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Complex biomarkers in breast cancer
The development of pathology tests to define
prognosis and predict treatment response has been
a major focus of breast cancer research for many
years. A simple Pubmed search lists over 25,000
articles on biomarkers in breast cancer. Only a
handful of biomarkers are in everyday use. Steroid
hormone receptors and HER2 are notable examples.
Both are prognostic factors, the former favourable
and the latter adverse. Both predict response to
targeted treatments and it is this that has led to their
routine measurement in virtually all cancers. What
is currently missing is an accessible and robust
method of predicting the sensitivity of individual
cancers to chemotherapy. The new generation of
multi-gene tests promises to change this.
Multi-gene tests, also known as complex

biomarkers or multi-parameter assays were first
developed in the early 2000’s. The type and use of
contemporary multi-parameter assays is shown in
Figure 1. Early microarray studies in breast cancer
lead to the development of the intrinsic
classification and to the first multigene prognostic
signature. The 70 gene signature, now better
known as the MammaPrint assay was derived by
studying RNA from stored frozen tumour samples
from 98 patients with clinical outcome data. By
contrast the Oncotype DX test was developed using
a technology that allowed extraction of RNA from
the formalin-fixed paraffin-embedded (FFPE)
samples found in all routine pathology labs. The
final assay measures 21 genes by quantitative RT-
PCR, which were selected from a pool of 250
candidates. The output of both MammaPrint and
Oncotype DX is a numerical score which is related
to the risk of future development of distant relapse.
Both tests are performed commercially in
centralised laboratories.
To date Oncotype DX has been studied

exclusively in ER postive and mostly node negative
tumours whilst validation studies for MammaPrint
have included a much more heterogeneous
population. These studies have been discussed in
three systematic reviews [1-3]. The overall
conclusion was that Oncotype DX was further
down the validation pathway than MammaPrint.
The requirement for fresh tumour tissue by
MammaPrint has been widely considered an
obstacle to its adoption into UK clinical practise but
as it has very recently been adapted for FFPE
specimens, this may change.

Predicting chemotherapy benefit
Oncotype DX test was first described in a
retrospective study of archival tumour samples
from the NSABP B-14 study [4]. NSABP B-14 was a
randomised trial of adjuvant tamoxifen in both pre-

and post-menopausal patients with ER positive and
node negative disease. Out of 2,167 tamoxifen-
treated patients in the main trial, 668 were included
in this initial validation study of Oncotype DX. The
results showed that the Recurrence Score (RS)
analysed as a continuous variable correlated with
the risk of distant recurrence at 10 years. When the
recurrence score was used to divide patients into
the now well-known 3 risk categories of low
(RS<18) intermediate (RS 18-30) and high
(RS≥31), the risk of distant recurrence in the groups
was 6.8%, 14.3% and 30.5% respectively. In a
multivariate analysis of other prognostic factors,
only RS and high tumour grade were independently
significant.
The outcome of trials of chemotherapy vs. no

chemotherapy in women with ER positive disease
who were also treated with tamoxifen has been
analysed retrospectively according to RS. NSABP B-
20 had 2 chemotherapy arms with CMF and MF
chemotherapy in women with node negative
disease; 2299 patients were randomised of whom
45% were under 50. The Oncotype DX study[5]
included 651 of these patients and combined the 2
chemotherapy arms. The SWOG-8814 study
compared CAF chemotherapy and tamoxifen given
either consecutively or concurrently with
tamoxifen alone in 1588 post-menopausal women
with node positive disease. The Oncotype DX study
included 367 (40%) patients from the sequential
chemotherapy and control arms [6].
Both analyses showed that there was a clear

benefit for chemotherapy in the high risk group and
none in the low risk group. The intermediate risk
groups both appeared to have intermediate
chemotherapy benefit that failed to reach statistical
significance. When RS was treated as a continuous
variable the magnitude of chemotherapy benefit
increased continuously as RS increased. Although
the authors were unable to define a threshold score
for chemotherapy benefit, in both studies, a score of
25 was associated with a reduction in the absolute
risk of distant recurrence of 3-4%. Crucially in
neither study did stage influence the prediction of
chemotherapy benefit so women with more
advanced stage but a low RS did not benefit from
chemotherapy despite their worse prognosis [6,7].
The MammaPrint assay categorises patients into

low-risk and high-risk groups. The assay has been
extensively validated as a prognostic test for
patients with both ER negative and positive disease
and has been shown to re-classify a significant
proportion of tumours categorised as low or high
risk using Adjuvant! [see [1-3]]. There is currently
very little evidence to show that MammaPrint is
able to predict chemotherapy sensitivity and none
from analyses of randomised controlled trials.
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Newer testing technologies
A number of additional multi-gene tests have
been developed by both academic groups
and commercial organisations. Although
many are poorly validated and remain
experimental, a small number have
significant evidence to support their clinical
utility, particularly in ER positive tumours.
Most of the better validated assays have been
developed commercially and are either
available or in the process of being developed
for clinical use. Table 1 summarises assays
that have either been described, are in
current use or are in development.
Broadly there are two groups of multi-

gene assays (Figure 1). As in the case of
MammaPrint and Oncotype DX, the
majority offer a simple numerical estimate
of risk for all breast cancer; most are
strongly influenced by steroid hormone
sensitivity, HER2 and proliferation. The
main output from the second group is
information about the sub classification of
breast cancer, usually the intrinsic subtype.
The best established of this second group is
PAM50 [8]. Multi-parameter assays are also
divided by their input material. The older
tests all RNA-based but some of the newer
tests, notably IHC4 [9] use immuno-
histochemistry and have been termed
extended immunohistochemistry tests. A
brief description of some of the newer tests
follows.

