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ABSTRACT: The 21-gene Recurrence Score (RS) assay has been
validated as both a prognostic and predictive tool in node-negative (pNO0),
estrogen receptor-positive (ER+), HER2-negative (HER2-) breast cancer.
A large body of evidence supports the clinical utility of the RS in the node
positive (pN+) population as well. Retrospective analyses of archived
tissue from multiple clinical trials have found the RS to be prognostic in
both endocrine therapy (ET)-treated and chemotherapy-treated patients
with pN+ disease. Distribution of RS results in pN+ patients have also
been consistent with those of pNO populations. Data from the SWOG
8814 trial and large population-based registries further support the
prognostic and potential predictive value of the RS. Specifically, patients
with 1 to 3 positive nodes and RS less than 18 derived negligible benefit
from adjuvant chemotherapy in these studies. In the prospective West
German Study Group PlanB and ADAPT trials, pN+ patients with RS less
than 11 and RS 25 or less, respectively, who were treated with ET alone
experienced excellent outcomes. Finally, 5-year results of the RxPONDER
clinical trial randomizing patients with 1 to 3 positive nodes and RS 25

or less to ET alone vs ET plus chemotherapy confirmed an absence of
chemotherapy benefit in postmenopausal patients. Clinical practice
guidelines support use of the RS in the pN+, ER+/HER2- population,
and many institutions have adopted the RS to guide clinical decision-
making, resulting in a net reduction of adjuvant chemotherapy use.

This review highlights the existing data supporting the prognostic and
predictive ability of the RS in pN+ disease, current practice patterns
related to RS use in this population, and emerging applications.

Introduction

Insights from gene expression profiling
have vastly expanded our understanding
of distinct molecular subtypes of breast
cancer, and of tumor biology’s influence
on response to therapy and outcomes.
Efforts to develop genomic assays for
clinical use have resulted in a new era
of molecularly tailored breast cancer
management. The Oncotype DX Breast
Recurrence Score® (RS) analyzes gene
expression using a reverse transcrip-
tase-polymerase chain reaction method.
After evaluating 250 candidate genes
in archived tissue from node-negative
(pNO) estrogen receptor—positive (ER+)
patients, a panel of 21 genes (16 cancer-
related genes and 5 reference genes) was
selected.’ A proprietary algorithm pro-
duces a recurrence score of 0 to 100, with
a higher score correlating to an increased
risk of distant recurrence (DR). Substan-
tial efforts have focused on demonstrat-
ing the clinical utility of this tool, through
both its prognostic and predictive value.
For review, a prognostic tool provides
information about the likelihood of a
clinical outcome. A predictive tool pro-
vides information about the effect of an
exposure (for example, a medical treat-
ment) on a particular individual. To de-
finitively demonstrate predictive value of
the RS, a comparison is needed between
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patients randomized to either receive or
not receive a treatment of interest, within
RS categories.

The prognostic value of the RS and its
ability to predict adjuvant chemotherapy
benefit is well established in pNO ER+
disease.*® The TAILORx study assigned
patients with RS less than 11 to endocrine
therapy (ET) alone and those with RS
greater than 25 to ET plus chemothera-
py; it randomized those with RS 11 to25
to ET with or without chemotherapy.
Excellent outcomes with ET alone were
demonstrated in patients with RS less
than 11, with 96.8% free from DR at 9
years. Further, among patients with RS
11-25, ET alone was noninferior to ET
plus chemotherapy overall, with a differ-
ence of less than 1% in 9-year DR rates
between the 2 groups. In an exploratory
analysis, a small reduction in DR was seen
with ET plus chemotherapy in women 50
years or younger with RS 16-20 (1.6%
absolute difference) and RS 21-25 (6.5%
absolute difference). However, this may
be explained by chemotherapy-induced
ovarian function suppression, and the
clinical relevance of this finding remains
controversial.®

The RS has now been incorporated into
the American Joint Committee on Cancer
(AJCC) 8th edition staging system, such
that all T1-2 NO disease with RS less than
11 is classified as Prognostic Stage IA.7
The role of the RS for adjuvant system-
ic therapy decision-making in pNO ER+
disease is supported in multiple clinical
practice guidelines.’!? In the TAILORx
trial, 16% and 67% of patients had RS
less than 11 and RS 11-235, respectively®;
omitting chemotherapy in the majori-
ty of these patients has had substantive
clinical impact. There are now retro-
spective and prospective data using the
RS in node-positive (pN+) disease as
well, including 5-year results from the
RxPONDER clinical trial. In this study,
patients with 1 to 3 positive nodes and
RS <25 were randomized to receive ET
with or without chemotherapy,'' provid-
ing level I evidence to support the clinical

utility of the RS in pN+ disease. Here,
we will review this literature in detail,
along with published institutional expe-
riences regarding the use of RS in pN+
disease and emerging applications for
the RS beyond adjuvant chemotherapy
decision-making.

