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Abstract: Identifying patients at high risk of breast cancer recurrence has important implica-
tions not only for enabling the ability to provide accurate information to patients but also the
potential to improve patient outcomes. Patients at high recurrence risk can be offered appropriate
treatment to improve the overall survival. However, the major challenge is identifying patients
with early-stage breast cancer at lower risk who may be spared potentially toxic therapy. The
successful integration of molecular assays into clinical practice may address the problem of
overtreatment and improve overall patient outcomes.
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Introduction

Accurate estimates regarding recurrence and survival are critical for selecting patients
with breast cancer who will benefit from adjuvant therapy. This is especially important
in patients with early breast cancer, who now make up the majority of patients due to
widespread uptake of screening mammography. Decisions about the type of treatment
have traditionally been based on the histopathologic parameters, including lymph
node status, histologic grade, and tumor size. However, these characteristics fail to
characterize the biologic heterogeneity of tumors, which has important implications
for treatment benefit.'”’

The advent of microarray gene expression profiles as well as sequencing of the
whole genome has brought several multigene platforms into clinical use. Many of these
platforms incorporate traditional markers (eg, estrogen receptor [ER], progesterone
receptor [PR], and human epidermal growth factor receptor 2 [HER2]/neu) as well
as additional cancer-associated genes. Genomic assays are increasingly being incor-
porated into treatment planning for patients with early-stage breast cancer to provide
both prognostic and predictive information. These assays supplement the traditional
histopathologic markers and help identify patients at high risk of recurrence. They also
provide a more quantitative approach to risk assessment and enable individualization
of treatment. This has both quality of life and health care cost implications, because
patients who will not benefit from a certain treatment can be spared both the toxicity
and the expense.®

The objective of this review is to provide an overview of the traditional histopatho-
logic features used in prognosticating breast cancer recurrence and to describe some
of the newer genomic assays that are now available in the clinical setting to estimate
recurrence risk and allow for individualization of treatment and improvement in patient
outcomes. This review focuses on the major commercialized molecular assays that
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are most frequently used in clinical practice in the USA and
Europe and that have been the most extensively studied.

Histopathologic parameters

Traditional clinicopathologic features, including lymph
node status, tumor size, histologic grade, histologic sub-
type, patient age, and ER/PR status, have been used in
clinical practice for years to estimate prognosis and to
predict benefit from various treatment options. A review
of 21 pathologic and five clinical features in the National
Surgical Adjuvant Breast and Bowel Project B-04 (NSABP
B-04) cohort of 620 patients identified tumor size, number
of nodal metastases, and nipple involvement as independent
prognostic discriminants.” The results of NSABP B-06,
which established lumpectomy plus radiation as an appro-
priate alternative to total mastectomy in stage I and II breast
cancer, highlight similar trends, with increase in the number
of lymph nodes associated with worsening survival.!%!!
Additionally, in a review of data from 644 patients treated
with mastectomy with median follow-up of 18.2 years,
Rosen et al identified tumor size, perimenopausal status,
number of axillary lymph node metastases, poorly dif-
ferentiated grade, presence of lymphatic invasion, and an
intense lymphoplasmacytic reaction around the tumor as
negative prognostic features. For instance, they estimated
that the local risk of recurrence at 20 years for TINO and
TINI1 tumors was 2.8% and 6.5%, respectively.'? Historic
data suggest a 10-year disease-free survival of ~60%—75%
in node-negative cancers compared to 25%-30% in node-
positive cancers.

Other prognostic information is derived from response to
systemic chemotherapy in patients who receive preoperative
(“neoadjuvant”) chemotherapy. In the NSABP B-18 and
NSABP B-21 trials, patients who do not achieve a pathologic
complete response (pCR) were at higher risk of recurrence
compared to patients who achieve pCR.">!* Currently, this
information is purely prognostic and the potential benefit of
tailoring systemic chemotherapy (ie, switching therapy in
patients with limited response) or offering additional chemo-
therapy if patients do not achieve pCR is unknown.

