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Breast cancer is a heterogeneous disease and patients are managed clinically based on ER, PR, HER2 expression, and key risk factors. The use of gene
expression assays for early stage disease is already common practice. These tests have found a place in risk stratifying the heterogeneous group of stage
|-l breast cancers for recurrence, for predicting chemotherapy response, and for predicting breast cancer-related mortality. Most guidelines for hormone
receptor (HR)—positive early breast cancer recommend addition of adjuvant chemotherapy for most women, leading to overtreatment, which causes
considerable morbidity and cost. Expert oncologist discussed about strategies of gene expression assays and aid in chemotherapy recommendations
for treatment of HR + ve EBC and the expert group used data from published literature, practical experience and opinion of a large group of academic
oncologists to arrive at this practical consensus recommendations for the benefit of community oncologists.

J

Introduction

Breast cancer is one of the leading causes of cancer-related
morbidity worldwide.l'!l Approximately 20% of women
diagnosed with EBC will experience recurrence at a distant
site within 10 years.””! One key challenge is that breast cancer
is a heterogencous disease that is categorized clinically by
immunohistochemical (IHC) staining of the three receptors;
estrogen receptor (ER), progesterone receptor (PR), and the
human epidermal growth factor receptor-2 (ERBB2/HER2).5!
Seminal studies in the early 2000s demonstrated that gene
expression signatures could classify breast cancers into distinct
and reproducible molecular subgroups.[*”! In essence, breast
cancer can be molecularly classified into luminal A and luminal
B subgroups that are mostly comprised of hormone-receptor
positive (HR+) breast cancers; a basal-like subgroup that is
mostly comprised of triple-negative breast cancers (TNBC);
a HER2-enriched subgroup that is mostly comprised of
HER2 + breast cancers and a normal-like subgroup that has
been proposed to be mostly comprised of the contaminating
tumor-surrounding stroma.® PAM50 predicted subtypes within
a defined IHC subgroup have prognostic implications, in that
the luminal A subgroup has a better prognosis than the luminal
B subtype.

Traditionally, adjuvant chemotherapy was recommended based
on tumor features such as stage (tumor size, regional nodal
involvement), grade, expression of hormone receptors (estrogen
receptor [ER] and progesterone receptor [PR]) and human
epidermal growth factor receptor-2 (HER2), and patient
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features (age, menopausal status). However, this approach
is not accurate enough to guide individualized treatment
recommendations, which are based on the risk for recurrence
and the reduction in this risk that can be achieved with various
systemic treatments.

In particular, there are individuals with low-risk HR-positive,
HER2-negative breast cancers who could be spared the
toxicities of cytotoxic chemotherapies without compromising the
prognosis. Beyond chemotherapy, endocrine therapies also have
risks, especially when given for extended durations. Recently,
extended endocrine therapy has been shown to prevent late
recurrences of HR-positive breast cancers.

Expert group of oncologist meet in the update in
oncology-X-2017 to discuss on how to Manage HR + ve early
breast cancer and role of Genomics in diagnosis as well as in
treatment of early breast cancer.

The update in oncology-X-2017 was organized by Sir Ganga
Ram Hospital group met to discuss and arrive at a consensus
statement to provide community oncologists practical guidelines
for challenging common case scenarios in Breast Cancer
out of these we are discus about how to Manage HR + ve
early breast cancer and role of Genomics in this chapter.
While the discussions will take the scenario as exists in
India as a representative country with limited resources, the
final manuscript is applicable globally.*!! The discussion
was based on domain expertise of the National as well
as international faculty, published evidence and practical
experience in real life management of breast cancer patients.
Opinion of the 250 oncologist including medical oncologist,
radiation oncologist, surgical oncologist, molecular oncologist
and radiologist are present in the update in oncology-X-2017
was taken into consideration by the expert panel.

The expert group was chaired by Dr. D.C.Doval and
Dr. Rajeshwar Singh whereas the discussions were moderated
by Dr. Ashok Vaid and Dr. Anita Ramesh. The core expert
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group consists Dr. Samit Purohit, Dr. Bhawan Avasthi,
Dr. Sumant Gupta, Dr. Vivek Kaushal, Dr. Shad Salim
and Dr. Stephen C Malamud. Consensus answers were
used as the basis of formulating the consensus statement
providing community oncologists with ready-to-use practical
recommendations. The survey answers were used as the basis
for formulating the consensus statement so that community
oncologists have a ready-to-use Fertility Prevention in Breast
cancer patients.

