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Gene expression assays (GEAs) can guide treatment for early-stage breast cancer.

now provide new information for selecting an appropriate GEA. This systematic
review builds upon prior reviews, with a focus on five widely commercialized GEAs
(Breast Cancer Index®, EndoPredict®, MammaPrint®, Oncotype DX®, and Prosigna®).
The comprehensive dataset available provides a contemporary opportunity to assess
each GEA's utility as a prognosticator and/or predictor of adjuvant therapy benefit.
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1 | INTRODUCTION

The use of multiplexed gene expression assays (GEAs) to assess risk
and select therapy for early-stage breast cancer (ESBC) has become a
modern standard of care.>~® Validation of GEAs has consisted largely
of prospective/retrospective studies using annotated tissue samples
from prior clinical trials. Only two commercialized GEAs have
been subjected to true prospective clinical trials.”"*? The current
systematic review updates a prior review we published in 2017
designed to facilitate GEA selection for postoperative adjuvant
therapy decision-making.*®

Since then, consideration of GEAs in the neoadjuvant setting has
increased.’* Some have suggested that GEAs be used to optimize
preoperative tumor treatment. Others have suggested that tumor
response to neoadjuvant therapy could be a surrogate endpoint for
assessing a GEA's ability to predict long-term therapeutic benefit.
Although response to preoperative treatment may foretell better
outcomes for patients having pathologic complete response (pCR), it
is well-recognized that comparisons of pCR are not directly
translatable into equivalent long-term survival advantage.'® There-
fore, we have chosen not to include neoadjuvant GEA studies with
short-term response endpoints in this review.

There has been increasing interest in better selecting
candidates for extended endocrine therapy (EET). As EET
represents a relevant component of postoperative adjuvant
therapy, we have included GEA publications relevant to such

decision-making in this review.¢”

2 | MATERIALS AND METHODS
2.1 | Article sources

Among the six assays previously assessed, IHC-4 has never been
widely commercialized.® Thus, it is excluded from the current
review. For the remaining five GEAs (Table 1), we conducted a
systematic search of the scientific literature focusing on primary
published studies describing the ongoing clinical validation and utility
of these tests. Databases searched included PubMed and the
Cochrane Library. In addition, relevant previously published review
articles were consulted to ensure that appropriate reports were not
overlooked.

2.2 | Search strategy

A keyword search strategy was implemented that included “BClI”,
“Breast Cancer Index”, “HOXB13/IL17BR”", “MGI”", “Molecular Grade
Index”, “Oncotype”, “21 gene”, “Recurrence Score”, “MammaPrint”
“70 gene”, “PAM 50", “Prosigna”, “EndoPredict”, and “EPClin". For
each of the GEAs, the various names of the assay were searched, and
the search was limited to breast cancer (BC). The search dates were
from September 1, 2016 through March 1, 2023.

2.3 | Study selection and data extraction

Only English-language publications were selected. The analyzed
studies included original research articles with a formal statistical test
of pre-specified outcome endpoints. Studies in which the commercial
GEA was not used and assay results were recapitulated from gene
expression data measured through an RNA profiling platform were
excluded, as were epidemiological, exploratory, decision impact, and
health economics studies. Also excluded were studies without clinical
outcomes or with a short follow-up (<3 years). We excluded
neoadjuvant studies, publications unrelated to invasive BC, as well
as most podium presentations unaccompanied by a subsequent peer-
reviewed publication. Podium presentations that represented up-
dates of previously peer-reviewed and published prospective trials
were the only exception and are so indicated. Final reports published
in E-format were eligible. All articles were fully reviewed by the
investigators to determine that the study met the prespecified
requirements. The PRISMA flow diagram for this review is presented
in Figure S1.

2.4 | Study analysis

A total of 1053 articles were identified for inclusion in this analysis.
Although several systems for assessing evidence quality have been
proposed, the Tumor Marker Utility Grading System (TMUGS)
remains an internationally accepted assessment tool.® For consist-
ency with our prior review, TMUGS was used to evaluate the level of
evidence (LOE) of the identified studies.

3 | RESULTS

3.1 | Breast cancer Index® (BCI)

BCl is a multi-gene quantitative reverse transcriptase-polymerase
chain reaction (RT-PCR) assay combining the HOXB13:IL17BR ratio
(H/1) and the Molecular Grade Index (MGI), each with independent
prognostic value.”'?2° The development and initial validation of the
assay utilizing the two treatment arms of the Stockholm trial adjuvant
tamoxifen (TAM) are described elsewhere.”*31¢2! The commercially
adopted BCl linear analytic model (BCI-L) had suggested that the MGl
was more prognostic during the first 5 years, and the H/I ratio more
robust after 5 years. More recently, Zhang®® and colleagues used the
BCI-L to evaluate early (<5 years) and late (>5-10 years) prognostic
capability in the Stockholm population of 317 lymph node negative
(LN-) patients who received tamoxifen (TAM+) without chemo-
therapy (CT). A second, somewhat higher-risk, set of 358 estrogen
receptor positive (ER+), LN- patients was analyzed in the same
publication. Individuals who were recurrence-free at 5 years were
stratified to low-, intermediate-, or high-risk categories. Cox
proportional hazards analysis of the late distant recurrence-free

survival (DRFS) interval revealed a separation of the survival curves
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for the three risk-groups, with differing statistical significance in the
two study populations. BCl's ability to separate patients who were
recurrence free at 5 years into binary high- and low-risk late
recurrence groups was more robustly demonstrated in a 2017
reanalysis by Schroeder et al. evaluating TINO patients.??> BCI
classified 32% (77/237) as high-risk in the Stockholm cohort and
36% (75/210) as high-risk in the multi-institutional cohort. This
binary classification was significantly associated with late DRFS.

The BCI assay had also been evaluated by Sgroi et al.?® using
RNA extracted by Genomic Health, Incorporated (GHI) in a subset of
the ATAC adjuvant trial of postmenopausal women treated with TAM
or anastrozole. The BCI-L model was studied in ER+, human
epidermal growth factor receptor 2 negative (HER2-) patients,
producing a score between 0 and 10. Pre-specified cut points
separated individuals into low-, intermediate-, and high-risk catego-
ries. Assessments were made for the first 5 years as well as for years
between 5 and 10. For LN- patients through 5 years, the low- and
intermediate-risk patients had DR of 1.3% (95% confidence interval
[CI]: 0.5-3.1) and 5.6% (95% Cl: 2.9-10.5), respectively, with
overlapping Cls. However, the high-risk group, comprising 16% of
the total patient population, produced a significantly greater DR risk
of 18.1% (95% Cl: 12.0-27.0). Between 5 and 10 years, the low-risk
group, comprising 61% of patients, had a DR risk of 3.5%, separate
from the overlapping DR risks of 13.4% (95% Cl: 8.5-20.8) and
13.3% (95% Cl: 7.5-23.4) for the intermediate- and high-risk
patients, respectively.

