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Translating Research into Practice: the
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Abstract: Gene expression analyses using DNA micro-
arrays found that breast cancer tumors can be classified
into 4 main subtypes: Luminal A, Luminal B, human
epidermal growth factor receptor 2 (HER2)-enriched,
and basal-like. These intrinsic subtypes differ in their
relapse patterns. For example, Luminal A breast cancer is
associated with a low risk of relapse, but the time frame
for relapse can extend beyond 10 years. In basal-type
disease, relapses typically occur within the first 5 years.
The prediction analysis of microarray PAM50 gene set is
the standard test used for identifying the gene expres-
sion—based intrinsic subtypes in breast cancer. Studies
suggest that the PAM50 gene set assay can be used to
help predict prognosis in metastatic breast cancer, risk
of recurrence in estrogen receptor—positive patients,
and benefit of chemotherapy. Multiple laboratory tech-
niques can be used to quantify gene expression, includ-
ing the nCounter system, which can be used to evaluate
expression of multiple genes simultaneously and does
not require signal amplification for detection. In the
future, gene signatures may allow selection of specific
chemotherapy agents for certain patients.

ene expression analyses have identified molecu-

lar signatures that reflect biological differences

among breast cancers. These signatures can help
predict outcome and, in some cases, the potential benefit
of adjuvant therapy. Several multigene assays are used
in the management of patients with early breast cancer.
The prediction analysis of microarray PAM50 gene set is
the standard for identifying the gene expression—based
“intrinsic” subtypes in breast cancer. The intrinsic sub-
types are defined based on specific gene expression pat-
terns that reflect differences in tumor biology.

Evolution of Intrinsic Subtype in Breast Cancer

Identification of Breast Cancer Subtypes

The development of the PAM50 signature began more than
15 years ago with the identification of specific patterns of
gene expression in patients with early-stage breast cancer.!
Gene expression analyses using DNA microarrays found
that tumors could be classified into 4 main subtypes: Lumi-
nal A, Luminal B, human epidermal growth factor recep-
tor 2 (HER2)-enriched, and basal-like.! Since the initial
description of the intrinsic subtypes, multiple studies have
validated their characteristics and prognostic significance.**
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Figure 1. Intrinsic subtypes differ in their relapse patterns. Adapted from Setlie T et al. Proc Natl Acad Sci U S A. 2001;98(19):10869-10874.>

The vast majority of luminal-type breast cancers are estro-
gen receptor (ER)—positive tumors.’ Luminal A is associated
with a favorable prognosis and demonstrates high response
rates to endocrine therapy alone. Luminal B is associated
with a higher risk of relapse with endocrine therapy alone.
‘The majority of basal-like tumors are triple-negative, lacking
expression of the ER, the progesterone receptor (PR), and
HER?2.¢ Patients with HER2-enriched subtypes that express
ERBB2 have been shown to have the worst prognosis in the
absence of adjuvant anti-HER treatment.”

Intrinsic subtypes differ in their relapse patterns
(Figure 1).? Although Luminal A breast cancer is associ-
ated with a low risk of relapse, the time frame in which
patients are at risk for relapse tends to be long, with some
relapses occurring after 10 years. In contrast, in basal-type
disease, relapses typically occur within the first 5 years.

Development of a Clinical Test to Diagnose Intrinsic
Subtypes

The prognostic significance of the intrinsic subtypes led
to the development of a clinical test for identification in
individual patients. Parker and colleagues evaluated 189
prototype breast cancer samples for expression patterns
of 1906 “intrinsic” genes.” After identifying 122 breast
cancers with significant clusters representing the range
of intrinsic subtypes, quantitative reverse transcriptase
polymerase chain reaction (QRT-PCR) data were used
to reduce the gene set to 50 genes that could accurately
distinguish the intrinsic subtypes.

Cross-validation studies confirmed the robustness of
the gene set, with 94% concordance to the full intrinsic
gene set.” The 50-gene set was evaluated for reproduc-
ibility using several centroid-based prediction models, in
which expression of each gene is compared against the
average expression in a prototype sample, and the subtype
classification is assigned to the centroid with the greatest
correlation.®? The PAM algorithm yielded accurate and
reproducible subtype classifications and was selected as a
model for predicting intrinsic subtype in test samples.”
This gene set, referred to as the PAM50 classifier, has
become the standard for determining intrinsic subtypes.

The analysis by Parker and colleagues found that the
association between high-risk scores and a higher prob-
ability of pathologic complete response supports the con-
clusion that indolent ER-positive tumors (Luminal A) are
less responsive to chemotherapy.” Parker and colleagues
detected a plateau for the risk of relapse vs the probability
of pathologic complete response (unlike risk of relapse for
prognosis), confirming the presence of significant chemo-
therapy resistance among tumors at highest risk.”

Bastien and colleagues evaluated the concordance of
biomarker expression (ER, PR, and HER?2) as assessed by
PAM50 qRT-PCR vs standard immunohistochemistry
(IHC).? A training set was developed based on 171 breast
samples, including 155 breast cancers and 16 normal tis-
sue samples. Analyses were then conducted on 814 test
samples derived from patients with locally advanced pri-
mary invasive breast cancer enrolled in the Grupo Espanol
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Table 1. Histologic Scoring Across PAM50 Subtypes

G2-111 (43%)

Grade ER PR HER2
Luminal A G1-68 (25%) Neg-19 (7%) Neg-16 (6%) Neg-273 (99%)
n=277 G2-142 (51%) Pos-258 (93%) Pos-261 (94%) Pos-4 (1%)

G3-39 (14%)

GX-28 (10%)
Luminal B G1-25 (10%) Neg-22 (8%) Neg-68 (26%) Neg-224 (86%)
n=261

Pos-239 (92%)

Pos-193 (74%) Pos-37 (14%)

G3-111 (43%)
GX-14 (5%)

HER2-enriched G1-6 (3%)

Neg-63 (36%)

Neg-93 (53%) Neg-105 (60%)

n=174 G2-65 (37%) Pos-111 (64%) Pos-81 (47%) Pos-69 (40%)
G3-96 (55%)
GX-7 (4%)
Basal G1-0 (0%) Neg-63 (90%) Neg-62 (89%) Neg-67 (96%)
n=70 G2-4 (6%) Pos-7 (10%) Pos-8 (11%) Pos-3 (4%)
G3-61 (87%)
GX-5 (7%)
ER, estrogen-receptor; HER2, human epidermal growth factor receptor 2; Neg, negative; Pos, positive; PR, progesterone receptor.
Data from Bastien RR et al. BMC Med Genomics. 2012;5:44.°

de Investigacién en Cdncer de Mama (GEICAM)/9906
phase 3 clinical trial.’” Expression of ESRI, PGR, and
ERBB2 showed high agreement with established IHC
cutoffs. Of the samples testing luminal type (A or B)
by PAM50, 92% were ER-positive by IHC (Table 1).
However, only 75% of ER-negative tumors were HER2-
enriched or basal-like. Among the tumors testing ER-
negative and HER2-positive by IHC, 77% were classified
as HER2-enriched. Among the triple-negative samples
(negative for ER, PR, and HER2), 57% were found
to be basal-like and 30% were HER2-enriched. These
discrepancies between the IHC profile and the intrinsic
subtype suggest that a standard IHC panel of ER, PR,
and HER2 does not sufficiently identify the intrinsic
subtypes. Moreover, in a multivariate analysis, single-gene
scoring for ESRI, PGR, and ERBB?2 expression derived
from the PAM50 qRT-PCR was more prognostic than the
corresponding IHC markers.’

Recognition of Significance of Intrinsic Subtype

A comprehensive analysis by the Cancer Genome Atlas
Network confirmed the importance of the intrinsic sub-
type, demonstrating that the spectrum of genetic and
epigenetic abnormalities found in breast cancer tumors can
be generally grouped into the 4 main subtypes.® Recently
updated guidelines from the German Association of Gyne-
cological Oncology have included the Prosigna® Assay for
use in newly diagnosed patients with node-negative or

node-positive, HR-positive, HER2-negative, early-stage
breast cancer who lack clinicopathologic characteristics
that indicate a clear therapeutic decision.'” The 2013 St
Gallen breast cancer treatment recommendations, drafted
by an independent academic expert panel, also recognized
the value of identifying the breast cancer subtype.!! The
panel noted that the intrinsic subtype, including those
defined by clinicopathologic surrogates (ER, PR, HER2
expression, and Ki-67 activity) should influence the deci-
sion of whether to use adjuvant chemotherapy.!" The
breast cancer guidelines from the National Comprehensive
Cancer Network mention 5 major subtypes identified by
DNA microarray gene expression profiling: ER-positive/
HER2-negative (Luminal A and Luminal B subtypes); ER-
negative/HER2-negative (basal subtype); HER2-positive;
and tumors that are similar to normal breast tissue. The
guidelines state that these gene expression subtypes have
been associated with differing relapse-free survival and
overall survival in retrospective analyses.'?

The role of molecular subtyping in clinical practice
may differ based on the phenotypic information already
available. For example, if HER2 positivity has already
been identified, the standard therapy is trastuzumab
administered with chemotherapy, regardless of the
intrinsic subtype.'? Similarly, for patients with basal-
type, triple-negative tumors, chemotherapy is generally
required, and endocrine therapy would not be appro-
priate.'? In these cases, identifying the intrinsic subtype
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would not change the treatment decision. Data suggest
that HER2-positive and HER2-enriched patients derive
the greatest benefit from anti-HER2 therapy.’® Patients
with triple-negative breast cancer may benefit from
one class of chemotherapy vs another. Although the
available data do not yet warrant a change in clinical
practice, they suggest that in the future, gene signatures
may allow selection of specific chemotherapy agents for
certain patients.

Methods for Determining Intrinsic Subtype

Although the PAM50 gene set is considered to be the
gold standard molecular assay for determining intrinsic
subtype, the BluePrint”® assay is another option. It assesses
breast cancer subtype using an 80-gene assay and, in con-
trast to PAM50, was developed in a supervised manner
to predict subtypes defined by IHC markers. BluePrint
functional molecular subtyping classifies breast cancer
into luminal-type, HER2-type, and basal-type disease.”

Evidence for Clinical Utility of Research into
the PAM50 Signature

Following the identification of the PAM50 gene signa-
ture, research studies were undertaken to evaluate the
potential clinical utility of the signature, including its
utility for estimating prognosis in ER-positive, early-stage
breast cancer and metastatic breast cancer and for predict-
ing benefit from chemotherapy (anthracyclines, taxanes,
and gemcitabine) and HER2-targeted therapy.

Predicting Risk of Recurrence in ER-Positive Patients
After developing the PAMS50 gene set, Parker and col-
leagues confirmed the significance of the intrinsic subtype
identified by PAM50 in both untreated patients and in
those receiving neoadjuvant chemotherapy.” The intrinsic
subtype showed significant prognostic value (P=2.2 x
10'?) that retained significance in a multivariate analysis
accounting for ER status, histologic grade, tumor size,
and nodal status.”

