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BACKGROUND: The 21-gene recurrence score (RS) assay predicts response to adjuvant chemotherapy in patients with early-stage, hor-

mone receptor-positive, human epidermal growth factor receptor 2 (HER2)-negative invasive breast cancer, but to the authors’ knowl-

edge, the role of the assay in guiding the selection of chemotherapy regimen has not been established. The current study was conducted

to examine patterns of use of the RS assay for selecting chemotherapy regimens across a statewide registry from 2006 through 2013.

METHODS: Demographic, pathologic, and treatment data were abstracted from medical records for 16,666 women with breast cancer

who were treated at 25 hospital systems across Michigan that were participating in the Michigan Breast Oncology Quality Initiative.

Treatment patterns were examined based on the RS assay test result. RESULTS: Approximately 25% of patients with lymph node-

negative disease who underwent testing with the RS assay and who were treated with chemotherapy received an anthracycline-

based regimen, compared with 49% of patients with lymph node-negative disease who were treated with chemotherapy and who

had not undergone testing with the RS assay. Of those patients with lymph node-positive disease who underwent testing with the RS

assay and who received chemotherapy, 31% received an anthracycline-based regimen. In comparison, 71% of patients with lymph

node-positive, chemotherapy-treated disease who did not undergo testing received an anthracycline. From 2006 through 2013, there

was a statistically significant decrease in the use of anthracycline-containing regimens in both patients with lymph node-negative and

lymph node-positive disease. CONCLUSIONS: Use of anthracycline-containing chemotherapy regimens in eligible patients appears to

vary with use of the RS assay, despite the lack of evidence supporting use of the assay to guide regimen selection. Results of ongoing

prospective trials should help to define the role of the RS assay in this setting. Cancer 2017;123:948-56. VC 2016 American Cancer

Society.
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INTRODUCTION
The 21-gene recurrence score (RS) assay is a multiparameter gene expression profile test originally designed to identify
patients with hormone receptor-positive (HR1), human epidermal growth factor receptor 2-negative (HER2-), lymph
node-negative breast cancer who are unlikely to benefit from the addition of chemotherapy to endocrine therapy.1 Data
supporting the use of the RS assay in this patient population for the prediction of response to chemotherapy were pub-
lished in 2006.2 Patients with a low RS (0-17) did not appear to benefit from the addition of adjuvant chemotherapy to
endocrine therapy, whereas those with a high RS (31-100) did benefit from both chemotherapy and endocrine therapy.
To the best of our knowledge, the benefit of adding chemotherapy for those with an intermediate RS (18-30) remains
uncertain.3

As a result of these initial reports, guidelines from multiple organizations, including the American Society of Clinical
Oncology and the National Comprehensive Cancer Network (NCCN) now recommend the use of this assay for making
decisions regarding whether to administer adjuvant chemotherapy to women with HR1, HER2-, lymph node-negative
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breast cancer.4,5 Multiple studies have demonstrated in-

