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Abstract Multigene assays have been developed and
validated to determine the prognosis of breast cancer. In
this study, we assessed the additional predictive value of
the 70-gene MammaPrint signature for chemotherapy (CT)
benefit in addition to endocrine therapy (ET) from pooled
study series. For 541 patients who received either ET
(n = 315) or ET + CT (n = 226), breast cancer-specific
survival (BCSS) and distant disease-free survival (DDFS)
at 5 years were assessed separately for the 70-gene high
and low risk groups. The 70-gene signature classified 252
patients (47%) as low risk and 289 (53%) as high risk.
Within the 70-gene low risk group, BCSS was 97% for the
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ET group and 99% for the ET + CT group at 5 years with
a non-significant univariate hazard ratio (HR) of 0.58 (95%
CI 0.07-4.98; P = 0.62). In the 70-gene high risk group,
BCSS was 81% (ET group) and 94% (ET + CT group) at
5 years with a significant HR of 0.21 (95% CI 0.07-0.59;
P < 0.01). DDFS was 93% (ET) versus 99% (ET + CT),
respectively, in the 70-gene low risk group, HR 0.26 (95%
CI1 0.03-2.02; P = 0.20). In the high risk group DDFS was
76 versus 88%, HR of 0.35 (95% CI 0.17-0.71; P < 0.01).
Results were similar in multivariate analysis, showing
significant survival benefit by adding CT in the 70-gene
high risk group. A significant and clinically meaningful
benefit was observed by adding chemotherapy to endocrine
treatment in 70-gene high risk patients. This benefit was
not significant in low risk patients, who were at such low
risk for recurrence and cancer-related death, that adding
CT does not appear to be clinically meaningful.

Keywords Breast cancer - Gene expression profiling -
Adjuvant chemotherapy - Risk assessment

Introduction

Adjuvant treatment for early stage breast cancer has sig-
nificantly improved patient outcome in recent years. In
addition to population based screening programs enabling
early detection, the increase in the use of endocrine treat-
ment and chemotherapy (CT) has led to a decrease in breast
cancer mortality in many countries over the past decade
[1]. Indications for adjuvant therapy differ among several
treatment guidelines, including the National Comprehen-
sive Cancer Network (NCCN) and St. Gallen consensus
conference guidelines [2, 3]. The prevailing paradigm is
that adjuvant CT and endocrine therapy (ET) may rather be
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additive and are known not to be of comparable reduction
in the odds of recurrence across all risk groups [1].

In a web-based survey among leading breast cancer
specialists in 2007, the identification of molecular signatures
for better selection of CT treatment benefit was voted as the
most important priority for breast cancer research [4]. Sev-
eral multigene assays have been developed within the last
few years to identify patients with a high or low risk of
recurrence and death from breast cancer. Four of these
multigene predictors have been validated in independent
patient series and are now commercially available: they
include the 70-gene signature (MammaPrint) [5, 6], the 21-
gene recurrence score (RS) (Oncotype DX) [7, 8], the
genomic grade index (MapQuant Dx) [9] and the HOXB13/
IL17R, and molecular grade index (Theros Breast Cancer
Index) [10, 11]. Although most experts now agree on the
prognostic value of these assays, evidence regarding their
predictive value (i.e., the degree of benefit from (neo)adju-
vant CT for the different risk groups) is limited [3, 12].

The 70-gene signature, which is being performed on
fresh (frozen) tumor tissue, has shown to have a strong
prognostic power for early breast cancer patients [5, 6, 13,
14]. The 70-gene set was developed using the so-called
data-driven approach, i.e., without a priori knowledge of
the role of the involved genes, whereas for example the 21-
gene RS used the knowledge-driven approach, i.e., genes
known to be involved in breast cancer formation and
metastatic spreading were included. In this study, we
investigated whether patients with a low risk 70-gene sig-
nature are at sufficiently low risk of distant metastasis and
death, that the addition of CT to endocrine treatment alone
provides little or no benefit, whereas patients in the high
risk group show a significant and clinically relevant benefit
of adding CT to endocrine treatment.

