) 0 (0)

Tumour size
≤1 cm 7 4 (5) 3 (5)
>1 cm ≤2 cm 57 39 (50) 18 (29)
>2 cm ≤5 cm 72 34 (44) 38 (61)
>5 cm 4 1 (1) 3 (5) 0.005a

Lymph node
status

Positive 46 24 (31) 22 (35) 0.555
Negative 94 54 (69) 40 (65)

ER
Positive 116 77 (99) 39 (63)
Negative 24 1 (1) 23 (37) <0.001b

PR
Positive 98 68 (87) 30 (48)
Negative 42 10 (13) 32 (52) <0.001b

HER2
Positive 9 3 (4) 6 (9) 0.183
Negative 129 74 (95) 55 (89)
Unknown 2 1 (1) 1 (2)

–––––––––––––––––––––––––––––––––––––––––––––––––
aP<0.01, bP<0.001.
–––––––––––––––––––––––––––––––––––––––––––––––––
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Treatment advice. The 70-gene profile was analyzed in 140
patients of whom 134 received adjuvant systemic therapy. The
particular therapy schemes consisted of chemotherapy (23/134;
17%), endocrine therapy (59/134; 44%), or both (52/134;
39%). Two patients did not receive any adjuvant systemic
therapy and in four cases further treatment remained unknown.
Actual treatment and clinical and gene signature risk classi-
fications are presented in Table II. For 59 out of 62 patients
with a poor prognosis-signature identified by MammaPrint,
the clinical treatment was recorded. Nineteen of these patients

(32%) did not receive adjuvant systemic treatment other than
endocrine therapy and were potentially undertreated. In
contrast, 35 out of 77 patients (45%) that were classified as
having a good prognosis by MammaPrint and for whom
treatment was known received chemotherapy and were
potentially overtreated. Thus, using MammaPrint would have
resulted in altered treatment advice in 40% of patients.

Microarray-based receptor read-out. The expression levels of
ER, PR and HER2 were determined using microarray analysis,
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Figure 1. Concordance of risk assessment. The majority of patients were classified as intermediate risk according to the St. Gallen criteria. MammaPrint
profiles for the St. Gallen risk groups are depicted (A). Comparison of MammaPrint results with the risk classification by Adjuvant!Online revealed
discordance in 41% of patients (B).
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which has been shown to be a reliable assay for the assessment
of receptor status (4). As a result, 114 ER-positive tumours,

86 PR-positive cases and 7 HER2-positive tumours were
identified in our patient cohort (Fig. 2). Comparison of micro-
array receptor results between IHC and FISH/CISH performed
at the local hospitals in Germany indicated similar results
with a concordance of 97% for ER; 86% for PR; and 94%
for HER2. Two samples that were IHC 2+ for HER2 and
not scored by FISH, were both classified as negative by
TargetPrint.

Discussion

The 70-gene signature MammaPrint has been retrospectively
validated as a prognostic tool, showing that early stage breast
cancer patients can be molecularly stratified (6,8). Combined
with clinical risk profiling MammaPrint represents a valuable
tool to more accurately identify patients who might be spared
adjuvant chemotherapy with its associated toxic side effects.
However, many breast cancer patients are older than the
cohorts initially selected in previous validation studies (6,8).
It was demonstrated, that although the MammaPrint assay
was originally designed to identify younger breast cancer
patients at low risk for distant metastasis, the same signature
had a very high negative predictive value for distant recurrence
after adjuvant treatment in older breast cancer patients (9,10).

In this study, a series of 140 patients with stage I and II
primary invasive breast cancer (who predominantly received
systemic adjuvant therapy) was analyzed. This study reflects
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Figure 2. Microarray based receptor read-out. Comparison of microarray
receptor results with IHC/FISH indicating highly similar results with a
concordance of 97% for ER, 86% for PR and 94% for HER2. Two samples
that were IHC 2+ and not scored by FISH, were both classified as negative
by TargetPrint.

Figure 3. Gene expression pattern. Expression data matrix of the 70 prognostic marker genes in a series of 140 breast cancer patients hybridized using
MammaPrint. Each row represents the prognostic profile of one tumour and each column the relative expression level of one gene. The cut-off between good
prognosis and poor prognosis-signature is marked with a yellow line. The tumours are ordered by their correlation to the MammaPrint template.

837-843.qxd  19/10/2010  08:46 Ì  ™ÂÏ›‰·841



a representative cohort of patients as seen in clinical practice
with a median age of 62.5 years. We additionally accessed
both positive and negative lymph node patients for our
analysis. According to MammaPrint results, the proportion of
tumours with a good 70-gene prognosis-signature was 56%,
whereas 44% of the tumours had a poor prognosis-signature.
The percentage of tumours with a good 70-gene prognosis-
signature was higher than reported in earlier studies (37% and
39%) (6,8), yet similar to that reported in more recent studies
(51% and 52%) (5,27).

Tumours with a poor prognosis-signature were more often
associated with a high histological grade and a larger tumour
size. Further, they were more often classified as ER negative
and PR negative, indicating that established clinical risk
factors are reflected in the array data. On the other hand,
breast cancer cases with a good prognosis-signature tended to
be more often diagnosed with stage I disease. However, 24 of
46 tumours with lymph node metastases (52%) that would
have been classified as having a poor prognosis using
clinicopathological criteria were identified as having a good
prognosis-signature according to MammaPrint results. 

Although our findings concurred with the clinical risk
assessment to a certain degree, the comparison of Mamma-
Print results with the risk classification by Adjuvant!Online
were discordant and consequently lead to a different treatment
advice in 40% of patients. MammaPrint-based classification
therefore provides additional information to Adjuvant!Online-
based risk determination which includes standard prognostic
markers (i.e. age, tumour size, status of axillary lymph nodes,
histological grade, and hormone-receptor status). Although at
present we have no possibility of providing confirmatory
follow-up data for the outcome of the patients analyzed in
this study, we nevertheless suggest, that these findings are
highly relevant regarding risk stratification and treatment
advice.

TargetPrint, a new diagnostic test providing the single
gene read-out of standard prognostic markers, was
additionally analyzed in our series of patients. TargetPrint
was introduced as an additive tool for receptor assessment to
address inconsistent results reported for the assessment of
hormone receptors and HER2 via IHC (13,14). Our results
revealed a high concordance of 97% for ER; 86% for PR;
and 94% for HER2 compared with IHC and FISH/CISH
performed at the local hospitals. Thus, Target-Print proved

to be a reliable addition to current techniques providing
accurate measurement of ER, PR and HER2 expression.

In conclusion, the 70-gene prognostic signature Mamma-
Print has been validated in multiple breast cancer populations
and was shown to provide improved prediction of recurrence
risk compared with currently used guidelines. In this German
study population, MammaPrint would have resulted in altered
treatment advice for adjuvant systemic therapy in 40% of
patients. Furthermore, the application of TargetPrint in the
same cohort demonstrated high concordance of microarray-
based receptor read-out with IHC and FISH/CISH results
verifying this test as a reliable tool for the assessment of
standard prognostic factors.
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