Risk predictors
Mammostrat: The Mammostrat assay
relies on immunohistochemical analysis of
five markers using a proscribed and
validated scoring approach. First described
in 2006, this assay was validated across
multiple retrospective institutional and
clinical trial cohorts, including the
NSABP14 & 20 trials [10]. Recent evidence
from the TEAM trial [11] suggests this

assay also provides information on residual
risk in patients treated with aromatase
inhibitors.

Breast Cancer Index: BCI is a 7-gene RT-
PCR assay which combines the 5-gene
molecular grade index and the
HOXB13:IL17BR ratio, a measure of
estrogen sensitivity [12]. The output, a
continuous risk-score grouped into three

Figure 1: Multi-parameter
assays.

Table 1: Summary of multi-parametric tests for breast cancer.

Assay Details of Multi-parametric assay Test Material Test Output Status
(Investigators
or Company)

Perou and Sorlie (academic) The original description of the intrinsic classification using Fresh/frozen category research tool
495 genes (the most highly cited papers in breast cancer).

Oncotype DX A 21 gene qRT-PCR expression assay (using 16 cancer related FFPE risk score available (EU
(Genomic Health Inc) and 5 normalisation genes) & N America)

MammaPrint (Agendia) A proprietary 70 gene microarray based expression signature. fresh & FFPE risk score available (EU
& N America)

Rotterdam signature 76 gene microarray based expression signature, not yet Fresh/ frozen risk score research tool
(academic) commercially available.

PAM50 (ARUP Laboratories A 50 gene expression assay using RT-PCR or the nanoString FFPE subtyping available
& nanoString Inc) system. & risk score (N. America)

Theros Breast Cancer Index A proprietary 7 gene qRT-PCR expression assay FFPE risk score available (N.
(Biotheranostics) America)

Blueprint (Agendia) A microarray based assay used in conjunction with MammaPrint fresh & FFPE subtyping available
(EU & N
America)

Genomic Grade (Ipsogen) Quantitative immunohistochemical assay for proliferation FFPE risk score available
markers reflecting grade (N. America)

Randox Breast Cancer Array A 23 gene assay using bio-chip technology fresh & FFPE subtyping in-development
(Randox Ltd)

IHC4 (HistoRx & Quantitative immunohistochemical assay for ER, PgR, FFPE risk score academic
non-proprietary) Her2, Ki67

Mammastrat (GE Healthcare) A 5 gene immunohistochemical assay. FFPE risk score available
(EU &
N America)

NPI plus A 10 gene immunohistochemical assay. FFPE risk score in-development

qRT-PCR=quantitative reverse transcriptase polymerase chain reaction. FFPE=formalin-fixed paraffin-embedded. ER=estrogen receptor, PgR=Progesterone receptor. Ki67 is a proliferation marker.
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risk categories has been shown to be
prognostic. Analysis of the historic
Stockholm study shows that BCI predicts
tamoxifen benefit [13] but as yet there is
no data on prediction of chemotherapy
benefit.

IHC4: HC4 relies on quantitative
immunohistochemistry. There is long-
standing evidence that the conventional
IHC markers, ER, PgR, HER2 and Ki67 are
able to identify patients at increased
residual risk following endocrine therapy.
Cuzick et al recently described an
algorithm which integrated this data into a
viable predictor of residual risk in
postmenopausal women with ER positive
disease who had participated in the ATAC
trial [9]. Of potential great importance, the
prognostic information provided by IHC4
was equivalent to that from Oncotype DX,
which was also measured in the same
patient population. This is not surprising
since Oncotype DX is strongly influenced
by the expression of genes that relate to
steroid hormone and HER2 sensitivity and
to proliferation. Although there is no data
on the use of IHC4 as a predictive
biomarker, the similarity with Oncotype
DX suggests that this assay should have
similar utility to Oncotype DX at a fraction
of the cost. The critical unanswered
question is: are routine pathology labs,
which are equipped to perform the assay
capable of performing it with acceptable
accuracy and QA?

