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Association Between Use of the 21-Gene Recurrence Score
Assay and Receipt of Chemotherapy Among Medicare
Beneficiaries With Early-Stage Breast Cancer, 2005-2009
Michaela A. Dinan, PhD; Xiaojuan Mi, PhD; Shelby D. Reed, PhD; Gary H. Lyman, MD, MPH; Lesley H. Curtis, PhD

IMPORTANCE Guidelines recommend consideration of chemotherapy for most patients with
early-stage, estrogen receptor–positive, invasive breast cancer in the absence of additional
prognostic information. The 21-gene recurrence score (RS) assay has been shown in limited
academic settings to reduce physician recommendations for adjuvant chemotherapy.
Associations between the adoption of the assay and receipt of chemotherapy in the general
population have not been examined.

OBJECTIVE To examine whether adoption of the RS assay in a nationally representative
sample of patients with early-stage breast cancer was associated with use of chemotherapy.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of Medicare beneficiaries
who received a diagnosis of incident breast cancer between 2005 and 2009 using
Surveillance, Epidemiology, and End Results data set with linked Medicare claims.

MAIN OUTCOMES AND MEASURES Receipt of chemotherapy within 12 months after diagnosis.

RESULTS A total of 44 044 patients had low-risk (24.0%), intermediate-risk (51.3%), or
high-risk disease (24.6%, lymph node positive) as defined by National Comprehensive Cancer
Network (NCCN) guidelines and met the study criteria. We observed no overall association
between receipt of the RS assay and chemotherapy (odds ratio [OR], 1.03 [99% CI,
0.88-1.19]). In multivariable analysis, there was a significant interaction between NCCN risk
and use of the RS assay, with assay use associated with lower chemotherapy use in high-risk
patients (OR, 0.36 [99% CI, 0.26-0.50]) and greater chemotherapy use in low-risk patients
(OR, 3.71 [99% CI, 2.30-5.98]), compared with no receipt of the assay (P = .006 for the
overall interaction). Results were similar in prespecified subgroup analyses of patients 70
years and younger, with the exception of a shift toward lower chemotherapy use during
2008 (OR, 0.90 [99% CI, 0.77-.1.05]; P = .09) and 2009 (OR, 0.81 [99% CI, 0.66-0.99];
P = .007). In unadjusted analyses, overall chemotherapy use decreased over time in patients
70 years or younger with high-risk disease and those receiving the assay.

CONCLUSIONS AND RELEVANCE The impact of the adoption of the RS assay on receipt of
chemotherapy was strongly population dependent and was associated with relatively lower
chemotherapy use in groups with high-risk disease and relatively higher chemotherapy use in
patients with low-risk disease. Overall use of chemotherapy decreased during the study
period in patients who were most likely to receive chemotherapy.
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N ational Comprehensive Cancer Network (NCCN)
guidelines recommend consideration of adjuvant che-
motherapy in estrogen receptor (ER)–positive,

node-negative breast cancer for all but the smallest tumors.1

However, clinicopathologically similar tumors can have
different metastatic potential,2 raising the need to reconsider
the relative benefits and risks of chemotherapy across risk
groups. The Oncotype DX 21-gene recurrence score (RS) assay
is an independent predictor of prognosis and the benefit of che-
motherapy in tamoxifen-treated, ER-positive, node-negative
breast cancer.3-7 Several studies have suggested that use of the
assay is cost saving or cost-effective, compared with conven-
tional approaches,6,8-10 possibly as a result of more appropri-
ate allocation of chemotherapy to patients most likely to
benefit.11

Patients’ treatment decisions can vary substantially de-
pending on the patient’s age, comorbid conditions, finances,
and personal preferences and priorities. Studies of patients’
treatment decisions after use of the RS assay have found that
many patients do not follow guideline-based or physician-
recommended treatment.2,12,13 In addition, even with a low or
intermediate genomic risk score, many physicians may still be
reluctant to withhold chemotherapy, particularly in younger
patients.2

Current evidence suggests that use of the RS assay
reduces the likelihood of physicians recommending
chemotherapy.2,6,9,12 However, it is unknown whether adop-
tion of the assay has reduced overall chemotherapy use in the
general population. Therefore, we examined associations be-
tween use of the RS assay and receipt of chemotherapy in a na-
tionally representative cohort of patients who received a di-
agnosis of incident breast cancer between 2005 and 2009. We
hypothesized that adoption of the assay was associated with
lower odds of receiving chemotherapy.

Methods
Data Source
Data were from a Surveillance, Epidemiology, and End Re-
sults (SEER) and Medicare linked data set, a collaborative ef-
fort between the National Cancer Institute and the Centers for
Medicare & Medicaid Services. The SEER data represent ap-
proximately 28% of the US population with cancer.14 We used
SEER data from 2005 through 2009 to identify patients’ clini-
cal and demographic characteristics. We used Medicare claims
data from 2004 through 2010 to confirm Medicare enroll-
ment and health care resource use. We used claims from the
year before diagnosis to identify comorbid conditions. The in-
stitutional review board of the Duke University Health Sys-
tem approved this study. Informed consent was waived due
to the retrospective nature of the study.