Another study evaluated the prognostic value of the
PAMS50 gene expression signature in patients who had
received tamoxifen.'® Nielsen and colleagues analyzed the
PAMS50 gene set on 786 formalin-fixed paraffin-embedded
tumor specimens from an independent cohort of patients
with invasive breast cancer. At a median follow-up of
11.7 years, the PAM50 signature was found to yield more
prognostic information than the clinical assays for hor-
mone receptors or Ki-67 activity.'¢

Chia and colleagues evaluated data from the National
Institute of Canada Clinical Trials Group MA.12 study, a
prospective, randomized trial comparing cyclophospha-
mide, methotrexate, and fluorouracil vs cyclophosphamide,

epirubicin, and fluorouracil as adjuvant therapy in pre-
menopausal women with node-positive breast cancer,
to determine the prognostic and predictive significance
of intrinsic subtypes identified by the PAM50 gene set
and by ITHC." Classification by the PAM50 Assay was
significantly prognostic for disease-free survival (P=.0003)
and overall survival (P=.0002), whereas classification by
IHC was not. PAM50 was prognostic in premenopausal
patients treated with chemotherapy and tamoxifen.
Luminal subtypes also predicted whether a patient would
benefit from tamoxifen. Immunohistochemistry subtyp-
ing and ER or PR status were not predictive of a benefit
with tamoxifen.

Predicting Prognosis in Metastatic Breast Cancer

The prognostic value of the PAM50 signature has also been
evaluated in patients with metastatic breast cancer. In an
analysis of formalin-fixed, paraffin-embedded primary breast
tumor samples from 270 patients with advanced breast
cancer, the intrinsic subtype as determined by PAM50 was
a significant independent prognostic factor for time-to-
progression (P=.014) and overall survival (P=.0003)."®

Predicting Benefit of Chemotherapy
Analyses have been conducted to evaluate the potential
use of the PAM50 Assay to predict responses to chemo-
therapy. Small studies and retrospective analyses have
reported that intrinsic subtypes differ in their response
to various chemotherapeutic agents.'”*' Based on these
reports, larger analyses were initiated. Cheang and col-
leagues? evaluated the utility of the PAM50 gene set to
predict responses to anthracycline-based chemotherapy
using 476 tumor specimens from the National Cancer
Institute of Canada Clinical Trials Group MA.5 trial.?
In a combined analysis of both arms (cyclophospha-
mide, methotrexate, and fluorouracil vs cyclophos-
phamide, epirubicin, and fluorouracil), the intrinsic
subtype was significantly associated with relapse-free
survival (P=.0005) and overall survival (P<.0001).?
In an analysis of treatment effect, the HER2-enriched
subtype was strongly associated with a greater benefit
from anthracycline-based chemotherapy; the difference
between arms in 5-year relapse-free survival and overall
survival exceeded 20% in the HER2-enriched subtype,
compared with less than 2% in other subtypes (over-
all survival interaction, P=.0008).”> In patients with
basal-like tumors, there was no difference in outcomes
between the arms, suggesting no benefit with anthracy-
clines in these patients with tumors typically regarded as
chemotherapy-sensitive.

Martin and colleagues evaluated whether the
PAMS50 intrinsic subtype classification and the 11-gene
proliferation score contained within the PAM50 Assay
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Figure 2. ROR-S vs probability of pCR among patients receiving neoadjuvant paclitaxel, fluorouracil, doxorubicin, and cyclo-

phosphamide. pCR, pathologic complete response; ROR-S, risk of relapse score. Adapted from Parker JS et al. / Clin Oncol.

2009;27:1160-1167.7

could predict benefit among patients with node-positive
breast cancer who received weekly paclitaxel in addition
to anthracycline-containing adjuvant chemotherapy.*
The researchers used tissue samples from the phase 3
GEICAM/9906 trial,” which compared cyclophospha-
mide/epirubicin/fluorouracil alone or followed by weekly
paclitaxel as adjuvant therapy. The PAMS50 analysis
found that only the subset of patients with a low PAM50
proliferation score had a benefit from paclitaxel (unad-
justed hazard ratio [HR], 0.23; P<.001; interaction test,
P=.006). A similar analysis of patients enrolled in the
9342% and 9840 trials from the Cancer and Leukemia
Group B found a benefit from weekly paclitaxel in only
those patients whose tumors had a low PAM50 prolifera-
tion score (3 times weekly vs weekly, unadjusted HR, 2.09
within the lowest quartile; CI, 1.17-3.32; P=.0057). A
formal test of interaction between the PAMS50 prolifera-
tion score and treatment did not reach statistical signifi-
cance (P=.109). The individual PAM50 subtypes did not
predict efficacy of weekly paclitaxel.?

The utility of the PAMS50 gene set and proliferation
signature was evaluated in patients with clinically or
molecularly determined triple-negative breast cancer
or basal-like breast cancer by Prat and colleagues.”® In

an analysis of 1055 patients with triple-negative breast
cancer, basal-like cancer, or both, the PAM50 prolifera-
tion signature was significantly predictive of responses to
chemotherapy and extended survival after chemotherapy
only in patients with the basal-like intrinsic subtype.'?

Prat and coworkers also performed a retrospec-
tive exploratory analysis of the NOAH (Neoadjuvant
Herceptin) trial of women with HER2-positive, locally
advanced or inflammatory breast cancer treated with neo-
adjuvant chemotherapy.”® The study found that trastu-
zumab-based chemotherapy was especially beneficial in
women with advanced HER2-positive/HER2-enriched
tumors and HER2-positive tumors that were predicted to
have a high risk of relapse and proliferation status as iden-
tified by the PAM50 Assay. A stronger trastuzumab bene-
fit was observed in the HER2-enriched tumors (event-free
survival HR, 0.430) compared with non-HER2-enriched
tumors (event-free survival HR, 0.807). Within hormone
receptor—negative disease, patients with HER2-enriched
tumors showed a better outcome than those with tumors
that were not enriched for HER2.

In their analysis of the utility of the PAM50 intrin-
sic subtype in patients with advanced cancer, Jorgensen
and colleagues also evaluated the ability of the intrinsic
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subtype to predict responses to chemotherapy.'® Although
the PAM50 intrinsic subtype did not predict differential
response rates between the arms, it did significantly pre-
dict overall survival following gemcitabine plus docetaxel
vs docetaxel alone (P=.0016 for interaction).

In a study by Tutt and colleagues, patients with
BRCA1/2 mutations had a stronger response and a longer
progression-free survival with carboplatin than patients
without the mutation." This trial compared treatment
with carboplatin vs docetaxel in 376 patients, most of
whom (91%) had metastatic disease. Among the 43
patients with the BRCA mutation, the objective response
rate was 68% with carboplatin and 33% with docetaxel,
a 34.7% absolute difference (95% CI, 6.3%-63.1%;
P=.03). The BRCA-negative patients showed no signifi-
cant difference for either treatment. This study also found
that among patients with triple-negative breast cancer,
those with the non-basal subtype—as identified by the
PAMS50 Assay—were more likely to respond to docetaxel
than carboplatin (73.7% vs 16.7%; P<.01). Parker and
colleagues demonstrated that response to chemotherapy
(improvement of pathologic complete response) corre-
sponded to an increase in the risk of recurrence (ROR)
score provided by the PAM50 Assay (Figure 2).

Smaller studies are evaluating the predictive value of
the PAM50 intrinsic subtype in other therapeutic settings
and assessing the role of gene signatures to help clinicians
manage breast cancer throughout the disease process.

Transition to a Clinical Assay

To transition the PAM50 gene signature from research to
clinical practice, the PAMS50 algorithm was re-optimized
to quantify the ROR on the NanoString nCounter® Dx
Analysis System. To generate the algorithm, normalized
50-gene prototypical gene expression profiles (centroids)
were developed for the 4 intrinsic subtypes based on
a retrospective set of more than 500 formalin-fixed,
paraflin-embedded tumor samples from North America
(the training set).” Using a computational algorithm
based on a Pearson’s correlation, gene expression patterns
from a normalized test sample were compared against the
PAMS50 centroids. A Cox model was then constructed
using the Pearson correlation of a 46-gene subset to each
PAMS50 centroid, a proliferation score, and the gross
tumor size. This model generated the Prosigna Score
(also called the ROR score), which is adjusted to a scale
ranging from 0 to 100.” In a validation study by Dowsett
and colleagues that evaluated tumor samples from 1017
patients who received anastrozole or tamoxifen in the
ATAC (Arimidex, Tamoxifen Alone or Combined) trial,
correlation between the 46-gene and 50-gene signature
was high (0.998), and results between the 2 gene sets were
almost identical irrespective of tumor size inclusion.”

The Prosigna Score and nodal status are used to
assign patients to a risk category (low, intermediate, or
high) that reflects the probability of distant recurrence
at 10 years, for postmenopausal women with hormone
receptor—positive, early-stage breast cancer.?

Switching to the nCounter System

Multiple laboratory techniques can be used to quantify
gene expression. Microarray analysis and gRT-PCR have
been used to assess the prognostic value of the PAM50
Assay. The nCounter system is an alternative platform for
evaluating expression of multiple genes simultaneously.
The technology differs from other methods in that it does
not require signal amplification for detection. Instead,
the system involves direct hybridization of the RNA to
fluorescent reporter and capture probes that are unique
for each target molecule of interest.*® The nCounter tool
uses only a small amount of tissue, and it is adaptable,
enabling the interrogation of any tissue for gene expres-
sion patterns, DNA copy number aberrations, or micro-
RNA expression patterns.

There are several other benefits to the nCounter sys-
tem. The assay uses a relatively simple process that requires
no enzymes, reducing the bias associated with enzymatic
reactions. Moreover, the system can be decentralized
and located in local laboratories or clinics, similar to the
way a complete blood count is assessed. The nCounter
assay also provides results more quickly than other gene
expression assays. The assay requires 3 steps: hybridiza-
tion (which occurs overnight), purification (which takes
about 3 hours), and then digital counting (which takes
3-5 hours).*® The turnaround from the tissue sample
arriving at a laboratory to the final result can be as few
as 3 days (including processing time for each step). In
contrast, other gene expression assays often require several
weeks for processing, which involves sending the sample
to a central laboratory and waiting for the results to be
returned. This substantial reduction in wait time is invalu-
able for clinicians in the process of making therapeutic
decisions with their patients.

To complete the transition of the PAM50 research
assay to the clinical nCounter assay, samples from the origi-
nal PAMS50 data set were reanalyzed using the prototypical
intrinsic subtype centroids generated from nCounter train-
ing. This analysis enables computation of the ROR score
and assignment of a risk category. Test samples that are
evaluated using the NanoString nCounter system—called
the Prosigna Breast Cancer Prognostic Gene Signature
Assay—are provided with the Prosigna ROR Score (0-100),
the risk category, and the intrinsic subtype.