creased use of the assay over time, with a concomitant de-

cline in the use of adjuvant chemotherapy.6-8 In addition,

a recent analysis of patients with invasive breast cancer

with an RS between 0 and 10 who were treated with endo-

crine therapy alone demonstrated excellent long-term out-

comes, with a rate of invasive disease-free survival at 5

years of 93.8% and a rate of freedom from disease recur-

rence at 5 years of 98.7%.3

As a result of the high level of evidence supporting

the use of the RS assay in patients with lymph node-

negative disease, subsequent studies have been conducted

to determine whether the assay would be similarly useful

for making decisions regarding the use of adjuvant che-

motherapy in patients with breast cancer with lymph

node involvement. Retrospective-prospective analyses

evaluating the use of the RS assay for this population dem-

onstrated that, although patients with lymph node in-

volvement had a higher risk of disease recurrence

compared with those without lymph node involvement,

patients whose tumors had a low RS obtained minimal

benefit, and those whose tumors had a high RS obtained

substantial benefit from adjuvant chemotherapy.9,10 A re-

cently reported prospective trial of patients with 1 to 3

positive lymph nodes and an RS <12 who were treated

with endocrine therapy alone demonstrated a 3-year dis-

ease-free survival rate of 97.9%.11 Based on the

retrospective-prospective data described above, the Cen-

ters for Medicare and Medicaid Services authorized cover-

age for testing tumors from patients with 1 to 3 involved

lymph nodes, and since 2015 the NCCN guidelines have

recommended the consideration of testing among patients

with up to 3 involved lymph nodes.12 In contrast, recently

updated American Society of Clinical Oncology guide-

lines do not recommend testing for treatment decision

making in this patient population.5

Since 2006, the Michigan Breast Oncology Quality

Initiative (MiBOQI) has prospectively collected data re-

garding patient and pathologic characteristics, diagnostic

tests performed, and treatments administered for women

with newly diagnosed breast cancer at its 25 member hos-

pital systems across the state of Michigan. Using data

from this registry, we investigated changes in the pattern

of use of the RS assay over time in patients with lymph

node-negative and lymph node-positive disease and asso-

ciations between RS assay results and chemotherapy ad-

ministration in multiple patient cohorts. The primary

objective of the current study was to examine the associa-

tion between the RS assay result and the selection of

anthracycline-containing versus non-anthracycline-
containing regimens.

MATERIALS AND METHODS

Analyzed Cohort

Women with newly diagnosed breast cancer who were
diagnosed between 2006 and 2013 and treated at 1 of the
25 hospitals participating in the MiBOQI were included
in the current analysis. Because the purpose of the
MiBOQI is to conduct quality initiatives, it has been
granted an exemption by the University of Michigan In-
stitutional Review Board. Demographic, pathologic, and
treatment characteristics were abstracted from the medical
records. Determination of socioeconomic status was esti-
mated based on each patient’s place of residence using
data from the 2010 US Census. Patients with noninvasive
breast cancer, those who were found to have distant me-
tastases within 90 days of diagnosis, those treated with
neoadjuvant chemotherapy, and those with bilateral
breast cancer or a prior history of breast cancer were
excluded.

Appropriateness Criteria for 21-Gene
RS Assay Testing

Appropriateness for testing with the 21-gene RS assay was
based on the NCCN breast cancer guidelines from 2010.5

The NCCN concordant cohort was defined as patients
with HR1, HER2- breast cancer measuring> 1 cm or
measuring 6 to 10 mm in size with additional high-risk
features, including either grade 2 or 3 tumors or evidence
of angiolymphatic invasion, with either no evidence of
lymph node metastases or only micrometastatic lymph
node involvement. Tumors measuring� 5 mm and those
with tubular or mucinous histology were considered inap-
propriate for testing (nonconcordant).

21-Gene RS Assay Testing for the Lymph
Node-Positive Cohort

Patients in the analyzed cohort who had HR1, HER2-
negative breast cancer and macrometastatic involvement
of at least 1 lymph node were included in the analysis of
the lymph node-positive cohort. Participants in steps 1 or
2 of the Southwest Oncology Group (SWOG) S1007
clinical trial, in which enrolled patients’ tumors were test-
ed with the RS assay (step 1) and then randomized to
adjuvant chemotherapy plus endocrine therapy versus en-
docrine therapy alone (step 2), were excluded from the
analysis.
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Statistical Analysis

All data were analyzed using the R statistical package (ver-
sion 3.2.3; R Foundation, Vienna, Austria). All patient
characteristics were summarized as percentages, and the
statistical significance of variations in testing rates by pa-
tient characteristics was assessed using univariate and mul-
tivariate logistic regression. Statistical significance was
defined as a P value< .05.

RESULTS

Use of RS Assay Results: Lymph-Node
Negative Cohort

Over time, rates of chemotherapy administration to
patients with both lymph node-negative and micrometa-
static lymph node-positive disease in the NCCN concor-
dant cohort decreased, from 39 of 116 patients (34%) and
6 of 6 patients (100%), respectively, in 2006 to 180 of
1013 patients (18%) and 25 of 74 patients (34%), respec-
tively, in 2013 (P<.001 for both groups) (see Supporting
Information Fig. 1). Chemotherapy use decreased over
time in patients with lymph node-negative and microme-
tastatic lymph node-positive disease who underwent
testing with the RS assay (P<.001 and P 5 .001, respec-
tively), but not in those who were not tested (Figs. 1A and
1B). Although the percentage of patients treated with che-
motherapy decreased overall, receipt of chemotherapy was
found to be greater with increasing RS in the lymph node-
negative cohort (P<.001) (Figs. 2A and 3A).

