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Abstract

Among women, breast cancer accounts for one-third of cancer cases and is
the second most frequent cause of death. Improvements in treatment agents
and screening procedures have increased the diagnosis of early breast can-
cer and survival rates. Adjuvant chemotherapy and endocrine treatment
decrease the mortality of early breast cancer by approximately 50 %.
However, not all early breast cancer patients benefit equally from adjuvant
endocrine treatment and/or chemotherapy. Patients at high risk are classi-
cally identified based on clinicopathological factors, such as age, tumor
size, histopathological grade, nodal status, hormone and HER2 receptor
positivity, and menopausal status. However, for patients with early breast
cancer, using these standard clinicopathological factors might not thor-
oughly show the individual risk of disease recurrence and the benefits from
adjuvant systemic chemotherapy. Many patients with early breast cancer do
not derive benefit from adjuvant systemic chemotherapy. Quality-of-life
issues, acute and long-term side effects of systemic chemotherapy, and the
cost of unnecessary treatments are the main factors of concern for this
group of patients. Quantitative approaches for defining prognoses and for
individualizing treatments are required. In recent years, molecular signa-
tures of gene expression have been correlated with breast cancer recurrence
risk. Several tests for genomic expression have been developed and vali-
dated on specimens from previous phase III studies to improve the prog-
nostication of early breast cancer patients and/or the prediction of adjuvant
systemic treatment. The most commonly used genomic expression-based
tests used for prognostic information and for the prediction of chemother-
apy benefits in early breast cancer are summarized below.
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Introduction

Breast cancer accounts for one-third of cancer
cases among women and is the second most fre-
quent cause of death. [1] It consists of heteroge-
neous subtypes that differ in clinical presentation
and disease course. Improvements in treatment
agents and screening procedures have increased
the diagnosis of early breast cancer and survival
rates. Chemotherapy, endocrine treatment (ET),
and trastuzumab comprise the main armamen-
tarium for the adjuvant treatment of breast can-
cer. Adjuvant chemotherapy and ET decrease the
mortality of early breast cancer by approximately
50 % [2]. However, early breast cancer patients
do not benefit equally from adjuvant ET and/or
chemotherapy. The recurrence risk of disease for
hormone receptor-positive early breast cancer
with tamoxifen after surgery is 15 % in 10 years,
and the survival benefit of adjuvant chemother-
apy in the same group of patients is 3—10 %
[3, 4]. Patients at high risk are classically identi-
fied based on clinicopathological factors, such as
age, tumor size, histopathological grade, nodal
status, hormone and HER?2 receptor expression,
and menopausal status. However, using these
standard clinicopathological factors might not
thoroughly show the individual risk of disease
recurrence and the benefit from adjuvant sys-
temic chemotherapy for early breast cancer
patients. Many early breast cancer patients do not
benefit from adjuvant systemic chemotherapy
[5]. Quality-of-life issues, acute and long-term
side effects of systemic chemotherapy, and cost
of the unnecessary treatments are the main con-
cerns for this group of patients. During the past
two decades, the level of knowledge regarding
the molecular pathways and underlying genetic
changes in breast cancer has improved. However,
treatment decisions still often rely on classical
histopathological and immunohistochemical
techniques. Numerous biomarkers have been

studied to define the residual risk of recurrence,
but none of them have been recommended for
routine use [6-11].

Quantitative approaches for defining progno-
sis and individualization of treatments are thus
required. In recent years, molecular signatures
of gene expression have been correlated with
the risk of breast cancer recurrence [12-15].
Questions of reproducibility and the need for
fresh or fresh-frozen tissue have limited their
clinical application. A number of genomic
expression tests were developed regarding this
unmet medical need. Several genomic expres-
sion tests have been developed and validated on
specimens of previous phase III studies to
improve the prognostication of early breast can-
cer patients and/or the prediction of the utility of
adjuvant systemic treatment (Table 11.1) [16].
In this chapter, using satisfactory data from the
literature, we review the most commonly used
genomic expression-based tests for predicting
the prognosis of and chemotherapy benefit for
early breast cancer.

Gene Array Tests
Oncotype DX

The Oncotype DX (Genomic Health, Inc.,
Redwood City, CA) uses real-time reverse-
transcriptase chain reaction (RT-PCR) to quan-
tify the expression levels of 21 genes in
formalin-fixed, paraffin-embedded (FFPE) breast
cancer tissue samples [17]. The test, which is
regulated by Clinical Laboratory Improvement
Amendments (CLIA) and the College of
American Pathologists (CAP), is performed in a
central laboratory in the USA. This assay uses a
calculation model to generate a risk score rang-
ing between 0 and 100 based on 5 reference and
16 cancer-related genes. The reference genes,
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Table 11.1 Summary of selected approved genomic tests for breast cancer [16]

Oncotype DX™ MammaPrint™ Prosigna™
Generic name 21-gene signature 70-gene signature PAMS0
Company Genomic Health Agendia NanoString
Method qRT-PCR Microarray qRT-PCR nCounter™ (for

Prosigna)

Target genes 16 genes 70 genes 50 genes

5 controls 5 controls
Specimen FFPE Fresh/Frozen FFPE

FFPE (2011)

Analyses Central Lab. Central Lab. Localized
Prognostic index Risk score (RS) MammaPrint index Risk of recurrence (ROR)
Indication Prognostic Prognostic Prognostic

Predictive Predictive Intrinsic subtype classifier

Population studied NO-1, ER positive

NO-1, <61 years old

NO-1, ER positive,

postmenopausal

Evidence NSABP B14 TRANSBIG NCIC MA.12

NSABP B20 NCIC MA.5

ECOG 2197 ABCSG-8

TransATAC TransATAC

NSABP B28

SWOG 8814

JBCRG

Northern California

GAPDH, ACTB (f-actin), RPLPO, GUS, and
TFRC, are used for normalization. The cancer-
related genes used in the assay include genes
related to proliferation (Ki-67, Survivin, MYBL2,
CCNBI [cyclin Bl1], and STKI5), invasion
(CTSL2 [cathepsin L2] and MMP-11 [stromoly-
sin 3]), and hormone receptors (ER, PR, BCL2,
and SCUBE2) as well as HER2 (GRB7 and
HER?2), GSTM1, BAG1, and CD68.

A multistep approach was adopted for devel-
oping the assay for expression levels of tumor-
related genes by the Genomic Health researchers.
Routinely used tumor blocks were used for this
purpose and to validate the assay. High-
throughput RT-PCR was used to quantify gene
expression levels in FFPE tumor tissue sections
[18]. In the second phase, they chose 250 candi-
date genes from the published literature, genomic
databases, and experiments based on DNA arrays
performed on fresh-frozen tissue [12-14, 19]. In
the third phase, data from 447 breast cancer
patients from 3 different studies, including
patients from the tamoxifen-only arm of the
NSABP B-20 trial, were used to test the correla-

tion of 250 candidate genes with the recurrence
of breast cancer [20-22]. In the fourth phase, a
panel of 16 cancer-related genes and 5 reference
genes were selected from the results of three
studies based on the strength of their performance
in the previous studies and the consistency of the
primer and probe performance in the assay. An
algorithm was designed based on the expression
of these 21 genes for computing a recurrence
score (RS) for each tumor sample [17]. The pos-
sible RSs ranged between 0 and 100, where a
higher recurrence score indicated a higher likeli-
hood of recurrence. The RS was derived from the
reference-normalized expression measurements
of the 16 cancer-related genes. Reproducibility
within and between blocks was also assessed.
Based on their RS, patients were divided into 3
risk categories, including low (<18), intermediate
(18-30), and high (>31). The RS was prognostic
for estrogen receptor (ER)-positive early breast
cancer patients with positive (1-3 lymph nodes
involved) and negative lymph node involvement
who were treated with tamoxifen. A low RS pre-
dicted no likelihood of recurrence in 10 years and
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little benefit from chemotherapy. Adjuvant che-
motherapy showed benefits in high-RS patients
but not in patients with a low RS.