Studies have been conducted to validate the analytic
precision of the assay. Conducting such studies is particu-
larly important for decentralized tests, to ensure reproduc-
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Figure 3. Comparison of the concordance index for ROR with (A) RS and (B) IHC4 in a validation study. CTS, clinical treatment
score; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; ROR, risk of recurrence; RS, recurrence
score. Adapted from Dowsett M et al. J Clin Oncol. 2013;31(22):2783-2790.%

ibility across individuals and the instrumentation being
used. Nielsen and colleagues evaluated the precision and
reproducibility of the PAMS50 Assay.®! To evaluate the

precision of the assay among testing sites, 5 pooled breast

cancer tumor RNA samples representing each intrinsic sub-
type (2 for Luminal B) were evaluated using the PAM50-
based assay at 3 independent centers.’® Each sample was
tested 36 times at each site for a total of 108 replicates for
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each sample. For each sample tested, the total standard
deviation was less than 1 ROR unit on the 0 to 100 scale.
There was complete agreement on the intrinsic subtype
and risk group.?! The reproducibility of the PAM50 Assay
was evaluated by performing it on replicate tissue sections
from 43 formalin-fixed, paraffin-embedded tumor blocks
at 3 sites. In these analyses, the total standard deviation
was 2.9 ROR units, indicating that the assay can measure a
6.75-unit difference between 2 ROR scores with 95% con-
fidence.?! Overall, the precision and reproducibility of the
assay as conducted at the 3 test sites were similar to what
had been reported for centralized laboratory tests.> These
findings provide evidence supporting the decentralization
of the PAMS50 Prosigna Assay.

Clinical Validation of the Prosigna Assay

Several clinical validation studies have been undertaken to
evaluate the ability of the Prosigna (PAM50) ROR score
to predict the likelihood of distant recurrence in patients
with ER-positive primary breast cancer. A validation
study by Dowsett and colleagues of patients who received
anastrozole or tamoxifen in the ATAC trial compared
the prognostic value of the PAMS50 Assay against clini-
cal factors, the IHC4, and the Oncotype DX° recurrence
score.”” THC4 is a composite score that accounts for 4
IHC markers—ER, PR, Ki-67, and HER2—which was
developed and optimized on the TransATAC data set.
Oncotype DX, a 21-gene assay, is the multigene assay
most frequently ordered by oncologists for patients with
early-stage breast cancer in the United States. In this
validation study of endocrine-treated patients with ER-
positive, node-negative breast cancer, the PAM50 ROR
score provided significant prognostic information beyond
what was provided by conventional clinical factors, the
Oncotype DX recurrence score, and a combination of the
2 approaches (Figure 3).” Compared with the Oncotype
recurrence score, the PAM50 ROR score also categorized
more patients in the high-risk category and fewer patients
in the intermediate-risk category, thus providing more
definitive information. In an analysis by Sestak and col-
leagues, the PAM50 ROR score distinguished distant
recurrence in years 5 to 10 better than the Oncotype
recurrence score.”> Based on the ROR score, 23% of
patients in the intermediate-risk group were changed to
the high-risk group. Outcome for intermediate patients
as identified by the PAM50 ROR score was better, as seen
in the Kaplan-Meier curve separation for the intermediate
group. Even when tumor size was excluded from the ROR
score, the score still provided better prognostic value than
the recurrence score from Oncotype. These results suggest
that the gene set provided by the PAM50 Assay provides
valuable information that can be used in conjunction
with tumor size.

A second clinical validation study assessed the prog-
nostic value of the PAM50 ROR score in postmenopausal
women with ER-positive breast cancer who received
adjuvant endocrine therapy in the ABCSG-8 (Austrian
Breast and Colorectal Cancer Study Group) trial.** The
ABCSG-8 trial evaluated whether a switch to anastrozole
after 2 years of tamoxifen would be superior to continued
tamoxifen.* In the validation study, Gnant and colleagues
performed the PAM50 test on tumor samples from 1478
patients enrolled in ABCSG-8 and compared the prog-
nostic value of the ROR score against that obtained with
standard clinicopathologic parameters.?

The ROR score was found to add significant prognos-
tic value over standard clinical variables. The ROR-based
risk groups, which contained a similar number of patients,
could clearly discriminate outcomes. The predicted 10-year
distant recurrence-free survival rates were 96.7% for the
low-risk group, 91.3% for the intermediate-risk group,
and 79.9% for the high-risk group (Figure 4).>* Reflecting
previously reported prognostic differences between sub-
types, the 10-year distant recurrence-free survival rate was
significantly higher for Luminal A vs Luminal B (93.9% vs
82.2%; HR, 2.85; P<.0001).* Approximately 30% of the
patients in this study were node-positive, and the results
show a low rate of recurrence even among patients with
low-risk, node-positive disease.

These studies provide a robust data set for assessing
the likelihood of late recurrence in patients with ER-pos-
itive breast cancer throughout a 10-year period. The long
length of follow-up is particularly advantageous compared
with shorter follow-up periods for patients with luminal-
type disease, given the differences in recurrence patterns
between Luminal A and Luminal B. For patients with
Luminal A disease, the risk of relapse throughout 10 years
is approximately 3%.% For patients with low-risk PAM50
results, it is valuable to be able to discuss with patients
their low risk of relapse, the low likelihood of benefit of
chemotherapy, and the toxicities of chemotherapy.

Based on the findings of the validation studies, the
Prosigna Assay received US Food and Drug Adminis-
tration 510(k) clearance in September 2013. The assay
received the clearance based on its intended use as a
prognostic indicator for distant recurrence-free survival
at 10 years for postmenopausal women with stage 1/11
node-negative or stage II node-positive, hormone recep-
tor—positive breast cancer who have undergone surgery
with appropriate locoregional treatment.

In a study presented at the 2015 American Society of
Clinical Oncology (ASCO) meeting, Cheang and colleagues
used tissue samples from patients in the TNT (Triple Nega-
tive Breast Cancer) trial to evaluate the concordance between
intrinsic subtypes and ROR groups.'** The basal-like breast

cancer and high-risk ROR scores in primary tumors were
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Figure 4. Distant recurrence-free survival (DRES) rates at 10 years according to risk group in an analysis of tumor samples from
patients enrolled in the ABCSG-8 trial. ABCSG, Austrian Breast and Colorectal Cancer Study Group. Adapted from Gnant M et

al. Ann Oncol. 2014;25(2):339-345.3

substantially conserved with matched positive lymph nodes
and recurrent tissue samples. There were no cases in which
a primary tumor/non-basal-like breast cancer was classified
as basal-like breast cancer in matched positive lymph nodes
or recurrent tissue samples. In matched positive lymph
nodes and recurrent tissue samples, the Luminal A subtype
appeared to change to an aggressive subtype or a higher
ROR-defined risk group.

Three studies presented at the 2015 ASCO meeting
evaluated the ability of the PAM50 ROR score to predict
disease recurrence.’®*® These analyses were based on data
from the Danish Breast Cancer Cooperative Group. All
3 studies showed that the use of the ROR score improved
prediction of distant recurrence. The ROR score helped
identify patients, whether node-negative™ or node-positive,*’
who had an excellent prognosis and could avoid overtreat-
ment with adjuvant chemotherapy and patients who did
not require endocrine therapy after 5 years.”® The recently
updated guidelines from the St Gallen International Expert
Consensus state that the PAM50 ROR score is clearly prog-
nostic beyond 5 years.

Other Potential Applications of the Prosigna (PAM50)
Assay
Studies have evaluated other potential uses of the PAM50
Assay to predict outcomes in breast cancer and help plan
adjuvant therapy. One possible application involves the
use of PAMS50 to predict late distant recurrence after
endocrine therapy, which could potentially define which
patients might benefit from extended endocrine therapy.
In one analysis, Filipits and colleagues performed the
PAM50 Assay on tumor samples from 1246 patients
enrolled in ABCSG-8 who were alive and disease-free 5
years after diagnosis.”’ The ROR score and ROR-derived
risk group stratification both provided significantly more
prognostic information for predicting late distant recur-
rence than a combination of clinical factors (P<.001 for
both). The risk of distant recurrence in years 5 to 15
ranged from 2.4% in the low-risk group to 17.5% in
the high-risk group. These trends were observed in both
node-positive and node-negative disease.’

Subsequently, a combined analysis was under-
taken using a larger set of patients from the ATAC and

Clinical Advances in Hematology & Oncology Volume 13, Issue 6, Supplement 6 June 2015

11



12

CLINICAL MONOGRAPH

ABCSG-8 trials.”! Prosigna (PAM50) Assay results and
clinical outcomes were evaluated in 2137 postmenopausal
women with hormone receptor—positive, early-stage
breast cancer without recurrence 5 years after diagnosis.
The cutoff ranges were based on the 10-year risk of dis-
tant recurrence: low, less than 10%; intermediate, 10%
to 20%; high, greater than 20%. (It should be noted that
different studies employ different cutoff points to desig-
nate low, intermediate, and high risk.) In this analysis,
the clinical treatment score was the strongest prognostic
factor, although the ROR score was significantly prognos-
tic in years 5 to 10. Moreover, the ROR score had more
prognostic value than the clinical treatment score within
the subset of patients with HER2-negative, node-negative
disease.”! Overall, 25% of patients with node-positive
disease were classified in the low-risk ROR group, in
which the risk of distant recurrence in years 5 to 10 was
3.3%.%" This low risk of distant recurrence in the 10-year
period brings into question the role of adjuvant chemo-
therapy and the use of extended endocrine therapy in
these patients. Conversely, the high-risk ROR category
included some women with node-negative disease.

The Prosigna (PAM50) Assay has also been evalu-
ated for its ability to predict local recurrence in patients
with early breast cancer. In 2014, Fitzal and colleagues
reported results from an analysis of the ABCSG-8 trial.*?
Tumor samples were analyzed from 1308 patients, and
outcomes were evaluated after a median follow-up of
11 years. In a Cox regression model, the ROR score was
significantly predictive of local recurrence, with 10-year
local recurrence-free survival rates ranging from 98.4%
in low-risk patients to 94.4% in high-risk patients
(P=.0005).%* The intrinsic subtype was also an indepen-
dent predictor for local recurrence-free survival. These
preliminary studies suggest other potential applications
of the Prosigna Assay in tailoring therapy for patients
with breast cancer.

New studies examining the utility of the PAM50 Assay
to predict responses to chemotherapy were presented at the
2015 ASCO meeting. In an analysis by Rodriguez and
coworkers, the Prosigna ROR score significantly predicted
response to neoadjuvant chemotherapy.® Among the
intrinsic subtypes, Luminal A tumors were the least respon-
sive to neoadjuvant chemotherapy, a finding that supports
the recently updated St Gallen guidelines.” A decision-
impact study by Wuerstlein and associates evaluated how
the Prosigna PAMS50 Assay affected patients’ and physi-
cians’ perceptions of treatment choice after they received
the Prosigna test results.* A 29.3% discordance in intrinsic
subtyping was found between the PAM50 Assay and IHC.
Results from the Prosigna Assay changed the selection of
chemotherapy in 36 patients (18.2%), including 36.7% of
patients classified as Luminal B by PAMS50 testing.* This

analysis confirms the findings of GEICAM, a similar study
in which Prosigna significantly changed treatment recom-
mendations while increasing physician confidence in the
test and reducing patient anxiety.®

Conclusion

Data suggest that intrinsic subtype may be able to pro-
vide important information regarding the disease course
and, potentially, response to treatment.'*** For example,
Tutt and colleagues found that the efficacy of carboplatin
was stronger in patients with BRCA1/2 mutations, and
that patients with nonbasal triple-negative breast cancer
responded better to a taxane than a platinum.' In a study
by Martin and coworkers, only the subset of patients with
a low PAM50 proliferation score had a benefit from pacli-

1.2

taxel.?* Ongoing research is attempting to elucidate how

best to apply molecular signatures in the management of
y g &
patients with breast cancer.