As part of the background work, the best existing evidence
was compiled and provided to the expert group panel members
for review in preparation of the expert group meeting.!"""'¥ The
national and international experts invited to this meeting were
also provided the data on the voting by the audience delegates
from the update in oncology-X-2017. Members of the panel
were also allowed to share their ersonal experiences, make
comments and record dissent while voting for the consensus
statements. Total of Seven broad question categories were part
of the expert group discussions [Table 1].

In order to have a more concrete understanding of the risks
and benefits of adjuvant chemotherapy, several gene expression
assays have been developed to better stratify this group of
diverse patients. The assays evaluate varying numbers of genes
in the breast tumor, to quantify their expression levels, and
output a score that correlates with risk of recurrence. These
tests are commercially available now days are being used in
clinical practice to assist with prognostication and often to aid
decision making regarding adjuvant chemotherapy.

Genomic Profiling-Tables 2-8

Gene expression profiling by microarray was initially used to
identify unique subtypes of breast cancer, but these subtypes
also have strong prognostic implications. For example, patients
with luminal A tumors have consistently been shown to have a
better prognosis than all other subtypes, including the luminal B
tumors, which are also ER-positive.[®! There are several assays
that clinicians are currently using in their practices to assess the
molecular profile of a tumor prior to making recommendations
regarding adjuvant systemic therapy.

Ki-67 Assays, Including IHC4 and PEPI

Chronic proliferation is a hallmark of cancer cells.'* Ki-67, a
nuclear nonhistone protein whose expression varies in intensity
throughout the cell cycle, has been used as a measurement
of tumor cell proliferation.['s! Two large meta-analyses have
demonstrated that high Ki-67 expression in breast tumors is
independently associated with worse disease-free and overall
survival rates.['®!7] Ki-67 expression has also been used to
classify HR-positive tumors as luminal A or B. After classifying
tumor subtypes based on intrinsic gene expression profiling,
Cheang et al. determined that a Ki-67 cut point of 13.25%
differentiated luminal A and B tumors.l'¥ However, the ideal
cut point for Ki-67 remains unclear, as the sensitivity and
specificity in this study was 77% and 78%, respectively.
Others have combined Ki-67 with standard ER, PR, and HER2
testing. This IHC4 score, which weighs each of these variables,
was validated in postmenopausal patients from the ATAC
(Arimidex, Tamoxifen, Alone or in Combination) trial who
had ER-positive tumors and did not receive chemotherapy.!"”!
The prognostic informati on from the IHC4 was similar to that
South Asian Journal of Cancer ¢ Volume 7 & Issue 2 & April-June 2018

Table 1: Question categories addressed by the update in
oncology-X-2017

Broad question title

Case 1-40 years premenopausal lady diagnosed with infiltrating duct
carcinoma left breast. She undergoes modified radical mastectomy.
HPE results - TINOMO. ER-80%, PR-80%, HER 2/neu-negative.
Patient cannot afford Oncotype Dx test
Question 1 - What next?
Question 2 - If Ki 67 <3%, tumor well differentiated then will you
hold chemotherapy?
Question 3 - If MammaPrint or prosigna is favorable then will you
hold chemotherapy?
Question 4 - Patient wants chemotherapy then which chemotherapy
will you give?
Case 2 - In node positive, ER/PR positive HER 2 negative patient
Question 5 - Will you give you chemotherapy?
Question 6 - Will you do Ki 67/oncotype etc.?
Question 7 - Ki 67/oncotype etc.is favourable, will you give
chemotherapy?
Update in oncology-X-2017

ER=Estrogen receptor, PR=Progesterone receptor, HER 2=Human epidermal growth
factor receptor 2

Table 2: Question 1-40 years premenopausal lady
diagnosed with infiltrating duct carcinoma left breast
has undergone modified radical mastectomy. Final
diagnosis is infiltrating duct carcinoma pT1NOMO.
Estrogen receptor-80%, progesterone receptor-80%,
human epidermal growth factor receptor 2/neu negative.
She is not willing for Oncotype Dx test. What will you
recommend next?