Oncotype DX was tested in a community-
based population from Northern California
[23]. The 21-gene assay was prognostic in
ER-positive patients with and without tamoxi-
fen treatment (p=0.003 and p=0.03, respec-
tively). There were 220 patients and 570
controls in this study. Archived tumor tissues
were tested. Nearly 50 % of the patients were in
the low-risk group. The risk for death from
breast cancer within 10 years in tamoxifen-
treated patients was 2.8 (95 % confidence inter-
val (CI): 1.7-3.9), 10.7 (95 % CI: 6.3-14.9),
and 15.5 % (95 % CI: 7.6-22.8) in the low-,
intermediate-, and high-risk patients, respec-
tively. The risk of death within 10 years in
patients with no tamoxifen treatment was 6.2
(95 % CI: 4.5-7.9), 17.8 (95 % CI: 11.8-23.3),
and 19.9 (95 % CI: 14.2-25.2) in low-, interme-
diate-, and high-risk patients, respectively.

The Oncotype DX assay was further tested in
hormone receptor-positive early breast cancer
patients from Japan [24]. All patients were
treated with tamoxifen. Among the total patients,
280 patients had tumor tissues that were adequate
for the assay. Of these patients, 48 % were in the
low-risk group, 20 % were in the intermediate-
risk group, and 33 % were in the high-risk group.
Distant recurrence risks in 10 years were 3.3
(95 % CI: 1.1-10), 0, and 24.8 % (95 % CI: 15.7-
37.8) in low-, intermediate-, and high-risk lymph
node-negative patients, respectively. Differences
between the low-risk and high-risk groups for
distant recurrence were significant (log rank
p<0.001). There was also a significant difference
in overall survival (OS) between the low-risk and
high-risk groups (p=0.008).

Pivotal Trials of Oncotype DX

NSABP B14 Trial

The data obtained from the large, multicenter
NSABP B14 trial and the FFPE tumor tissues
were used to validate this 21-gene RT-PCR
assay for RS detection in early stage, node-
negative, ER-positive breast cancer patients,
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who had been treated with tamoxifen [17]. The
RS was calculated as low, intermediate, or high
for each patient, as previously defined. The data
from the prospective NSABP B14 trial were
used for validation. Cutoff points were deter-
mined based on the results of the NSABP B14
study. According to the study results, the rates
of recurrence in 10 years were 6.8 (95 % CI:
4-9.6), 14.3 (95 % CI: 8.3-20.3), and 30.5 %
(95 % CI: 23.6-38.4) for the low-, intermedi-
ate-, and high-risk groups, respectively. The risk
of recurrence in the high-risk group was similar
to that for the lymph node-positive patients [25].
In this study, 51 % of the patients were in the
low-risk group, and 27 % of the patients were in
the high-risk group. Age and tumor size are
standard factors used for predicting recurrence.
However, when RS was added to the multivari-
ate Cox model, recurrence could no longer be
predicted based on age or tumor size. Moreover,
all patients with tumors smaller than 1 cm
(N=109) were not in the low-risk group. Forty-
four of these patients were in the intermediate-
or high-risk groups, which means a risk of
15-20 % for recurrence in 10 years. A subgroup
of the patients with low-grade tumors also
showed high RS and high rates of recurrence in
this study. Additionally, concordance of pathol-
ogists was moderate for poorly differentiated
tumors and low for the well- and intermediate-
differentiated tumors. HER2 amplification was
detected in 55 of 668 patients (8 %). The 10-year
recurrence was 75 % (95 % CI: 63.2-86.9) in
HER2-amplified and 86 % (95 % CI: 83.1-88.9)
in HER2-nonamplified breast tumors (p =0.08).
In the Cox model including RS and classical
factors (estrogen, progesterone receptors,
HER2 DNA amplification), any RS was a sig-
nificant predictor of distant recurrence. The RS
provided significant predictive power indepen-
dent of age or tumor size (p<0.001). The RS
was also prognostic (p<0.001) and could be
used as a continuous function to predict the
recurrence in each patient [17]. It is important
to note that all patients were treated with
tamoxifen; thus, outcomes must be evaluated
considering the effects of both tamoxifen and
the natural disease course.
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TransATAC Trial

ATAC is a phase III trial that included 9366 post-
menopausal early breast cancer patients, includ-
ing both ER-positive and ER-negative patients.
This study compared 5 years of adjuvant treat-
ment with tamoxifen alone, anastrozole alone,
and tamoxifen in combination with anastrozole
[26]. In the translational arm of the ATAC study
(TransATAC), the risk of recurrence was evalu-
ated using the Oncotype DX assay in axillary
node-negative or node-positive, hormone
receptor-positive postmenopausal breast cancer
patients who were treated with tamoxifen and
anastrozole. RNA was extracted from 1372 tumor
blocks from patients in the monotherapy arms of
this study. Available scores were obtained from
1231 patients (node positive, N=306; node nega-
tive, N=872; node status unknown, N=52).
Multivariate analysis showed that RS was signifi-
cantly associated with time to disease recurrence
(»<0.001 and p=0.002 for node-negative and
node-positive patients, respectively). There was a
poor correlation between RS and “Adjuvant!
Online” for estimating prognosis (p<0.001). In
node-negative patients, the disease recurrence
rate within 9 years was 4, 12, and 25 % for the
low-, intermediate-, and high-risk groups, respec-
tively. In node-positive patients, the 9-year dis-
ease recurrence rates were 17, 28, and 49 % for
the low-, intermediate-, and high-risk groups,
respectively. The hazard ratio (HR) for disease
recurrence was 2.7 for high-RS and 1.8 for low-
RS lymph node-positive patients. Similar results
were obtained for OS. For any RS, the risk of dis-
tant recurrence was higher in node-positive than
node-negative patients and in patients with 4 or
more positive nodes than in patients with 1-3
positive nodes. Prognostic value was similar in
the tamoxifen and anastrozole groups. In the
original study, anastrozole showed a 16 % risk
reduction for distant recurrence compared with
tamoxifen [27]. However, in this study, HRs for
distant recurrence were similar in the tamoxifen
and anastrozole treatment arms, and RS did not
interact with any treatment arm. Relative risk
reductions for anastrozole compared with tamox-
ifen were similar in all RS groups. A higher risk
reduction with anastrozole in patients with high

RS might be expected. However, the number of
cases was too small to allow for such an
analysis.

Studies of Prediction for Chemotherapy

NSABP B20 Trial

In the original NSABP B20 trial, there were
2363 ER-positive, axillary lymph node-negative
early breast cancer patients [28]. The aim was to
examine the benefit of CMF (cyclophosphamide,
methotrexate, 5-fluorouracil) or MF (methotrex-
ate, 5-fluorouracil) chemotherapy followed by 5
years of tamoxifen treatment. The Oncotype DX
assay was studied in these tumor blocks, and
prospective clinical outcomes were investigated
in that study group to examine whether the
Oncotype DX assay could predict the benefits of
chemotherapy. Tumor blocks with sufficient
tumor tissue for the RS assay were obtained in
670 patients and adequate samples were obtained
from 651 tumor blocks. Of the total patients, 227
(29.5 %) were treated with tamoxifen, and 424
(27.7 %) were treated with chemotherapy plus
tamoxifen. Among the 651 assessable patients,
the proportions of patients without distant recur-
rence in 10 years were 92.2 % in the chemother-
apy plus tamoxifen group and 87.8 % in the
tamoxifen group. Disease recurrence (locore-
gional or distant) was observed in 90.1 % of the
chemotherapy plus tamoxifen patients and in
83.5 % of the tamoxifen patients. The 10-year
survival estimate was 89.5 % in patients treated
with chemotherapy plus tamoxifen and 86.4 %
in patients treated with only tamoxifen. There
were 353 (54.2 %) patients with low RS, 134
(20.6 %) with intermediate RS, and 164 (25.2 %)
with high RS.