Disclosure

Dr Boccia is a speaker for NanoString Technologies, Inc., which
offers the Prosigna® Breast Cancer Prognostic Gene Signature
Assay, based on the PAMS50 gene signature.
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Abstract: In breast cancer, prognostic and predictive
information has traditionally been ascertained using
clinicopathologic measures, such as tumor size and
grade, lymph node involvement, and the presence of
protein biomarkers, including the estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2)/neu. These parameters provide
important prognostic and predictive information. Conven-
tional clinicopathologic factors also help guide the use of
adjuvant therapy. However, standard clinicopathologic
factors have a limited ability to estimate prognosis, predict
responses to chemotherapy, and help guide the selection
of chemotherapeutic agents. In addition, clinical factors
alone can be misleading in that they do not fully indicate
whether chemotherapy is needed or if hormonal treatment
in ER-positive patients is sufficient. Multianalyte assays
with algorithmic analyses (MAAA) were developed toward
the goal of personalized medicine, to supplement existing
techniques and further inform the decision of whether to
treat with adjuvant chemotherapy. Several gene expression
profiling tests are now available for use in patients with
breast cancer. In general, these tests provide an estimate
of prognosis. In select instances, they may also be predic-
tive for benefit from chemotherapy. This article reviews the

latest studies evaluating the use of these tests.

ultianalyte assays with algorithmic analyses
M (MAAA) were developed toward the goal of
personalized medicine, in which a patient’s
therapy is tailored based on the unique characteristics

of his or her condition. In cancer therapy, MAAAs are
used to analyze a tumor to gain prognostic information

(estimating the patient’s likely clinical outcome) and,
potentially, to gain predictive information (estimating the
likely benefit from specific therapies).

In breast cancer, prognostic and predictive infor-
mation has traditionally been ascertained using clini-
copathologic measures, such as tumor size and grade,
lymph node involvement, and the presence of protein
biomarkers including the estrogen receptor (ER), the
progesterone receptor (PR), and the human epidermal
growth factor receptor 2 (HER2)/neu. These parameters
provide important prognostic and predictive informa-
tion. For example, a high tumor grade as assessed by the
Nottingham Grading system is strongly prognostic, as it
is associated with shorter breast cancer—specific survival
and disease-free survival.! Distant recurrence in patients
with high-grade tumors tends to occur within 8 years of
diagnosis. The significance of tumor grade as a prognostic
factor reflects the importance of cell proliferation. High-
grade tumors demonstrate high proliferation rates, which
are strongly associated with poor prognosis regardless of
how it is measured.? The rapid proliferation rate of high-
grade tumors also makes these tumors more susceptible to
chemotherapy, which kills cells in the proliferation phase
of the cell cycle. Given the availability of multiple che-
motherapeutic agents that attack different components of
the proliferation cycle, chemotherapy can be particularly
effective in high-grade tumors, delaying tumor recurrence
and improving outcomes.

Conventional clinicopathologic factors also help
guide the use of adjuvant therapy.>® Hormone receptor—
positive tumors are likely to be responsive to endocrine
therapy, and patients with HER2-positive tumors receive
HER2/neu-targeted therapy.>* Algorithms have also been
developed to consider other clinicopathologic factors
such as age, tumor size, and nodal involvement to help
estimate the probability of recurrence and guide the use of
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adjuvant chemotherapy. Adjuvant! Online (http://www.
adjuvantonline.com) is an internet-based risk assessment
calculator that estimates a patient’s 10-year survival prob-
ability, risk of relapse, and expected benefit of adjuvant
therapy based on multiple factors, including patient age,
menopausal status, comorbidities, tumor stage, tumor
size, number of positive nodes, and ER status.® The
Adjuvant! Online algorithm has been well validated and
is thus a valuable tool.” However, standard clinicopatho-
logic factors have a limited ability to estimate prognosis,
predict responses to chemotherapy, and help guide the
selection of chemotherapeutic agents. In addition, clini-
cal factors alone can be misleading in that they do not
fully indicate whether chemotherapy is needed or if
hormonal treatment in ER-positive patients is sufficient.
Gene expression studies were undertaken in an attempt
to supplement these techniques and further inform the
decision of whether to treat with adjuvant chemotherapy.

Several gene expression profiling tests are now
available for use in patients with breast cancer. In gen-
eral, these tests yield numerical scores that indicate the
patient’s risk of distant recurrence, providing an estimate
of prognosis. To some degree, they recapitulate the work
of tumor grade for estimating clinical outcomes, as they
contain multiple genes related to cell proliferation. How-
ever, because gene expression profiling tests also measure
other relevant genes related to cancer growth and survival,
they aim to provide additional information beyond tumor
grade alone.

The assays have also been developed with the hope
of providing predictive value for estimating the benefit of
chemotherapy. However, an important caveat with these
assays is that because the analyses have been performed
on populations of patients and with many different types
of chemotherapy regimens, the data are population-based
rather than individualized. Some information is known
about the populations—for example, some assays have
been based on hormone receptor—positive patients,
whereas others include both hormone receptor—positive
and hormone receptor—negative patients. Moreover, some
studies have specified menopausal status, whereas others
have not. In this way, results from gene expression assays
are not for use in personalized medicine, but they are
somewhat similar to the results attained with the Not-
tingham Grading System.

Despite these scientific limitations, some gene
expression profiling tests have been marketed to suggest
that they may improve upon the subjectivity inherent in
pathologists’ grading of tumors. However, each of the gene
expression tests should be evaluated individually, as they
apply to different populations, evaluate different genes,
and are based on different platforms. As a result, there
is substantial variation among the available tests. In fact,

different assays may yield different outcomes for the same
patient: one may yield a low-risk result, whereas another
can yield intermediate or even high risk. This discordance
can be confusing for clinicians.

All of these tests are prognostic.®" It is important to
note that some of these tests may be predictive for benefit
from chemotherapy in select instances. The PAM50 Risk
of Recurrence (ROR) score has been shown to be predic-
tive for chemotherapy benefit in select instances based
on the PAM50 ROR score and intrinsic subtype.** The
Oncotype DX® test and MammaPrint® test both show
a strong degree of association between high test scores

and chemotherapy benefit,'*?!

which is not surprising,
since the vast majority of tumors with high scores are
high-grade tumors by histopathology.?> Most high-grade
tumors are expected to respond by virtue of their high

proliferation indices.??
Available Gene Signature Assays

Prosigna®

Several gene expression assays are available. The Prosigna
Breast Cancer Prognostic Gene Signature Assay test
is based on the characterization of 50 genes relevant to
breast cancer biology. The assay is based on a 50-gene
signature identified by Perou and colleagues that identi-
fied 4 main breast cancer intrinsic subtypes.”? Luminal A
tumors are hormone receptor—positive tumors character-
ized by low proliferation, high hormone receptor expres-
sion, and HER2 negativity.' These tumors, which are
associated with a very good prognosis and a low ROR, are
typically Nottingham grade 1. Luminal B tumors are also
hormone receptor—positive but are associated with high
proliferation rates and tend to be Nottingham grade 2 to
3.1 These patients would be eligible for endocrine therapy
and may also be candidates for chemotherapy.

Basal-like tumors are hormone receptor—positive and
show activation of pathways involved in driving prolif-
eration and early breast cancer recurrence.!® The fourth
category, HER2-enriched tumors, are not defined based
on HER?2 positivity at the gene expression profiling level
but rather show activation in pathways downstream from
HER2."* HER2-enriched tumors tend to show high pro-
liferation and a poor prognosis, with shorter times to local
and distant recurrence (5-8 years).

These 4 intrinsic subtypes form the basis of the Pro-
signa test. The 50-gene set includes a very robust signature
for proliferation, with 19 genes targeting the cell cycle.”
The Prosigna ROR score is based on an algorithm that
encompasses not only the PAMS50 genes, but also clini-
copathologic factors (tumor size and lymph node status)
and an average weighting score of the proliferation genes.
The Prosigna test was initially developed on a quantitative
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Figure 1. Design of the NanoString Technologies nCounter system.

reverse transcriptase polymerase chain reaction (qRT-
PCR) platform, but was transferred onto the NanoString
Technologies nCounter® system to enable decentralized
use of the assay in laboratories around the world. The
nCounter system is a very robust platform for detecting
gene expression that does not require reverse transcription
or nucleic acid amplification (Figure 1). The system uses
tagged fluorescent probes that hybridize directly to spe-
cific mRNA sequences. These fluorescent probes are then
imaged with a fluorescent scanner that digitally counts the
abundance of fluorescent probes to determine the mRNA
expression level.* The assay was initially developed
using unsupervised hierarchical clustering on a training
set of patients to optimize the method for identifying
the intrinsic subtypes. The test was then further refined
by combining the biologic information of the intrinsic
subtypes into a personalized score—the PAM50 ROR
score—which was correlated with patient outcome (Table
1).'® The PAM50 Assay was transitioned to the nCounter
system and further refined to calculate the Prosigna score,

based upon a 46-gene subset of the PAMS50 genes (remov-
ing BIRC5, CCNB1, GRB7, and MYBL?2). The PAM50
Assay has been analytically validated on the nCounter
system, and the assay has shown high concordance with
RT-PCR.»? The assay has been validated in several stud-
ies. Dowsett and colleagues evaluated tumor samples
from 1017 patients who received anastrozole or tamoxifen
in the ATAC (Arimidex, Tamoxifen Alone or Combined)
trial.” The correlation between the 46-gene and 50-gene
signature was high (0.998), and results between the 2
gene sets were almost identical irrespective of tumor size
inclusion. In another validation study, Gnant and cowork-
ers performed the PAMS50 test on tumor samples from
1620 patients enrolled in ABCSG-8 (Austrian Breast and
Colorectal Cancer Study Group—8) and compared the
prognostic value of the ROR score against that obtained
with standard clinicopathologic parameters.® The ROR
score added significant prognostic value over standard
clinical variables, and the ROR-based risk groups had
significantly different outcomes. The 10-year distant
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Table 1. Models of Relapse-Free Survival in Untreated Patients

EMERGING DATA ON MULTIANALYTE ALGORITHM

ASSAYS IN BREAST CANCER

Model A Model B Model C

Variable Hazard Ratio P Value Hazard Ratio P Value Hazard Ratio P Value
Basal-like* 1.33 .330 1.79 .030 1.58 .066
HER2-Enriched 2.53 .00012 3.25 <.0001 2.90 <.0001
Luminal B 2.43 <.0001 2.88 <.0001 2.54 <.0001
ER status® 0.83 .38 0.83 34 0.83 .32
Tumor size® 1.36 .034 1.43 .012 1.57 .001
Node status¢ 1.75 .035 1.72 .041 = =
Histologic grade 1.40 .0042 - = = =
Full vs subtypef <.0001 <.0001 <.0001
Full vs clinicals <.0001 <.0001 <.0001

a Luminal A class used as reference state in multivariate analysis.

b Hazard ratios for ER using positive marker in the numerator.

¢ Size <2 cm vs >2 cm.

d Any positive node.

e Grade encoded as an ordinal variable with 3 levels.

f Significant P values indicate improved prediction relative to subtype alone.

g Significant P values indicate improved prediction relative to clinical data alone.

HER?2, human epidermal growth factor receptor 2; ER, estrogen receptor.