Intrinsic subtype
PAM50: Following the pivotal publication
by Perou and collaborators [14,15] of the
molecular classification of breast cancer
intrinsic subtypes, development of a simple
molecular assay for clinical determination
of these subtypes has been a key objective.
The development of PAM50, a multiplex
PCR assay using 50 genes to identify
molecular sub-types of early breast cancer
followed a similar path to Oncotype DX
[8]. More recently the assay has been
ported to the NanoString platform
(www.nanostring.com) and is currently

being developed for clinical validation in a
number of retrospective clinical trial
cohorts. Therefore, rapid progress in the
understanding of the utility of this
approach is likely in the near future.
A numerical risk score has also been

developed using the PAM50 gene set [8].
Recently evidence has been presented that
this, like Oncotype DX and IHC4, is able to
predict residual risk in the ATAC trial with
good correlation between all 3 assays [16].
Other assays, particularly MammaPrint
have also been shown to correlate with
PAM50 in the I-SPY1 trial [17].
One of the key issues hindering the

adoption of intrinsic subtyping as a
practical platform to use in breast cancer
management is the lack of a standardised
definition. In addition to PAM50, a variety
of definitions based on immuno-
histochemistry have been proposed,
notably that of Nielson and collaborators
[18] and more recently an assay based on
expression of three genes has been
described [19]. PAM50 in contrast to these
assays does not use ER and HER2
expression as rigid parameters for defining
subtype boundaries. Thus a small but
significant proportion of luminal cancers
defined by PAM50 do not express ER
whilst some basal-like cancers do [8].
There is some evidence to suggest that the
subtype takes precedence over receptor
expression but this needs verification in
large scale studies before a standard
definition of intrinsic subtype can be
adopted.

Are they ready for prime time?
As a result of the NSABP-B20 analysis, in
2007 the American Society of Clinical
Oncology made a practice guideline
recommendation for the use of Oncotype
DX. This has led to its widespread
adoption in North America where it has
been performed on over 120,000 patients
during the past three years at a cost of
$400m. Economic evaluations conducted
from a US, Canadian and Japanese
perspective in women with ER positive
node negative breast cancer all conclude

that Oncotype DX is cost-effective in those
jurisdictions. The cost of the test
(currently $4,075 in the US) is covered by
Medicare and by many other health care
provider groups. It is also increasingly
supported by private UK health insurers
who regard it as cost effective technology
if it can identify patients who will not
benefit from expensive (private sector)
chemotherapy. A recent economic analysis
of the SWOG-8814 data translated in to a
UK setting suggested that Oncotype DX is
probably cost-effective for this patient
group treated in the NHS [20]. NICE will
complete an appraisal of Oncotype DX and
related technologies for ER positive HER2
negative node negative patients in summer
2012. As much less chemotherapy is given
to this group in the NHS than in North
America, it is unclear whether Oncotype
DX will be cost-effective in this setting in
the NHS.
Standing back from the growing

pressures to adopt multi-gene tests for
making chemotherapy decisions, is there
now a convincing case for their routine use
for patients with ER positive disease? The
trial data that support the use of Oncotype
DX is from just over 1000 women.
Confidence intervals are consequently large
and the prediction of the magnitude of
chemotherapy benefit at any particular RS
values is highly uncertain. Clearly
additional research into all technologies is
required. Four prospective RCT’s (Table 2)
are currently in progress (or about to start)
which collectively will resolve many of the
current uncertainties.
TAILORx, which assesses Oncotype DX

guided chemotherapy in a node-negative
population is expected to report initial
results in 2015. A second Oncotype DX
based trial (RxPONDER) for node positive
patients opened to recruitment in 2011.
Both studies test all consenting patients
and randomise patients to chemotherapy
or not within a window of Oncotype DX
Recurrence Scores. In both studies patients
with a RS >25 are ineligible for
randomisation. In the MINDACT study,
likely to report in 2015, all patients have a

Table 2: Ongoing RCT’s of prediction of chemotherapy by multi-parameter assays

Study Testing Technology Population characteristics Test result for Trial size Country Start date Likely analysis
chemo. randomisation date

TAILORx Oncotype DX ER+ HER2- N0 RS 11-25 11,248 USA, 2006 2015
(cohort) Canada

MINDACT MammaPrint ER+ N0-1 Discordant 6,600 EU 2006 2015?
MammaPrint (cohort)
vs Adjuvant!

RxPONDER Oncotype DX ER+ HER2- N1 RS ≤25 4,000 USA, 2011 2017
(rand) Canada

OPTIMA adaptive ER+ HER2- N1-2 Randomise to test vs. 3,640/ UK 2012 2020?
no test (initially RS) 5,460

(rand)
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MammaPrint assay and are randomised to
chemotherapy or not when there is
discordance between clinically and test
assessed recurrence risk. OPTIMA is a UK
study with an adaptive design for patients
with 1-9 nodes or tumours >30mm
diameter. The preliminary (feasibility)
phase will open in summer 2012 and will
randomise patients to standard treatment

with chemotherapy or to have treatment
decided according to an Oncotype DX test.
The preliminary phase will inform the
detailed design of the main study.

It is anticipated that the results of these
studies will validate the use multi-gene
tests as predictive assays, allow the test
thresholds to be better defined and enable
a proper economic evaluation of the tests.

In the meantime technology develops
apace. It likely that assays to identify
sensitivity to specific cytotoxics will appear
in the near future. The rapidly falling cost
of DNA sequencing is likely to result in an
entirely new generation of tests and to
open a new era of personalised cancer
medicine of which the current multi-gene
tests represent the first steps. n
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