This study showed that the benefit of chemo-
therapy was not equivalent across all ER-positive
and axillary lymph node-negative early breast
cancer patients in the NSABP B20 study. The
Oncotype DX assay was shown to predict the che-
motherapy (CMF or MF) benefit in this group of
patients. The magnitude of the benefit of chemo-
therapy for distant recurrence was greater for the
high-RS group than for the intermediate- and low-
RS groups. A Kaplan-Meier estimate indicated
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that 10 years of freedom from the disease recur-
rence improved from 60 to 88 % in patients in the
high-RS group. There was no demonstrable risk
reduction with chemotherapy regarding the
10-year disease recurrence rates in the low-RS
group (relative risk, 1.31; CI, 0.46-3.78). A sig-
nificant risk reduction (27.6 % reduction in abso-
lute risk) was shown with chemotherapy in the
high-RS group (relative risk, 0.26; CI, 0.13-0.53).
The benefit of chemotherapy was not clear in the
intermediate-RS group (relative risk, 0.61; CI,
0.24-1.59). In a multivariate analysis of Cox
models containing chemotherapy treatment and
RS, the interaction between chemotherapy treat-
ment and RS was significant (p=0.038).

NSABP B28 Trial

The current standard adjuvant treatment of
ER-positive, axillary lymph node-positive breast
cancer in pre- or postmenopausal patients is ET
plus chemotherapy (ET+CT) [2]. Nevertheless,
exploratory analyses show that breast cancer
patients with high levels of ER positivity and a
lack of HER2 overexpression may not derive
substantial benefit, even if those patients show
positive axillary nodes [29, 30].

The original phase III NSABP B28 trial
included 3060 pre- or postmenopausal ER-positive
(N=2019) and ER-negative/borderline (N=1041)
axillary lymph node-positive, early breast cancer
patients [31].

The treatment groups were tamoxifen plus AC
(doxorubicin plus cyclophosphamide) and AC
plus paclitaxel. In this trial, 2687 patients received
concurrent ET. RS analysis was performed in
1065 tumor blocks of ER-positive patients treated
with endocrine therapy [32]. In the univariate
analysis, RS predicted disease-free survival
(DES), disease recurrence-free interval, and OS
(p<0.001 for each). In a multivariate analysis, RS
was identified as an independent prognostic factor
for DFS, disease recurrence-free interval, and OS
(p<0.001). DES was 76 (95 % CI. 71-80), 57
(95 % CI: 52-62), and 48 % (95 % CI: 42-53) for
the low-, intermediate-, and high-RS groups,
respectively. The disease recurrence-free interval
was 81 (95 % CI: 76-85), 65 (95 % CI: 60-70),
and 56 % (95 % CI: 50-61) for the low-, interme-
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diate-, and high-RS groups, respectively. OS was
90 % (95 % CI: 86-93), 75 (95 % CI: 70-79), and
63 % (95 % CI. 57-68) for the low-, intermediate-,
and high-RS groups, respectively. In patients with
low RS, adding paclitaxel to anthracycline-based
adjuvant treatment did not provide any additional
benefit to the final outcome. Based on these
results, aggressive chemotherapy may not be war-
ranted for patients with low RSs [32].

A subgroup of ER-positive breast cancer
patients shows a low risk of disease recurrence
even with positive axillary nodes. These patients
are unlikely to benefit from adjuvant chemother-
apy. Oncotype DX RS was also shown to be
prognostic in axillary lymph node-positive,
concordant with axillary lymph node-negative
tamoxifen-treated breast cancer patients.
Oncotype DX RS may also predict patients who
will not benefit from the addition of chemother-
apy (i.e., patients with low RS).

SWOG 8814 Trial

Recent data from the SWOG 8814 trial showed
Oncotype DX to be prognostic and predictive in
ER-positive, axillary lymph node-positive breast
cancer patients [33]. The SWOG 8814 study, a
parent trial, was a phase III trial and showed that
adjuvant CAF (cyclophosphamide, doxorubicin,
5-fluorouracil) chemotherapy plus tamoxifen was
superior to tamoxifen alone for DFS and OS in
postmenopausal, estrogen and/or progesterone
receptor (ER/PR)-positive, axillary lymph node-
positive breast cancer patients. The Oncotype DX
assay was applied to specimens from a tumor
bank for RS analysis. That study was performed
by Genomic Health, Inc., and the investigators
were blinded to patients’ clinical data and out-
come. Clinical data and outcome were combined
with the Oncotype DX RS results after all assays
were completed. Tumor samples were available
for 664 of 1477 patients (45 %). The parent trial
included three arms: tamoxifen only, concomitant
CAF and tamoxifen, and sequential CAF and
tamoxifen. In this translational study, the concom-
itant CAF and tamoxifen arm was omitted due to
inferior efficacy. Sufficient RNA was obtained
from 149 patients in the tamoxifen arm and 219
patients in the CAF plus tamoxifen arm (367 total
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patients) for RT-PCR analysis. The 21-gene RS
was prognostic in tamoxifen-treated, ER-positive,
axillary lymph node-positive patients and predic-
tive for adjuvant chemotherapy with CAF regi-
men in patients with high RS [33]. The RS was
prognostic for DFS in tamoxifen-treated patients
(p=0.006). There was a significant benefit of che-
motherapy in the high-RS group (log rank
p=0.03; HR, 0.59; 95 % CI, 0.35-1.01), but no
benefit was detected in patients with low RS (log
rank p=0.97; HR, 1.02; 95 % CI, 0.54-1.93)
regarding DFS. A low RS identifies patients who
may not benefit from adjuvant chemotherapy
despite positive nodes. The benefit of adjuvant
chemotherapy in the high-RS group was indepen-
dent from the number of positive nodes. The ben-
efit of chemotherapy on DFS was significant for
the first 5 years of follow-up. However, there was
no additional prediction of chemotherapy benefit
for DFS beyond 5 years, despite the continued
presence of the cumulative benefit after 10 years.
Similar results were obtained for the prognostic
value of the 21-gene RS. Ten-year OS estimates
were 77, 68, and 51 % for patients with high,
intermediate, and low RS, respectively. Breast
cancer-specific survival (BCSS) and OS were sig-
nificantly better in patients with high RS but not
low and intermediate RS when treated with CAF
and tamoxifen compared to tamoxifen only. In the
exploratory analysis after adjustment for classical
risk factors, including age, histopathological
grade, race, tumor size, PR status, and HER?2 sta-
tus, both treatment and RS remained significant.
The limited number of samples obtained from
patients included in the original study was an
important caveat of this study. The probability of
a chemotherapy effect in low-RS patients cannot
be ruled out completely due to the small sample
size and broad CI ranges in this study. This study
challenged the standard adjuvant chemotherapy
treatment of patients with axillary lymph node-
positive, ER-positive breast cancer.

ECOG 2197 Trial

In the original ECOG 2197 trial, there were 2185
pre- or postmenopausal ER-positive and lymph
node-negative and node-positive (1-3 nodes)
breast cancer patients treated with doxorubicin-
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containing chemotherapy or docetaxel plus ET
[34]. The Oncotype DX assay was tested in the
doxorubicin-containing  chemotherapy = arm
(N=465) and was a significant prognostic marker
of disease recurrence in this study group. There
was a significant correlation between RS and
5-year disease recurrence rates in both lymph
node-positive and node-negative patient groups
(»<0.001). Of the lymph node-positive patients,
46 % were in the low-RS group. Patients with
zero or one positive node had a 5-year disease
recurrence rate under 3 %, and patients with two
or three positive nodes had a 5-year disease recur-
rence rate of 8 %. However, good outcomes may
be attributed to low RS, chemotherapy, or both.
Ten-year follow-up analysis also showed that RS
was still a prognostic marker for disease recur-
rence for lymph node-positive and lymph node-
negative breast cancer patients [35].