Data from Parker ]S et al. / Clin Oncol. 2009;27(8):1160-1167.1%

Table 2. Prediction of Distant Recurrence by the PAM50 Risk Score, Oncotype DX, and IHC4
ROR (includ- | Number | Number | Comparison
ing tumor size) | of of DRs | CcTS(14f | ROR(1dfj RS (1 df ROR + CISvs | RS+ CTS vs

Patients CTS (1 df CTS (1 df
LR- P LR—* | P LR—*> | P LR- P Value | LR- P
NG Value Value Value | ay? NG Value

All patients 1007 160 144.9 | <.001 | 99.9 <.001 | 38.2 <.001 | 33.9 <.001 22.7 <.001
Node-negative | 739 79 45.1 <.001 | 60.9 <.001 |28.2 <.001 | 24.6 <001 | 15.0 <.001
patients
HER2-negative/ | 649 62 36.6 <.001 | 53.7 <.001 | 229 <.001 | 234 <.001 10.2 .001
node-negative
patients

CTS, clinical treatment score; DR, distant recurrence; HER2, human epidermal growth factor receptor 2; LR, likelihood ratio; ROR, risk of recurrence; RS, recurrence

score. Data from Dowsett M et al. / Clin Oncol. 2013;31(22):2783-2790.°

recurrence-free survival rates were predicted to be 96.7%
for the low-risk group, 91.3% for the intermediate-risk
group, and 79.9% for the high-risk group (Figure 2).% The
survival rates were also significantly higher for patients
with tumors that were Luminal A vs Luminal B (93.9%
vs 82.2%; hazard ratio, 2.85; P<.0001).® Approximately
30% of the patients in this study were node-positive, and
the results showed a low rate of recurrence even among
patients with low-risk, node-positive disease. The assay
met the US Food and Drug Administration (FDA) crite-
ria to allow use of a decentralized model.

These 2 clinical validation studies evaluated the prog-
nostic value of the Prosigna Assay based on 2 different
clinical trial registered groups. Together, the 2 analyses
included 2495 patients, all postmenopausal women
with hormone receptor—positive, node-negative or node-
positive disease.>’ Taken together, these studies provide
Level 1 evidence for the clinical validity of Prosigna.”” The
analyses showed the importance of intrinsic subtypes in
predicting outcomes; prognosis was better in the Luminal
A subtype than in the other 3 subtypes. A low rate of
distant recurrence was seen in low-risk patients, whether
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Figure 2. Distant recurrence-free survival (DRFS) at 10 years according to luminal subtype. HR, hazard ratio. Adapted from

Gnant M et al. Ann Oncol. 2014;25(2):339-345.%

luminal-positive or luminal-negative. The intrinsic
subtypes impart the test with the ability to predict out-
comes. Moreover, a head-to-head comparison of different
prognostic assays found that the PAM50 ROR provided
prognostic information for late distant recurrence signifi-
cantly beyond what could be obtained with conventional
clinicopathologic factors or with another gene signature
assay (the Oncotype DX Recurrence Score; Table 2).° This
analysis used RNA isolated by Genomic Health®, Inc. for
a prior study, ATAC, allowing a true head-to-head com-
parison of the genomic information of the 2 tests. With
Prosigna, 23% of patients categorized as intermediate
risk by Oncotype were recategorized as high risk. Patients
identified as intermediate risk by Prosigna had a better
outcome than patients identified as intermediate risk by
Oncotype DX.

In a study presented at the 2015 American Society of
Clinical Oncology (ASCO) meeting, Cheangand colleagues
evaluated the concordance between intrinsic subtypes and
ROR groups using tissue samples from patients in the TNT

(Triple Negative Breast Cancer) trial."”*® The study found
that basal-like breast cancer and high-risk ROR scores in
primary tumors were substantially conserved with matched
positive lymph nodes and recurrent tissue samples. None of
the primary tumor/non—basal-like breast cancer cases were
classified as basal-like breast cancer in matched positive
lymph nodes or recurrent tissue samples. In matched posi-
tive lymph nodes and recurrent tissue samples, the Luminal
A subtype appeared to change to an aggressive subtype or a
higher ROR-defined risk group.

The ability of the PAM50 ROR score to predict dis-
ease recurrence was evaluated in several studies presented
at the 2015 ASCO meeting.”3! In 3 analyses from the
Danish Breast Cancer Cooperative Group, use of the
ROR score improved prediction of distant recurrence. The
studies suggested that the ROR score can help identify

 who

patients, both node-negative? and node-positive,
have an excellent prognosis and can avoid overtreatment
with adjuvant chemotherapy and patients who will not

require endocrine therapy beyond 5 years.?!
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Figure 3. Benefit from chemotherapy among HER2-enriched patients in an analysis of tumor samples from the National Cancer
Institute of Canada Clinical Trials Group MA.5 trial. CEF, cyclophosphamide/epirubicin/fluorouracil; CME, cyclophosphamide/
methotrexate/fluorouracil. Adapted from Cheang MC et al. Clin Cancer Res. 2012;18(8):2402-2414.%

Several research studies have demonstrated the poten-
tial of the PAMS50 intrinsic subtypes to predict response
to specific adjuvant therapies.”>"1%323 In a study by
Chia and colleagues, luminal subtypes predicted whether
a patient would benefit from tamoxifen in the National
Cancer Institute of Canada Clinical Trials Group MA.12
study, but ER status did not." In an analysis by Cheang
and coworkers, the HER2-enriched subtype was strongly
associated with a greater benefit from anthracycline-based
chemotherapy (Figure 3).3* Prat and associates found
that trastuzumab-based chemotherapy was especially
beneficial in women with advanced HER2-positive/
HER2-enriched tumors and HER2-positive tumors that
were predicted to have a high risk of relapse and prolifera-
tion status as identified by the PAM50 Assay.?® A stronger
trastuzumab benefit was observed in the HER2-enriched
tumors. In a study by Tutt and colleagues, patients with
BRCA1/2 mutations had a stronger response and a longer
progression-free survival with carboplatin than patients
without the mutation."” This study also found that among
patients with triple-negative breast cancer, those with the

non-basal subtype—as identified by the Prosigna Assay—
were more likely to respond to docetaxel than carboplatin.

Studies have also shown the ability of PAMS50 to pre-
dict response to neoadjuvant chemotherapy.’*!® In addi-
tion to the study by Parker,'® an evaluation by Rodriguez
and colleagues showed that the Prosigna ROR score sig-
nificantly predicted response to neoadjuvant chemother-
apy.” Among the intrinsic subtypes, Luminal A tumors
were the least responsive to neoadjuvant chemotherapy,
a finding that supports the current guidelines from the
St Gallen International Expert Consensus, which were
updated in May 2015.%

Also at the 2015 ASCO meeting, Wuerstlein and
associates presented results from a decision impact study
that show the impact of the Prosigna PAM50 Assay on
patients’ and physicians’ perceptions on treatment choice
after receiving Prosigna test results.”” There was a 29.3%
discordance in intrinsic subtyping between the PAM50
Assay and immunohistochemistry (IHC). Results from
the Prosigna Assay changed the chemotherapy decision in
36 patients (18.2%) overall, including 36.7% of PAM50
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Luminal B patients.?® This study confirms the observations
of a similarly designed Grupo Espanol de Investigacién en
Cincer de Mama (GEICAM) study, which showed that
Prosigna significantly changed treatment recommenda-
tions while both increasing physicians” confidence in the
test and reducing patient anxiety.®®

The Prosigna Assay received FDA clearance in Sep-
tember 2013, with an indication specifically for use in
postmenopausal women with hormone receptor—positive
breast cancer. In December 2014, the assay received an
updated FDA clearance for its ability to assess a patient’s
probability of recurrence between years 5 to 10 after
diagnosis, which may help identify patients who may
benefit from extended endocrine therapy beyond the first
5 years.”® This new indication was approved based on
an analysis from the ABCSG-8 trial showing that a low
PAMS50 ROR score was associated with a low absolute
risk of distant recurrence (2.4%) in years 5 to 15 of endo-
crine therapy.®® These data on Prosigna replicated observa-
tions from the TransATAC study,”* generating level 1
evidence based on the way the studies were performed,
the duration of follow-up, and the outcomes.?

The updated St Gallen guidelines state that the
PAM50 ROR score is prognostic beyond 5 years.’ In
March 2015, guidelines from the German Association of
Gynecological Oncology added use of the Prosigna Assay
for testing newly diagnosed patients with node-negative
or node-positive, HR-positive, HER2-negative, early-
stage breast cancer with clinicopathologic factors that do
not indicate a clear therapeutic decision.”

Oncotype DX

The Oncotype DX test is a multigene assay that uses a
signature that was developed from genomic databases
available in 2000. The assay is based on a qRT-PCR plat-
form and quantifies expression of 16 genes, most of which
are related to the hormone receptor as well as proliferation
and HER?2; 5 genes are included for normalization.” The
test, launched in 2004, was based on an initial training set
of patients from the control arm of the National Surgical
Adjuvant Breast and Bowel Project B-20 (NSABP) study.*’
Expression of the 21 genes is converted into a recurrence
score (0-100), which is reported as a continuous variable
and also categorized as low risk (<18), intermediate risk
(18-30), and high risk (>30).'

In a validation study of patients from the chemo-
therapy arm of NSABP B-20, the recurrence score was
significantly prognostic and appeared to be predictive,
with a high-risk recurrence score being significantly
associated with a benefit from chemotherapy.'® However,
there are some substantial limitations of this analysis.
First, although the patient population was similar in that
all patients had hormone receptor—positive disease, there

was some heterogeneity in the group based on menopausal
status. Moreover, because HER2 had not yet been identi-
fied at the time of trial registration, both trials included
a population of unidentified HER2-positive patients that
has been estimated to be at least 10%.

Another important limitation of the recurrence
score data involves a mixing of training and validation
sets between the populations of patients enrolled in
NSABP B-20, as samples from B-20 were used to select
the genes, design the algorithm, and validate the assay.!**
This design creates statistical issues in the analysis. In an
analysis of the B-20 validation study, Ioannidis illustrated
that when validation is properly performed—by not
mixing the training and validation sets—the Oncotype
DX test is not predictive for chemotherapy benefit.”!
Additionally, to revisit the importance of proliferation,
independent studies have shown that the vast majority of
high-risk recurrence score tumors are also high grade as
assessed by the Nottingham grading system.*? It stands to
reason, therefore, that tumors with a high-risk recurrence
score will probably benefit most from the chemotherapy
because they typically have very high proliferation rates.

There have also been issues regarding discordance
between HER?2 expression as identified by the Oncotype
DX single-gene test vs conventional methods (IHC and
fuorescence in situ hybridization [FISH]). In 2011, my
colleagues and I published an independent analysis show-
ing a false-negative rate of 72% with the HER2 RT-PCR
results obtained from Genomic Health Inc., compared
with those obtained using IHC and FISH at 3 indepen-
dent laboratories.*’ This issue was also discovered by other
laboratories.** Independent studies have shown high
concordance between IHC and Oncotype DX for ER and
PR expression.” The issue regarding HER2 concordance
has never been properly addressed by the company. Nev-
ertheless, the ASCO/College of American Pathologists
committee has recommended against any RT-PCR testing
for HER2 for therapeutic purposes.