Patients and methods
Patients

A pooled database from seven previously reported studies,
including 1637 patients with known adjuvant treatment
status (1637/1696, 97%) was developed. Patients who met
the following criteria were selected: unilateral stage pT1-3,
NO-1, MO invasive breast carcinoma diagnosed between
1984 and 2006, surgical treatment with either breast-con-
serving therapy or mastectomy with sentinel node biopsy
or axillary lymph node dissection followed by radiother-
apy, if indicated [15]. For this analysis, disease was staged
according to the 2002 UICC TNM-classification, 6th edi-
tion. All involved studies had been approved by the
respective institutional review boards. We evaluated all
patients who had received either ET alone or ET plus
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adjuvant CT (ET + CT). In the whole patient population,
90% of patients were estrogen receptor (ER) positive and
69% of the study patients were progesterone receptor (PR)
positive. The studies by van de Vijver et al. [6], Bueno-de-
Mesquita et al. [14, 16], Mook et al. [17, 18], and Kok et al.
(personal communication) were included, resulting in the
inclusion of 30, 182, 29, 154, 27 and 119 patients from the
database, respectively. Differences in adjuvant CT benefit
(CMF or anthracycline +/— taxane regimens) within the
70-gene low risk and high risk patients were assessed. Of
226 patients treated with adjuvant CT, 11 patients received
CMF, 21 patients received taxane containing regimens, and
the vast majority of 194 patients received different
anthracycline-containing regimens. Time-to-event analyses
using updated and centrally verified individual patient data
were performed using a pooled database (Microsoft
Access; Microsoft, Redmond, WA).

Microarray analysis

Frozen tumor samples from each patient were processed at
Agendia’s laboratory (Amsterdam, The Netherlands), for
RNA isolation, amplification, and labeling as previously
described [5, 19]. Samples were eligible for RNA isolation,
if they contained at least 30% tumor cells on haematoxylin/
eosin stained sections. To assess the mRNA expression
level of the 70 genes, RNA was hybridized to a custom-
designed array (MammaPrint™) at Agendia’s ISO17025-
certified, CLIA accredited, and FDA-cleared laboratory.
Tumors were classified as having a 70-gene high or low
risk-signature at the time of initial series as described
previously, and were blinded to clinical data.

Statistical analyses

The endpoints evaluated were breast cancer-specific sur-
vival (BCSS), defined as time from surgery to breast can-
cer-related death and distant disease-free survival (DDFS),
defined as time from surgery to any distant metastasis. For
both outcomes, follow-up was censored at 5 years, because
firstly, most of the treatment effect of adjuvant CT is
observed within 5 years and secondly to control for dif-
ferences in median follow-up of the included studies.
Kaplan—Meier survival plots and log-rank tests were used
to assess differences in BCSS and DDEFES for the 70-gene
profile low and high risk groups. All P-values were two-
sided and considered statistically significant if less than
0.05. Adjusted uni- and multivariate hazard ratios (HRs)
and corresponding 95% confidence intervals (95% Cls)
were derived from Cox proportional hazards models.
Co-variates used in adjusted models included age at diag-
nosis, tumor size, number of positive lymph nodes, histo-
logical grade, ER and PR status, hormonal therapy, and
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CT. Relative differences between treatment effects by 70-
gene risk groups were assessed by adding an interaction
term to the model. All statistical analyses were performed
with SPSS 15.0 for Windows (SPSS Inc., Chicago, IL) and
SAS 9.1 (SAS Institute Inc., Cary, NC).

Results

Five-hundred-forty-one patients with 0-3 positive lymph
nodes from the pooled database were either treated with ET
only or endocrine plus CT and, thus, met the inclusion
criteria for this study. The median follow-up for the study
population was 7.1 years (range 0.1-25.2). At 5 years of
follow-up, 52 patients had developed distant metastases
and 33 patients had died of their disease. The 70-gene
MammaPrint signature classified 252 patients (47%) as low
risk and 289 (53%) as high risk. Detailed patient charac-
teristics are shown in Table 1.