In patients with less common histologic subtypes, small
population studies and retrospective analyses suggest cor-
relation between histology and outcomes, which can also aid
with prognostication. These rare histologies include tubular,
cribriform, and mucinous carcinoma subtypes associated with
favorable outcomes and metaplastic carcinoma and high-
grade neuroendocrine cancer of the breast associated with
poor outcomes.'>!’

Hormone receptor and HER?2 testing provide additional
predictive information that allows for tailoring therapy.
Determining the incremental benefit of adjuvant systemic
chemotherapy beyond hormone therapy in patients with
early-stage breast cancer remains a challenge. Features that
predict a high rate of distant recurrence include primary
tumor size, close margins or pathologic positive margins,
high nuclear grade, age <35 years old, and HER2 positive
or HR negative.'®! HER2-positive status provides prognostic
information in node-negative breast cancer as well as predict-
ing information in selecting targeted and systemic therapy.?
Moreover, in patients with node-positive disease who are at
increased risk of recurrence, the predictive value for adjuvant
chemotherapy appears to be more established.?!

Adjuvant!

Adjuvant! (Adjuvant! Inc., San Antonio, TX, USA) is a stan-
dardized decision tool that uses classical clinicopathologic
features to estimate 10-year recurrence risk and mortality
among patients with early-stage breast cancer with and with-
out adjuvant therapy.?? Risk estimates were obtained from
the Surveillance, Epidemiology, and End Results registry
and are based on 10-year overall survival for women age
36—69 years diagnosed with breast cancer between 1988
and 1992. Breast cancer-specific survival among untreated
patients was adjusted for the estimated frequency of the use
of systemic therapy and expected efficacy of that therapy.
Event-free survival estimates were derived from Surveil-
lance, Epidemiology, and End Results mortality data, and
the efficacy of various chemotherapy and endocrine thera-
pies was derived from the Early Breast Cancer Trialists’
Collaborative Group 1998 meta-analysis.?*** Adjuvant!
estimates have subsequently been validated using the British
Columbia Breast Cancer Outcomes Unit database.”

The major advantage of Adjuvant is that it provides an
in-the-office real-time tool to estimate recurrence risk and
predict treatment benefit. The limitations of Adjuvant! are
that it incorporates wide ranges of tumor size and number
of lymph nodes, ER assessment is qualitative (either + or —),
and PR is not included, so a potentially more favorable 100%
ER+ and 100% PR-positive tumor is assessed the same as
a 10% ER+ and PR-negative tumor. It also does not incor-
porate HER2 testing in computing prognosis and response
to therapy.

Multigene molecular assays
Studies have demonstrated that multigene molecular
panels can more accurately predict relapse than standard
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clinicopathologic criteria in both node-negative and node-
positive and hormone receptor-negative and -positive
patients. 2628

Oncotype DX®

Oncotype DX® (Genomic Health Inc, Redwood City, CA,
USA) is the first assay to provide both prognostic estimates
and predictions about response to therapy. Other available
genomic assays had provided prognostic information, but not
information to also guide treatment.??*! This 21-gene assay
(Oncotype DX Recurrence Score [RS]) uses high-throughput
real-time, reverse-transcriptase polymerase chain reaction to
quantify gene expression levels of 21 genes, including five
control genes. The assay has been validated as a reliable quan-
tifier of risk of distant recurrence in two independent data
sets of women with node-negative ER+ breast cancer treated
with tamoxifen.>** The RS has also been demonstrated to
predict the benefit from adjuvant chemotherapy in this patient
population in the NSABP B-20 trial and Southwest Oncol-
ogy Group 8814 trial.>*8 The RS stratifies patients into low
risk (RS <18), intermediate risk (=18 but <31), and high
risk (RS score =31) of distant recurrence. The disease-free
survival at 10 years was 93.2% and 69.5% for the low-risk and
high-risk groups, respectively. The RS provided predictive
power independent of patient’s age and tumor size.*

The Oncotype DX RS reveals the continuous biology of
breast cancer. There are some underlying phenotypes that may
correspond to low RS disease and high RS disease.” There
was a modest concordance with patient age. In a large ER+
patient cohort, an increased percentage of low RS has been
observed in younger women, whereas older patients tend to
have an increased percentage of high RS.3* The RS was also
associated with PR ligand binding and poor grade, but with
a significant degree of discordance. Data from the NSABP
B-20 trial showed more T1ab tumors with low RS; however,
in a validation cohort, approximately 16% of patients with
T1ab tumor had high RS.* There is a wide range of RS across
patient’s age, grade, node-negative, and node-positive status.*
This highlights the prognostic significance of 21-gene array
beyond traditional clinicopathologic phenotypes.