Options (%) Grade of Prosigna MammaPrint
the tumor or similar
and Ki 67 test

Percentage of 46.2 0 53.8

polled oncologists
Expert group consensus: Expert recommended for MammaPrint

Table 3: Question 2 - If Ki 67 <3%, tumors well
differentiated then will you withhold chemotherapy?
Options (%) Yes No
Percentage of polled oncologists 80 20

Expert group consensus: Chemotherapy should not be withheld simply on the basis
of well differentiated tumor histology and low Ki67 results

Table 4: Question 3 - If MammaPrint or prosigna is
favorable then will you withhold chemotherapy?

Options (%) Yes No
Percentage of polled oncologists 66.7 33.3

Expert group consensus: Chemotherapy should not be withheld solely on the basis of
favourable MammaPrint or prosigna results

Table S: Question 4 - Patient wants chemotherapy then
which chemotherapy will you give?

Options (%) Anthracycline CEF Only taxane
with taxane based
Percentage of 0 50 50

polled oncologists

Expert group consensus: Taxane is the first choice for chemotherapy in such patients

seen with the 21-gene recurrence score (Oncotype DX), which
is discussed later in this article. The key challenge with Ki-67
testing currently is the lack of a validated test methodology,
and intraobserver variability in interpreting the Ki-67 results.?”
Recent series have suggested that Ki-67 be considered as a
continuous marker rather than a set cut point.?! These issues
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Table 6: Question 5 - In a node positive, estrogen
receptor/progesterone receptor positive human
epidermal growth factor receptor 2 negative patient,
will you give you chemotherapy?

Options (%) Yes No
Percentage of polled oncologists 87.5 12.5

Expert group consensus: Chemotherapy is recommended in node positive, ER/PR
positive, HER 2 negative patients. HER 2=Human epidermal growth factor receptor
2, ER=Estrogen receptor, PR=Progesterone receptor

Table 7: Question 6 - Will you do Ki 67/oncotype Dx etc?
Options (%) Yes No
Percentage of polled oncologists 50 50

Expert group consensus: Ki67/oncotype Dx or similar biomarker testing is
recommended in node positive, ER/PR positive HER 2 negative breast cancer
patients. HER 2=Human epidermal growth factor receptor 2, ER=Estrogen receptor,
PR=Progesterone receptor

Table 8: Question 7 - Ki 67/oncotype Dx result is
favourable, will you give chemotherapy?

Options (%) Yes No
Percentage of polled oncologists 63.6 36.4

Expert group consensus: Final decision on whether to give chemotherapy or not
cannot be based on a single predictive test like Ki67/Oncogype Dx. The decision is
arrived at after considering all the features of the clinical picture

continue to impact the clinical utility of Ki-67 for decision
making for adjuvant chemotherapy.

Ki-67 and the preoperative endocrine prognostic index (PEPI)
score have been explored in the neoadjuvant setting to separate
postmenopausal women with endocrine-sensitive versus
intrinsically resistant disease and identify patients at risk
for recurrent disease.?? Patients with low pathological stage
(0 or 1) and a favorable biomarker profile (PEPI score 0) at
surgery had the best prognosis in the absence of chemotherapy.

On the other hand, higher pathological stage at surgery and a
poor biomarker profile with loss of ER positivity or persistently
elevated Ki-67 (PEPI score of 3) identified de novo endocrine
resistant tumors which are at higher risk for early relapse./*!

Oncotype DX

This 21-gene assay developed by Genomic Health (Redwood
City, CA, http://www.genomichealth.com) is the most frequently
used test in clinical practice in the U.S.[**) Based on quantitative
reverse transcription polymerase chain reaction (PCR)
expression levels of 5 reference genes and 16 selected
genes related mostly to the estrogen receptor (ER), HER2,
proliferation, and invasion, the assay determines a recurrence
score (RS) that assigns patients into a low-, intermediate-, or
high-risk category.