The BCI transATAC population also included 250 LN+ patients
classified into three prognostic risk groups for 10-year DR.2®
However, the prognostic value was not statistically significant in this
population. As a result, Zhang et al.?* proposed combining BCI with
tumor size and grade (BCIN+). The integrated assay was validated in a
retrospective analysis of 402 ER+, LN+ annotated patient samples
from the Massachusetts General Hospital.?* The heterogeneous
population had endocrine therapy (ET), with 81% receiving some CT.
In the validation, 81 patients were classified low-risk (20%) with a 15-
year DR rate of 1.3% (95% Cl: 0.0-3.7), versus 80% high-risk with a
DR rate of 29% (95% Cl: 23.2-34.4). Late recurrence after 5 years
was 1.3% (95% Cl: 0.0-3.7) and 16.1% (95% Cl: 10.6-21.3),
respectively.

Earlier studies had suggested that the H/I ratio was associated
with response to TAM.2>2¢ In a prospective-retrospective nested
case-control study of 249 patients treated with placebo or letrozole
within the MA.17 trial, Sgroi?” and colleagues had confirmed that
elevated H/I was associated with lower late recurrence when
letrozole EET was utilized. More recently, the predictive value of
BCl was assessed in the setting of EET.2®2° Evaluation was
performed through a prospective-retrospective study of patients
enrolled in the phase Il IDEAL trial of 1824 hormone receptor
positive (HR+) postmenopausal patients.?® Eligible individuals were
randomized to receive either 2.5 or 5 years of aromatase inhibitor (Al)
after completing 5 years of ET with TAM, Al, or a sequential
combination. Nearly 73% of the translational cohort (n=908) were
LN+. The study simulated a randomized treatment/no-treatment trial

with a primary endpoint of recurrence-free interval (RFI) as a function
of BCl risk assignment. For the overall cohort, BCl-high patients had
recurrence rates of 5.9% (95% Cl: 2.3-9.3) if randomized to 5
additional years of Al and 15.7% (95% Cl: 9.5-21.5) if randomized to
2.5 additional years of Al. This represented a 9.8% absolute reduction
in recurrence risk (p = 0.011). There was no significant risk reduction
for BCl-low patients (p=0.84). Even when the primary treatment
(0-5 years) utilized an Al, BCl-high patients had an absolute
recurrence benefit from EET of 11.8% (p = 0.004).

A second large prospective-retrospective study evaluated BCI
prediction in the EET setting using TAM.2? This was based on the
alTom trial, which randomized 6953 patients to 5 or 10 years of
TAM, with improved outcomes for the longer regimen. Archival
samples were centrally assessed for hormone receptor status and BCI
results, with 56% of 2445 patients LN-, 32% LN+, and 12%
uncertain. Due to the low LN- event rate, preplanned analysis was
conducted in 789 patients from the LN+ subset. A significant RFI
advantage was noted for TAM EET among BCl-high patients (hazard
ratio [HR]: 0.33; 95% Cl: 0.14-0.75; p = 0.016), with no significant
benefit among BCl-low (HR: 1.11; 95% Cl: 0.76-1.64; p = 0.58).

There is no high LOE data to suggest BCI predicts CT benefit.

3.2 | EndoPredict®

The EndoPredict assay (EP) was developed using microarray gene
expression data from 964 ER+, HER2-, LN- tumors among TAM+
patients.” Expression of eight cancer-related genes and three
standardization genes by RT-PCR produces a continuous risk
measurement. A pre-defined cut point separates high- and low-risk
groups. The EP result, combined with nodal status and tumor size,
produces the EPclin score. Details of the development and validation
of this assay are summarized elsewhere.*>%° The primary validation
studies were prospective-retrospective, meeting TMUGS standards
for level IB evidence.>*®31-3% populations studied were primarily
from the ABCSG-6 and ABCSG-8 clinical trials, as well as a group of
patients enrolled in the GEICAM 9906 study of premenopausal
patients, all of whom received CT. The GEICAM study design
precluded evaluation of differential CT benefit as a function of EPclin
risk assessment.3!

With average increased follow-up of ASBCSG-8 and ASBCSG-6
for 4.2 years, a separate assessment of EPclin for LN+ patients
became possible, as well as enhanced evaluation of the total
population.®* Of 1702 evaluable patients, EPclin classified 1066
(63%) as low-risk and 636 (37%) as high-risk. EPclin risk group
significantly correlated to outcome, with the low-risk group having an
improved DR-free rate (DRFR) over high-risk patients (HR: 4.8; 95%
Cl: 3.4-6.7; p<0.0001). Multivariable analysis continued to show
that EP retained significant prognostic value, although with a
diminished HR (HR: 1.2; 95% Cl: 1.1-1.3; p<0.0001). EPclin's
categorical separation of patients into low- and high-risk groups
was confirmed for LN- patients (HR: 3.5; 95% Cl: 2.2-5.6;
p<0.0001), for all LN+ patients (HR: 4.7; 95% Cl: 2.3-9.7;
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p < 0.0001), as well as for LN+ patients limited to 1-3 positive nodes
(HR: 3.7; 95% Cl: 1.7-7.7; p = 0.0003).

Because of increasing interest in EET, an extended analysis of
late recurrence (from 5 to 15 years) was performed.343° Among 1386
patients who were DR-free at 5 years, a categorical low-risk EPclin
score was associated with a lower risk of late DR (between 5 and 15
years) than a high-risk score (HR: 4.5; 95% Cl: 2.7-7.7; p < 0.0001)
over the same time period. These findings were consistent and
statistically significant in evaluated subsets, including the LN-
population, the entire LN+ population, and the LN+ population
limited to 1-3 positive nodes.

EPclin has not been studied in any trials with randomized CT
treatment/no-treatment arms. Soliman®® and colleagues addressed
this issue through complex modeling efforts using published data
from the Early Breast Cancer Trialists Collaborative Group (EBCTCG).
They proposed that ET-treated patients with low long-term risk
would not be candidates for CT, whereas higher-risk patients would
have greater absolute benefit, assuming a constant relative CT
advantage. Any interaction between a gene-expression profile and
CT benefit would be a minor consideration. Their mathematical
model assessed the impact of fixed average CT benefit from meta-
analyses of EBCTCG patients randomized in CT/no-CT polyche-
motherapy trials before 1995. They determined a relative risk
reduction of CT of 30%, testing that value, as well as 20% and 40%
values, using 10-year recurrence data from ABCSG-6 and ABCSG-8.
Any separation between the DR curves, based on the calculated
addition of CT versus ET-only in the EPclin-measured low-risk group,
was small and clinically irrelevant. For EPclin high-risk patients, the
calculated absolute benefit of CT increased with EPclin score and
predicted patient risk. A variable “interaction” factor was included to
represent any biological interaction between EPclin and CT benefit,
but was not based on biological evidence.