Prognostic and Predictive

Value of the RS: Retrospective
Analyses of Clinical Trials

Studies supporting the prognostic and
predictive ability of the RS are present-
ed in Table 1 and Table 2, respectively.
The first retrospective analysis of a pro-
spective phase 3 clinical trial evaluating
the RS in pN+ patients was performed
in patients from the SWOG 8814 trial.
This study evaluated tamoxifen alone
(cyclophosphamide,
with
concurrent or subsequent tamoxifen in

vs chemotherapy
doxorubicin, and fluorouracil)
postmenopausal pN+ patients. For a pre-
planned translational study, the RS was
performed on banked tumor specimens.
The prognostic ability of the RS was
demonstrated in 148 patients from the
tamoxifen-only arm, 64% and 36% of
whom had 1 to 3 and 4 or more positive
nodes, respectively. Ten-year disease-free
survival (DFS) adjusted for the number
of positive nodes was 60% in those with
RS less than 18,49% with RS 18-30, and
43% with RS of 31 or more (P =.017).1?

To evaluate the predictive value of
the RS in SWOG 8814, outcomes were
compared between patients in the tamox-
ifen-only arm (n = 148) and those who
received chemotherapy followed by
tamoxifen (n = 219). Among patients
with RS less than 18 or RS 18-30, there
was no DFS benefit with chemotherapy
(RS <18: HR, 1.02; 95% CI, 0.54-1.93;
P = .97; RS 18-30: HR, 0.725 95% CI,
0.39-1.31; P = .48), whereas a significant
benefit was observed in those with RS of
31 ormore (HR,0.59;95% CI,0.35-1.01;
P =.033). Results were similar for breast
cancer-specific survival (BCSS) and over-
all survival (OS). Adjusting for number
of positive nodes, there was a signifi-

cant interaction between the continuous
RS and chemotherapy effect on DFS
(P =.053), particularly in the first 5 years
(P = .029)."> While these data are com-
pelling, the sample size was small and the
study may have been underpowered. In
addition, the parent trial was conducted
more than 25 years ago and is thus not
reflective of modern therapy.
Multiple  additional
tive-prospective” studies lend further

“retrospec-

support to the prognostic ability of the
RS in both ET-treated and chemother-
apy-treated pN+ patients. The TransA-
TAC trial randomized postmenopausal
patients to adjuvant anastrozole, tamox-
ifen, or a combination of the 2. Among
306 pN+ patients from the single-agent
arms treated without chemotherapy, both
the continuous and categorical RS were
independent predictors of DR and OS on
adjusted analysis.' The NSABP B-28 trial
randomized pN+ patients to doxorubicin
and cyclophosphamide chemotherapy
with or without paclitaxel. RS was per-
formed retrospectively in 1065 patients;
10-year DFS was 75.8% for RS less than
18, 57.0% for RS 18-30, and 48.0% for
RS of 31 or more (P <.001). RS was also
correlated with distant recurrence-free
survival (DRFS), OS, and BCSS, and the
association of the continuous RS with
each outcome remained significant on
adjusted analyses (HRs for 50-point in-
crease, 2.42-3.38; all P < .001)."

Among 530 pN+ patients from the
PACS-01 trial randomized to fluoroura-
cil, epirubicin, and cyclophosphamide
chemotherapy with or without docetaxel,
the continuous RS was again strongly as-
sociated with DR, DFS, and OS on multi-
variable analysis (all P < .001)." Finally,
the ECOG E2197 trial included pN+ and
high-risk pNO patients, randomized to
doxorubicin with either cyclophospha-
mide or docetaxel. Among 465 patients,
44% had 1 to 3 positive lymph nodes.
The RS outperformed a modified version
of the Adjuvant! Online tool, which uses
traditional clinicopathologic risk factors,
in predicting S-year risk of recurrence.
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TABLE 1.