Originally, the 21-gene recurrence score assay was analyzed
as a prognostic biomarker tool in a prospective-retrospective
biomarker substudy of the National Surgical Adjuvant
Breast and Bowel Project (NSABP) B-14 clinical trial in
which patients with node-negative, ER-positive tumors were
randomly assigned to receive tamoxifen or placebo without
chemotherapy.?¥ Using the standard reported values of low
risk (<18), intermediate risk (18-30), or high risk (=31) for
recurrence, among the tamoxifen-treated patients, cancers with
a high-risk recurrence score had a significantly worse rate of
distant recurrence and overall survival.”! Inferior breast cancer
survival with a high recurrence score was also confirmed in
other series of endocrine-treated patients with node-negative
and node-positive disease.[?6-28!
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PAM50 (Breast Cancer Prognostic Gene
Signature)

Using microarray and quantitative reverse transcriptase
PCR (RT-PCR) on formalin-fixed paraffin-embedded (FFPE)
tissues, the Breast Cancer Prognostic Gene Signature (PAMS50)
assay was initially developed to identify intrinsic breast cancer
subtypes, including luminal A, luminal B, HER2-enriched,
and basal-like.[*® Based on the prediction analysis of
microarray (PAM) method, the assay measures the expression
levels of 50 genes, provides a risk category (low, intermediate,
and high), and generates a numerical risk of recurrence
score (ROR). The intrinsic subtype and ROR have been shown
to add significant prognostic value to the clinicopathological
characteristics of tumors. Clinical validity of PAMS50 was
evaluated in postmenopausal women with HR-positive,
early-stage breast cancer treated in the prospective ATAC
and ABCSG-8 (Austrian Breast and Colorectal Cancer Study
Group 8) trials.?®3 PAMS0 has been designed to be carried
out in any qualified pathology laboratory. Moreover, the ROR
score provides additional prognostic information about risk of
late recurrence in breast cancer.

70-Gene Breast Cancer Recurrence
Assay (MammaPrint)

MammaPrint is a 70-gene assay that was initially developed
using an unsupervised, hierarchical clustering algorithm on
whole-genome expression arrays with early-stage breast cancer.

Among 295 consecutive patients who had Mamma Print
testing, those classified with a good-prognosis tumor
signature (n = 115) had an excellent 10-year survival
rate (94.5%) compared to those with a poor prognosis
signature (54.5%), and the signature remained prognostic
upon multivariate analysis.l”! Subsequently, a pooled analysis
comparing outcomes by Mamma Print score in patients with
node-negative or 1 to 3 node-positive breast cancers treated
as per discretion of their medical team with either adjuvant
chemotherapy plus endocrine therapy or endocrine therapy
alone reported that only those patients with a high-risk score
benefited from chemotherapy.l*'! Recently, a prospective
phase 3 study (MINDACT [Microarray In Node negative
Disease may Avoid ChemoTherapy]) evaluating the utility
of Mamma-Print for adjuvant chemotherapy decision-making
reported results.?

EndoPredict

EndoPredict (EP) is another quantitative RT-PCR-based assay
which uses FFPE tissues to calculate a risk score based on 8
cancer-related and 3 reference genes. The score is combined
with clinicopathological factors including tumor size and
nodal status to make a comprehensive risk score (EPclin).
EPclin is used to dichotomize patients into EP low- and
EP high-risk groups. EP has been validated in 2 cohorts of
patients enrolled in separate randomized studies, ABCSG-6
and ABCSG-8. EP provided prognostic information beyond
clinicopathological variables to predict distant recurrence in
patients with HR-positive, HER2-negative early breast cancer.*

Endo Predict is the first multi gene expression assay that could
be routinely performed in decentral molecular pathological
laboratories with a short turnaround time.P*
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Breast Cancer Index

The BCI is a RT-PCR-based gene expression assay that
consists of 2 gene expression biomarkers: molecular grade
index (MGI) and HOXB13/IL17BR (H/I). The BCI was
developed as a prognostic test to assess risk for breast cancer
recurrence using a cohort of ER-positive patients (n = 588)
treated with adjuvant tamoxifen versus observation from the
prospective randomized Stockholm trial.*! The prognostic
and predictive values of the BCI have been validated in
other large, randomized studies and in patients with both
node-negative and node-positive disease.***” The predictive
value of the endocrine-response biomarker, the H/I ratio, has
been demonstrated in randomized studies. In the MA.17 trial,
a high H/I ratio was associated with increased risk for late
recurrence in the absence of letrozole. However, extended
endocrine therapy with letrozole in patients with high H/I ratios
predicted benefit from therapy and decreased the probability of
late disease recurrence.®