Based on all of these studies, Oncotype DX has
shown a high level of utility for estimating the risk
of distant recurrence in 10 years and the benefit of
chemotherapy in ER-positive, HER2-negative
early breast cancer patients with up to three meta-
static lymph nodes. The Oncotype DX assay has
been adopted by the international guidelines of
ESMO, ASCO, NCCN, and St. Gallen [36-39].

Impact on Treatment Decision

The Oncotype DX assay changed treatment deci-
sions made on classical clinicopathological fac-
tors in several studies. Its impact on
decision-making seems to increase with the
results of the prospective trials. In a survey study
in the USA, oncologists were asked about the
treatment recommendation for their most recent
ER-positive, lymph node-positive breast cancer
patient after getting the Oncotype DX assay
result [40]. The vast majority of the patients had
one to three positive lymph nodes (92.5 %), and
most (96.5 %) had a tumor size smaller than
5 cm. Of the 160 physicians who responded
(16 % of the original sample), 86 % made deci-
sions before obtaining the RS. However, 51 % of
those oncologists changed their decision after
receiving the RS result. Treatment decisions were
changed to ET alone from ET+CT in one-third
of those cases. Chemotherapy was eliminated in
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49 % of the intermediate RS group and in 21 % of
the low-RS group of patients. Additional chemo-
therapy decisions were made in 9 % of the cases.

In a study from Israel, 951 patients with one to
three positive nodes received ET with or without
chemotherapy [41]. Treatment decisions for 282
patients were made according to Oncotype DX,
and there were 669 controls. In the Oncotype DX
group, chemotherapy was given to all patients
with high RS (100 %), 37 % of patients with
intermediate RS, and 7 % of patients with low
RS. Chemotherapy was given to 24.5 % of all
Oncotype DX patients and 70.4 % of controls
(p<0.001). However, the patients’ clinicopatho-
logical features were not balanced between the
groups, and patients in the control group had big-
ger tumor sizes, higher grade, and more positive
lymph nodes. After adjustment according to
these factors, Oncotype DX was associated with
a 65 % decrease in chemotherapy usage.

A study of 50 lymph node-positive breast can-
cer patients from Australia showed a 26 % change
in the treatment decision with Oncotype DX, and
the majority of the treatment decisions were to
omit chemotherapy [42]. A study of 42 axillary
lymph node-positive ER-positive breast cancer
patients (22 with macrometastasis) from Spain
showed that 73 % of the patients had low RS
[43], and the recommendation of chemotherapy
decreased from 55 to 17 % with the use of
Oncotype DX (p=0.021).

In a recent meta-analysis of 8 studies (1437
patients) on the impact of Oncotype DX on treat-
ment decisions, the adjuvant therapy recommenda-
tion changed in 33.4 % of patients due to Oncotype
DX RS versus the decision recommended based on
clinicopathological factors [44]. After Oncotype
DX, the adjuvant chemotherapy recommendation
was 83.4 % in patients with high RS, 37.4 % with
intermediate RS, and 5.8 % with low RS. The over-
all chemotherapy recommendation was 28.2 %
after using the Oncotype DX assay.

Prospective Clinical Trials

The phase III SWOG 1007 (RxPONDER,
NCT01272037) trial is designed to determine the
effect of chemotherapy with adjuvant endocrine
therapy in patients with ER-positive, 1-3 axillary
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lymph node-positive breast cancer and low or
intermediate RS (less than or equal to 25) [45].
This study will provide important information
about the patients in whom chemotherapy can be
omitted in the low- and intermediate-RS groups.
It will also address issues of quality of life and
long-term side effects such as premature meno-
pause and weight gain.

The prospective TAILORXx trial was designed
mainly to investigate the benefits of chemother-
apy in the intermediate RS group (scores of
11-25) of ER-positive, axillary lymph
node-negative early breast cancer patients [46].
The Oncotype DX assay was applied prior to
treatment, and patients were divided into three
RS groups: low (RS <I11), intermediate (RS
11-25), and high (RS >25). Patients in the low-
RS group were treated with adjuvant ET, and
those in the high-RS group were treated with
ET +CT. Enrollment was completed in 2010, and
a total of 11,000 patients were recruited in the
study. The results will be compiled in 2015.

WSG PLAN B is a phase III trial run by the
West German Study Group. In this study, two dif-
ferent chemotherapy regimens were compared in
2549 patients with early breast cancer [47].
Oncotype DX, uPA/PAI-1, Ki67, and histopatho-
logical grade were used for comparison of che-
motherapy regimens in patients with ER-positive
axillary lymph node-positive or high-risk node-
negative breast cancer.

WSG ADAPT is another phase II/II trial in pre-
and postmenopausal early breast cancer patients
[47]. It aims to individualize the adjuvant treatment
decision in early breast cancer patients and is using
the Oncotype DX assay with conventional prognos-
tic factors (nodal status). Dynamic changes in pro-
liferation rates and apoptosis were checked after a
short course of treatment. The aim was to establish
early predictive surrogate molecular markers for
outcome by assessing the response to a repeated
biopsy after 3 weeks of induction treatment.

MammaPrint

MammaPrint is based on DNA microarray tech-
nology. Using gene-expression profiling, the
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Netherlands Cancer Institute™ and its spinoff
company Agendia™ developed a 70-gene prog-
nostic signature called MammaPrint™ for axil-
lary lymph node-negative early breast cancer
patients. These 70 genes are involved in the cell
cycle, invasion, proliferation, angiogenesis,
metastasis, and signal transduction. None of
these genes are assessed by Oncotype DX. The
70-gene signature was developed for a dichoto-
mous risk classification as low or high risk of dis-
ease recurrence in 5 years in a cohort of
node-negative breast cancer patients, who were
not treated systemically [14]. This gene signature
defined the low- and high-risk groups for 5-year
disease recurrence [14]. The low-risk group was
identified as having a 13 % risk of distant metas-
tasis in 10 years, and the high-risk group was
identified as having a 56 % risk of distant metas-
tasis in 10 years without adjuvant treatment. The
first validation study was performed with the
samples from the tumor bank of the Netherlands
Cancer Institute. A total of 295 tumor samples
were obtained from breast cancer patients (ER
negative and ER positive, lymph node negative
and node positive, untreated, treated with chemo-
therapy and/or endocrine therapy) [15].
Metastasis-free survival and OS were higher in
the low-risk group than in the high-risk group in
lymph node-negative and node-positive patients
and all patients were evaluated using the
MammaPrint assay. Of the patients with low-risk
profiles, 85 % were disease recurrence-free, and
50.6 % of the patients with high-risk profiles
were disease recurrence-free in 10 years. In the
multivariate analysis, independent prognostic
markers for disease recurrence were high-risk
profile with MammaPrint™, tumor size, and
absence of chemotherapy. This 70-gene expres-
sion profile was developed on microarrays con-
taining 25,000 60-mer oligonucleotides that are
not designed for routine clinical practice. This
70-gene prognosis profile, which was translated
to a customized microarray (MammaPrint™),
contains a reduced set of 1900 probes suitable for
high-throughput processing [48]. It allows the
use of less RNA and a short processing time of 5
days. To validate its prognostic value, the RNA of
162 patients from two previous studies was used
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for hybridization with this custom array. Custom
microarray results were compared with the origi-
nal analysis, and they showed an extremely high
correlation of prognosis prediction (p<0.0001).
This first study showed that this small, custom
microarray can be a reliable diagnostic tool for
predicting the outcome of disease in breast can-
cer patients. MammaPrint™ was intended for use
in women under 61 years of age with stage I and
II, ER-positive or ER-negative early breast can-
cer. It was approved by the US FDA in 2007 for
determining the risk of distant recurrence at 5 and
10 years but not for predicting the benefit of che-
motherapy. Based on the evidence supporting the
prognostic value of MammaPrint™, it has been
incorporated into the ESMO and St. Gallen
guidelines as a prognostic tool [37, 38]. The test
was initially developed and validated for fresh or
fresh-frozen tumor tissue [15, 49]. A recent study
of 211 matched samples showed 91.5 % consis-
tency between using FFPE and using fresh or fro-
zen specimens [50].