Summary of studies demonstrating the prognostic value of the RS in pN+ patients

Relevant population Outcomes
WSG Prospective n=2,642 5-y DFS
PlanB?'-22 clinical trial HR+ HER2- bNO-1 pNO, RS<11, ET alone w=238: 94.2% In this modern trial, RS was prognostic
P pN1, RS<11, ET alone w=110: 94.4% of DFS in both ET-treated and CT-treated
Post-amendment/ per | ;Ng_1, RS 12-26, CT + ET r-1.m: 94.3% tients. Furth tient
protocol tx* (41% pN+) | Ng_1, RS =25, CT + ET w=srsr: 84.2% patients. FUHNT, among paneits
' g prospectively assigned to ET alone when
RS<11: ET Adjusted® hazard ratio for DES (pNO-1): RS was <11, 5-year DFS was excellent at
RS=11:CT + ET 753, 250 percentile of RS: wiwe ropman: 168 [1.04-274], P=0.035 | 949%.regarciess of pNO/oNT noda status.
75" vs. 25" percentile of RS® crueatea): 2.43 [1.21-4.88], P=0.013
WSG Prospective n=595 5-y DDFS:
ADAPT= clinical trial HR+ HER2- pN1 RS<12 (n-200: 94.6% Another modern trial supporting excellent
RS 12-25 & ET-response m=37: 92.7% outcomes in pN1 patients with RS<25
ETS<12 or RS g T2—25 & treated without chemotherapy.
-response:
SWOG Retrospective n=148 10-y DFS:
8814 analysis of RS<18 60% vs. RS 18-30 49% vs. RS=31 43%
clinical trial Postmenopausal Log-rank P=0.017*
HR+ pN+
ET-only arm Adjusted? hazard ratios for DFS:
50-pt increase®: 2.64 [1.33-5.27], P=0.006
These analyses support the prognostic
Trans- Retrospective n=306 9-y DRFS: ability of both the continuous and
ATAC™ analysis of RS<18 83% vs. RS 18-30 72% vs. RS=31 51% categorical RS in ET-treated patients.
clinical trial Postmenopausal Log-rank p-value<0.001
HR+ pN+
No adjuvant CT Adjusted* hazard ratios for DRFS:
Single-agent ET 50-pt increase®: 3.47 [1.64-7.38], P=0.002
RS=31vs. <18: 2.7 [1.5-5.1]
RS 18-30 vs. <18: 1.8 [1.0-3.2]
NSABP Retrospective n=1,065 10-y DFS:
B-28" analysis of RS<18 76% vs. RS 18-30 57% vs. RS=31 48%
clinical trial Operable BC Log-rank p-value<0.001
ER+ pN+
CT +ET Adjusted' hazard ratios for DFS:
50-pt increase®: 2.53 [1.90-3.38], P<0.001
PACS-01'® | Retrospective n=530 5-y DRFS:
analysis of RS<18 94% vs. RS 18-30 87% vs. RS=31 69% These analyses support the prognostic
clinical trial Operable BC Log-rank p-value<0.001 ability of both the continuous and
HR+ pN+ categorical RS in CT-treated patients.
CT +ET Adjusted? hazard ratio for DRFS:
50-pt increase®: 3.36 [1.88-6.00], P<0.001
ECOG Retrospective n=465 Adjusted?" hazard ratio for RFI:
E2197'¢ analysis of . . 50-pt increase": 2.12 [0.97-4.65], P=0.06
clinical trial HR+ pN+ or high-risk 50-pt increase®’: 2.64 [1.80-3.87], P<0.001
pNO (44% pN+)
CT +ET
SEER" Population- n=4,059 Adjusted’ hazard ratio for BCSS: This study demonstrates prognostic
based registry . RS 11-25vs. <11: 3.51 [1.08-11.42], P=0.036 ability of the RS in a mixed treatment
(USA) pT1-2 pN1mi RS >25 vs. <11: 13.04 [3.85-44.20], P<0.001 population, even after adjustment for the
2004-2012 HR+/HER2- AJCC 8" edition pathologic prognostic
ET +/- CT stage.
SEER™ Population- n=6,182 9-y BCSS (unadjusted)
based registry RS< 11, no CT w=1005 97.8% vs. CT m=283):
(USA) HR+/HER2- pN1 97.8% vs. 98.6%
2004-2014 ET+/-CT RS 11-15, no CT w=1.193) vs. CT m=ss3: In this large real-world cohort, all pN1

98.5% vs. 96.4%

RS 16-20, no CT w=992) vs. CT =se7:
96.2% vs. 95.8%

RS 21-25, no CT w=397) vs. CT m=431:
92.9% vs. 94.3%

RS=26, no CT w=223 vs. CT m=618):
84.8% vs. 89.2%

patients with RS<20 had >95% 9-yr
BCSS, regardless of CT use. Outcomes
were numerically worse for patients with
RS=26.

2Patients enrolled after a trial amendment recommending omission of chemotherapy for patients with RS<11
Adjusted for stage, grade, Ki-67, ER %, PR %, nodal status, CT vs. ET treatment

°RS modeled as a continuous variable
9Adjusted for number of positive nodes

°Adjusted for age, tumor size, grade and number of positive nodes

Adjusted for age, tumor size, grade, number of positive nodes, surgery type and chemotherapy regimen
9Adjusted for tumor size, grade, Ki-67, number of positive nodes and chemotherapy regimen

"Adjusted for age, tumor size, HER2 status, grade and number of positive nodes

iAdjusted for low/intermediate/high risk groups as determined using the Adjuvant! Online tool
JAdjusted for age, AJCC 8th edition pathologic prognostic stage, chemotherapy use

Key: ET, endocrine therapy; CT, chemotherapy; ER, estrogen receptor; HR, hormone receptor; RS, recurrence score; tx, treatment; pt, point; DFS, disease-free survival; DDFS, distant dis-

ease-free survival; DRFS, distant recurrence-free survival; RFI, recurrence-free interval; BCSS, breast cancer specific-survival
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The prognostic effect of the RS remained
for all levels of Adjuvant! Online risk as-
sessment.'®

The distribution of RS results was
very consistent in the SWOG 8814,
NSABP B-28, and PACS-01 pN+ popu-
lations; less than 18 in 36%-40%, 18-
30 in 28%-34%, and 3lor greater in
30%-32%.121415  TransATAC patients
had a higher proportion of RS less than
18 (52%) and a lower proportion of RS
of 31 or greater (17%)," although this
analysis excluded patients treated with
chemotherapy, which likely explains this
finding. In historical studies validating the
prognostic ability of the RS in pNO pa-
tients, the distribution of RS results was
less than 18 in 51%-54%,18-30in 21 %-
22%, and 31 or greater in 25%-27%.*5
Thus, while the mean RS may be slightly
higher in pN+ patients, the distribution
is not substantially different than in the
pNO population.