These RS distinctions help identify patients likely to
derive benefit from systemic chemotherapy. The higher the
score, the greater the risk of distant recurrence, with this
subset obtaining a significant benefit from the addition of
chemotherapy to tamoxifen. Conversely, the precision of
the RS, with a tight confidence interval in the lower RS
ranges, allows oncologists to confidently identify low-risk
disease. Since a low RS value is associated with low risk

of distant recurrence and lack of benefit from adding che-
motherapy to tamoxifen, many oncologists can confidently
recommend these patients forego chemotherapy. Among
node-positive ER+ patients, Oncotype DX has also been
found to significantly predict the benefit from adjuvant
anthracycline-containing and nonanthracycline-containing
adjuvant chemotherapy regimens.* While many patients will
benefit from chemotherapy, not all require anthracyclines,
which have the added risk of cardiotoxicity and secondary
malignancy. If some patients (ie, those with low RS) are not
expected to get the added benefit of anthracyclines, they can
be spared the added toxicity.

Approximately 25% of patients will fall into the inter-
mediate RS range. Although the continuous nature of the
assay allows oncologists to ascertain distant recurrence
risk for these patients, there are multiple ways to apply
the information. Patients with a “high” intermediate RS may
be considered differently from those with a “low” interme-
diate RS value. Nonetheless, the information provided by
the RS result can be helpful in making treatment decisions
when viewed in the context of other patient-specific fac-
tors, including patient concern, age, tumor size and grade,
and conditions that may increase the risk of chemotherapy-
associated toxicity.323337

MammaPrint®

MammaPrint® (Agendia, Irvine, CA, USA) is a microarray
gene expression based on differential gene expression of 70
genes that were significantly correlated with disease outcome
in 78 frozen samples from lymph node-negative breast cancer
<5 cm, patients <55 years at diagnosis, mostly without adju-
vant systemic therapy.* This RNA gene microarray provides
a qualitative binary output (good or poor prognosis) using a
relatively large number of genes compared to the Oncotype
DX.

The 70-gene assay was validated in two studies with
diverse patient populations, in terms of hormonal status,
nodal status, and adjuvant therapy received. Both studies
relied on convenience samples.* In the first validation study,
the patient population was relatively young and mixed in
terms of nodal status (both node-negative and node-positive
disease), ER status (both ER+ and ER—), and adjuvant treat-
ment received. However, 61 of the 295 patients in the valida-
tion cohort were also used to develop the prognostic profile,
which has the danger of overestimating the predictive
potential of this assay.”” The second validation study included
patients with characteristics different from those of patients
in the first validation study. Although the patients in the
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second validation study were all node negative and untreated,
the patients were mixed in terms of ER status. In addition,
the primary end points differed between the two validation
studies: the first measured risk of metastasis at 10 years and
the second measured time to distant metastases.*!+

The benefit of chemotherapy was evaluated in a pooled
analysis of clinical data from patients with a Mammaprint
70-gene assay who had received chemotherapy or endocrine
therapy. The studies included in the analysis were retrospec-
tive and observational. Although there was a suggestion
of benefit for chemotherapy added to endocrine therapy in
high-risk patients, the level of evidence does not meet the
threshold for determining clinical utility.