Of the 3911 patients in the lymph node-negative co-
hort who underwent testing with the RS assay from 2006
through 2013, 923 (24%) were treated with chemothera-
py. Approximately 6% of patients with a low RS were
treated with chemotherapy compared with 46% of those
with an intermediate RS and 90% of those with a high RS
(P<.001) (Fig. 2A). In those patients with a low RS, re-
ceipt of chemotherapy decreased from 2006 to 2013
(P<.001) (see Supporting Information Fig. 2). Among
the 923 patients treated with chemotherapy, 232 (25%)
received an anthracycline-based regimen (Fig. 2A) (see
Supporting Information Fig. 3A). In comparison, of the
787 patients treated with chemotherapy in the lymph
node-negative cohort who did not undergo testing, 49%
received an anthracycline-based regimen. From 2006 to
2013, there was a statistically significant decrease in the
use of anthracycline-containing regimens (Fig. 1A).

On univariate analysis, anthracycline use in those
patients who were tested with the RS assay and received
chemotherapy was associated with younger age, earlier
year of diagnosis, higher tumor grade, and higher RS
(Table 1) (see Supporting Information Fig. 3A). There

was a trend toward an association with lower socioeco-
nomic status. No associations were identified with race,
comorbidity, tumor size, or the presence of micrometa-
static lymph node disease.

Figure 1. Percentage of patients with hormone receptor-
positive, human epidermal growth factor receptor 2-negative
breast cancer who received treatment with any chemothera-
py, over time, by 21-gene recurrence score assay testing (or-
ange indicates tested; blue, not tested) and the percentage
of patients treated with chemotherapy who received an
anthracycline-based regimen, over time, by 21-gene recur-
rence score assay testing (dashed green line indicates tested;
red dashed line, not tested) are shown for (A) patients with
lymph node-negative disease, (B) patients with micrometa-
static lymph node disease, and (C) patients with macrometa-
static lymph node disease.

Original Article

950 Cancer March 15, 2017



Similarly, of those patients who received chemother-
apy and did not undergo testing with the RS assay, anthra-
cycline use was associated with younger age and earlier
year of diagnosis. In addition, anthracycline use was asso-
ciated with larger tumor size, but not tumor grade. No
associations were identified with race, comorbidity, or the
presence of micrometastatic lymph node disease.

Use of RS Assay Results: Lymph
Node-Positive Cohort

In patients with HR1, HER2- disease and macrometa-
static lymph node involvement, testing with the RS assay
was associated with decreased receipt of adjuvant chemo-
therapy compared with no testing (Fig. 1C) (see Support-
ing Information Fig. 4). Of the 392 patients who
underwent testing with the RS assay, 165 (42%) were
treated with chemotherapy, and 31% of those patients re-
ceived an anthracycline-based chemotherapy regimen (see
Supporting Information Figs. 3B and 4). Chemotherapy
use was found to increase with increasing RS (Fig. 3B). In
contrast, of the 1772 chemotherapy-treated patients with

HR1, HER2-, lymph node-positive disease who did not
undergo testing, 71% received an anthracycline-based
regimen. From 2006 to 2013, there was a statistically sig-
nificant decrease in the use of anthracycline-containing
regimens in patients with lymph node-positive disease
(Fig. 1C).

Examination of the cohort with 1 to 3 involved
lymph nodes indicated that treatment with chemotherapy
increased with increasing RS, from 34% of those with a
low RS, to 49% of those with an intermediate RS, to 94%
of those with a high RS (Fig. 2B). In comparison, 79% of
patients with HR1, HER2- disease and with 1 to 3 in-
volved lymph nodes who did not undergo testing with the
RS assay were treated with chemotherapy. The adminis-
tration of anthracycline-based chemotherapy regimens in
patients with 1 to 3 involved lymph nodes was found to
increase with increasing RS. Anthracyclines were adminis-
tered to 23%, 35%, and 36%, respectively, of patients

Figure 3. Bubble plot demonstrating receipt of chemothera-
py by recurrence score for patients with hormone receptor-
positive, human epidermal growth factor receptor 2-negative
breast cancer. Each circle represents the average percentage
of patients treated with chemotherapy for each recurrence
score, and the size of each circle represents the number of
patients with each recurrence score in (A) the lymph node-
negative cohort and (B) the lymph node-positive cohort.