Adjuvant Treatment Options

Luminal subtypes

The luminal A and B subtypes are both characterized by HR
expression, and 5 years of adjuvant anti-estrogen therapy
became the standard of care based upon results from multiple
trials.? The addition of aromatase inhibitors in the adjuvant
setting for postmenopausal women has improved disease-free
survival compared with tamoxifen alone. Aromatase inhibitors
can be used as upfront continuous treatment for 5 years,“4!l
as sequential therapy after 2 to 3 years of tamoxifen,*>#! or as
extended adjuvant therapy after 5 years of tamoxifen.!*]

Patients with HR-positive breast cancer continue to have
relapse rates of 1% to 4% per year between 5 and 15 years
from diagnosis, and the optimal duration of adjuvant hormonal
therapy remains an important clinical question.*#?! The use of
gene expression profiling can help to identify key genes that
can then be exploited therapeutically.

Basal-like subtype

When patients were stratified by breast tumor subtype and
analyzed for time to distant metastasis and overall survival,
those with the basal subtype had the worst clinical outcome."”
This likely reflects both the aggressive nature of basal-subtype
breast tumors and the lack of targeted therapies, since these
tumors do not express the ER and do not overexpress HER2.
Conventional anthracycline- and taxane-based regimens are
currently used to treat patients with the basal-like subtype of
breast cancer.

HER2-enriched subtype

The HER2-enriched subtype is characterized by high expression
of HER2, most commonly due to amplification of the HER2
gene. Genes such as GRB7 and TOP24, which are located
in close proximity to the HER2 gene on chromosome 17, are
often co-amplified.*¥] Multiple studies have been performed
to correlate TOP2A4 gene status, topo2a expression levels,
and response to anthracyclines.[*-*¥ The role of TOP24
amplification was examined in the Breast Cancer International
Research Group (BCIRG) 006 trial in which early-stage,
HER2-positive patients were randomized between three arms:
standard anthracycline- and taxane-based chemotherapy with or
without trastuzumab, and a third non—anthracycline-containing
South Asian Journal of Cancer ¢ Volume 7 & Issue 2 & April-June 2018

regimen of docetaxel, carboplatin, and trastuzumab. Patients
without co-amplification derived greater benefit from the
addition of trastuzumab. In patients with co-amplification of
TOP2A and HER2, minimal incremental benefit was seen with
the addition of trastuzumab; however, the long-term toxicity
profile favored the non—anthracycline-containing regimen.?*!

Conclusion

Reduction in breast cancer mortality is mainly the result of
improved systemic treatments. With advances in breast cancer
screening tools in recent years, the rate of cancer detection has
increased. This has raised concerns regarding over diagnosis.
To prevent unwanted toxicities associated with overtreatment,
better treatment decision tools are needed. Several genomic
assays are currently available and widely used to provide
prognostic and predictive information and aid in decisions
regarding appropriate use of adjuvant chemotherapy in
HR-positive/HER2-negative early-stage breast cancer. Gene
expression assays have the potential to fill the gap where
clinicopathologic criteria fall short.

Summary of our discussion is based on the individual patients’
and their unique tumor biology will likely result in better
outcomes overall by making sure the right patient receives
the right therapy. The aim of our discussion is to improved
treatment selection (with or without chemotherapy), there will
be improved quality of life, more efficient use of resources, and
reduced direct and indirect costs of treatment.

Take Home Message

1. Mammaprint is preferred as compared to prosigna or Ki
67 (in well differentiated histology).
2. Taxane is the chemotherapy agent of first choice in such

patients. Anthracyclines may be avoided if possible.

3. Chemotherapy should not be withheld solely on the basis of
favourable Ki67, mammaprint or prosigna results - even if the
tumor is well differentiated.

4. Chemotherapy is a recommended option in node positive,
ER/PR positive, her2 negative patients.
5. Ki67/oncotype Dx or similar biomarker testing is

recommended in node positive, ER/PR positive her2 negative
breast cancer patients.

6. Final decision on whether to give chemotherapy or not cannot

be based on a single predictive test like Ki67/Oncogype Dx.
The decision is arrived at after considering all the features of
the clinical picture.
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