Another MammaPrint™ validation study was
performed by TRANSBIG researchers in 307
patients with early, axillary lymph node-negative
breast cancer, with a median follow-up of
13.6 years, in 5 different European countries
[51]. MammaPrint™ results were compared with
other clinicopathological risk classification sys-
tems. Patients were defined as low risk if their
5-year probability of distant metastasis-free sur-
vival was above 90 %. The clinicopathological
low-risk group was defined as a 10-year OS prob-
ability greater than 88 % (for ER-positive
patients) or 92 % (for ER-negative patients).
MammaPrint was identified as an independent
prognostic marker for distant metastasis-free sur-
vival and OS. In the univariate analysis of the
70-gene signature in high- versus low-risk
patients, the HR for time to distant metastasis
was 2.32 (95 % CI, 1.35-4; p=0.002), HR for OS
was 2.79 (95 % CI, 1.6-4.87; p<0.001), and the
HR for DFS was 1.56 (95 % CI, 1.04-2.16;
p=0.032). MammaPrint was a more powerful
prognostic tool for distant metastasis-free sur-
vival and OS in comparison with clinicopatho-
logical factors defined by Nottingham Prognostic
Index, St. Gallen Criteria or Adjuvant! Online.
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When adjusted for the clinical risk groups, the
70-gene risk score results showed HRs of 2.13
(95 % CI: 1.19-3.82), 2.63 (95 % CI: 1.45-4.79),
and 1.36 (95 CI: 0.91-2.03) for time to distant
metastasis, OS, and DFS, respectively.

Data for Patients with Positive Lymph
Nodes

The 70-gene assay result was also prognostic in
lymph node-positive breast cancer patients and
predicted the outcome better than the other clas-
sical clinicopathological factors. A validation
study was conducted with 241 patients from two
European institutes, with one to three positive
lymph nodes and operable T1-T3 early breast
cancer. Adjuvant treatment decisions were made
according to national guidelines from the two dif-
ferent countries (the Netherlands and Italy).
MammaPrint™ predicted that patients in the
low-risk group would have 91 and 96 % distant
metastasis-free survival and BCSS, respectively,
in 10 years [52]. For the poor prognostic group,
the 10-year distant metastasis-free survival and
BCSS were 76 and 76 %. The 70-gene risk score
was superior to other clinicopathological factors
for predicting BCSS. In the multivariate analysis,
the 70-gene risk score HR was 7.19 (95 % CI:
1.8-28.43; p=0.005) for BCSS.

The MammaPrint™ assay was studied using
frozen tumors from 173 N2 (with 4-9 axillary
lymph node metastatic) breast cancer patients
from the Netherlands and Italy [53]. Seventy
patients (40 %) were classified as genomic high
risk, and 103 (60 %) were classified as genomic
low risk. Patients in the genomic high-risk group
were more often grade 3 (60 %), hormone recep-
tor negative and HER2 positive (25 %). The
S-year OS was 97 and 76 % in the low- and
high-risk groups, respectively (p<0.01). Distant
metastasis-free survival in 5 years was 87 % for
low-risk patients and 63 % for high-risk patients
(p<0.01). In the luminal A subgroup, the 70-gene
assay result was the only independent risk factor
for distant metastasis and breast cancer-specific
death in breast cancer patients with 4-9 positive
lymph nodes. MammaPrint can be integrated into
the selection of treatment strategy in this group of
patients.

C.Arslan etal.

Data on Adjuvant Treatment Decisions
The performance of the 70-gene signature was
assessed in a prospective observational
community-based study that included 427 early
breast cancer (cT1-3NOMO) patients [54].
Adjuvant systemic treatment decisions were
given considering the 70-gene signature, the
Dutch CBO 2004 guidelines, and the preferences
of the physicians and patients. The median fol-
low-up duration was 62 months. In the 70-gene
signature group, 15 % (33/219) of low-risk
patients and 81 % (169/208) of high-risk patients
received adjuvant chemotherapy. The S5-year
probability of disease recurrence-free survival
according to the 70-gene score was 97.0 % for
low-risk and 91.7 % for high-risk patients. The
5-year probabilities of disease recurrence-free
survival for the Adjuvant! Online low- and high-
risk groups were 96.7 and 93.4 %, respectively.
There were 124 patients in the 70-gene signature
low-risk and Adjuvant! Online high-risk groups.
Of these patients, 94 (76 %) did not receive adju-
vant chemotherapy, and the 5-year disease
recurrence-free interval was 93.4 %. The adju-
vant chemotherapy decision would decrease by
32 % (94/295) if the 70-gene signature had been
used in the Adjuvant! Online high-risk group of
patients. The prognostic value of the 70-gene sig-
nature was again shown for the 5-year probability
of disease recurrence-free survival, showing that
in the low-risk 70-gene signature group, omis-
sion of chemotherapy did not compromise
outcome.

The 70-gene assay was studied for the pre-
dictive value of chemotherapy in 541 patients
whose tumor samples were obtained from 7 pre-
viously reported studies conducted between
1984 and 2006 with known adjuvant treatment
data [55]. There were 315 patients in the ET
group and 226 patients in the ET+CT group.
According to the 70-gene assay, 252 (47 %)
patients were in the low-risk group, and 289
(53 %) patients were in the high-risk group.
BCSS at 5 years was 97 % in patients treated
with ET and 99 % in patients treated with
ET +CT in the low-risk group (HR, 0.58; 95 %
CI, 0.07-4.98, p=0.20). In the high-risk group,
BCSS was 81 % in patients treated with ET and



11 Gene Arrays, Prognosis, and Therapeutic Interventions

217

94 % in patients treated with ET+CT (HR,
0.21; 95 % CI 0.07-0.59, p<0.01). Distant dis-
ease-free survival in the low-risk group was
93 % in patients treated with ET and 93 % in
patients treated with ET+CT (HR, 0.26; 95 %
CI, 0.03-2.02, p=0.2). In the high-risk group,
distant disease-free survival was 76 % and 88 %
in the patients treated with ET and ET+CT,
respectively (HR, 0.35; 95 % CI, 0.17-0.71,
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Fig. 11.1 Panel (a), five-year breast cancer-specific sur-
vival by treatment within the 70-gene signature groups
(70-gene low risk on the left, high risk on the right). Panel
(b), five-year distant disease-free survival by treatment
within the 70-gene signature groups (70-gene; low risk on
the left, high risk on the right). Abbreviations: BCSS

p<0.01). There was a significant benefit of add-
ing CT to ET for the group identified as high
risk according to the 70-gene signature
(Fig. 11.1). This benefit was not significant in
patients with low risk according to the 70-gene
signature. High-risk ER-positive breast cancer
patients may be treated with more intensive
treatment (i.e., chemotherapy) strategies in
addition to adjuvant endocrine therapies.
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MammaPrint can affect the adjuvant chemo-
therapy recommendation. Usingthe MammaPrint™
assay may decrease the variability of adjuvant
treatment decisions. A cohort of 194 patients from
4 different countries in Europe was used to mea-
sure the impact of MammaPrint™ on adjuvant
treatment decisions [56]. Patients’ clinicopatho-
logical data were sent to different multidisciplinary
teams with and without the MammaPrint™ assay
result, and adjuvant treatment decisions were pro-
vided for each patient. Treatment decisions in
ER-positive and HER2-negative patients were
changed in 37, 24, 28, and 35 % of cases by the
Dutch, Belgian, Italian, and Spanish teams, respec-
tively. MammaPrint™ increased the interinstitu-
tional agreement in treatment advice (i.e., whether
to utilize chemotherapy) from 51 to 75 %.