Prosigna®PAM50

Prosigna/PAMS50 (NanoString Technologies Inc., Seattle,
WA, USA) is a second-generation multigene assay, which
utilizes 50 discriminator genes and eight controls to identify
intrinsic breast cancer subtypes, that is, ER+/HER2 negative
(luminal A/B), HER2 enriched, and basal like (ER—/HER2-),
and tumors that have characteristics similar to normal breast
tissue.>* In retrospective analyses, these gene expression
subtypes are associated with differing relapse-free survival and
overall survival. Additionally, the PAM50 assay incorporates
gene signatures associated with proliferation and pathologic
tumor size (coded as <2 cm or >2 c¢m). This generates a con-
tinuous “risk of relapse” score from 0 to 100, with preassigned
cutoffs for different risk groups based on the 10-year probabil-
ity of recurrence: <10%, 10%—20%, and >20% categorized
as low, intermediate, and high risk, respectively.

Clinical validation studies for PAMS50 included the
Austrian Breast and Colorectal Cancer Study Group
(ABCSG)-8 trial population of postmenopausal women with
hormone receptor-positive breast cancer who had received
5 years of endocrine therapy alone in the form of 5 years of
tamoxifen or 2 years of tamoxifen followed by 3 years of
an aromatase inhibitor. Approximately 70% of the patients
were T1 stage and node negative. The risk of relapse score
accurately predicted the 10-year risk of distant metastasis.

In comparison with the Oncotype DX, using the
TransATAC cohort, the PAM50 provided more prognos-
tic information than the 21-gene-derived RS score. 324246
However, the PAMS50 lacks high-level validation of the
predictive benefit of chemotherapy.

Mammostrat®
The Mammostrat® (Clarient Diagnostic Services, Inc,
Aliso Viejo, CA, USA) test uses immunohistochemical

assays measuring five genes in breast cancer cells, SLC7435,
HTF9C, P53, NDRG1, and CEACAMS, to stratify patients
on tamoxifen therapy into risk groups. The five markers are
independent and do not directly measure either proliferation
or hormone receptor status, so results may be interpreted in
conjunction with conventional histopathologic features and
hormone receptor status.

Clinical validation studies for Mammostrat included
patients with both node-negative and node-positive disease.
Ross et al used archival samples from tamoxifen-treated
patients in NSABP B-14 and NSABP B-20 to validate the
assay.’ Bartlett et al used archival samples collected from
consecutive patients with T1 or T2, NO or N1, and MO disease
at a single center. Only patients with ER+, node-negative or
node-positive disease who had received hormonal therapy
were included in the primary, prospectively defined analyses
in this study.*® Although there was a significant association
between patients stratified by Mammostrat and recurrence-
free interval (RFI), distant RFI, and breast cancer-specific
death, the low-risk and moderate-risk groups predict similar
risk of recurrence for any of these outcome variables. In
addition, the Mammostrat low-risk group had a relatively
high RFI of 85%.

Mammostrat is not clinically validated to predict che-
motherapy benefit. Mammostrat identified high-risk and
low-risk groups that both showed significant improvement in
treatment with tamoxifen and chemotherapy. The moderate-
risk group showed no significant benefit of chemotherapy
and tamoxifen compared to tamoxifen alone. A test for an
interaction between chemotherapy and risk group stratifica-
tion was not significant (P=0.13).*” In the “Tamoxifen versus
Exemestane Adjuvant Multicenter” (TEAM) trial, the data
showed no significant difference in distant relapse-free
survival between the high- and low-risk stratified groups
(89% vs 82%).* The 5-year risk of disease recurrence or
death was 11%, which is higher than expected for a low-risk
population. Based on these findings, the authors concluded
that Mammostrat has no independent prognostic ability to
predict relapse within 5 years.>

Key differences between genomic

assays

A high rate of discordance has been observed between
the MammaPrint and Oncotype DX assays. The results of
a small, single-institution study conducted in France on
patients who had both the MammaPrint assay and Oncotype
assay showed that of patients in the MammaPrint high-risk
group, ten of the 22 (45%) had a low RS, indicating minimal
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benefit from chemotherapy and only one of the 22 (5%)
had a high RS.>! This discordance in risk assessment was
reproduced in another study by Shivers et al, which directly
compared MammaPrint, Oncotype DX, and Mammostrat.
In this study, 33.3% of MammaPrint high-risk patients were
classified as low risk by Oncotype DX and conversely 5.6%
of low-risk MammaPrint patients were classified as high-risk
RS.5? A direct comparison of PAMS50 and Oncotype DX
showed concordance for high RS and luminal B (high risk),
as well as luminal A and low RS. However, more patients
in the intermediate RS group were reclassified by PAMS50 as
low risk, suggesting that PAM50 may augment prognostic
information provided by Onctoype DX alone.™

Although each of these assays can reliably predict risk
of recurrence, only the Oncotype DX has been validated at
this point to predict the benefit of chemotherapy. Clinicians
should use caution and consider the limitations of these tests
when considering which assay to use in decision-making
about treatment.