Oncotype is, however, recommended in the National
Comprehensive Cancer Network Breast Cancer guide-
lines with category 2A evidence.“ Albain and colleagues
evaluated data from Southwest Oncology Group 8814,
a phase 3, open-label trial that randomly assigned post-
menopausal women with hormone receptor—positive,
node-positive breast cancer to receive cyclophosphamide,
doxorubicin, and fluorouracil with concurrent or sequen-
tial tamoxifen or tamoxifen alone.”’ The analysis found
that chemotherapy was likely to benefit patients with a
high-risk recurrence score.’

The TAILORx (Trial Assigning Individualized Options
for Treatment [Rx]) trial is evaluating the effect of chemo-
therapy in patients with a midrange recurrence score.”® It is
enrolling 11,248 patients. The recurrence score criteria in the
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TAILORx trial will differ from that used in the validation
trials. A low recurrence score will be 10 or less, intermediate
will be 11 to 25, and high will be 26 or greater.

MammaPrint

The MammaPrint 70-gene breast cancer recurrence assay
is a microarray-based multigene assay that measures
expression of mRNA levels in tumor samples based on
a gene set first reported by van’t Veer and colleagues in
2002." The gene expression profile was identified starting
from a whole genome analysis of approximately 25,000
genes using 78 lymph node—negative breast cancer tumor
samples from untreated patients. The final set of 70 genes
was identified based on its significant association with
the risk of breast cancer recurrence, which was developed
in 34 patients.!! This study served as initial validation of
the 70-gene assay. A unique feature of the MammaPrint
test is that it does not report a numerical recurrence score
but rather categorizes patients only as having a good-
prognosis signature or a poor-prognosis signature (based
on how closely a patient’s signature correlates to the
good-prognosis signature).? This test defines risk based
on the chance of distant recurrence at 10 years; low risk is
approximately 10% and high risk is 29%.

In another validation study, van de Vivjer and col-
leagues evaluated the prognostic value of the MammaPrint
assay in a series of 295 consecutive patients with stage I
or II disease (node-negative or node-positive).'* The Mam-
maPrint assay was a strong independent predictor of disease
outcome, yielding 10-year distant recurrence-free survival
rates of 50.6% in the poor-prognosis group and 85.2% in
the good-prognosis group, for an estimated hazard ratio of
progression of 5.1 (95% CI, 2.9-9.0; P<.001)."

Based on these studies, the FDA cleared Mamma-
Print for use in women with node-negative stage 1 or 2
invasive breast cancer with a tumor size of 5.0 cm or less.
However, the assay provides little information regarding
specific prognosis for individual patients.

Until recently, MammaPrint was approved for use only
in fresh or frozen tissue. This requirement, along with the
fact that the only laboratory running the assays was located
in the Netherlands, prevented the widespread adoption of
the assay in the United States. However, in February 2015,
the FDA granted Agendia 510(k) clearance to perform the
MammaPrint test in formalin-fixed, paraffin-embedded
tissue. With the ability to use preserved tissue and the addi-
tion of a laboratory in Irvine, California, the assay may gain
more traction in the United States.

Agendia is currently undertaking an important
large trial to further evaluate the clinical utility of the
MammaPrint test. The randomized, prospective phase 3
MINDACT (Microarray in Node-Negative and 1 to 3
Positive Lymph Node Disease May Avoid Chemotherapy)

trial aims to determine the value added by MammaPrint
over current clinicopathologic parameters and compared
with the Adjuvant! Online Tool.”’ The trial accrued 6600
patients between 2006 and 2011. Patients with a low-risk
MammaPrint profile who have a good prognostic index,
or are considered low-risk by Adjuvant! Online, will be
considered to be concordant in their testing and will
receive endocrine therapy only. Patients who have a high-
risk MammaPrint test result and high-risk parameters on
Adjuvant! Online will receive chemotherapy (and endo-
crine therapy if they are also hormone receptor—positive).
In cases in which there is discordance between the tests—
for example, a low-risk MammaPrint and a high-risk
Adjuvant! Online outcome—patients will be randomly
assigned to endocrine therapy plus chemotherapy. Pre-
liminary results are expected in 2015, but the complete
results will not be available for years.

BluePrint®

The BluePrint assay identifies breast cancer subtype using
an 80-gene assay. It distinguishes luminal from nonlu-
minal subtypes.”® Patients who are low risk according to
MammaPrint are considered Luminal A. Patients who are
high risk by MammaPrint and luminal-positive according
to BluePrint are considered Luminal B. The BluePrint
assay is a microarray-based, proprietary, laboratory-devel-
oped test that has not been FDA-cleared. Data suggest
that the molecular categories may be used to guide treat-

ment decisions.!

Breast Cancer Index ™ (BCI)

The Breast Cancer Index (BCI) is a qRT-PCR-based assay
that predicts the risk of distant recurrence in patients with
hormone receptor—positive, lymph node—negative breast
cancer. The test incorporates 2 independent biomarkers:
the HOXB13:IL17BR ratio and the Molecular Grade
Index, a 5-gene panel that consists mostly of proliferation
genes.*? The BCI score, which is generated based on these
2 components, predicts the risk of early recurrence (within
5 years) and late recurrence (after 5 years), as well as the
likelihood of benefit from extended endocrine therapy.'
Like Oncotype DX, the BCI assay is a laboratory-devel-
oped test that has not been FDA-cleared. In an evaluation
of multiple prognostic assays conducted in a set of 1102
primary tumor samples, the BCI outperformed Oncotype
DX in predicting the risk of late recurrence.*

Like the Prosigna test, the BCI also identifies the
minority of patients who are at risk for late recurrence and
thus might be considered as candidates for further extended
adjuvant endocrine therapy.**> With the new FDA indica-
tion for the Prosigna Assay, patients with a sufficiently low
ROR may be able to forego extended adjuvant endocrine
therapy. The BCI assay is performed in a central laboratory

Clinical Advances in Hematology & Oncology Volume 13, Issue 6, Supplement 6 June 2015

21



22

CLINICAL MONOGRAPH

using formalin-fixed, paraflin-embedded tissue. The BCI
has met the regulatory standards of the Clinical Laboratory

Improvement Act (CLIA), but the FDA has chosen not to
require regulatory review of this test.”

Considerations When Evaluating Multigene
Assays

As a group, the gene expression profiling tests are referred
to by the FDA as in vitro diagnostic multivariate index
assays (IVDMIAs). These assays take multiple pieces of
data, typically in the form of quantitative gene expression,
and subject them to an algorithm that yields a specific
output that is intended to direct therapy for the patient.
Given the potential clinical ramifications of the assays, the
FDA considers these tests to be high-impact and high-
risk. In an address at the 2013 ASCO meeting, former
FDA Commissioner Dr Margaret Hamburg indicated
that the FDA plans to exert closer guidance over the
development of these tests.”

Laboratory-developed tests may claim on their reports
that they have been developed in a CLIA-certified labora-
tory. CLIA refers to federal regulatory standards that apply
to all clinical laboratory testing performed on people within
the United States. Certification is managed by 3 federal
agencies: the FDA, the Center for Medicaid Services, and
the Centers for Disease Control. There are no CLIA guide-
lines for molecular testing. With a lack of gold standards or
proficiency guidelines, the claim of CLIA certification for
molecular testing holds little weight.

All of these reasons support the desirability of FDA
clearance, which would indicate that an independent
body has reviewed the data, considered the analytical
and clinical validity, and evaluated the clinical utility to
some degree before giving a test approval to pass through
FDA clearance. Without these procedures in place,
patient needs may not be met in the safest possible way.
A safety issue of concern is that the parameters for these
laboratory-developed tests are known only by the com-
panies that possess them. These companies typically may
not have data that reflect the potential risks of the test; for
example, rates of false-negative and false-positive results
are not known. With FDA clearance, these tests will have
documented clinical specificities and sensitivities. There-
fore, if an issue develops over time with the test, clini-
cians and patients will be notified quickly by the FDA
(as is done for FDA-approved prescription medicines).
In fact, diagnostic device manufacturers are required by
FDA regulations to report any adverse events resulting
from the use of the device—another safety mechanism
not in place for laboratory-developed tests. These added
safety measures are a critical piece of today’s paradigm of
patient-centered personalized medicine.

Comparing Gene Expression Assays

Several studies have been conducted comparing results
obtained with different multigene assays. TransATAC is
the only study to include a true comparison of Prosigna
vs Oncotype, using remnant RNA from the same patient
samples.” The 2 tests showed a strong concordance in
identifying high-risk and low-risk patients. They differed,
however, in that Prosigna identified significantly fewer
patients as intermediate risk. Patients who are identified
as intermediate risk by Prosigna show a better outcome
than those identified by Oncotype.

Kelly and colleagues compared risk assignments
based on the PAMS50 Assay and the Oncotype DX
recurrence score used in the same patient population.®
Tumor samples were analyzed from 151 patients with ER-
positive stage I or II breast cancers. The analysis yielded
fairly good agreement between the tests for high-risk and
low-risk groups; 90% of high-risk cancers based on the
recurrence score were classified as Luminal B, and 1 high-
risk tumor was basal-like. Among the low-risk recurrence
score tumors, 83% were Luminal A. However, there was
a substantial disagreement between the tests among the
patients in the intermediate-risk recurrence score group,
with half of patients recategorized as low-risk, Luminal A
types by the PAM50 test.”

Based on these findings, a substantial number of
patients would have been treated differently based on
which test the oncologist ordered. Half of patients in
the intermediate-risk recurrence score category may have
received chemotherapy had they undergone Oncotype
DX testing, whereas they would not have received che-
motherapy based on the PAM50 test. In general, the
criticisms that have been leveled at pathologists for their
reproducibility of tumor grading have only recently been
applied to these molecular gene expression profiling tests,
but the findings are not surprising—different tests mea-
suring the expression of different genes and analyzed with
different algorithms do have substantial discordances.

Oncologists must work as closely as possible with
their pathologists and ensure that test results make sense
in the context of the pathology report, which remains the
gold standard. The prognostic value of tumor staging, and
all the components incorporated into Adjuvant! Online,
have been established for 5 decades or longer and will
remain the backbone of all that we know about patients
with breast cancer and their outcomes. In most cases,
results from the test should not vary dramatically from
the pathology reports. However, gene expression profil-
ing tests can lead to reclassification of patients based on
genomic profiling. As shown in the TransATAC study,
a combination of genomic profiling and clinical factors
provides the best prognostic information.>
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In 2014, my colleagues and I presented results of an
independent study in which Oncotype DX and Mam-
maPrint analyses were performed on tumor samples from
approximately 340 patients with ER-positive tumors
with at least 5 years of follow-up from diagnosis.”” The
results showed substantial variation, nearly 30%, in the
way risk assighment categories were assigned by the tests.
MammaPrint defined 237 cases as low risk; among these
patients, the Oncotype recurrence scores were low in 142,
intermediate in 91, and high in 4. Among the 107 cases
defined as high risk by MammaPrint, recurrence scores
were low in 13, intermediate in 43, and high in 51.

Multiple factors may contribute to these discrepan-
cies: the assays use different analytic platforms, are based
on different patient populations with varying outcomes,
use different gene sets, and have different clinical valid-
ity. Between Oncotype DX and MammaPrint, the risk
categorization often flips between low- or intermediate-
risk Oncotype and low-risk MammaPrint, or between
intermediate-risk Oncotype and high-risk Mamma-
Print.”” There is no established gold-standard test, and it
is difficult to draw conclusions from discordant results.