Prospective Trials

The MINDACT (Microarray In Node-negative
and 1-3 node-positive Disease may Avoid
ChemoTherapy) trial was designed to investi-
gate the clinical utility of MammaPrint™ (70-
gene profile) with clinicopathological criteria
for the selection of ER-positive early breast
cancer patients with one to three positive nodes
for adjuvant chemotherapy. The clinicopatho-
logical risk definition was made using a modi-
fied version of Adjuvant! Online. Patients were
also defined as low or high risk by
MammaPrint™. The MINDACT trial hypothe-
sizes that using the MammaPrint™ assay will
outperform the clinicopathological classifica-
tion through the better classification of patients
as high or low risk and by reducing chemother-
apy usage by 10-20 % without impairing the
outcome. Patients who were defined as low risk
by both Adjuvant! Online and MammaPrint™
were given ET, and adjuvant ET+CT were
given to patients characterized as high risk by
both Adjuvant! Online and MammaPrint™,
Patients were randomized to the ET or chemo-
therapy arms if the risk groups differed between
Adjuvant! Online and MammaPrint™. The
study was designed to address whether a non-
anthracycline-containing regimen (docetaxel
plus capecitabine) may be used instead of an
anthracycline-containing regimen. There were
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two arms for ET: letrozole only and tamoxifen
followed by letrozole.

The pilot phase of the study included 800
patients [57]. Of those patients, 386 (48 %) were
in the low-risk group based on both Adjuvant!
Online and MammaPrint, and 198 (24.8 %)
patients were in the high-risk group based on
both Adjuvant! Online and MammaPrint™.
There were 216 (27 %) discordant patients, of
whom 75 (9.4 %) were in the low-risk group
from Adjuvant! Online and the high-risk group
from MammaPrint™ and 141 were in the high-
risk group from Adjuvant! Online and the low-
risk group from MammaPrint™. There was an
8.25 % difference (95 % CI. 4.7-11.8 %;
p<0.001) between the high-risk groups defined
by Adjuvant! Online (42 %) and MammaPrint™
(34 %). There was a high consistency among the
treatments in both groups (>92 %).

Prosigna

The NanoString Prosigna assay uses the expres-
sion of 50 target genes and eight constitutively
expressed normalization genes. The test can be
performed using qRT-PCR, but Prosigna™ relies
on the NanoString nCounter Analysis System,
which delivers direct, multiplexed measurement of
gene expression. The assay is highly sensitive and
precise. It uses 250 ng of RNA from FFPE tumor
tissue. Assay controls are included along with test
samples, and the process meets the pre-defined
quality criteria. The PAMS50 test was generated as
a second-generation multigene expression assay
and was developed to define the intrinsic breast
cancer subtypes as luminal A/B, HER?2 enriched,
and basal-like from FFPE tissue [58]. PAMSO is
more effective than classical immunohistochemi-
cal methods and clinicopathological factors for
subtyping breast cancer. It uses a set of 50 genes
and 5 control genes for analysis. In addition to
classifying the tumor’s intrinsic subtype, PAMS50
gives a numeric score for the patient’s distant
recurrence probability by calculating the molecu-
lar subtype correlations, a subset of proliferation
genes and pathological tumor size. The PAMS50
test was adopted for performance by nCounter
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Analysis in a local molecular pathology lab
(Prosigna™ Breast Cancer Gene Signature Assay,
NanoString Technologies, Seattle). Training is
required for the operators to demonstrate profi-
ciency in studying this locally used test. The
embedded software automatically applies all of
the quality thresholds to the data. A clinically vali-
dated algorithm is used for expressing the risk of
recurrence and the intrinsic subtype, both of which
are prognostic indicators of the risk of disease
recurrence for breast cancer. This test works with
either frozen or FFPE samples and uses multi-
plexed gene-specific fluorescently labeled probe
pairs to measure gene expression.

PAMS50 reflects the underlying biology associ-
ated with the ER and HER?2 pathways, and it also
includes proliferation genes and markers of basal
phenotype. Luminal A and B breast cancers are
the most frequent subtypes. Luminal A tumors
are characterized by lower expression levels of
proliferation genes and ERBB2 and by lower
recurrence rates compared with luminal B
tumors, and these characteristics can be shown
by the PAMS5O0 risk of recurrence score.

RNA is extracted from tumor tissue, and the
samples are hybridized without reverse transcrip-
tion or amplification for both capture and reporter
probes for the measured genes and assay con-
trols. After hybridization, the target-probe com-
plexes are processed on the nCounter Analysis
System. A minimum threshold of expression for
normalization genes must be met by the test sam-
ple data to ensure that the assay signal is high
enough to produce precise results.

The test was prognostic in untreated (no sys-
temic treatment) or tamoxifen-treated early
breast cancer patients [58, 59]. It was validated
in 786 stage I and II ER- and/or PR-positive
postmenopausal patients (in this validation
study, only 40 of 789 patients were premeno-
pausal) and provided accurate information for
subtyping and prognosis by risk of recurrence
[59]. This risk of recurrence score gave the esti-
mated 10-year recurrence probability in post-
menopausal early breast cancer patients with
ET. Despite clinical ER positivity, 10 of the
cases were assigned to nonluminal subtypes by
PAMS50 in this study. PAMS50 expression for
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intrinsic subtyping provided more prognostic
information than standard clinical factors and
IHC.

PAMS0 was validated on over 2400 patients
from two large retrospective studies [60, 61].
Using the mRNA of 1017 ER-positive early
breast cancer patients from the ATAC trial, the
PAMSO risk of recurrence score was studied and
compared with Oncotype DX and IHC4 results
[60]. IHC4 is a distant recurrence index derived
from immunohistochemical analysis of estrogen
and progesterone receptors, HER2 and Ki67.
Additional prognostic information beyond that in
the clinical treatment score, which integrates the
prognostic information from nodal status, tumor
size, histopathological grade, age, and treatment,
was greater in the PAMSO risk of recurrence than
the Oncotype DX RS for the overall population
and for each subgroup (lymph node-negative and
node-positive and HER2-negative/lymph node-
negative subgroups). In the node-negative/HER2-
negative subgroup, prognostic information
obtained using the PAMSO0 risk of recurrence
score was more accurate than the Oncotype DX
RS. The correlation between risk of recurrence
and clinical treatment score was similar to what
was previously found in the TransATAC study
between Oncotype DX RS and Adjuvant! Online.
The risk of recurrence includes more clinicopath-
ological information than the other factors. The
PAMS50 risk of recurrence score can be applied in
the context of clinicopathological factors
involved in the clinical treatment score.