An evaluation by Sestak utilized study populations from five
previously analyzed prospective clinical trials, including ABCSG-6,
ABCSG-8, transATAC, GEICAM 2003/2, and GEICAM/9906.3” The
study of 3746 women compared 2630 who received 5 years of ET
alone from the ABCSG-6 and ABCSG-8 studies, and transATAC, with
1116 patients who received ET and CT from the two GEICAM
studies. Although the overall population included pre- and post-
menopausal women with HR+, HER2- disease, none of the patients
who received ET alone were premenopausal, while 51% of the CT-
treated patients were premenopausal. The groups also differed in a
skew toward higher T-stage and nodal involvement in the GEICAM
population. The authors evaluated 10-year risk of DR as a continuous
function for both EP and EPclin. With increased score there was an
increase in DR risk that was greater for ET alone versus ET with CT.
The larger the score, the larger the separation between the two
treatment groups. This was reflected in the interaction test between
EPclin and CT with a p=0.022. However, the same analysis of
interaction using EP alone produced an insignificant p-value of 0.17,
despite EP being prognostic for DR in the ET group (HR: 1.3; 95% Cl:
1.2-1.3; p<0.0001) and the ET+CT group (HR: 1.22; 95% CI:
1.2-1.3; p<0.0001). This suggests that BC tumor size and nodal

of
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status, recognized to have an association with both risk and relative
CT benefit, may be the drivers for the significant interaction seen
with EPclin.®” The lack of a study directly comparing outcomes in a
CT plus ET arm versus an ET alone arm leaves EP and EPclin without
high-LOE for CT prediction.

3.3 | MammaPrint®
MammaPrint is a microarray-based assay that evaluates expression of
70 genes in tumor samples from patients with ESBC independent of
HR-status, HER2 expression, or nodal status, and classifies patients
into low or high genomic risk. The development and initial validation
of the assay utilized annotated samples from the Netherlands Cancer
Institute (NKI) and the translational Breast International Group
(TRANSBIG) archive.>*83? MammaPrint was subsequently validated
for prognosis in the prospective phase IlI MINDACT study
(Figure S2), making it one of only two assays with TMUGS class I-A
evidence.”*® The 5-year distant metastasis-free survival (DMFS)
among the primary test population of 644 clinical high-risk/genomic
low-risk (cHgL) patients was 94.7% (95% Cl: 92.5-96.2) without CT.
This exceeded the study's predetermined noninferiority boundary
of 92%.° A recently updated analysis, with median follow-up of
8.7 years, yielded similar results.*°

MINDACT included a population of cHgL patients who were
randomized to CT (n =749) or no CT (n = 748). Among the intention-
to-treat (ITT) individuals, 8-year DMFS was 92.0% (95% CI:
89.6-93.8) for CT and 89.4% (95% Cl: 86.8-91.5) for the no-CT
arm (HR: 0.66; 95% Cl: 0.48-0.92), suggesting a nonsignificant DMFS
trend to CT in this population.® The updated MINDACT publication
also evaluated CT benefit in 1358 cHgL patients who were HR+ and
HER2-. Among the 699 LN- patients, there was an 8-year DMFS
absolute gain of 2.5% (SE: 2.3%; 95% Cl: -2.1-7.2) for CT. Among the
658 LN+ patients the CT benefit was 1.3% (SE: 2.4%; 95% Cl:
-3.5-6.1). However, any advantage appeared limited to the 454
women <50 who received CT, with an 8-year DMFS of 93.6% (95%
Cl: 89.3-96.3) versus 88.6% (95% Cl: 83.5-92.3) for no CT. Among
the 690 cLgH patients, those who were randomized to CT had 8-year
rate of survival without distant metastasis of 92.3% (95% ClI:
88.7-94.8), compared to 90.8% (95% Cl: 86.9%-93.6%) for no CT.

Multifocal tumors were evaluated retrospectively using MIND-
ACT case report forms. Among clinical low-risk (cL) patients, those
with multi-focal disease were more likely to be classified as genomic
high-risk (gH) (22.7%) versus a gL risk assignment (17.3%) (odds ratio
[OR]: 1.45; 95% Cl: 1.02-2.1; p =0.038). Yet, multifocality was not
associated with a change in DMFS.#!

An exploratory analysis was performed in MINDACT focusing on
a new ultralow genomic risk (gUL) category based on analyses of
archived tumors from prior sources and studies (NKI, TRANSBIG, the
RASTER trial, and the randomized Stockholm TAM trial).*?>*3 In the
TRANSBIG cohort, 5/302 patients were classified as gUL with
15-year breast cancer-specific survival (BCSS) of 100% compared to
89.3% (95% Cl: 82.6-96) for the 106 gL patients and 65.5% (95% Cl:
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57.5-73.5) for the 191 gH patients.42 In the Stockholm trial, cL
patients were randomized to TAM versus no-treatment. The 54 gUL
patients in the TAM arm had 20-year BCSS of 97%, versus 94% for
the 44 gUL patients in the no-treatment arm, suggesting that
sufficiently low-risk individuals might forego ET.*® Multivariate
analysis of 20-year breast cancer-specific mortality (BCSM), identi-
fied significantly higher patient risk for gL versus gUL (HR: 4.5; 95%
Cl: 1.4-14.8).*

The MINDACT exploratory analysis used MammaPrint to
reclassify 6693 patients into gUL (n=1000, 15%), gL (n=3295,
49%), and gH (n=2398, 36%) risk groups.** Nearly 74% of gUL
patients were classified as cL. Overall, 84% of gUL received adjuvant
systemic therapy. The 8-year distant metastasis-free interval (DMFI)
was 97.0% with a significant DMFI advantage for gUL versus gL (HR:
0.65; 95% Cl: 0.45-0.94). Another exploratory analysis compared
untreated gUL patients to those who received ET alone, with
excellent outcomes in both (8-year DMFI: 98% and 97%,
respectively).**

A prospective-retrospective analysis by Opdam*’ and colleagues
evaluated the gUL classification with postmenopausal patients from
the Netherlands Cancer Institute IKA trial, randomized to no-
treatment versus 1-3 years of TAM. Again, gUL patients had an
excellent outcome, supporting the findings of the initial gUL
validation in the Stockholm trial and MINDACT. Nonetheless,
unresolved questions remain regarding the effect of withholding or
decreasing ET on very long-term outcome.*>*° The gUL classification
has also been examined in additional lower LOE analyses, producing
broadly consistent results.*¢*”

A prospective-retrospective analysis by Dubsky*® and col-
leagues utilized the biomarker cohort of the ABCSG-8 study to
evaluate Mammaprint. Of 1347 ER+ ET-treated patients, only 658
(49%) could be included due to RNA degradation in the formalin-
fixed, paraffin-embedded (FFPE) samples. MammaPrint classified
78% as gL and 22% as gH, and was shown to be a statistically
significant prognosticator in the analysis (5-year DRFS 94.0%
versus 91.6%; 10-year DRFS 91.3% versus 84.8% in the gL versus
gH groups, respectively). However, the multivariable analysis only
demonstrated statistically independent prognostication at 5 but
not 10 years.