Future studies

As previously discussed, the major limitation of the genomic
assays is that although validated in large varied cohorts,
all studies to date have been retrospective. The Microar-
ray in Node negative Disease may Avoid ChemoTherapy
(MINDACT) trial is the first major prospective validation
of molecular assays. It is a large, multinational, and mul-
ticenter randomized controlled trial that started accrual in
2007 and completed recruitment in July 2011. In this study
6,000 patients with breast cancer having up to three positive
lymph nodes will have risk assessed by both AdjuvantOnline!
and the 70-gene profile, MammaPrint. If both assays classify
the patient as low risk, then chemotherapy will be withheld;
if both classify as high risk, then adjuvant chemotherapy
will be given. If the results are discordant, the patient will
be randomized to follow either clinocopathologic method
or genomic results. A key group of women being assessed
are those classified as high risk by clinicopathologic method
and low risk by genomic assay and randomized to follow
the low-risk genomic results. Secondary randomizations are
incorporated into the trial design of MINDACT to evaluate
nonanthracycline-based adjuvant chemotherapy regimens
and first-line therapies for adjuvant endocrine therapy.’* The
hypothesis is that MammaPrint will reduce the percentage
of women receiving adjuvant chemotherapy based on tradi-
tional risk classifications by 10%—-20% without any adverse
effect on outcome. A planned pilot study of 800 patients
confirmed that despite the logistical complexity of this trial,

it is feasible. Among these patients, 48% were concordant
low risk by both assays and 24.5% were concordant high
risk, with a discordant rate of 27%, 17.6% of whom are
clinically high but genomic low risk. These are the patients
who could potentially be spared chemotherapy.” The results
of this study will define clinical utility of the “omics” world
in clinical practice. The findings will help determine the
predictive value of MammaPrint and the benefit of treating
intermediate-risk patients with adjuvant chemotherapy.

The TAILORx and RxPONDER trials are being con-
ducted in parallel to assess the benefit of adjuvant chemo-
therapy in addition to endocrine therapy in patients with ER+
breast cancer having intermediate prognosis by Oncotype
RS. In the TAILORKX trial, patients with node-negative, HR-
positive breast cancer classified as intermediate risk are being
randomized to receive chemotherapy or no chemotherapy.*®
The RXxPONDER trial will confirm SWOG 8814 trial data
for women with ER+, 1-3 LN node-positive disease treated
with chemotherapy or not based on risk scores. The findings
will help determine the benefit of treating patients (node
negative and node positive) at intermediate risk with adjuvant
chemotherapy.’’

Conclusion

In this review, we identify the traditional histopathologic
features, clinicopathologic risk prediction models, and com-
mercially available genomic assays used in clinical practice
for patients with early breast cancer to assess prognosis
and increase precision of adjuvant therapy. We limited our
scope to commercially available assays that are most com-
monly used in the clinical setting in the USA and Europe
— Oncotype DX, MammaPrint, PAM50, and Mammostrat.
Although the development and validation of these assays
are different, they all provide information on prognosis with
the exception of the Oncotype DX, which also provides
predictive information. A major drawback of these assays is
that the validation studies are largely based on retrospective
cohorts of patients treated according to the existing clinical
guidelines at the time of diagnosis. The results of the large
prospective trials — MINDACT, TAILORx, and RxPONDER
—will provide rigorous data to guide therapy that will improve
outcomes by more accurately identifying patients who can be
spared chemotherapy and associated toxicity without com-
promising survival and conversely patients in whom adjuvant
chemotherapy portends a survival advantage.
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