Figure 2. Percentage of patients with hormone receptor-
positive, human epidermal growth factor receptor 2-negative
breast cancer who were treated with anthracycline-based
(blue), non-anthracycline-based (red), and no chemotherapy
(green) regimens by recurrence score (<18, 18-30,>30, and
not tested) in (A) the lymph node-negative cohort and (B)
patients with 1 to 3 positive lymph nodes.
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with a low, intermediate, and high RS (Fig. 2B). In con-
trast, 68% of chemotherapy-treated patients with HR1,
HER2- disease and 1 to 3 involved lymph nodes who
were not tested with the RS assay received an
anthracycline-containing regimen.

Among those patients who were tested with the RS
assay and received chemotherapy, there were no statistical-
ly significant associations noted between anthracycline
use and age, race, comorbidity, socioeconomic status, year

of diagnosis, tumor grade, tumor size, lymph node in-
volvement, or RS (Table 2). In contrast, of those who re-
ceived chemotherapy and who did not undergo testing
with the RS assay, anthracycline use was associated with
younger age, lower comorbidity, intermediate socioeco-
nomic status, earlier year of diagnosis, larger tumor size,
and increased lymph node involvement. There was a trend
toward an association with white race. No associations
were identified with tumor grade.

TABLE 1. Univariate Analyses of Associations Between Patient and Tumor Characteristics Among Patients
With HR1, HER2-, Lymph Node-Negative Breast Cancer and Chemotherapy Regimena

Lymph Node-Negative Cohort
(pN0, pN1mi) No RS Assay

Lymph Node-Negative Cohort
(pN0, pN1mi) RS Assay

Characteristic

Anthracycline
Chemotherapy

N5385

Non-Anthra
Chemotherapy

N5402 P

Anthracycline
Chemotherapy

N5232

Non-Anthra
Chemotherapy

N5691 P

Clinical

Age at diagnosis, y

<50 193 (50%) 140 (35%) <.001 90 (39%) 231 (33%) .037

50-69 172 (45%) 212 (53%) 133 (57%) 401 (58%)

�70 20 (5%) 50 (12%) 9 (4%) 59 (9%)

Race

Black 53 (14%) 58 (14%) .929 29 (13%) 55 (8%) .106

White 306 (79%) 319 (79%) 190 (82%) 600 (87%)

Other 26 (7%) 25 (6%) 13 (6%) 36 (5%)

Charlson Comorbidity Index

0 343 (89%) 347 (86%) .236 216 (93%) 623 (90%) .471

1 25 (6%) 35 (9%) 13 (6%) 49 (7%)

2 15 (4%) 13 (3%) 2 (1%) 9 (1%)

�3 2 (1%) 7 (2%) 1 (0%) 10 (1%)

Socioeconomic status

High 114 (30%) 111 (28%) .939 71 (31%) 253 (37%) .059

Medium 142 (37%) 143 (36%) 78 (34%) 233 (34%)

Low 129 (34%) 134 (33%) 83 (36%) 190 (27%)

Missing data 0 (0%) 14 (3%) 0 (0%) 15 (2%)

Y of diagnosis

2006-2007 120 (31%) 41 (10%) <.001 41 (18%) 42 (6%) <.001

2008-2011 162 (42%) 204 (51%) 97 (42%) 300 (43%)

2012-2014 103 (27%) 157 (39%) 94 (41%) 349 (51%)

Tumor

Tumor size

pT1 161 (42%) 215 (53%) .005 153 (66%) 488 (71%) .408

pT2 199 (52%) 165 (41%) 76 (33%) 195 (28%)

pT3 25 (6%) 22 (5%) 3 (1%) 8 (1%)

Other 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Lymph node involvement

pN0 283 (74%) 315 (78%) .111 218 (94%) 652 (94%) .825

pN1mi 102 (26%) 87 (22%) 14 (6%) 39 (6%)

Tumor grade

1 41 (11%) 45 (11%) .364 26 (11%) 83 (12%) .003

2 165 (43%) 189 (47%) 101 (44%) 379 (55%)

3 176 (46%) 163 (41%) 102 (44%) 222 (32%)

Missing data 3 (1%) 5 (1%) 3 (1%) 7 (1%)

RS

0-17 NA NA NA 30 (13%) 98 (14%) <.001

18-30 NA NA 100 (43%) 408 (59%)

31-100 NA NA 102 (44%) 185 (27%)

Abbreviations: 1 , positive; -, negative; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; NA, not applicable; Non-Anthra, nonanthracy-

cline; RS, recurrence score.
a Patients were divided into those tested and not tested with the RS assay.