One of the other large validation studies was on
the patients from the ABCSG-8 trial. PAMS50 was
evaluated for obtaining the risk of recurrence and
defining subtypes from the FFPE tumor tissues of
1478 patients from the ABCSG-8 trial [61]. The
original study was a phase III prospective design
of 3901 patients to test tamoxifen versus tamoxi-
fen followed by anastrozole in the adjuvant treat-
ment of ER-positive early breast cancer patients.
Both risk of recurrence and intrinsic subtypes
(luminal A/B, basal-like, and HER2 enriched)
were defined using PAMS0. There were 1004
(67.9 %) patients in the luminal A, 418 (28.3 %)
patients in the luminal B, 48 (3.3 %) patients in the
HER2-enriched, and 8 (0.5 %) patients in the
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basal-like subgroups according to the PAMS50 test.
The aim was to test whether the risk of recurrence
score adds prognostic value in predicting disease
recurrence beyond standard clinical factors. For
10-year disease recurrence risk, lower than 10 %
was defined as low risk, and higher than 20 % was
defined as high risk (Fig. 11.2). The risk of recur-
rence score added prognostic information to the
clinical predictors in all subgroups (p<0.0001).
The luminal A subgroup had a lower risk of recur-
rence at 10 years compared with the luminal B
subgroup (p<0.0001). Ten-year distant recur-
rence-free survival rates were higher in the luminal
A subgroup than in the luminal B (HR, 2.85; 95 %
CIL:, 2.044; p<0.0001) (Fig. 11.3). Low-risk and
high-risk groups were discriminated using the risk
of recurrence score in all subgroups of patients. As
aresult, the PAMS50 test was validated in this study
for predicting disease recurrence in ER-positive
postmenopausal early breast cancer patients. A
10-year disease recurrence under 3.5 % in the risk
of recurrence low category makes it unlikely that
additional chemotherapy would improve the
outcome.

The combined analysis of the TransATAC and
ABCSG-8 trials with 2137 patients showed that
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Fig.11.2 Prognosis based
on PAMS50 classifier for 0 T
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the risk of recurrence adds significant prognostic
information for late recurrences (>5 years) in
women with hormone receptor-positive early-
stage breast cancer [62]. Median follow-up time
was 10 years for that analysis. Predefined risk
stratification showed significant differences
between risk groups based on the risk of recur-
rence for 10-year distant recurrence rates.
Patients with recurrence in the first 5 years were
excluded from this analysis. The risk of recur-
rence score for the patients with recurrence
(53.7£20.4) in the first 5 years was higher than
the patients with no recurrence (41.89+19.5)
(»<0.001). There were more late recurrences
and more patients with poor differentiation,
larger tumor size, and >3 positive lymph nodes
in the TransATAC study than the ABCSG-8 trial.
Of the 2137 patients analyzed, 1530 (73.8 %)
women had luminal A and 542 (26.2 %) women
had luminal B breast cancer. Patients in the lumi-
nal B subgroup had a 2.9-fold higher risk of dis-
tant recurrence (HR, 2.9; 95 % CI, 2.07-4.02;
p=0.001). Patients were divided according to
the 10-year recurrence probability as having a
low, intermediate, and high risk of recurrence
(lower than 10, 10-20 %, and higher than 20 %,
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respectively). The risk of distant recurrence in
5-10 years was 2.4 % (95 % CI: 1.6-3.5), 8.3 %
(95 % CI: 6.1-11.2), and 16.6 % (95 % CI: 13.1-
20.9) in patients in the low, intermediate, and
high risk of recurrence groups, respectively. The
risk of late recurrence was 6.9 (HR, 6.9; 95 %
CI, 4.54-10.47) times higher in the high-risk
group than in the intermediate-risk group and 3.3
(HR, 3.26; 95 % CI, 2.07-5.13) times higher in
the intermediate-risk group than the low-risk
group. Based on the risk of recurrence score,
patients in the high-risk group may be separated
for extended therapy.

Tissue samples from the MA.12 NCIC CTG
(National Cancer Institute of Canada Clinical
Trials Group) prospective trial, which compared
tamoxifen and placebo in early premenopausal
breast cancer patients, were used for PAMS50 risk
of recurrence evaluation. The aim was to evaluate
intrinsic breast cancer subtypes and prognosis
with PAMS50 and THC [63], and 395 patients were
evaluated. PAMS50 gave significant prognostic
information for both DFS and OS, but IHC analy-
sis could not. The 5-year DFS and OS rates were
higher in the luminal A group and lower in the
HER2-enriched group according to PAMS0
(p=0.0003). Classification of the patients into
intrinsic subtypes using PAMS50 was also more

effective than using IHC. This study also con-
cluded that PAMS0 was predictive for adjuvant
tamoxifen treatment in node-negative and node-
positive premenopausal breast cancer patients.
There was significant interaction with 10-year
DEFS probability and the risk of recurrence score
in lymph node-negative and node-positive early
breast cancer patients treated with tamoxifen.

The phase III GEICAM/9906 study popula-
tion (N=814) was evaluated for PAMS50 breast
cancer subtyping and clinical standard markers
[64]. The standard IHC panel for breast cancer
(ER, PR, and HER2) could not adequately define
the PAMS50 expression subtypes in this study.
There was high agreement between biomarker
scoring by protein IHC and gene expression, but
gene expression determinants for ESR1 and
ERBB2 status were more prognostic.

In a population-based study, 1319 women
with breast cancer from the LACE and Pathways
cohort were tested for intrinsic subtyping [65].
According to PAMS50 subtyping, 53.1 % of the
patients were luminal A, 20.5 % were luminal B,
13 % were HER2 enriched, 9.8 % were basal-
like, and 3.6 % were normal-like. Among low-
risk hormone receptor-positive patients with
classical clinicopathological tests, only 76.5 %
were categorized as luminal A by PAMS0. In this
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population-based  cohort,  African-American
women were more likely to have basal-like
tumors (OR: 4.4; 2.3-8.4), and Asian and Pacific
Islander women had reduced odds of the basal-
like subtype (OR: 0.5; 0.3-0.9). In another
population-based cohort of 1691 patients, early
(<5 years) and late (>5 years) risks of recurrence
were determined based on the PAMS50 risk of
recurrence score according to intrinsic subtypes
of breast cancer [66]. The risks of disease recur-
rence and death were lower in patients with lumi-
nal A tumors compared with luminal B,
HER2-enriched, and basal-like subgroups of
breast cancer at 2, 5, and 10 years. In that study,
PAMS0 better defined the patients with lower risk
from the higher risk of recurrence tumors than
the standard immunohistochemistry or tumor
grade.

Prediction of Response to Treatment

In a study of 104 postmenopausal ER-positive
breast cancer patients, tumor biopsies were taken
before and 2 weeks after the beginning of treat-
ment with anastrozole [67]. The risk of recur-
rence was calculated by PAMS0 for luminal A
and B tumors. Among the pretreatment samples,
all intrinsic subtypes were present, but the lumi-
nal subgroups were most highly represented. The
decrease in Ki67 levels was evaluated between
subgroups according to PAMS50, and there was a
similar proportionate decrease in Ki67 levels in
the luminal A and B subgroups (mean suppres-
sion: 75 % for both), which suggests that patients
in the luminal A and B subgroups derive similar
benefit from anastrozole treatment. However, in
the subgroups of basal-like (15 %) and HER2-
enriched (50 %) cancers, Ki67 reductions were
low under treatment with anastrozole. The nor-
mal breast-like subgroup showed the greatest
reduction of Ki67 (83 %) with anastrozole treat-
ment. Residual Ki67 staining remained high after
2 weeks of anastrozole treatment in the luminal B
subgroup. The PAMS50 risk of recurrence score
was significantly associated with clinical out-
come (p=0.03) and antiproliferative response to
anastrozole treatment (p=0.0019). These data
show that the short-term response to anastrozole
treatment may be similar between luminal sub-
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groups and that higher residual Ki67 levels might
show poor response to anastrozole treatment in
the luminal B subgroup.

Another validation study was the MA.5 NCIC
CTG trial, which randomized early premeno-
pausal, lymph node-positive breast cancer
patients into CMF versus CEF (cyclophospha-
mide, epirubicin, and 5-fluorouracil)
chemotherapy. PAMS50 classified 467 patients
into intrinsic subtypes, and the HER2-enriched
subtype strongly predicted anthracycline sensi-
tivity [68].