Vliek*” and colleagues recently reported 10-year data on the ER+
HER2- subset of patients (n=310) from the prospective observa-
tional RASTER study.*’ Some 162 (52%) were classified as cLglL, 56
(18%) as cLgH, 45 (15%) as cHgL, and 47 (15%) as cHgH. Treatment
decisions were made jointly by the patient and the treating physician
taking into account clinicopathologic characteristics, personal prefer-
ences, the MammaPrint results, and contemporaneous treatment
guidelines. Distant recurrence-free interval (DRFI) at 10 years for
patients classified as cHgL was excellent (95%) regardless of CT
use.*” Despite the limitations of this low-LOE nonrandomized study
with heterogeneous treatment regimens, the RASTER analysis
suggests that real-world observational data is consistent with the
MINDACT study. However, like MINDACT, it provides no evidence

to support a role for MammaPrint as a predictor of CT benefit.*”

3.4 | Oncotype DX®

The Oncotype DX assay is an RT-PCR-based 21-gene assay that was
designed to assess DR risk in ER+ ESBC. A proprietary algorithm
produces a continuous Recurrence Score® (RS) result from 0 to 100,
with low (0-17), intermediate (18-30), and high-risk (31-100)
categories. Alternative risk cut points have been proposed and
increasingly utilized.*%12°° Validation was performed in a series of
prospective-retrospective studies of archived tissue samples from
large clinical trials of ESBC. Studies included HR+ premenopausal and
postmenopausal patients, as well as LN+ and LN- individuals,
providing TMUGS level IB evidence. Details have been reviewed
elsewhere.'®>! Notable were two studies that included adjuvant ET,
with a randomized comparison of CT versus not.>>>2 These provided
high LOE support for the Oncotype DX assay as a predictor of CT
benefit only for NO or N1 patients with elevated RS results.
Application of these findings has resulted in a major change in the
proportion of HR+ ESBC patients who use adjuvant CT.>47%?

The Oncotype DX assay has been evaluated in three fully
prospective trials. These include: (1) TAILORx: a study of ER+,
HER2-, NO ESBC patients, (2) RxPONDER: a trial of HR+, HER2-, N1
patients, and (3) The West German Study Group (WSG) PlanB: a trial
of HR+, HER2-, NO-3 patients.'©-125070-72 An additional prospec-
tive study, the WSG ADAPT utilized the RS result as part of a biologic
decision matrix to assign treatment.”3 At the time of our prior review,
only two (TAILORx and WSG PlanB) had reported outcome data, with
a focus on each study's lowest-risk population. The respective
investigators have since published complete primary endpoint data
for TAILORX, PlanB, and RxPONDER.

TAILORx and RxPONDER assigned a new cut point for high-risk
(RS > 25). TAILORx was designed to validate RS prognosis, while
assessing prediction of CT benefit by randomizing patients with RS
11-25.101170 RYPONDER prospectively evaluated RS prediction for
CT benefit in N1 patients with RS 0-25.12 The study designs for both
trials are summarized in Table S1 and Figure S3. In TAILORX, patients
with RS 0-10 received ET alone, while patients with RS 26-100 were
to receive CT followed by ET (ET + CT). Midrange RS patients (11-25)
were randomized (1:1) to ET versus ET + CT.2%1370 |n RxPONDER, all
eligible patients were randomized to ET alone versus ET + CT. The
primary objective was to determine whether ET+CT improved
invasive disease-free survival (iDFS). Secondary objectives included
an assessment of CT benefit as a continuous function of increasing
RS from O to 25, as well as evaluation of the RS result as a prognostic
indicator. Baseline characteristics of patients in TAILORx and
RxPONDER are available in Table S2. In TAILORx, 10273 LN-
patients were assigned treatment, while 5083 LN+ patients were
assigned treatment in RXPONDER. 101270

Initial results of TAILORx were published in 2015, and
subsequently updated in 2018 and 2019.1%1%70 The investigators
provided a further update in abstract form in 2023.”* With a median
follow-up of at least 10.4 years for the overall population and
11 years for the randomized population, the study confirmed the
prognostic capability of the Oncotype DX assay using all pre-
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specified survival endpoints. Differentiation between RS categories in
all the endpoints was highly significant (p < 0.001).

For patients with RS 0-10, clinical outcomes were excellent with
ET alone.*>”# Multivariate analysis identified no impact of age, tumor
size, or surgery type. The 12-year outcome data for this very low RS
population included an iDFS rate (+SE) of 75.9 + 1.3%, a DRFI rate of
93.2+0.8%, a RFI of 91.4+0.9% with an overall survival (OS) of
89.8 +0.8%.”% The iDFS event rate for second BC and non-BC events
exceeded primary BC recurrence events.

In the RS 11-25 arms, 12-year iDFS analysis identified no
advantage of ET+CT (77.4+0.9%) versus ET alone (76.8 +0.9%),

t.”4 Non-inferiority

confirming non-inferiority for the primary endpoin
for ET + CT was maintained for the remaining evaluated endpoints
including DRFI, RFI, and OS. There was no interaction between CT
treatment effect and RS subcategory (RS 11-15 vs. 16-20 vs. 21-25
or 11-17 vs. 18-25) or continuous RS value. There was no significant
relationship between CT treatment and tumor size, grade, meno-
pausal status, or clinical risk category.lo However, there was a
significant interaction between CT benefit and age, with benefit
observed for younger women ages within the RS range of 16-20 and
21-25. For RS 16-20 patients, the 9-year DFS HR for ET versus
ET+CT 1.9 (95% Cl: 1.3-2.8; p =0.0016).° For RS 21-25 patients,
HR for the same comparison was 1.7 (95% Cl: 1.03-2.8; p = 0.035).
This represented a 1.6% 9-year DR advantage to CT for RS 16-20
and 6.5% for RS 21-25.

Additional analyses assessed clinical risk in women <50 at
diagnosis.”® Low-risk included tumor diameter <3 cm and grade 1,
<2cm and grade 2, or <1 cm and any grade. Remaining tumors were
considered high-risk. The absolute CT benefit (DR at 9 years) was
independent of clinical risk for RS 21-25, whereas CT benefit was
only observed in high clinical risk patients (6.5+4.9%) in the RS
16-20 subgroup.”’ Interestingly, a high RS result (>25) was noted
among 8.9% of patients with low clinical risk. This illustrates the value
of the GEA in identifying not only patients for whom CT will not be of
value, but also those for whom CT should be considered.”

In RxPONDER there was no iDFS benefit evident for CT in the
N1 RS <25 ITT population (5-year iDFS ET: 91.0% vs. CT+ET:
92.2%; p = 0.1).2 There was also no DRFS improvement or significant
interaction between CT and the numerical RS result, RS subcategory,
or type of surgery. However, there was a significant interaction
between CT benefit and menopausal status (p = 0.008). A statistically
significant benefit in iDFS and DRFS was evident with CT among the
1665 premenopausal patients analyzed (5-year iDFS HR: 0.6; 95% Cl:
0.43-0.83; p = 0.002). The 5-year iDFS rate was 89.0% with ET alone
versus 93.9% with ET + CT, resulting in an absolute CT gain of 4.9%.
Similar gains were noted for DRFS. The benefit of adding CT to
premenopausal patients was consistent across most predetermined
subgroups and RS sub-groupings. A recently presented analysis of
premenopausal patients by the primary study group, found that
ET + CT improved DRFI across the entire RS 0-25 range, with an
absolute gain of 2.4%.7°

The WSG PlanB clinical trial, was updated by Nitz et al.”® in 2019
with final results. This investigation was primarily designed as a
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classic comparison of CT regimens in high-risk ESBC patients. As
presented in our earlier review, 348 patients with RS<11 and ET
alone had a 3-year DFS rate of 98.4% (95% Cl: 97.0-99.8),
despite 31.4% having LN+ and 20% having grade 3 disease.'® The
updated publication focused on the CT comparison which identified
no advantage to either anthracycline-based CT or a taxane-
cyclophosphamide-based CT.