The percentage of patients evaluated
in the above trials with 1 to 3 positive
nodes vs 4 or more positive nodes ranged
from 60% to 79%.'>'5 In NSABP B-28,
the distribution of RS results was similar
between patients with 1 to 3 vs 4 or more
positive nodes.'* Further, the RS remained
prognostic in both those with 1 to 3 and 4
or more positive nodes in the TransATAC,
NSABP B-28, and PACS-01 studies.'>!
In the PACS-01 study, patients with 4 or
more nodes and an RS less than 18 had a
S-year DR rate of less than 10%, which
was similar to those with 1 to 3 nodes and
RS less than 18 or 18-30, and lower than
those with 1 to 3 positive nodes and RS of
31 or greater." Similarly, in NSABP B-28,
10-year DFS and BCSS in those with 4
or more nodes and RS less than 18 were
similar or greater than in patients with 1
to 3 positive nodes and RS 18-30 or 31
or greater.'" Overall, these findings sug-
gest that the RS may have a role even in
patients with 4 or more nodes, a pop-
ulation that is not included in the
RxPONDER trial.

Prognostic and Predictive Value
of the RS: Population-Based
Studies
Population-based series have further con-
firmed the prognostic ability of the RS
in larger, “real-world” samples of pN+
patients. These studies provide support
for the predictive value of RS as well, al-
though they are limited by the fact that
chemotherapy use is not randomized but
selected. Wang et al evaluated outcomes
by TAILORx RS cut points in 4059 pT1-
2 pN1 patients from the Surveillance,
Epidemiology and End Results (SEER)
database. Patients with RS 11-25 and RS
greater than 25 vs RS less than 11 expe-
rienced inferior BCSS and OS, indepen-
dent of the AJCC 8th edition pathologic
prognostic stage.'”In a larger, more recent
SEER study of greater than 6000 pN1 pa-
tients, unadjusted rates of 9-year breast
cancer—specific mortality were less than
5% for RS up to 20, regardless of che-
motherapy use. Notably, in those treated
without chemotherapy, the differences in
breast cancer-specific mortality between
pNO and pN1 patients were less than
1% for RS 0-15 and less than 2% for
RS 16-20.1

An analysis of the National Cancer
Database (NCDB) included 13,163 pN+
patients with an intermediate RS, defined
as 11-30, and stratified into groupings of
11-17, 18-25, and 26-30. On multivari-
able analysis, 5-year risk of mortality by
chemotherapy use statistically differed for
all RS groupings; however, in those with
RS 11-17, the absolute benefit was only
1.3% (HR, 0.63; 95% CI, 0.40-0.99;
P = .044). With RS 18-25 and 26-30, the
use of chemotherapy was associated with
larger gains in OS (3.3% and 6.7% abso-
lute benefit, respectively). When the con-
tinuous RS score was modeled, no benefit
from chemotherapy was seen for an RS
less than 14." Neither the SEER database
nor NCDB capture DFS, a limitation of
these series as patients with ER+/HER2—
disease may survive for years with recur-
rent or metastatic disease.

Finally, in an analysis of 709 patients

with micrometastases (pN1mi) or pN1
disease from the Israeli Clalit Health
Services registry, adjuvant chemothera-
py was used in 9% with RS less than 18,
41% with RS 18-30,and 78 % with RS of
31 or greater in the pNT1 subset. Five-year
DR rates were 5% or less for those with
RS less than 18 or RS 18-30, regardless of
having 1 vs 2 to 3 positive nodes. Among
all patients (pN1mi-pN1) treated with-
out chemotherapy, 5-year DR rates were
2.9% for RS less than 18. The RxPO-
NDER cut point of 25 was also evaluat-
ed; chemotherapy was used in only 15%
of those with RS of 250r less, in whom
the 5-year DR rate was 4.4%, vs 2.3%
in those treated without chemotherapy
(P =.521).20

Prognostic and Predictive Value
of the RS: Prospective Validation
and Summary
The West German Study Group (WSG)
PlanB trial was the first to prospectively
validate the prognostic ability of the RS
in pN+ disease, as well as the ability of
the RS to identify a subset of pN+ patients
with excellent outcomes in the absence
of chemotherapy. Initially designed to
compare chemotherapy regimens with or
without anthracyclines, this study includ-
ed 2449 pN+ and high-risk pNO patients.
An early amendment recommended
omission of chemotherapy for all patients
with RS of 11 or less, regardless of nod-
al status. In both the overall population
and the chemotherapy-treated subgroup
(with RS >11), the continuous RS was an
independent predictor of DFS.2! Further,
as a result of the early amendment, che-
motherapy was omitted in 86% of pa-
tients with RS of 11 or less. Among those
who received ET alone, 5-year DFS was
excellent at 94.2%, and it did not differ
significantly between pN1 and pNO pa-
tients (94.2% and 94.4%, respectively).>
Findings from 2 important clinical
trials using the RS in pN+ disease were
reported at the San Antonio Breast Can-
cer Symposium in December 2020. In
the WSG ADAPT trial, patients who
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TABLE 2. Summary of studies evaluating oncologic outcomes in pN+ patients stratified by use of chemotherapy and RS

Study

RxPONDER"

Design

Prospective clinical trial
(interim analysis)

ETvs CT + ET

Relevant popu-
lation

n=5,015

HR+ HER2- pN1
RS=<25

Outcomes

5-yr iDFS
All: ET (=2508) vs. CT m=2509: 91.0% vs. 92.4%
Postmenopausal:

ET w=1675 vs. CT w=1675: 91.9% vs. 91.6%
Premenopausal:

ET =831 vs. CT m=s30: 89.0% vs. 94.2%

Hazard Ratio for effect of CT on iDFS
All: 0.81, [0.67-0.98], p=0.026
Postmenopausal: 0.97, [0.78-1.22], P= 0.82
Premenopausal: 0.54, [0.38-0.76], P<0.001

Key finding

In this large, modern randomized trial, pN1
postmenopausal patients with RS<25 did
not benefit from chemotherapy, whereas
pN1 premenopausal patients had a small
improvement in iDFS with chemotherapy.