Original Article

952 Cancer March 15, 2017



Rate of Testing Over Time

Of the 16,666 patients in the MiBOQI included in the
current analysis, 7124 (42.7%) met the NCCN criteria
for testing of patients with lymph node-negative or micro-
metastatic lymph node-positive disease, referred to as the
lymph node-negative cohort. Overall, 3911 patients in
the lymph node-negative cohort (54.9%) underwent test-

ing, and this rate increased from 43.8% in 2006 to 62.2%
in 2013 (P<.001). Corresponding increases over time
were from 46% to 63% in patients without involved
lymph nodes (n 5 6623; P<.001) and from 0% to 49%
in patients with microscopic lymph node metastases
(n 5 501; P<.001). The percentage of patients in the
lymph node-negative cohort between 2006 and 2013 who

TABLE 2. Univariate Analyses of Associations Between Patient and Tumor Characteristics Among Patients
With HR1, HER2-, Lymph Node-Positive Breast Cancer and Chemotherapy Regimena

HR1, HER22, Lymph Node-Positive
Cohort No RS Assay

HR1, HER2-, Lymph Node-Positive
Cohort RS Assay

Characteristic

Anthracycline
Chemotherapy

N51261

Non-Anthra
Chemotherapy

N5511 P

Anthracycline
Chemotherapy

N551

Non-Anthra
Chemotherapy

N5114 P

Clinical

Age at diagnosis, y

<50 512 (41%) 128 (25%) <.001 22 (43%) 33 (29%) .097

50-69 674 (53%) 278 (54%) 26 (51%) 64 (56%)

�70 75 (6%) 105 (21%) 3 (6%) 17 (15%)

Race

Black 155 (12%) 79 (15%) .065 4 (8%) 10 (9%) .616

White 1020 (81%) 408 (80%) 45 (88%) 95 (83%)

Other 86 (7%) 24 (5%) 2 (4%) 9 (8%)

Charlson Comorbidity Index

0 1134 (90%) 423 (83%) <.001 48 (94%) 97 (85%) .251

1 80 (6%) 49 (10%) 3 (6%) 9 (8%)

2 35 (3%) 23 (5%) 0 (0%) 7 (6%)

�3 12 (1%) 16 (3%) 0 (0%) 1 (1%)

Socioeconomic status

High 400 (32%) 167 (33%) .011 19 (37%) 39 (34%) .427

Medium 436 (35%) 134 (26%) 19 (37%) 34 (30%)

Low 425 (34%) 191 (37%) 13 (25%) 40 (35%)

Missing data 0 (0%) 19 (4%) 0 (0%) 1 (1%)

Y of diagnosis

2006-2007 210 (17%) 60 (12%) .001 2 (4%) 2 (2%) .619

2008-2011 567 (45%) 212 (41%) 10 (20%) 27 (24%)

2012-2014 484 (38%) 239 (47%) 39 (76%) 85 (75%)

Tumor

Tumor size

pT1 479 (38%) 227 (44%) .022 20 (39%) 64 (56%) .124

pT2 614 (49%) 227 (44%) 30 (59%) 49 (43%)

pT3 149 (12%) 45 (9%) 1 (2%) 1 (1%)

Other 19 (2%) 12 (2%) 0 (0%) 0 (0%)

Lymph node involvement

pN1 757 (60%) 361 (70%) <.001 46 (90%) 110 (96%) .253

pN2 350 (28%) 100 (20%) 4 (8%) 3 (3%)

pN3 154 (12%) 49 (10%) 1 (2%) 1 (1%)

Tumor grade

1 204 (16%) 81 (16%) .919 11 (22%) 23 (20%) .731

2 688 (55%) 280 (55%) 27 (53%) 66 (58%)

3 338 (27%) 143 (28%) 13 (25%) 23 (20%)

Missing data 31 (2%) 7 (1%) 0 (0%) 2 (2%)

RS

0-17 NA NA NA 19 (37%) 57 (50%) .296

18-30 NA NA 19 (37%) 36 (32%)

31-100 NA NA 13 (25%) 21 (18%)

Abbreviations: 1 , positive; -, negative; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; NA, not applicable; Non-Anthra, nonanthracy-

cline; RS, recurrence score.
a Patients were divided into those tested and not tested with the RS assay.
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underwent testing at each participating site ranged from
35.4% to 73.3% (see Supporting Information Fig. 5). Of
the 3911 tumors that were tested, 2383 (60.9%) had an
RS in the low range, 1187 (30.4%) had an RS in the inter-
mediate range, and 341 (8.7%) had an RS in the high
range.