Unlike TAILORx, RxPONDER, and WSG PlanB, WSG ADAPT
HR+/HER2- study was a prospective open-label phase II/Ill trial
combining Ki-67 to assess brief preoperative ET with RS result as a
static biomarker.”® A 386-patient run-in phase was followed by the
actual trial.”” HR+ HER2- ESBC patients with <3 positive nodes
underwent 3 weeks of preoperative ET treatment bookended by two
biopsies to assess tumor response defined as Ki-67 < 10%. Patients
received adjuvant ET if the RS result was 0-11 (control arm, n = 868),
or if their RS result was 12-25 and they were ET responders
(experimental arm, n = 1422). Non-responder RS 12-25 patients, and
patients with RS 26-100, received dose-dense CT+ET.”® ET
response decreased as the RS result increased (78.8%, 62.2%, and
32.7% for RS 0-11, 12-25, and 26-100, respectively, p < 0.001), and
was greater with Al than TAM. The 5-year iDFS was 92.6% (95% Cl:
90.8-94.0) in the experimental versus 93.9% (95% Cl: 91.8-95.4) in
the control arm confirming non-inferiority. In contrast, 5-year iDFS in
the 694 ET nonresponder patients with RS 12-25 who received CT
was 90.3% (95% Cl: 87.2-92.6). Similar outcomes were noted in
distant disease-free survival (dDFS).”®

The NSABP B-20 trial comparing TAM versus TAM plus CT,
provided the first level 1B evidence for the Oncotype DX assay.”® A
recent re-analysis of B-20 by Geyer’® and colleagues excluded
HER2+ patients and assessed CT benefit using both the original RS
cutoff values as well as the newer TAILORx cutoff values. Among
569 of 651 patients (87%) included in the original validation trial, CT
benefit remained for patients with RS 31-100 (HR: 0.18; 95% Cl:
0.07-0.46). A less robust benefit was noted in patients with an
expanded high-risk RS 26-100 (HR: 0.27; 95% Cl: 0.12-0.62). There
were too few samples to analyze the specific interval RS 26-30.78

Retrospective-prospective analysis of NSABP B-28 included
1065 LN+ patients who received doxorubicin-cyclophosphamide
(AC) +/- subsequent paclitaxel treatment.”” The RS result was a
significant predictor of outcome for all evaluated endpoints with a
median follow-up of 11.2 years, but did not predict the added benefit
of CT regimen.”” However, the RS result was a significant and
independent predictor of locoregional recurrence (LR) (10-year LR of
3.3%, 7.2%, and 12.2% for RS 0-17, 18-30, and 31-100,
respectively; p <0.001).8° A similar analysis of the PACS-01 study
included 530 LN+ patients who received CT +/- subsequent
docetaxel treatment, followed by ET.8? Again, RS stratified outcome,
but failed to predict benefit of docetaxel.

Additional retrospective-prospective analyses of the B-14 (LN-,
TAM-only) and B-28 (LN+, TAM + CT) studies assessed late (>5 years)
DR as a function of estrogen receptor gene (ESR1) expression and
tumor proliferation.®? Using a B-28 derived quantitative ESR1
expression cut point, among the 86% of B-14 patients with high
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ESR1 expression, the RS result significantly predicted late DR (HR for
a 50-point RS difference, 2.2; 95% Cl: 1.1-4.5; p=0.04).2? The
authors suggested that low ER-expressing tumors, as well as highly
proliferative high ER-expressing tumors, fail early (<5 years) while
low-proliferation high ER-expressing tumors have a more significant
late failure rate.

To further integrate clinical features, a recent meta-analysis
including 10 004 LN~ patients participating in B-14 and TAILORx was
used to develop a new tool (RSClin®) designed to integrate the RS
result with age, tumor grade, tumor size, and ET type.8% The RSClin
tool, subsequently validated in an external cohort from the Clalit
registry, provides estimates for 10-year DR and absolute CT benefit
for LN- HR+ HER2- ESBC patients.2®

Of the hundreds of recent studies evaluating the impact of the
Oncotype DX assay on clinical practice, 73 were retrospective cohort
studies. These studies reflect real-world data and have used single/
multi-center cohorts to either validate the assay in unselected RS-
tested patient populations or to focus on specific subgroups of
interest. These studies plus other analyses that are beyond the scope
of the main manuscript are summarized in Table S3. The studies were
largely consistent with previous prospective and prospective-
retrospective investigations. The largest of these retrospective
studies were derived from the US Surveillance, Epidemiology, and
End Results (SEER) database and the US National Cancer Data-
base (NCDB).

Petkov®* and colleagues linked RS results to the SEER database
and identified 38 568 LN- and 4691 LN+ HR+ HER2- patients with
RS results diagnosed between 2004 and 2011. Using BCSM and the
three original cutoff values, the RS result was demonstrated to be a
significant predictor of BCSM risk for LN- and LN+ patients
separately and for all analyzed subgroups (age, grade, race, and
socioeconomic status).®* Three recent analyses of the SEER database
including OS and BCSS data examined the benefit of CT in patients
with tumors in the range of RS 26-30.858 Yang®’ and colleagues
evaluated 3754 LN- ESBC patients, 58% of whom received adjuvant
CT with RS 26-30. Using propensity score matching, CT was
independently associated with better BCSS (p=0.016). This was
particularly evident in patients with high-grade tumors having
adverse prognostic features.®” Ma and associates studied 5054 SEER
patients with T1-2NO ESBC, RS > 26, using Kaplan-Meier, log-rank,
and Cox multivariable analyses.8¢ Using propensity score matching,
and subgroups of RS 26-30 and RS > 30, adjuvant CT was associated
with improved OS (HR: 0.66; 95% Cl: 0.53-0.83; p <0.001) and
BCSM (HR: 0.61; 95% Cl: 0.45-0.83; p=0.001). Of 943 matched
patients with RS 26-30, CT added significant benefit to OS (HR: 0.52;
95% Cl: 0.34-0.79; p=0.003) and BCSS (HR: 0.42; 95% Cl:
0.22-0.81; p=0.009). Park and colleagues performed a similar
analysis using the SEER database, studying ESBC patients with RS
18-25 and 26-30.2° They noted that patients with RS 26-30 who
received CT (3130 of 5290) had a significantly decreased risk of
BCSM (HR: 0.68; 95% Cl: 0.44-0.99) and overall mortality (HR: 0.58;
95% Cl: 0.44-0.76) after adjustment for demographic, clinico-
pathological, and treatment factors.