A subset of patients from the GEICAM/9906
phase III trial who were identified by PAMS0 as
having low proliferation status derived a larger
benefit from weekly paclitaxel [49]. The original
GEICAM/9916 study tested FEC versus FEC fol-
lowed by weekly paclitaxel in node-positive early
breast cancer patients. The PAMS0 risk of recur-
rence was studied in 820 patients, and the median
follow-up was 8.7 years. The median OS was
higher in the FEC plus weekly paclitaxel arm com-
pared with the FEC arm (HR, 0.693; p=0.013). A
benefit from weekly paclitaxel treatment was
achieved only in patients with a low PAMS50 risk
of recurrence score (HR, 0.23; p<0.001).

The NCIC CTG M1.21 trial was a phase III
study of 2104 patients who were <61 years old
and had high-risk node-negative or node-positive
disease [69]. It tested different anthracycline and
taxane combinations for the adjuvant treatment of
breast cancer. Randomization was performed
among doxorubicin plus cyclophosphamide and
paclitaxel (AC/T), dose-dense CEF, and dose-
dense, intense epirubicin, cyclophosphamide, and
paclitaxel (EC/T) groups. Intrinsic subtyping was
performed in 1094 available patients with the
PAMS0 assay [70]. Of these patients, 27 % were
in the luminal A subgroup, 23 % were in the lumi-
nal B subgroup, 18 % were in the HER2-enriched
subgroup, and 32 % were in the basal-like sub-
group. Dose-dense CEF and dose-dense, intense
EC/T treatments were superior to AC/T treatment
(p=0.01). In the multivariate analysis, a high risk
of recurrence was associated with worse RFS
(p=0.03). However, categorical risk of recurrence
was neither prognostic nor predictive for any
treatment. In the multivariate analysis, intrinsic
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subtyping with PAMS50 had a significant prognos-
tic effect on RFS (p=0.002). Compared with
luminal A, the hazard ratios were 1.48 (95 % CI:
0.92-2.37) for luminal B, 2.68 (95 % CI: 1.6—
4.48) for HER2 enriched, and 1.97 (95 % CI:
1.1-3.53) for basal-like. Intrinsic subtypes were
not predictive of treatment benefit (AC/T vs.
EC/T-CEF). However, subgroup analysis showed
that the nonluminal subtype was predictive for
taxane benefit compared with the luminal subtype
(p=0.05).

Based on the results of these trials, PAMS0
provides valuable information for intrinsic sub-
typing and also distant relapse-free survival and
likelihood of recurrence at 10 years, at least for
ER-positive and tamoxifen-treated breast cancer
patients. PAMS50 subtype classification is supe-
rior to IHC for both prognosis and predicting the
benefit of tamoxifen. The risk of recurrence score
gives an individual risk assessment in early stage,
hormone receptor-positive, pre- and postmeno-
pausal breast cancer patients and allows subtype
classification. The risk of recurrence score esti-
mates the probability of disease recurrence in
pre- and postmenopausal, hormone receptor-
positive early breast cancer patients treated with
ET. The HER2-enriched subtype, as defined by
PAMS50, was a strong predictor of adjuvant
anthracycline treatment. In light of these data,
PAMS50 was approved in Europe in 2012 and by
the US FDA in 2013.

Other Genomic Tests

BluePrint® is an 80-gene microarray that was
specifically designed for molecular subclassifi-
cation in early-stage (stage I and II), lymph
node-negative or node-positive and ER-positive
or ER-negative breast cancer patients [71]. In a
neoadjuvant chemotherapy study of 426 breast
cancer patients, the BluePrint® assay reas-
signed 22 % of the previously classified
patients with IHC/FISH [72]. Of 211 patients
classified as hormone receptor-positive/HER2-
negative according to IHC/FISH, 37 were
reclassified into the basal (N=35) and HER2
(N=2) subtypes by the BluePrint® assay. The
pathological complete response rate was higher
in the HER2 subgroup defined by BluePrint®
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(53 %) than in the HER2 subgroup defined by
IHC/FISH (38 %) (p=0.047).

Endopredict® (Sividon Diagnostics GmbH,
Germany) is an 11-gene assay that was recently
introduced to predict disease recurrence risk in
ER-positive and HER2-negative early breast can-
cers treated with adjuvant ET alone [73]. Eight
selected genes and three additional control genes
were used for quantification of mRNA levels by
RT-PCR. FFPE can be used for Endopredict®
analysis. The assay result is expressed as the
Endopredict® (EP) score and was used in combi-
nation with nodal status and tumor size (EPclin)
for a comprehensive risk estimation. EPclin was
used in two validation studies of 378 and 1324
patients from the ABCSG-6 and ABCSG-8 stud-
ies, respectively [73, 74]. The 11-gene EP risk
score was an independent predictor of disease
recurrence in a multivariate analysis, and the
EPclin score outperformed conventional clinico-
pathological risk factors. This test is used in labo-
ratories in several centers in Germany, Austria,
and Switzerland.

MapQuantDx® (Genomic Grade, Ipsogen,
France) is a 97-gene histologic grade predictor
that was developed in recent years. It is a
microarray-based assay that calculates the
Genomic Grade Index (GGI). It provides prog-
nostic information in addition to standard clini-
copathological variables and had significant
impact on treatment decisions in several retro-
spective studies [75, 76]. Fresh or frozen tissue is
needed for this 97-gene signature. However, a
6-gene PCR genomic grade was developed from
the initial 97 genes for FFPE tissue. A high cor-
relation was shown between the microarray and
RT-PCR assays studied in frozen and FFPE tis-
sues. The prognostic value of PCR-GGI was con-
firmed on FFPE samples [77].

The Rotterdam 76-gene signature was devel-
oped at the Erasmus University Cancer Center in
Rotterdam (the Netherlands) [78, 79]. It was
introduced to the market by Veridex (Raritan,
USA). This 76-gene assay includes proliferation
genes, none of which overlap with MammaPrint®
or Oncotype DX®. Fresh or frozen tissue is
needed for this assay. Validation was performed
in patients with node-negative breast cancer that
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was either positive or negative for hormone
receptors. The 76-gene assay was validated in a
group of 198 node-negative, systemically
untreated breast cancer patients, and a high-risk
group was defined for early disease recurrence in
this study [80]. A very low-risk subgroup was
also defined in another validation study in breast
cancer patients treated with adjuvant ET [81].

Conclusion

Numerous multigene assays have been devel-
oped based on multigene profiling assays to
avoid over- and undertreatment and to better
define the prognosis and predictive markers in
early-stage breast cancer. Some of these assays
provide subclassifications based on gene
expression profiling. The main limitation for
many gene profiling assays is the lack of “level
of evidence I’ due to the need for crucial pro-
spective data and sufficient numbers of robust
retrospective studies. Very few assays are suit-
able for use in common clinical practice due to
technical and clinical validity. Clinicians must
carefully consider the indications of these gene
array-based assays regarding differences in
technical prerequisites, reproducibility, clini-
cal validity, underlying evidence, and clinical
impact on the special patient populations.
Among the most widely used multigene assays
are Oncotype DX™, MammaPrint™, and
PAMS50™. Less expensive and more feasible
assays are needed for decision-making about
adjuvant or neoadjuvant treatment of breast
cancer. Avoiding chemotherapy for a group of
patients who would not benefit is very impor-
tant for acute and long-term toxicities, quality-
of-life issues, and cost. Based on numerous
retrospective studies, ongoing prospective
studies will provide important information
about the treatment prediction in early breast
cancer. Technical ease is a major concern for
the general implementation of these tests in
clinics. The availability of the test in a local lab
is an advantage. However, the need for special
equipment and trained personnel is critical for
the local facility. Several other assays are
undergoing validation studies or are otherwise
in the process of development.

C.Arslan etal.
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