Prognostic value of the 70-gene signature

BCSS and DDFS were significantly better in the 70-gene
signature low risk group. The 5-year BCSS probabilities
were 97% for the low risk group and 87% for the high risk-
signature group, with a univariate HR of 4.81 (95% CI

Table 1 Summary of clinico-pathological characteristics of the study
population

Patients (n = 541) Characteristic n (%)
Age <50 years 231 (43%)
>50 years 310 (57%)
Tumor size T1 279 (52%)
T2 254 (47%)
T3 7 (1%)
n.a. 1 (0.2%)
Lymph node status NO 265 (49%)
N1 276 (51%)
Histological grade Grade 1 134 (25%)
Grade 2 233 (43%)
Grade 3 163 (30%)
n.a. 11 2%)
Estrogen receptor status Positive (>10%) 484 (90%)
Progesterone receptor status Positive (>10%) 371 (69%)
Her2-status Positive 59 (11%)
Adjuvant treatment ET only 315 (58%)
ET 4+ CT 226 (42%)
70-gene MammaPrint signature Low risk 252 (47%)
High risk 289 (53%)

Abbreviations: n number, n.a. not available, ET endocrine therapy, CT
chemotherapy

1.98-11.67; P < 0.01). The probability of remaining free
of distant metastases at 5 years was 95% for the low risk-
signature group and 82% for the high risk-signature group
with a univariate HR of 3.88 (95% CI 1.99-7.58;
P < 0.01).

Adjuvant CT benefit for the 70-gene signature
risk groups

In order to determine the predictive utility of the 70-gene
signature, we assessed differences in survival between
patients who received either ET alone or ET combined with
CT, separately within the 70-gene low risk and 70-gene
high risk patient groups. Univariate analysis demonstrated
a significantly longer DDFS and BCSS in the 70-gene high
risk group for the patients receiving both CT and endocrine
treatment, whereas such a significant difference was not
observed for the 70-gene low risk group. BCSS for the 70-
gene low risk group was 97% for the ET group and 99% for
the ET + CT group, with a univariate HR of 0.58 (95% CI
0.07-4.98; P = 0.62). In the 70-gene high risk group, 5-
year BCSS was 81% for the ET group and 94% for the
ET + CT group with a HR of 0.21 (95% CI 0.07-0.59,
P < 0.01). The corresponding Kaplan—Meier survival
curves are shown in Fig. la (BCSS) and for DDFS in
Fig. 1b. In the 70-gene low risk group, DDFS probabilities
at 5-years for the ET and the ET + CT groups were 93
versus 99%, respectively, with a HR of 0.26 (95% CI 0.03—
2.02; P = 0.20). In the high risk group, survival was 76
versus 88% for the ET and the ET + CT groups, respec-
tively, with a HR of 0.35 (95% CI 0.17-0.71; P < 0.01).

To further evaluate treatment effects, we compared
relative and absolute differences in survival between
patient groups receiving ET or ET + CT for both 70-gene
risk groups. The relative differences as determined by the
interaction analysis resulted in a P-value of 0.45. In
absolute numbers, the addition of CT for patients in the
70-gene low risk group could prevent 3 events per 1000
patient years, resulting in a number needed to treat (NNT)
of 333 (95% CI 78 harm to 83 benefit, i.e., there is
similar chance that adding CT may result in benefit or
harm for this patient group). Adding CT for patients in
the 70-gene high risk group could prevent 33 events per
1000 patient years, resulting in a NNT of 30 (95% CI 19
benefit to 64 benefit).

In multivariate Cox regression analysis adjusted for age,
tumor size, number of positive lymph nodes, grade, ER and
PR status, and HER2-expression, the results were similar to
the univariate results, indicating significant benefit in sur-
vival for adding CT in the high risk group (P = 0.02).
Details of the multivariate analysis for BCSS are shown
separately for the 70-gene high risk and low risk patient
groups in Table 2.