An analysis of the NCDB data by Ibraheem® and associates
focused on 73 185 female BC patients with Stages I-IlIA BC. The
authors examined the OS benefit of CT in 5930 NO and 1176 N1-2a
patients with RS 26-30. Adjusted HR for patients receiving CT was
0.68 (95% CI: 0.48-0.96) for LN- patients and 0.50 (95% ClI:
0.28-0.89) for LN+ patients. The 5-year gains in OS with CT were
1.8% for the LN- and 6.7% for the LN+ patients. Although the benefit
of CT in LN- patients was limited to RS 26-30 patients, among LN+
patients, statistically significant CT benefit was seen in all RS
subgroups evaluated (11-17, 18-25, and 25-30). However, the
benefit was nearly sixfold greater for the RS 26-30 subgroup versus
the 11-17 subgroup.®®

Five studies based on the SEER database and one based on the
NCDB database have since explored racial/ethnic differences in RS
results and clinical outcomes.??~?*# These included between ~67 000
and 88 500 patients focusing on non-Hispanic White (White), non-
Hispanic Black (Black), and Chinese American patients. There was no
ethnic group for which the RS result was found not to be prognostic,
although in one study by Jung?® and colleagues the ability of the
assay to predict CT benefit was not confirmed in non-White women.
Several studies identified an RS result shift in Black women towards
higher values.”®?2-9% |n TAILORYX, Black patients (4% of the TAILORx
population) were noted to have poorer outcomes overall, with a
disproportionately higher event rate during the first 5 years, but not
during the subsequent years.”*°> The adverse impact of race was
maintained, but modestly attenuated, when adjusted for age, tumor
size, grade, RS, and insurance status. However, the overall lack of CT
benefit for RS 11-25 was still observed for Black and White patients
when analyzed separately.

3.5 | Prosigna®
The Prosigna assay is based on expression of 50 cancer genes (PAM-
50) and eight reference genes utilizing the nCounter® Analytic
System of Nanostring Inc. The Prosigna algorithm calculates a risk of
recurrence (ROR) from gene expression data and tumor size,
producing a 10-year DR risk. Prosigna also assigns a BC subtype
based on the classification system initially described by Perou, et al.”®
The assay was developed and validated using a prospective-
retrospective approach with ET-treated ER+, LN-/LN+, post-
menopausal patients from the ABCSG-8 trial (n=1478) and the
transATAC study (n=1017), providing TMUGS level IB evidence.>*
The development and validation of the assay are described else-
where.®°197 |N- patients may be low (ROR 0-40), intermediate
(ROR 41-60) or high (ROR 60-100) risk; LN+ patients with 1-3
positive nodes may also be classified as low- (ROR 0-15),
intermediate- (ROR 16-40) or high-risk (ROR 41-100), but all LN+
patients with 24 positive nodes are classified high-risk regardless of
their ROR score.

Jensen has reported further prospective-retrospective analyses
using FFPE tumor samples from prospective randomized Danish trials

of high-risk early-stage BC. The first used samples from the 45-year-
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old DBCG 77B trial, in which elevated-risk premenopausal patients
received radiation therapy (RT) and were randomized to no-treatment,
levamisole (considered no-treatment), cyclophosphamide (C), or C with
methotrexate and fluorouracil (CMF).”® ET was not used in HR+
patients.”” Patients (n=460) with available blocks and successful
Prosigna assay results were mostly LN+ (87%) and HR+ (72%). Prosigna
classification included luminal A (35%), luminal B (25%), basal-like (13%),
and Her2-enriched (26%). In the no-CT group, continuous ROR score
was highly prognostic (HR for DFS per 10-point difference in ROR 1.2;
95% Cl: 1.1-1.4; p<0.001). There was no statistically significant
differential between early (0-5 years) and late (>5 years) prognostic
ability of Prosigna in the no-CT group. For the C/CMF group, ROR was
prognostic in years 0-5 only.”® This analysis used prespecified ROR
cutoff values independent of nodal status.”® In the no-CT group, the 10-
year DFS rates for the low-risk group differed significantly from the
intermediate- and high-risk groups.

There was no effect of the continuous ROR score on treatment
with C/CMF for DFS (pjnt. = 0.66) or OS (pj,. =0.32). Furthermore,
there was no significant interaction (p;,. =0.11) between ROR score
(using the commercial low-risk ROR cut point) and CT in patients with
ER+ HER2- BC. However, the interaction between Prosigna
subtypes and treatment was significant for DFS (p;,. = 0.003) and
OS (pins. = 0.04).7® The most pronounced CT benefit was in the basal-
like subtype (unadjusted HR: 0.19; 95% Cl: 0.09-0.40) followed by
luminal B (unadjusted HR: 0.47; 95% ClI: 0.28-0.77), and luminal A
(unadjusted HR: 0.64; 95% Cl: 0.36-1.1). No C/CMF benefit was
observed for the Her2-enriched subtype.”®

The second study reported by Jensen et al.*% utilized the DBCG
89D randomized trial of CMF versus C plus epirubicin and
fluorouracil (CEF) in high-risk early-stage BC. In the Prosigna study
population (n=686), treatment benefit favoring CEF for DR was
evident. These patients were mostly premenopausal (69%) and LN+
(64%), with 33% HER2+ and 23% ER+. None of the patients received
ET or HER2-targeted therapy. Prosigna classified 19% as luminal A,
11% as luminal B, 38% as basal-like, and 32% as Her2-enriched. With
a median follow-up of 9.8 years, continuous ROR score was
prognostic in both treatment arms. ROR could not be evaluated as
a predictor of CT benefit as all patients in the study received CT.
However, there was no relationship between ROR and CT regimen
(CMF vs. CEF) (pjne =0.16 for DR).1°° Prosigna subtype analysis
revealed better DR and OS outcomes with CEF compared to CMF in
the Her2-enriched subtype only (HR: 0.58; 95% CI: 0.38-0.86).
Interaction between subtype and treatment effect was significant
only for OS (pj.. = 0.03).1°

Fitzal*®! and colleagues re-visited the ABCSG-8 trial to evaluate
LR and radiotherapy benefit as a function of Prosigna result. Their
analysis involved 1034 postmenopausal patients (70% LN-, 30%
LN+) who were to receive RT after breast-conserving surgery.
Patients were classified as low- or high-risk according to ROR,
independent of nodal status. ROR as either a continuous or
categorical variable was prognostic of LR. In particular, the
unadjusted subhazard ratio (SHR) for high versus low-risk ROR was
48 (95% Cl: 1.7-13.2; p=0.003), remaining significant in a

multivariable analysis. Prosigna subtyping also provided prognostic
information, but with all groups having low single-digit recurrence
rates. Furthermore, SHRs for a 10-point difference in ROR were
similar among patients who received RT versus those who did not,
and the interaction was nonsignificant (p;,;. = 0.48), indicating that

ROR was not predictive of RT benefit.1°*

3.6 | GEAs in BC histologies beyond IDC

The clinical behavior of invasive lobular cancer (ILC) may be
distinct.’°? The GEAs discussed herein were also assessed in patients
with ILC and other non-IDC histologies. These studies are summa-
rized by GEA inTable 2. The evidence suggests that the clinical utility
of the GEAs in IDC is overall similar to that in ILC and other non-IDC
histologies.

3.7 | Cross-platform comparison

This review has focused on developmental and validation data
supporting each individual GEA's prognostic and predictive capabili-
ties. However, validation studies may have subtle intrinsic design
biases that optimize the assay under study. Furthermore, some GEA's
may have greater utility in differing sub-populations. Ideally, GEAs
should be prospectively assessed against one another in randomized
trials that evaluate their impact using standardized outcome
measures. In such trials, the test should be performed by the relevant
manufacturer (or designate) under real-world conditions that reflect
the commercial norm. However, such studies are uncommon as they
must be large, have long-term outcome data, and require commercial
results data from relevant GEA manufacturers.