SWOG 8814™

Retrospective analysis
of clinical trial

ETvs CT + ET

n=367

Postmenopausal
HR+ pN+

10-yr DFS
RS<18, ET =55 vs. CT w=91: 60% vs. 64%
RS=31, ET w=47 vs. CT w=71: 43% vs. 55%

Hazard ratio for effect of CT on DFS
RS<18: 1.02, [0.54-1.93], P=0.97

RS 18-30: 0.72, [0.39-1.31], P=0.48
RS=31: 0.59, [0.35-1.01], P=0.033

In patients randomized to receive ET alone
versus CT, 10-yr DFS did not differ by
treatment for those with RS<18 or RS 18-30

NCDB"

Population-based
registry

(USA)

2010-2014

n=13,163

HR+/HER2-
pN1-2 RS 11-30

Adjusted 5-year death from any cause®
RS 11-17, no CT vs. CT": 3.5% vs. 2.3%

RS 18-25, no CT vs. CT": 7.3% vs. 4.0%

RS 26-30, no CT vs. CT": 14.5% vs. 7.8%

Adjusted hazard ratio for effect of CT on any

death

RS 11-17: 0.63, [0.40-0.99], P=0.044
RS 18-25: 0.53, [0.37-0.76], P=0.001
RS 26-30: 0.50, [0.28-0.89], P=0.018

Adjusting for multiple patient, tumor and
treatment characteristics, pN1-2 patients
with RS<18 derived negligible overall survival
benefit from CT

Clalit*®

Population-based
registry (Israel)
2006-2011

n=709
ER+/HER2- pN1mi-1

5-year DR, amongst pN1:

RS<18, 1 positive node w=140.9% cn: 4.4%
RS<18, 2-3 positive nodes w=7s,8%cn: 5.4%
RS 18-30, 1 positive node =ss, 44 cn: 5.2%0
RS 18-30, 2-3 positive nodes m=60.37% cn: 5.1%
RS=31, 1 positive node m=26.85% cn: 11.5%
RS=31, 2-3 positive nodes (=11, 620 cn: 0.0%

5-year DR, amongst all pN1mi-1, by CT use:
RS<18, no CT w=ss2) vs. CT (=271: 2.9% vs. 7.7%

RS 18-25, no CT m=138) vs. CT w=62: 8.2% vs. 0.0%
RS <25, no CT w=4s8) vs. CT w=s0): 4.4% vs. 2.3%

RS 26-30, no CT m=20 vs. CT w=20: 20.3% vs. 2.5%
RS =31, no CT m=10 vs. CT m=62: 10.0% vs. 18.0%

5-year rates of distant recurrence were
<50 in patients with pN1mi/pN1 disease
and RS=25 treated without CT, as well as
those with pN1 and RS<18 in whom <10%
received CT in clinical practice.

fAdjusted for age, year of diagnosis, Charlson Comorbidity Index, race, tumor size, histology, grade, progesterone receptor status, lymphovascular invasion, number of positive nodes
“Number of pN+ who received CT for each RS category not reported, however in overall cohort of all stage I-I1A, CT was used in 9%, 35% and 67% of patients with RS 11-17, RS 18-25 and

RS 26-30, respectively

Key: ET, endocrine therapy; CT, chemotherapy; ER, estrogen receptor; HR, hormone receptor; RS, recurrence score; DFS, disease-free survival; DR, distant recurrence

were considered candidates for adjuvant
chemotherapy by conventional criteria
received a short (3-week) course of pre-
operative ET, followed by surgery. Those
with pNO-1 disease and RS less than 12,
or RS 12-25 plus evidence of response to
ET (defined by Ki67 expression <10% on
surgical pathology) were treated with ET
alone. In the subgroup of 595 patients
with pN1 disease, 5-year distant DFS was
excellent,and it did not significantly differ
between those with RS 0-11 vs RS 12-25
(94.6% vs 92.7%, respectively).??
Finally, highly anticipated 5-year re-
sults were presented from RxPONDER,
the first trial to randomize chemotherapy

use in 5015 patients with 1 to 3 positive
nodes and RS of 25 or less. Chemothera-
py benefit did not differ by the continuous
RS (P =.30) but did differ by menopausal
status (P = .008). In postmenopausal pa-
tients, there was no difference in 5-year
invasive DFS (iDFS) or OS between treat-
ment arms. In premenopausal patients,
5-year iDFS was significantly improved
in the ET plus chemotherapy group, with
an absolute difference in iDFS of 5.2%. A
small (1.3%) but statistically significant
OS benefit was also seen in premenopaus-
al patients with ET plus chemotherapy.'!
Similar to the age-based differences in
chemotherapy benefit observed in the

TAILORX trial, some or all of the bene-
fit from chemotherapy in premenopausal
women could be a result of the indirect
effect of chemotherapy on ovarian func-
tion. Two findings in subgroup analyses
of premenopausal women suggest that
chemotherapy-induced ovarian suppres-
sion is playing a role. First, the benefits of
chemotherapy were as great or greater in
those with a lower RS category (RS 0-13,
HR, 0.45; vs RS 14-25, HR, 0.56), which
would be consistent with an endocrine
effect. Second, there was an absence of
significant chemotherapy benefit in pre-
menopausal women 50 years or greater
(250 years, HR, 0.84; vs <50 years, HR,
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0.43-0.44), who would be close to natu-
ral menopause and less likely to gain the
benefit of chemotherapy-induced meno-
pause.