@ Springer
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Fig. 1 a Five-year breast cancer-specific survival by treatment within
the 70-gene signature groups (70-gene low risk on the left, high risk
on the right). Abbreviations: BCSS breast cancer-specific survival,
n number, ET endocrine therapy, ET 4+ CT endocrine 4 chemother-
apy, HR univariate hazard ratio. b Five-year distant disease-free

Discussion

This is the first study assessing the prediction of adjuvant
CT benefit using the 70-gene MammaPrint signature in a
pooled analysis of lymph node negative and positive
patients. When grouped by chemo-ET or ET alone, patients
in the 70-gene low risk group derive no significant survival
benefit from CT added to ET. Of note, very few events were
observed in this 70-gene low risk patient group, irrespective
of type of adjuvant treatment, confirming their overall good
outcome. Indeed, for these patients, a low gene expression
result may indicate a sufficiently low risk of recurrence and
cancer-related death at 5 years to obviate any benefit of
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survival by treatment within the 70-gene signature groups (70-gene
low risk on the left, high risk on the right). Abbreviations: DDFS
distant disease-free survival, n number, ET endocrine therapy,
ET + CT endocrine + chemotherapy, HR univariate hazard ratio

adjuvant CT. In contrast, a significant and clinically
meaningful benefit of combined chemo-ET was shown for
the 70-gene high risk group. These observed differences in
benefit for the 70-gene low and high risk group were not
significant for the interaction test, comparing the differen-
tial in the extent of the benefit between 70-gene low and
high risk patients. Ioannidis et al. have previously indicated
that an interaction is not necessarily required for a predic-
tive score to be useful in therapeutic decisions, especially
when absolute risk in the low risk group is so low that CT
would not be recommended [20]. The results from a pooled
analysis of individual patient data not only confirm the
70-gene signature as a validated, independent prognostic
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Table 2 Multivariate analysis of treatment effects for several prog-
nostic factors. BCSS for the 70-gene high risk patients is shown above
and for the 70-gene low risk patients below

MammaPrint HR (95% CI) P-value

High risk

Age at diagnosis (by year) 0.96 (0.91-1.02) 0.17
1.05 (1.01-1.09) 0.02
1.39 (0.95-2.03) 0.09
1.03 (0.48-2.19) 0.94
0.48 (0.18-1.34) 0.16
PR-positive status 0.31 (0.09-1.03) 0.06
HER2-positive status 0.72 (0.25-2.10) 0.55
Adjuvant therapy: ET versus ET + CT 0.21 (0.06-0.80) 0.02

Low risk

Tumor size (by cm)
No. of positive nodes (0-3)
Grade

ER-positive status

1.00 (0.88-1.15) 0.95
0.98 (0.89-1.10) 0.77
1.09 (0.37-3.16) 0.88
0.57 (0.12-2.82) 0.49

Age at diagnosis (by year)
Tumor size (by cm)

No. of positive nodes (0-3)
Grade

ER-positive status o0 (0-00) 0.99
PR-positive status 0.09 (0.01-0.90) 0.04
HER2-positive status o0 (0-00) 0.99
Adjuvant therapy: ET versus ET + CT oo (0-0) 0.98

Abbreviations: BCSS breast cancer specific survival, HR hazard ratio,
95% CI 95% confidence interval, ¢m centimeter, no number, ER
estrogen receptor, PR progesterone receptor, ET endocrine therapy,
CT chemotherapy

tool, but also suggest the assay to be a predictive tool for the
expected benefit of adjuvant CT in patients with early breast
cancer and a high risk 70-gene profile.

One of the strengths of this study is its design using a
pooled analysis of centrally reviewed and updated individ-
ual patient data, representing a commonly accepted method
of a meta-analysis [21]. While this study was not done using
retrospective analysis of phase III clinical trial data, the
patients studied represent an unselected early breast cancer
cohort, which can be seen in Table 1. Moreover, the inclu-
ded consecutive series were obtained from prospectively
collected frozen banked tumor material at several leading
European cancer centers. All patients with a cancer diag-
nosis were accessioned into the tumor banks consecutively
as they presented to the respective institutions. Clinical and
pathological data shown in Table 1 were centrally reviewed
and blinded to the microarray analysis. One of the clear
limitations of this study next to limited patient numbers and
differences in CT regimens is its retrospective design.
However, it will be several years before survival data from
ongoing randomized controlled trials such as the MINDACT
or TAILORXx study [22, 23] will be available.