Several studies have attempted direct comparison. However,
they rarely include tests performed under standard commercial and
clinical conditions. In some cases they have used specimen proces-
sing performed “in-house” while in others they have had tissue
prepared by competing commercial laboratories.?¥*"11¢ |In some
cases they have used simulations designed to recapitulate competing

commercial assays.117-123

In some studies, investigators have
used cut-points and subgroup estimates which differ substantially
from current commercial assays.?#12> Menopausal status definitions
have varied between GEAs. ER-status and HER2 expression also
varied between the relevant validation studies. All of this suggests
the limits of ad hoc cross-platform comparison.

Most comparative studies may be sorted into two broad
categories. The first includes studies that have examined discordance
and concordance between GEAs. These are summarized in Table 3.
The evaluations show only moderate agreement between the assays.
The second group of studies are those that have utilized messenger
RNA (mRNA) isolated from samples archived from the prospective
transATAC trial. These studies, focusing on each assay's prognostic
output compared to trial outcome data, are summarized in Table 4. In

these analyses, likelihood ratios and c-statistics are often used to rank
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the prognostic value of an assay. Using this approach, BCI, Prosigna-
ROR, and EPClin have been shown to provide the most independent
prognostic information, followed by the RS result. And yet, the
Oncotype DX assay has the most robust clinical trial data supporting
its prognostic and predictive capabilities of these four GEAs.
MammaPrint was not evaluated in this series of studies and could

not be so evaluated.

4 | DISCUSSION

The development of gene profiling has enabled a major paradigm
shift for women with ESBC, identifying a significant population of
patients who may reasonably avoid CT. Five GEAs have been widely
commercialized, including BCI, EndoPredict, MammaPrint, Oncotype
DX, and Prosigna. Most were initially validated through “prospective-
retrospective” studies, confirming their prognostic capabilities with
high LOE. The Oncotype DX assay was demonstrated to predict CT
value in individual patients.lg’131 However, at the time of our 2017
review, only two, Oncotype DX and MammaPrint assays, had been
subjected to large prospective clinical trials. The MammaPrint GEA
was evaluated in MINDACT to assess a cH population of ESBC
patients. The 10-year risk, when shown to be gL by MammaPrint, was
sufficiently low to justify CT avoidance for the entire ITT cohort of
cHgL patients.® Updated results of MINDACT are consistent with the
original analysis.*® Yet the population for whom these findings are
relevant represented only 23% of the MINDACT study population
(i.e., no treatment guidance was provided for cLgH or cHgH patients).
Furthermore, although the randomized CT treatment arms failed to
demonstrate predictive value for CT benefit overall with only a non-
significant 2.6% trend in CT-associated DMFS, subset analysis of
patients <50 suggested that younger patients with cHglL had a
clinically meaningful 5% absolute benefit of CT. As the assay was not
useful in younger patients with cLgH, MammaPrint seems of little
value for putatively premenopausal patients <50.

The duration of use and the associated side effects of endocrine
agents lead many patients to abandon ET, despite efficacy in reducing
BC mortality during the first 15 years after diagnosis.'*? Recent
studies have suggested that only 74% of patients adhere to adjuvant
ET.*33 The establishment of a new gUL-risk threshold for Mamma-
Print has identified a group of patients who might de-escalate ET.
Although most of the gUL patients (15% of MINDACT) were LN-
and/or had favorable clinicopathologic features, not all did.
Unfortunately, as “no-treatment” was not a protocol-recognized
management option in MINDACT, de-escalation could not be
properly evaluated. Although 84% of gUL patients received adjuvant
therapy, some did not. They had similar excellent outcomes as those
treated with ET with 8-year DMFI rates >97%.

Baseline risk was also assessed in the prospective phase Il
Oncotype DX trials. Both the WSG PlanB and TAILORx trials
identified ESBC patients with very low risk. For PlanB, ET-treated
patients with RS <11 exceeded 94% DFS for the overall group, as
well as for the NO and N1 subgroups.”? In TAILORx, 5-year iDFS with

ET only was similar to that in PlanB at 94% for patients with RS < 11;
DRFI was 99.3% at 5 years and 96.8% at 9 years.® Consistent with
the gUL-risk findings of MammaPrint, patients may now be identified
whose risk is sufficiently low to consider ET de-escalation.
Confirmation would require a very large randomized trial with a no
ET treatment arm, which given the low event rate may not be a
practical enterprise.

A primary endpoint for both TAILORx and RxPONDER was the
prospective confirmation of Oncotype DX CT prediction. Both
studies incorporated ET versus CT+ET randomizations, with
TAILORx targeting RS 11-25 patients, and RxPONDER RS 0-25
patients. Both studies confirmed an absence of CT benefit in NO or
N1 disease when RS < 25 in the ITT population. However, in a subset
analysis, a modest benefit was noted for LN- women <50 and RS
16-25, and for LN+ premenopausal women with RS 0-25.10:12

In LN- women <50, TAILORXx investigators evaluated the RS result
with a categorical clinical risk assessment based on tumor size and grade.
The post hoc analysis suggested that only cH patients with RS 16-20
benefit from CT with an advantage of 6.5%, albeit with fairly wide Cls.”®
Nonetheless, for such women, use of the clinical risk assessment might be
helpful for the subset of individuals considering CT.

That menopausal status and/or age were noted in both the
TAILORx and RxPONDER trials suggests that this finding is not
spurious. Indeed, Piccart's MINDACT update also suggested that any
CT benefit in the cHgL population was limited to premenopausal
patients.*® Investigators in all three trials wondered whether CT-
induced ovarian function suppression (OFS) might be responsible for
this finding. The SOFT trial, which evaluated the role of OFS with ET,
demonstrated a similar magnitude of benefit in premenopausal
patients.ls""135 However, TAILORx and RxPONDER had insufficient
data and relevant endpoint events to resolve this issue.2®2 The
question of whether CT adds more than OFS will await further
information from studies such as the ongoing NCl-sponsored OFSET
trial (NRG-BR009).**¢

Given the data for CT benefit, some suggest that the Oncotype
DX assay be avoided in premenopausal LN+ patients. However, the
observed benefit of CT was an overall 3.3% DRFS difference. As the
impact of CT occurs during the first 5 years, further maturation of
data is not likely to alter the magnitude of benefit.*3” This statistically
significant advantage may not be clinically significant for all patients.
The RS result, providing long-term DRFS estimates, may signify a
sufficiently low risk for some women to bypass CT rather than pursue
a small single-digit percentage-point improvement at the cost of near
and long-term toxicity. Consideration of CT, using a personalized
biological risk estimate, mirrors risk/benefit assessment of adjuvant
ET for gUL individuals. GEA testing in both settings allows for better
shared physician-patient decision-making. Although the Oncotype
DX assay provides guidance regarding the use of CT, data from the
WSG PlanB, ADAPT, NSABP B-28, and PACSO01 trials indicate that it
does not provide information for the preferential selection of one CT
regimen over another.”®8°

Both B-20 and SWOG 8814 used a cut point of RS 31, with a
RS 2 31 indicating substantial benefit to CT use. TAILORx and
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RxPONDER only randomized CT up to an RS result of 25. A re-analysis
of NSABP B-20 was performed including patients with RS =26 while
excluding HER2+ patients to mirror today's Oncotype DX target
population. Although the HR benefit remained advantageous for CT
(HR =0.27), it was diminished by 0.09 suggesting a “dilution” effect by
lowering the cut point.”® CT effect between RS results of 25 and
30 may be present, but is likely less robust than for RS = 31 patients.
Unfortunately, a precise estimation of this benefit could not be
identified. Nonetheless, data from SEER and NCDB suggest a BCSM
improvement in patients receiving CT with RS 26-30.86%7