In summary, the RS has consistently
shown a strong association with onco-
logic outcomes in both ET-treated and
chemotherapy-treated patients, indepen-
dent of traditional risk factors such as age,
tumor size, grade, and number of positive
nodes. Further, data from SWOG 8814
and multiple population-based registries
strongly support that pN1 patients with
RS less than 18 have excellent oncologic
outcomes in the absence of chemother-
apy. The WSG PlanB and ADAPT trials
provide prospective validation of excel-
lent outcomes with ET alone in patients
with RS 11 or less and RS of 25 or less,
respectively. Finally, findings from Rx-
PONDER demonstrate that ET alone
provides equivalent outcomes to ET plus
chemotherapy in postmenopausal pN1
patients with RS of 25 or less. Though
small benefits from chemotherapy were
observed in premenopausal patients in
RxPONDER,
ovarian function suppression may be

chemotherapy-induced

driving this finding. As a result of this sub-
stantial body of evidence, the National
Comprehensive Cancer Network guide-
lines support the 21-gene RS to assist in
adjuvant chemotherapy decision-making
for patients with hormone receptor—
positive/HER2- pN1 disease.®

Multi- and Single-Institution
Experience Using RS in

pN+ Patients

Numerous institutions across North
America, Europe, Asia, and Australia
have reported on their experience incor-
porating the use of the RS into adjuvant
chemotherapy decision-making in ER+/
HER2- disease (Table 3). Changes in
treatment recommendations based on
RS results have ranged from 11% to
42% 2+3 While many series include both
pNO and pN1 patients, recommendation
changes are often greatest in the pN1

group.2*262832° A multicenter Australian

TABLE 3. Summary of multi- and single-institution studies using RS in the clinical

care of pN+ patients

Study/institution

Population

pN+ reported sep.

24

Pre- vs post-RS
chemotherapy
recommendation

Proportion of patients
recommended
chemotherapy

by RS

Dana-Farber Cancer Institute
(USA)*

272 HR+/HER2-
pT1-2 pN1

RS<18:21%
— RS 18-30: 35%
RS=31: 63%

University of
Pittsburgh (USA)**

152 ER+/HER2- pN1

RS<18: 4%

RS 18-25: 13%
RS 26-30: 100%
RS=31: 88%

Multi-institution, Australia®

118 HR+/HER2-
early stage pN+

Amongst n=382 pNO/pN+:
RS<18: 2%

RS 18-25: 25%;

RS 26-30: 89%
RS=31:97%

65% vs 23% (,42%)

ROXANE
(Multi-institution, Italy)®?

99 ER+/HER2-
pT1-3 pN1

RS<11: 10%

RS 11-17: 20%
RS 18-25: 45%
RS =26: 100%

5500 vs 27% (,28%)

Sunnybrook Health Sciences
Centre (Canada)®

72 ER+/HER2-
pT1-3 pN1

RS<18: 29%
RS 18-30: 78%
RS=31: 100%

79% vs 52% (,27%)

Greater Manchester (United
Kingdom)*®

65 ER+/HER2-
postmenopausal/pN1

RS<18: 8%
RS 18-30: 63%
RS=31: 83%

100% (assumed) vs.
30% ({1, 70%)

Multi-institution, Australia?”

50 HR+/HER2- early
stage pN1

74% vs 52% (,22%) —

Instituto Nacional de
Cancerologia (Mexico)?®

34 ER+/HER2- pN1

PpNoO/pN+ patients reported together:

59% vs 32% (,27%) —

PONDx
(Multi-institution, France)?'

882 ER+/HER2-
pNO-1 (29% pN1)

RS<18: 5%

66% vs 30% (,36%) RS>31: 98%

National Cancer
Center (Korea)®

448 HR+/HER2-
pNO-1 (34% pN1)

RS<18: 20%
— RS 18-30: 38%
RS=31: 97%

Multi-institution, Germany?®

366 ER+/HER2-
pNO-1 (33% pN1)

57% vs 46% (1, 11%) —

SAKK 26/10
(Multi-institution,
Switzerland)**

221 ER+/HER2-
pNO-1 (38% pN1)

RS<18: 7%
RS 18-30: 45%
RS=31: 100%

40% vs. 27% (1, 13%)

Multi-institution,
United Kingdom?®

137 ER+/HER2-
Age =50 pNO-Tmi
Age>50 pN1
(19% pN1)

RS<18: 4%
RS 18-30: 47%
RS=31: 100%

500 vs. 28% (,22%)

Key: ER, estrogen receptor; HR, hormone receptor; RS, recurrence score

study of 382 patients included 118 (32%)
who were pN+; of these, chemotherapy
was recommended in 65% pre-RS versus
23% post RS. In the overall cohort, 98%
with RS less than 18 and 78% with RS
18-30 were ultimately treated with ET
alone, while 97% with RS 31 or greater
received chemotherapy.?* The prospective
ROXANE study included 251 pNO-1
patients from 9 centers in Italy, of whom