Of the remaining 9542 patients who did not meet
the NCCN criteria for testing, 2671 (28%) had HR1,
HER2- breast cancer with macrometastatic involvement
of at least 1 lymph node. Rates of testing in this patient
cohort increased from 0% in 2006 to 26% in 2013
(P<.001). At the 25 participating sites, the percentage of
patients tested between 2006 and 2013 ranged from 4%
to 30% (see Supporting Information Fig. 5). Of the 392
tumors that were tested, 239 (61%) had an RS in the low
range, 116 (29.6%) had an RS in the intermediate range,
and 37 (9.4%) had an RS in the high range.

Factors Associated With Testing
With the 21-Gene RS Assay

In the lymph node-negative cohort, variables found to be
associated with receipt of testing on univariate analysis in-
cluded younger age, white race, smaller tumor size, lack of
lymph node involvement, lower tumor grade, lower co-
morbidity, and more recent time period (see Supporting
Information Table 1). No association with area-level so-
cioeconomic status was identified. Similar findings were
noted on multivariate analysis.

In the cohort of patients with HR1, HER2-, lymph
node-positive disease, variables associated with receipt of
testing on univariate analysis included increased age,
smaller tumor size, fewer number of lymph nodes in-
volved, lower tumor grade, and more recent time period
(see Supporting Information Table 1). There were no
associations noted with race, socioeconomic status, or co-
morbidity. In multivariate analyses, the same associations
were identified except tumor grade was found to be of
only borderline significance.

DISCUSSION
In hospital systems across Michigan, use of the 21-gene
RS assay for determining prognosis and likely benefit
from chemotherapy among patients with HR1, HER2-,
lymph node-negative breast cancer has been increasing
since the introduction of the assay a decade ago. This in-
creasing use has been associated with a concomitant de-
cline in the administration of adjuvant chemotherapy,
especially in those patients with RS in the low and low-to-
intermediate range. The rate of chemotherapy administra-
tion in patients with a low RS is very low across the state

(average of 6% from 2006-2013), and has been decreasing
over time. The rate of omission of chemotherapy in
patients with a high RS is higher, at approximately 10%.
Both of these findings are similar to those previously
reported in other cohorts, and demonstrate excellent con-
cordance with published guidelines for patients with
lymph node-negative disease.13 The results of the current
study confirm previously reported findings regarding the
increasing use of the RS assay over time and concomitant
declining use of chemotherapy. One large study evaluat-
ing the association in the first years (2006-2008) after the
introduction of the RS assay demonstrated that testing
was associated with a lower odds of the receipt of che-
motherapy, with an odds ratio of 0.70 (95% confidence
interval, 0.62-0.80).6 A second study analyzed the associa-
tion in a Medicare population between 2005 and 2009
and similarly demonstrated the decreased use of chemo-
therapy over time in this older population who underwent
testing with the RS assay.7 The current study results also
extend these findings by including a more recent time pe-
riod, and demonstrate that the reduction in chemotherapy
use has persisted over the nearly 10 years since introduc-
tion of the RS assay into routine clinical practice.