The use of multigene assays such as the 70-gene profile
and the 21-gene RS has increased in recent years and these
assays have impacted treatment decisions. In multiple

validation studies it has been demonstrated that the 70-gene
signature adds independent prognostic information to rou-
tine clinico-pathologic risk assessment [13, 14, 17]. In a
study of 427 breast cancer patients from 16 community-
based Dutch hospitals [16], discordances in risk stratifica-
tion between the 70-gene signature and treatment guide-
lines were noted in up to 41% of patients. This led to an
adjustment of the adjuvant treatment regimen in two-third
of the study cohort.

Two studies have evaluated the predictive utility of the
21-gene RS with respect to CT benefit. The advantage of
this assay is its validation on tumor tissue from phase III
trials with uniform CT regimens, although only a subset
was available for analysis. Within the NSABP B20 study,
the degree of benefit from adjuvant CT ranged from little in
the low and intermediate RS to 20% absolute benefit in the
highest RS group [12]. Of note, the control arm of this
study had been used for development of the 21-gene RS
which may have resulted in overinterpretation of the data
[7, 20]. Ioannidis mentioned in his commentary that the
poor performance of the RS in the CT arm of NSABP B20
caused the significant treatment-RS interaction effect. The
second predictive study was done on samples from the
Southwest Oncology Group study S8814 (INT0100) in
node positive patients and presented at the 2007 San
Antonio Breast Cancer Symposium [24]. No benefit in
disease-free survival for the patients with a low RS for
added CAF CT concurrent with tamoxifen was shown,
whereas the benefit was significant in the highest RS group.

In the neoadjuvant setting a number of studies using
several drugs demonstrated the predictive value of several
gene signatures for CT response. These signatures com-
prise known signatures such as the genomic grade index as
well as several new classifiers [25-37]. Additional data to
support the predictive potential for the 70-gene assay
comes from the neoadjuvant study of Straver et al. [38]. In
this study, only patients who had high risk profiles were
likely to achieve a pathologic complete response (pCR) to
CMF or anthracycline-containing CT regimens. In fact, no
patient with a low risk profile achieved a pCR and only two
patients (9%) of this group achieved a partial response to
therapy compared to 37% overall response (P = 0.008) in
the high risk group including a 20% pCR rate (P = 0.015).
The results of all these studies support the theory that gene
expression profiles can separate CT-responsive from poorly
Or non-responsive tumors.

Clinical implications
In about two-third of all hormone receptor-positive cases,
clinical and genomic risk assessment using the 70-gene

signature will be concordant. If both methods indicate a
high risk of recurrence, the use of combined chemo-ET
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seems clinically indicated. If both methods indicate a low
risk of recurrence, then ET alone should be adequate
treatment. For the one-third of patients with discordant risk
assessment, our findings suggest consideration of the fol-
lowing approach. If the 70-gene profile indicates a low risk
in a clinically stratified high risk patient, ET alone may be
indicated in highly endocrine-responsive patients, as
defined by the St. Gallen consensus panel, as these patients
are at very low risk to recur and will likely gain little or no
benefit from additional CT. Conversely, 70-gene high risk
and clinically assessed low risk patients will likely benefit
from combined chemo-endocrine treatment. If these
patients are highly endocrine-responsive, then endocrine
treatment alone might be the prudent option, however,
withholding adjuvant therapy might not be a prudent option
for this group of patients. Furthermore, other factors such
as age and co-morbidities may influence shared decision-
making for adjuvant systemic therapy. However, generally
definitive recommendations cannot be drawn from retro-
spective studies and only the ongoing, well designed pro-
spective trials will provide definitive answers to this
important question.

Conclusions

In this study, a statistically significant and clinically
meaningful benefit for the addition of adjuvant CT to
endocrine treatment in 70-gene high risk patients in the
adjuvant setting has been shown. There appears to be no
evidence for a similar benefit for the 70-gene low risk
patients and these patients are at such a low risk of recur-
rence and cancer-related death, that addition of CT may not
be justified. ET alone seems to be the optimal treatment for
this group of patients. It seems reasonable to use multigene
assays whenever indicated in hormone receptor-positive
patients for improved decision-making regarding the role of
adding adjuvant CT to hormonal treatment.
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