99 (39%) were pN1. Of these, 55% were
recommended chemotherapy pre-RS
versus 27 % post RS; this reduction in che-
motherapy use was observed exclusively
in patients with RS of 17 or less.?? Similar-
ly, in a prospective Canadian cohort of 72
pN1 patients, changes in treatment rec-
ommendation were most common for RS
less than 18. In this group, 76 % were rec-

ommended chemotherapy pre-RS, nearly
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two-thirds of whom were subsequently
recommended ET alone post RS.*

The University of Pittsburgh Cancer
Center has developed and implemented a
clinical pathway for patients with ER+/
HER2- pNO-1 disease, in which those
with RS less than 18 are recommended
ET alone, those with RS greater than 30
are recommended chemotherapy, and
those with RS 18-30 are left to the dis-
cretion of the treating oncologist. In their
experience, use of RS was high in eligible
patients (93%). Among patients with 1 to
3 positive nodes, there was strong adher-
ence to the pathway; chemotherapy was
used in 4% of those with RS less than 18,
25% with RS 18-30,and 88% with an RS
of 31 or greater.>*

At the Dana-Farber Cancer Institute,
since 2016, we have performed “reflex”
RS testing for patients aged 65 years or
less with hormone receptor—positive/
HER2- pT1-2 pN1 disease; RS can also
be ordered outside of these criteria at the
oncologists’ discretion. In 347 women
with pN1 disease treated with upfront
surgery between 2016 and 2019, 272
(78%) had RS testing. Chemotherapy
was used in 21.0% with RS less than 18,
34.8% with RS 18-30, and 62.5% for RS
31 or greater (P = .01). Furthermore, RS
less than 18 was a significant predictor of
chemotherapy use on adjusted analysis
(odds ratio, 0.47; 95% CI,0.24-0.92; P =
.028). While follow-up was limited in du-
ration (median, 27.0 months), our study
isamong the few institutional experiences
to report outcome data. In the overall co-
hort, we observed no difference in 3-year
recurrence-free survival in those treated
with or without chemotherapy (97.7%
vs 97.5%; P = .97), nor were there dif-
ferences in 3-year OS (98.5% vs 100%;
P=.19).3

Special Populations

Consideration for the available evidence
in underrepresented populations, includ-
ing young patients, elderly patients, and
patients of ethnic minorities, is warranted.

While the SWOG 8814 and TransATAC

studies evaluated only postmenopausal
patients, 48% and 53% of subjects in
the NSABP B-28 and PACS 01 analyses
were aged less than 50 years,'*!* and
24% in the ECOG E2197 study were
aged 45 years or less.!® In the NCDB and
Clalit registry studies, women less than 50
years accounted for 15% to 24% of the
study populations.'®?
trials, median age in the overall hormone

In the prospective

receptor—positive cohort of WSG PlanB
was 56 years.”? Approximately one-third
of the patients in the RxPONDER trial
were premenopausal, although a specific
age breakdown has not been reported.!!

The prognostic impact of the RS has
been evaluated in the Young Women’s
Breast Cancer Study, a multicenter pro-
spective cohort of women aged 40 years
or less at diagnosis. Among 163 pN1
patients, RS distribution was similar to
nonyoung cohorts: 33% had RS less than
18,42% had RS 18-30, and 25% had RS
31 or greater. Chemotherapy use was high
overall: 83%, 97%, and 97%, respectively.
The categorical RS was prognostic; 6-year
DRFS was similar for RS less than 18 and
RS 18-30 (85.9% and 87.3 %, respective-
ly), but markedly worse (62.8%) for RS
31 or greater (P = .004). Using TAILORx
categories, 6-year DRFS for RS 11-25 was
similar to the RS less than 18 and RS 18-30
categories (85.2%), but substantially lower
for RS greater than 25 (71.3%).3¢

The utility of RS in older women was
evaluated in a SEER study of pNO and
pN+ patients that compared patients aged
more than 70 years with those 18 to 69
years. In the older cohort, 18 % were pN+;
the distribution of RS results was similar
between age groups. On adjusted analysis,
RS greater than 25 was associated with
inferior OS compared with RS less than 11
in both age groups, although the magnitude
of effect was lower in the older group (>70
years: HR, 1.47, P =.003; 18-69 years: HR,
2.35, P <.001). Among patients with RS
greater than 25, chemotherapy was used in
73% and 52% of those aged 18 to 69 years
and greater than 70 years, respectively. Use
of chemotherapy was significantly associ-

ated with improved adjusted OS and BCSS
in the younger cohort, but not in patients
aged more than 70 years.”

Few studies have compared the clinical
value of the RS across ethnic groups. A
recent NCDB analysis of pNO and pN+
patients identified small but statistically
significant differences in the prognostic
performance of the RS across racial/ethnic
groups (P <.001). The c-index was used to
compare the predictive ability per 10-unit
RS increase, where a value of 1 indicates
perfect prediction and a value of 0.5
indicates no better predictive ability than
random chance. The c-index was highest
for patients who were non-Hispanic White
(0.581) and Asian/Pacific Islander (0.586),
and lowest for those who were African
American (0.535) and Hispanic (0.542).%
Further study is warranted in minority
populations, who are also underrepresented
in clinical trials.