Additional studies are being undertaken to more
comprehensively compare different multigene assays
and assess their clinical utility. The OPTIMA (Opti-
mal Personalised Treatment of Early Breast Cancer
Using Multi-Parameter Analysis) trial is a random-
ized, controlled trial being conducted in the United
Kingdom that aims to determine the optimal strategy
using multigene assays to guide the use of adjuvant
therapy in women ages 40 years or older with node-positive,
ER-positive, HER2-negative early breast cancer. A pre-
liminary phase (OPTIMA-prelim) is comparing Oncotype
DX, MammaPrint, and Prosigna.’® In the 301 patients
evaluated in the OPTIMA-prelim trial, 61% of cases
yielded no consensus result among the 3 assays. Investiga-
tors concluded that a single most effective test could not be
identified, and that cost effectiveness could help triage tests
for the main OPTIMA trial. An analysis of the economic
impact of the OPTIMA-prelim results have led the investi-
gators to prioritize Prosigna for the main trial. >
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Abstract: Several biomarkers and gene mutations in
breast cancer have been shown to be predictive, in that
they determine which treatments a patient should receive.
Ideally, predictive markers would be available that could
determine the most appropriate treatment plan based on
a patient’s biology. This goal is becoming a reality in some
treatment settings and cancer types, with the increasing
use of targeted therapies directed against specific molecu-
lar abnormalities. Immunohistochemistry (IHC) testing is in
standard use for guiding breast cancer therapy. Testing for
the estrogen receptor (ER) and progesterone receptor
(PR) guides the use of endocrine therapy, and human
epidermal growth factor receptor 2 (HER2) testing guides
the use of HER2-targeted therapies. Although IHC
provides some discrimination among breast cancer subsets
and helps identify appropriate therapy, more information
can be gained through gene expression analyses. Contem-
porary multianalyte assays have demonstrated greater
precision and reproducibility than seen with IHC-based
assays. The most important contribution of multigene
assays is the identification of women with ER/PR-positive,
HER2-negative, early-stage breast cancer who are at low
risk of recurrence and therefore will likely do well with
endocrine therapy alone. These patients can be safely

spared from the cytotoxic effects of chemotherapy.

he type of information provided by a biomarker
or multigene assay can be categorized as prog-
nostic or predictive. Prognostic markers estimate
a patient’s clinical outcome, whereas predictive markers
estimate a patient’s likelihood of benefitting from a spe-
cific treatment. It is important to consider this difference
when evaluating data and claims for biomarkers or mul-

tigene assays. Conventionally, prognosis is considered to
be a patient’s expected outcome without treatment, thus
reflecting the natural history of the disease. However,
most studies evaluating the prognostic value of multigene
assays have been conducted in patients receiving adjuvant
therapy, so they are not purely prognostic in regard to
assessing natural history. When evaluating prognostic
studies, it is important to consider the treatment history
of the patient population. Studies evaluating the associa-
tion between molecular markers and clinical outcomes in
patients receiving adjuvant therapy are considered to
be prognostic, not predictive, as they do not assess the
likelihood of response to a specific therapy. Data on the
predictive value of multigene assays are limited and based
on retrospective analyses of prospective studies. A predic-
tive assay that defines which patients are most likely to
benefit from a specific systemic chemotherapy would be a
valuable tool for optimizing breast cancer therapy.!

Predictive Markers to Determine Appropriate
Treatment

Several biomarkers have been shown to be predictive, in
that they determine which treatments a patient should
receive. An example is human epidermal growth factor
receptor 2 (HER2)—positivity, which is clearly predictive
of a benefit with HER2-targeted therapy.>* The National
Comprehensive Cancer Network guidelines state that the
presence of HER?2 indicates that HER2-targeted therapy
should be administered.’

Gene mutations can also serve as predictive markers.
In the setting of advanced non—small cell lung cancer,
rearrangements in the ALK gene predict responses to the
ALK inhibitor crizotinib, which has demonstrated signifi-
cantly greater efficacy compared with chemotherapy.® In
the setting of advanced ovarian cancer, the presence of
germline BRCA mutations is associated with responses to
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Figure 1. Relapse-free survival according to intrinsic subtype among patients who have not received adjuvant systemic therapy.

HER2, human epidermal growth factor receptor 2. Adapted from Parker JS et al. / Clin Oncol. 2009;27:1160-1167.%°

olaparib, a poly(ADP-ribose) polymerase inhibitor.” Based
on its demonstrated efficacy in patients with BRCA muta-
tions, olaparib was approved by the US Food and Drug
Administration (FDA) for women with heavily pretreated
ovarian cancer who have BRCA mutations as detected by
a specific FDA-approved assay.® Olaparib has also demon-
strated activity in patients with other BRCA1/2-associated
advanced cancers, including breast cancer.”!

Tailoring Breast Cancer Treatment

Ideally, predictive markers would be available that could
determine the most appropriate treatment plan based on
a patient’s biology. This goal is becoming a reality in some
treatment settings and cancer types, with the increasing
use of targeted therapies directed against specific molecu-
lar abnormalities. Further elucidation of the molecular
biology of different cancers may yield a greater ability to
predict outcomes and tailor therapy.!!

Today, immunohistochemistry (IHC) testing is in
standard use for guiding breast cancer therapy. Testing for
the estrogen receptor (ER) and progesterone receptor (PR)
guides the use of endocrine therapy, and HER2 testing guides
the use of HER2-targeted therapies. Patients testing negative
for ER, PR, and HER?2 (triple-negative breast cancer) receive
chemotherapy because no targeted therapies exist for them.
Although THC provides some discrimination among breast
cancer subsets and helps identify appropriate therapy, much
more information can be gained through gene expression
analyses. Numerous studies have demonstrated the variability
of IHC-based assay results'*"® and raised questions about the
reproducibility of this platform.'® Contemporary multiana-

lyte assays have demonstrated greater precision and reproduc-
ibility than seen with THC-based assays'®'” and may be a
preferred choice as new technology becomes more accessible.

Gene expression analyses of breast cancers have
identified 4 intrinsic subtypes: Luminal A, Luminal B,
HER2-enriched, and basal-like.'®!* The 50-gene PAM50
gene signature is used to determine intrinsic subtype.?
The 4 intrinsic subtypes differ in their incidence and
survival (Figure 1).° This type of characterization at the
gene-expression level provides information beyond what
can be discerned with IHC marker tests such as ER, PR,
and HER2. Studies have shown that these 3 IHC mark-

ers do not fully reproduce the intrinsic subtypes.'*

Current Evidence for Multigene Assays in
Early-Stage Breast Cancer

The recurrence score provided by the 21-gene Oncotype
DX is prognostic in patients with ER-positive breast cancer
treated with tamoxifen, as it is significantly associated with
the risk of distant recurrence.?** The 21-gene recurrence
score has also been shown to predict benefit from chemo-
therapy in women with early-stage breast cancer at high
risk of relapse (both node-negative and node-positive).?>**
The predictive value of the assay is based on a system of
risk stratification, in which the recurrence score (0-100) is
converted to a risk category (low, intermediate, or high)
according to predefined cutoff values. Patients with a recur-
rence score that falls into the high-risk group are most likely
to benefit from adjuvant chemotherapy (Figure 2), whereas
patients in the low-risk group gain litte, if any, benefit.”?
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Because the predictive value of the recurrence score
relies on assigning patients to a risk category, accurate
risk stratification is critical. The accuracy of categorization
based on the Oncotype DX recurrence score was compared
with that based on the Prosigna® (PAM50) risk of recur-
rence (ROR) score in an analysis of data from the ATAC
(Arimidex, Tamoxifen Alone or Combined) trial. Dowsett
and colleagues evaluated 1017 patients with ER-positive
breast cancer who received endocrine therapy in that trial
(Table 1).% Compared with the recurrence score, the ROR
provided greater differentiation among the risk groups; it
classified more patients as high-risk and fewer patients as
intermediate-risk. Therefore, concordance between the 2
tests is not high in the intermediate- and high-risk groups.
This caveat should be kept in mind when considering the
role of the recurrence score in predicting the likelihood
of benefit from adjuvant therapy, since a proportion of
patients classified as intermediate-risk by this score may in
fact be of high enough risk that they would benefit from
chemotherapy. A similar study found comparable prognos-
tic utility for the Oncotype DX recurrence score and the
Breast Cancer Index® (BCI), although BCI was superior in

predicting late distant recurrence.?

Currently, no assay has
been validated to determine specific treatment recommen-
dations for an individual patient.

MammaPrint® is a microarray-based test that provides
a prognostic score for breast cancer patients younger than
61 years with stage I/II disease and 0 to 3 positive lymph
nodes.” It is performed by a central laboratory. Mamma-
Print measures the mRNA expression of 70 genes and strati-
fies patients into low-risk or high-risk prognostic groups.
This genomic test can discriminate prognosis in the group of
patients with ER-positive breast cancers. However, most ER-
negative tumors are classified as high risk. Data from a mul-
ticenter study (n=541) suggested that only the high-risk ER-
positive patients benefited from adjuvant chemotherapy.*%
Initially, one of the limitations of the MammaPrint assay was
the requirement for fresh tissue. The assay has currently been
revised for use in formalin-fixed, paraffin-embedded tissues.*’

At the 2015 American Society of Clinical Oncol-
ogy (ASCO) meeting, Cheang and colleagues presented
results from a study evaluating the concordance between
intrinsic subtypes and ROR groups using tissue samples
from patients in the TNT (Triple Negative Breast Cancer)
trial.>? Basal-like breast cancer and high-risk ROR scores in
primary tumors were substantially conserved with matched
positive lymph nodes and recurrent tissue samples. There
were no instances in which a primary tumor/non—basal-like
breast cancer case was classified as basal-like breast cancer in
matched positive lymph nodes or recurrent tissue samples.
The Luminal A subtype appeared to change to an aggressive
subtype or a higher ROR-defined risk group in matched

positive lymph nodes and recurrent tissue samples.

Several studies evaluated the ability of the PAM50 ROR
score to predict disease recurrence.”3> Three analyses from
the Danish Breast Cancer Cooperative Group found that the
use of the ROR score improved prediction of distant recur-
rence. The studies suggested that the ROR score can help
identify node-negative®® and node-positive* patients who
have an excellent prognosis and can avoid overtreatment
with adjuvant chemotherapy and those who will not need
endocrine therapy beyond 5 years.”

Predictive Data for Multigene Assays

A series of prospective and retrospective studies have eval-
uated the predictive role of multigene assays in women
with early-stage breast cancer.