It is important to note that we found that use of the
RS assay was associated with a shift in the use of chemo-
therapy regimens from anthracycline-based regimens to
non-anthracycline-based regimens in both the lymph
node-negative and lymph node-positive cohorts. This
trend was observed despite a lack of clinical data to sup-
port using the RS assay results to select specific adjuvant
chemotherapy regimens. However, we were unable to de-
termine how much of the decreased use of anthracycline-
containing regimens is due to use of the RS assay and how
much is due to the publication of findings from other
clinical trials. During the same time period, the US On-
cology Research Group published the results of a clinical
trial of docetaxel and cyclophosphamide versus doxo-
rubicin and cyclophosphamide, demonstrating sup-
erior disease-free and overall survival with the non-
anthracycline-containing regimen.14,15 It is interesting to
note that the anthracycline-containing comparator arm in
that trial did not include a taxane. Subsequent analysis of
national patient cohorts demonstrated a decline in the use
of anthracyclines among patients with breast cancer since
2005.16

In contrast, recently reported data have demonstrat-
ed that for patients with lymph node involvement,
anthracycline-containing regimens are more effective
than non-anthracycline-containing regimens, although
exploratory subset analyses have suggested less benefit in

Original Article

954 Cancer March 15, 2017



patients with HR1, HER2- disease.17 The findings of the

current study suggest that physicians may be using the

results of the RS assay to select patients for non-

anthracycline-containing regimens. Alternatively, the

observation that use of the RS assay is associated with a

preference for non-anthracycline-based chemotherapy

regimens could reflect, in part, patient selection. In the

lymph node-negative cohort, unfavorable tumor charac-

teristics and younger age were found to be associated with

use of an anthracycline regardless of testing with the RS

assay. However, in the lymph node-positive cohort, simi-

lar findings were identified only in those patients who did

not undergo testing with the RS assay.
There has been a substantial increase in the testing of

patients with HR1, HER2-, lymph node-positive breast

cancer over time, which has occurred despite a lack of pro-

spective randomized data to support the clinical useful-

ness of the RS assay for this purpose. A prospective,

randomized validation study to determine whether che-

motherapy can be safely omitted in patients with HR1,

HER2- disease with lymph node involvement has com-

pleted accrual (SWOG S1007; ClinicalTrials.gov identifi-

er NCT01272037), but the results are not yet available.

In our statewide cohort, we found that those patients with

1 to 3 involved lymph nodes who underwent testing with

the RS assay were significantly less likely to receive chemo-

therapy compared with those who did not undergo test-

ing. This likely reflects a bias of ordering physicians for

the selection of patients that they would prefer to avoid

treating with chemotherapy because those patients who

were tested were older and had more favorable tumor

characteristics. These findings are consistent with a previ-

ously published physician survey that reported that physi-

cians were more likely to consider using the RS assay for

patients with 1 to 3 involved lymph nodes with smaller

tumors, and that testing would lead to reduced recom-

mendations for treatment with chemotherapy.18

Finally, in our registry, fewer black patients with

lymph node-negative breast cancer underwent testing

with the RS assay compared with white patients, whereas

there were no detectable racial differences in test ordering

noted for those individuals with lymph node-positive

breast cancer. This is in contrast to a recent publication

from the Carolina Breast Cancer Study, in which rates of

testing of patients with lymph node-negative disease were

similar between white and black patients, but black

patients with lymph node-positive disease were found to

be 46% less likely to undergo testing.19 The basis for these

differing findings between the 2 states is unclear, but

could represent differences in provider practice patterns
or insurance coverage.

Strengths of the current study include data derived
from a large, prospective registry specifically designed to
evaluate patterns of breast cancer care at multiple institu-
tions across a single state, in which comprehensive demo-
graphic, clinical, and treatment data are collected. There
was considerable heterogeneity in terms of both practice
setting and patient characteristics. However, due to limi-
tations in the registry, we were unable to determine the
reasons why patients did not receive guideline-concordant
testing or chemotherapy treatment, why specific chemo-
therapy regimens were selected, or the impact of treatment
selection on patient outcome. This information is essen-
tial for the performance of root cause analyses to develop
site-level interventions to improve concordance with
guidelines related to use of the RS assay result for treat-
ment decision making.

Overall, use of the 21-gene RS assay for the manage-
ment of patients with both lymph node-negative and
lymph node-positive breast cancer has increased in the
MiBOQI since 2006, and this increase has been accompa-
nied by a concomitant decrease in treatment with chemo-
therapy. In particular, the results of the RS assay appear to
influence selection of the chemotherapy regimen by
physicians, despite the lack of evidence supporting
this use of the assay. The results of ongoing clinical
trials (ClincalTrials.gov identifiers NCT00310180 and
NCT01272037) should help to further define the clinical
usefulness of the 21-gene RS assay in both the lymph
node-negative and lymph node-positive settings for treat-
ment decision making.
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