Other Emerging Applications
There is increasing interest in incorporat-
ing the 21-gene RS into other elements
of clinical decision-making beyond those
choices related to adjuvant chemotherapy.
In pNO patients, gene expression profiles
can prognosticate likelihood of locore-
gional recurrence (LRR)3*#; this has now
been shown in pN+ disease as well. Among
1065 pN+ patients from NSABP B-28,
43% were treated with breast-conserving
surgery (BCS) and 57% with mastectomy.
The 10-year LRR rate was 3.3% for those
with RS less than 18, 7.2% with RS 18-
30, and 12.2% with RS of 31 or greater
(P <.001). On adjusted analysis, the con-
tinuous RS remained a significant predictor
of LRR; for any 50-point increase in the RS
result, the risk of LRR more than doubled
(HR for 50-point increase, 2.59; 95% CI,
1.28-5.26; P = .008).*

Among 316 pN+ patients treated with
BCS and radiation or mastectomy without
radiation in SWOG 8814, 10-year LRR
rates were 9.7% for RS less than 18 ver-
sus 16.5% for RS >18 (P = .02), and an
RS 18 or greater remained significantly
associated with LRR after adjustment for
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surgery type, number of positive nodes, and
use of chemotherapy. In the mastectomy
subgroup, 10-year LRR was particularly
low (1.5%) in those with 1 to 3 positive
nodes and RS less than 18. In patients with
4 or more positive nodes, 10-year LRR
was similar regardless of RS category (RS
<18,25.9% vs RS 218,27.0%; P = .27).*
Together, these findings suggest a potential
role for tailoring use of radiation therapy
based on RS results. The ongoing TAI-
LOR RT trial will be the first randomized
control trial evaluating this concept, with
a recurrence-free interval primary end
point. Patients with ER+/HER2~ disease,
1 to 3 positive nodes, and RS less than 18
are eligible; those treated with BCS are
randomized to whole breast radiation
with or without regional nodal radiation,
and those treated with mastectomy are
randomized to no radiation or chest wall/
regional nodal radiation.®

Another potential application for the
21-gene RS in pN+ patients is to guide
neoadjuvant systemic therapy decisions.
The feasibility and reliability of performing
the RS assay on core biopsy specimens
has been demonstrated in greater than
100,000 samples.* Unlike other biologic
subtypes, hormone receptor—positive pa-
tients are eligible for either neoadjuvant
chemotherapy (NAC) or neoadjuvant
endocrine therapy (NET). Rates of patho-
logic complete response (pCR) to NAC
are low in this population,* and even
lower in patients with low or intermediate
RS.#-#8 Further, a meta-analysis of nearly
3500 patients demonstrated that NET is
associated with equivalent response rates
and rates of BCS, but with lower toxicity
compared with NAC.* Therefore, using
the RS to identify patients who may not
require chemotherapy as part of their
treatment could help select those most
suited to an NET approach. A small but
prospective, multicenter study evaluated
the feasibility of selecting NAC vs NET
based on the RS in 64 pNO-1 patients.
NET was recommended for RS less than
11 and NAC for RS greater than 25, and
those with RS 11-25 were randomized to

either regimen; compliance with assigned
treatment was high in the randomized
arm (85%), supporting feasibility of this
strategy.”® We anticipate that oncologists
will increasingly incorporate the RS into
neoadjuvant treatment recommendations
in patients with hormone receptor—
positive disease.

Conclusions

Substantial existing data support the
clinical utility of the RS in patients with
hormone receptor—positive/HER2- pN+
breast cancer. In particular, those with 1
to 3 positive nodes and RS less than 18
have excellent outcomes and appear to
derive negligible benefit from adjuvant
chemotherapy in retrospective analyses of
clinical trials and large population-based
series. Prospective validation of these find-
ings is provided by the excellent outcomes
observed with ET alone in those with RS
less than 11 and RS of 25 or less in the
WSG’s PlanB and ADAPT trials, as well as
an absence of chemotherapy benefit in post-
menopausal women with RS of 25 or less in
RxPONDER. Premenopausal patients have
been underrepresented in many studies;
while RxPONDER demonstrated a small
benefit to chemotherapy in premenopausal
patients with RS of 25 or less, future analy-
ses are needed to determine the attributable
effect of chemotherapy-induced ovarian
function suppression in this population.
Based on existing retrospective data, we
may be able to cautiously extrapolate the
findings in postmenopausal women in
RxPONDER to patients with 4 or more
positive nodes as well. It is unlikely that
there will ever be a prospective randomized
trial of ET vs ET plus chemotherapy in this
group of women with multinode-positive
breast cancer.

While the focus of this review was the
21-gene recurrence score, the MINDACT
trial now provides prospective evidence
for the use of another genomic assay in
adjuvant chemotherapy decision-making
in pN+ patients. In this phase 3 study,
pNO-1 patients with high clinical-risk but
low genomic-risk disease (determined by

the MammaPrint® 70-gene signature test)
were randomized to ET alone vs ET plus
chemotherapy. In a preplanned subset
analysis of 738 patients with pN1 disease,
DRFS was 96.3% with chemotherapy
vs 95.6% with ET alone. °' This lends
further support for the ability of genomic
assays to select patients who do not benefit
from adjuvant chemotherapy. We have
highlighted that many institutions have
already adopted the RS assay in clinical de-
cision-making for adjuvant chemotherapy
in the pN1 population, with a resultant net
reduction in chemotherapy use. Emerging
applications for the RS in clinical care in-
clude decision-making related to radiation
therapy as well as selection of neoadjuvant
systemic therapy. B
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