Predictive Data for the Oncotype DX Assay

The predictive value of Oncotype DX was evaluated in ret-
rospective analyses of 2 large, prospective trials: the National
Surgical Adjuvant Breast and Bowel Project (NSABP) B-20
trial and the Southwestern Oncology Group (SWOG)
8814 trial. NSABP B-20 randomly assigned patients with
node-negative, ER-positive breast cancer to tamoxifen alone
or tamoxifen with cyclophosphamide, methotrexate, and
fuorouracil or methotrexate and fluorouracil.®*® The addi-
tion of chemotherapy to tamoxifen was associated with a
small improvement in disease-free survival, with 5-year rates
of 90% with tamoxifen plus chemotherapy vs 85% with
tamoxifen alone (P=.01).%

In their analysis, Paik and colleagues evaluated whether
the Oncotype DX recurrence score predicted benefit from
adjuvant chemotherapy in 651 patients from the NSABP
B-20 trial ¥ In patients with low-risk tumors based on
the 21-gene recurrence score, chemotherapy appeared to
provide minimal, if any, benefit.” Conversely, in patients
with high-risk tumors, chemotherapy was associated
with a substantial reduction in the risk of 10-year distant
recurrence.”¥ In the NSABP B-20 study, however, it is
worth noting that the patients included in the tamoxifen
treatment arm analysis were the same patients from which
the recurrence score was developed and the cutoffs for the
3 recurrence score groups were defined. Moreover, the
adjuvant chemotherapy regimen used in the NSABP B-20
trial—cyclophosphamide, methotrexate, and 5-fluoroura-
cil—was administered concurrently with tamoxifen, which
can stop proliferation in endocrine-sensitive tumor cells.”%

The second study evaluating the predictive value of the
recurrence score drew data from patients enrolled in SWOG
8814, a phase 3, open-label trial that randomly assigned
postmenopausal women with hormone receptor—positive,
node-positive breast cancer to cyclophosphamide, doxorubi-
cin, and fluorouracil with concurrent or sequential tamoxi-
fen or tamoxifen alone.?® Chemotherapy with sequential
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Figure 2. Kaplan-Meier plot for distant recurrence comparing treatment with tamoxifen alone vs treatment with tamoxifen plus

chemotherapy among high-risk patients. The bottom rows list the number of patients at risk and the number of distant recurrences

(in parentheses). Adapted from Paik S et al. / Clin Oncol. 2006;24(23):3726-3734.%

tamoxifen was associated with a significant improvement in
disease-free survival, although the investigators noted that a
subset of patients may not benefit from anthracycline-based
chemotherapy.® In their recurrence score validation study,
Albain and colleagues evaluated tumor samples from 367
patients enrolled in SWOG 8814 to determine whether
the recurrence score can predict outcomes and benefit from
chemotherapy.® As in the B-20 study, this analysis found
a significant benefit with chemotherapy in patients with a
high-risk recurrence score but no benefit in patients with
a low-risk score.”® In both validation studies, the Oncotype
DX assay predicted that chemotherapy was beneficial in
patients with high-risk tumors. However, the studies were
not predictive in the sense that results could be used to
identify a single therapy that would be more beneficial in
individual patients.

A strength of both retrospective analyses is their use
of data from a prospective, randomized trial of endocrine
therapy with or without chemotherapy. Few studies have
been conducted in this type of patient population. Addi-
tionally, the long follow-up in both trials enabled calcula-
tion of distant recurrence rates at 10 years.?>**

A limitation of these studies is their relatively small size.
The analysis of B-20 included 28% of patients enrolled in
the study, and the analysis of SWOG 8814 included 40% of

the enrolled patients.”* In the B-20 analysis, there were 353
patients at low risk, 134 at intermediate risk, and 164 at high
risk. The SWOG 8814 analysis included 146 patients at low
risk, 103 at intermediate risk, and 118 at high risk.

The study designs of the original trials might have
biased the results. SWOG 8814 included only postmeno-
pausal women, whereas B-20 included both premeno-
pausal and postmenopausal patients.** Another aspect
that may have influenced the results was the inclusion of
some patients in both the “test set” and the “validation set,”
which would not be acceptable today with the develop-
ment of modern genomic prognostic or predictive assays.*

These analyses are also limited by their retrospective
nature. Since the design of these trials, guidelines have
been proposed to maximize the likelihood that studies
using archived specimens provide reliable assessments of
the clinical validity of a prognostic or predictive marker.*
These recommendations include using adequate amounts
of archived tissue to attain statistical power, analytically
validating the assay for use with a defined classifier, and
validating study results using specimens from at least one
similar but separate study.*’

Although these steps can maximize the reliability of
biomarker studies, a prospective, randomized trial evalu-
ating the utility of a biomarker is the gold standard.* Two
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Table 1. Comparison of Proportion of Node-Negative Patients by Risk Group Using Risk of Recurrence Plus Tumor Size Vs

Recurrence Score

Low Intermediate High Total
Test Number | % Number | % Number | % Number | %
ROR (including tumor size)
No CTS
RS
Low 318 97 19 434 58.7
Intermediate 113 68 62 243 32.9
High 6 14 42 62 8.4
Total 437 59.1 179 24.2 123 16.6 739 100
CTS included
RS
Low 386 53 1 440 59.5
Intermediate 61 94 46 201 27.2
High 4 18 76 98 13.3
Total 451 61.0 165 22.3 123 16.6 739 100

CTS, clinical treatment score; ROR, risk of recurrence; RS, recurrence score.

Data from Dowsett M et al. / Clin Oncol. 2013;31(22):2783-2790.%

such prospective, randomized trials have been undertaken
to further evaluate the role of the Oncotype DX assay for
predicting responses to chemotherapy. The R«PONDER
(Rx for Positive Node, Endocrine Responsive Breast
Cancer) trial (SWOG S1007) is prospectively assessing
the role of chemotherapy in patients with node-positive
disease and a low-risk or intermediate-risk recurrence
score.”! The TAILORx (Trial Assigning Individualized
Options for Treatment [Rx]) trial is evaluating the effect
of chemotherapy in patients with a midrange recurrence
score.”? The RxPONDER and TAILORx are both large
trials, enrolling 4000 and 11,248 patients, respectively.
Results from these trials will provide further information
on the value of Oncotype DX for predicting response
to adjuvant breast cancer chemotherapy. The OPTIMA
(Optimal Personalised Treatment of Early Breast Cancer
Using Multi-Parameter Analysis) trial is evaluating the role
of adjuvant chemotherapy in patients with node-positive,
ER-positive, and HER2-negative disease. A preliminary
phase is assessing several multigene assays (including
Oncotype DX and Prosigna [PAM50]) in approximately
300 patients to determine what would be the best test
for patient selection in the main trial (n=3000).* An
economic analysis of the OPTIMA-prelim results showed
Prosigna to be the assay of choice.*

Predictive Data for the Prosigna (PAM50) Assay

Guidelines from the German Association of Gynecologi-
cal Oncology, updated in March 2015, have added use of
Prosigna for newly diagnosed patients with node-negative

or node-positive, HR-positive, HER2-negative, early-stage
breast cancer without clinicopathologic factors that indicate
a clear therapeutic decision.” Several studies have suggested
that PAMS50 can predict response to chemotherapy.®>46-48
For example, Prat and colleagues found that the PAMS50
proliferation signature was significantly predictive of
responses to chemotherapy and extended survival after che-
motherapy in patients with the basal-like subtype.” In an
analysis of the National Cancer Institute of Canada Clini-
cal Trials Group MA.12 study, Chia and coworkers found
that luminal subtypes predicted whether a patient would
benefit from tamoxifen.”” Prat and associates found that
trastuzumab-based chemotherapy was especially beneficial
in women with advanced HER2-positive/HER2-enriched
tumors and HER2-positive tumors that were predicted to
have a high risk of relapse and proliferation status as identi-
fied by the PAM50 Assay.** HER2-enriched tumors had a
better response to trastuzumab. In a study by Tutt and col-
leagues, triple-negative breast cancer patients with a non-
basal subtype were more likely to respond to docetaxel than
carboplatin.?? Parker and colleagues, who developed the
PAMS50 gene set, indicated the significance of the intrinsic
subtype identified by PAM50 in both treatment-naive
patients and those receiving neoadjuvant chemotherapy.?
A study presented at the 2015 ASCO meeting by Rodriguez
and colleagues also provided predictive data for the Prosigna
(PAM50) Assay.® In this evaluation, the Prosigna ROR
score significantly predicted response to neoadjuvant che-
motherapy.” Patients with Luminal A tumors were the least
likely to respond to neoadjuvant chemotherapy as compared
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with the other intrinsic subtypes, which supports the current
St Gallen guidelines, updated in May 2015.%° The intrinsic
subtype as identified by the assay showed significant prog-
nostic value in a multivariate analysis accounting for ER
status, histologic grade, tumor size, and nodal status.?

Predictive Data for the MammaPrint DX Assay

The MammaPrint test was developed as a prognostic assay.
Retrospective studies showed discordant results for risk
stratification using the MammaPrint results and clinical
prognostic information together.’* When both Mama-
Print and clinical assessment were consistent with either
low or high ROR, there was confidence in the prognosis
assessment. However, when the MammaPrint was low
risk and the clinical information suggested high risk, or
vice versa, it was not clear which was more predictive. A
prospective randomized trial (MINDACT [Microarray
in Node Negative and 1-3 Positive Lymph Node Disease
May Avoid Chemotherapy]) was launched and completed
to determine the prognostic and predictive roles of Mam-
maPrint in patients with early-stage ER/PR-positive breast
cancer with discordant prognostic assessment by clinical
data and assigned MammaPrint risk group.” These patients
were randomized to adjuvant chemotherapy followed by
endocrine therapy vs endocrine therapy alone. The results
are awaited and should help determine whether the Mam-
maPrint test can predict which patients are likely to benefit
from adjuvant chemotherapy.

Class Effect

Prognostic multigene assays that accurately assess ROR
based on biology can provide a similar level of prediction of
chemotherapy benefit as the Oncotype DX test. This class
effect relates to the tests’ overlap in key biological pathways,
such as the ER, HER2, and proliferation-related genes.
Therefore, patients with tumors that have high ER expres-
sion, low HER2 expression, and low proliferation results
are likely to be categorized as low risk regardless of the test.
Conversely, patients with low ER or PR expression, high
HER?2 expression, and a high proliferation index will have
high-risk disease. The 2015 guidelines from the St Gallen
International Expert Consensus support the concept of a
class effect for multigene assays because prognostic tests that
are not specifically predictive of the efficacy of cytotoxic
therapy are commonly used to make decisions about such
therapy.*® This approach is justified because these tests likely
define a group of patients with a prognosis so good that even
if chemotherapy were similarly proportionately effective as
in higher risk patients, the absolute benefit may be thought
insufficient to justify such treatment. Similarly, a test result
indicating a worse prognosis may be used to justify the
use of effective but more toxic endocrine therapy, such as

ovarian function suppression plus aromatase inhibitors or
more intensive or prolonged chemotherapy. In this context,
Oncotype DX, MammaPrint, Prosigna (PAM50), and BCI
each appears to identify a group of patients for whom the
risk of distant metastases is so low that the benefit of adju-
vant chemotherapy would be outweighed by the risks.

Conclusion

The most important contribution of multigene assays
is the identification of women with ER/PR-positive,
HER2-negative, early-stage breast cancer who are at low
ROR and therefore will likely do well with endocrine
therapy alone. Those patients can be safely spared from
the cytotoxic effects of chemotherapy. In contrast, women
whose tumors are categorized as high risk using Oncotype
DX, Prosigna (PAM50), MammaPrint, or BCI should
be considered for adjuvant chemotherapy. Therefore,
until data from prospective, randomized trials are avail-
able, adjuvant chemotherapy should be discussed with
all women at intermediate ROR in the context of other
prognostic and clinical factors.

Disclosure

Dr Esteva is a consultant for NanoString Technologies, Inc.,
which offers the Prosigna® Breast Cancer Prognostic Gene
Signature Assay, based on the PAMS50 gene signature.
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