Although CT effect is an early one, ET has impact over a much
longer time frame, leading to interest in EET.2*8 The value of EET with
Als, showing a more modest DFS improvement, and no OS advantage,
makes the issue of residual risk and therapeutic benefit beyond 5 years
a relevant one.*®? BCI was originally developed as a prognostic assay to
evaluate risk from time of diagnosis. However, its commercial
development has focused on an ability to distinguish late DR between
5 and 10 years. This was demonstrated in a direct comparison with the
Oncotype DX assay in the ATAC trial samples, where only BCI provided
prognostic information regarding risk after 5 years.?® Efforts to better
evaluate the Oncotype DX assay in this setting, through a re-analysis of
NSABP B-14 and B-28 produced somewhat conflicting results.?? In the
LN+ population of B-28, Wolmark® and colleagues demonstrated
prognostic value for the RS result in years 5-10. However, this was not
evident in the lower-risk B-14 LN- population unless ESR1 expression
was used to risk-stratify patients. Performing an additional GEA, such as
BCl, to guide EET may identify the minority of patients who derive
benefit from this added intervention, while increasing compliance with
the EET regimen‘140

EndoPredict also has a discriminatory value in separating
postmenopausal HR+, HER2-, TO-T1 patients into low- and high-
risk populations. However, the GEA by itself was not as robust a
prognostic until combined with nodal status and tumor size to
calculate the clinically influenced EPclin score. Although EndoPredict
has high LOE validation for prognosis, the population used in its
studies limits its use to postmenopausal women. Premenopausal
patients were evaluated in GEICAM 9906, but all received CT making
baseline prognosis unavailable.>31~33 Furthermore, there is no study
that supports EPclin as a predictor of response or resistance to CT.
Efforts at in silica modeling, such as those described by Soliman®® and
colleagues, require too many assumptions to compete with the
prospective validation data of Oncotype DX.

Although EPclin has been suggested for EET decision-making,
the available data are problematic. The GEA identified an 11%
10-year cumulative difference in risk group performance for LN-
individuals, but the difference was front-loaded and appeared to
disappear after 5 years of ET. There was little meaningful difference
between the two groups in the time from 5 to 15 years.>* This,
coupled with increasing scrutiny of EET use overall, has largely
sidelined EndoPredict for EET decision-making.

The Prosigna assay combines a scientifically derived GEA with a
newer analytic tool that enables local specimen processing and
evaluation. The hybridization technique, using the nCounter analytic

system, can be purchased or leased by local hospitals, health systems, or
laboratory companies. However, the reagents and local skill set required
may make the cost comparable to other GEAs. Prosigna produces ROR
score as well as information regarding the intrinsic subtype of the tested
tumor. Because of its validation trials, data had only been available for
postmenopausal HR+ patients, and provided no information predictive
of treatment. Jensen”® and colleagues have tried to address these
limitations in a study based on a 46-year-old Danish randomized clinical
CT trial DBCG 77B with no significant CT advantage based on ROR or
assighment to any of the subtypes except Her2-enriched. Additional
studies using the Danish DBCG 89D evaluated the difference between
adjuvant CMF versus CEF. Although no impact of ROR on the specific
treatment regimen could be found, patients with tumors assigned to the
Her2-enriched subtype had a disproportionate benefit from the
anthracycline regimen.!® Given the toxicity of anthracyclines, and
prospective data available for anthracycline- versus taxane-based
therapy for HER2 overexpressing patients, the relevance of this finding
is uncertain.

Prosigna and the Oncotype DX assays have generated data
suggesting that higher ROR or RS result are associated with increased
risk of local recurrence. However, there is no data supporting either
GEA as an indicator for more aggressive surgery or for the use of RT.

Beyond prognosis, however, only the Oncotype DX assay
continues to have predictive value with regard to CT selection. Some
have suggested that GEAs are largely equivalent and that the
predictive value of the Oncotype DX assay would likely extend to the
remaining assays. However, the data do not suggest concordance or
equivalency between these five commercially available GEAs. Most
of the comparisons have not been direct and were not performed by
the relevant commercial laboratories in a real-world setting. The
transATAC population analyses are the only studies with long-term
follow-up directly comparing GEAs using mRNA from the same

patient specimens.2311%129.130  Thege

comparisons  assessed
the prognostic value of each assay using likelihood ratios and the
c-index. However, these analyses are limited to postmenopausal
women who received ET. They are likely biased toward lower-risk
patients and do not address prediction of CT benefit. In transATAC,
patients were selected for CT based on clinicopathological char-
acteristics resulting in likely selection bias across the study cohort.
Because the IHC4 and the cut points for the ROR were trained in the
transATAC cohort, there is increased risk of overfitting, and without
independent validation cohort data available, it is difficult to confirm
the degree of model overfitting present. In evaluating the use of
likelihood ratio and c-index statistics, numerical comparisons of
prognostic ability are not indicative of statistical independence. In
addition, an apparent increase in model fit across survival models
using likelihood ratio tests is less intuitive than a comparison of fit
using nested models. Consequently, clinical choice of a GEA should
be made with the target population in mind and based upon the LOE
of the data available to support the GEA use in that population, rather
than by statistical comparisons.

GEAs have markedly changed the risk assessment of ESBC.
Having an accurate estimate of early and late recurrence risk can
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change the calculus of immediate and delayed post-operative
adjuvant therapy decision-making. If risk is sufficiently low, the issue
of drug efficacy becomes less relevant as even low or moderate
toxicities may obviate a slight statistical benefit to any given
treatment. However, as risk increases, having a clear and
unambiguous appreciation for the value of adjuvant therapies is
important in guiding decision-making. In this setting, a GEA with
proven ability to predict therapeutic benefit, confirmed in a

prospective clinical trial, becomes the genomic test of choice.

5 | CONCLUSIONS

The use of GEAs in ESBC has been practice changing. The five widely
commercialized assays all have some high-level evidence supporting
prognostic capability in varying patient subsets. Several of the GEAs
identify low-risk patients for whom adjuvant CT is difficult to justify.
Two assays (MammaPrint and Oncotype DX) identify patients who
might reasonably avoid even ET, although current data remain
preliminary. Some assays provide late prognostic information that
may influence selection of EET. BCI, the most widely used in this
setting, also appears predictive of response to anti-estrogens.
Nonetheless, several GEAs remain unvalidated in certain sub-
populations of patients based on menopausal and lymph node status.
Only two assays (MammaPrint and Oncotype DX) have been
subjected to large prospective clinical trials. Only the Oncotype DX
assay has high LOE support for predicting adjuvant CT benefit. That
two of three prospective trials of the Oncotype DX assay identified a
relationship between CT benefit and age and/or menopause, high-
lights the importance of large trials in refining care. The wealth of
new data generated for the five widely commercialized GEAs
provides a basis for thoughtful assessment of each assay, and its
ability to provide clinically relevant prognostic and predictive

information in ESBC.
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