Study Population
We identified all patients who had a diagnosis of breast can-
cer between 2005 and 2009 in the 12 SEER registries that were
continuously active from 2000 onward. To identify patients
likely to have complete Medicare claims related to breast can-

cer management, we required that patients have a primary
diagnosis of breast cancer (International Classification of Dis-
eases, Ninth Revision, Clinical Modification code 174.x or 175.x)
on an inpatient, outpatient, durable medical equipment, hos-
pice, home health, or carrier-based Medicare claim between
2 months before and 4 months after the SEER-reported diag-
nosis. We included patients 66 years or older at diagnosis, ex-
cept those whose diagnosis was made at autopsy.

We excluded patients who had discontinuous Medicare Part
A and Part B coverage (ie, fee-for-service Medicare) or were en-
rolled in Medicare Part C (managed care) from the year before
diagnosis through the end of the study period or death. As a re-
sult, all patients in the study survived at least 1 year after initial
breast cancer diagnosis. We also excluded patients with in situ
disease because chemotherapy and use of the RS assay are not
recommended for this group. We excluded patients with meta-
static disease given the lack of RS assay utility in this group. We
limited the analysis to patients with ER-positive tumors, in
which the RS assay has been clinically validated and for which
its use was initially recommended. Although the initial studies
of the RS assay were limited to patients with node-negative dis-
ease, we previously observed use of the RS assay in node-
positive disease in this cohort,15 and it has since been reported
that the RS assay may predict disease-free and overall survival
in these patients.16 For these reasons, we elected to include pa-
tients with NCCN high-risk disease, including patients with
node-positive disease, in our study.

Outcomes
The primary study outcome was receipt of chemotherapy (Cur-
rent Procedural Terminology [CPT] code Q0083-Q0085, G0355-
G0363, J8510-J9999, or 96400-96549) reported on any out-
patient or carrier claim between 2 months before and 12 months
after diagnosis.17 The primary exposure of interest was use of
the RS assay as reported on a carrier claim between 2 months
before and 6 months after diagnosis. To identify claims for the
RS assay, we rank-ordered each patient’s claims containing CPT
code 84999 (ie, unlisted chemistry procedure) from the high-
est to lowest payment amounts and by the claim date. We then
retained the first record, which represented the most costly,
earliest procedure. We reviewed these records manually to
confirm that those with the highest payment in each year were
performed by the same provider (eg, Genomic Health) and

At a Glance

• We examined whether adoption of the 21-gene recurrence score
(RS) assay in a nationally representative sample of Medicare
beneficiaries with early-stage breast cancer was associated with
use of chemotherapy.

• A total of 44 044 eligible patients had low- (24.0%),
intermediate- (51.3%), or high-risk disease (24.6%, lymph
node–positive) as defined by National Comprehensive Cancer
Network guidelines.

• Assay use was associated with lower chemotherapy use in
high-risk patients (OR, 0.36 [99% CI, 0.26-0.50]) and greater
use in low-risk patients (OR, 3.71 [99% CI, 2.30-5.98]), compared
with no assay use.
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reimbursed by the same Medicare carrier (eg, Palmetto GBA),
indicating claims for the RS assay. We counted only 1 assay claim
per patient. If a patient had multiple claims, we used the claim
with the highest line payment on the first submitted claim date.
If a patient had only zero-payment claims, we used the first
claim and flagged it as not being reimbursed.

Clinical variables, including TNM staging classifications,
were available through the SEER Patient Entitlement and Di-
agnosis Summary. We categorized patients with missing node
status as having node-negative disease and patients with mi-
croscopic nodal disease (N1mic) as having N1 disease. We used
the most recent NCCN guidelines, which are nearly identical
to the 2007 guidelines, to categorize patients into 3 risk groups:
low, intermediate, and high.1 Low-risk patients were those with
ER-positive, node-negative tumors either 0.5 cm or smaller in
size or no more than than 1.0 cm with no unfavorable histo-
logic features as assessed by the site-specific extent of dis-
ease (ie, Paget disease, invasive disease, inflammatory
disease, G3 or anaplastic histopathologic subtype, T4 dis-
ease). Intermediate-risk patients were those with ER-
positive, node-negative tumors either 0.6 to 1.0 cm in size with
unfavorable features or greater than 1.0 cm in size. High-risk
patients were those with node-positive disease. Although pa-
tients with ER- and progesterone receptor–negative or hu-
man epidermal growth factor receptor 2 (HER2)–positive
tumors greater than 1.0 cm in size are also considered high risk,
our study was limited to ER-positive tumors and HER2 status
was unavailable. We used the SEER Patient Entitlement and
Diagnosis Summary to obtain demographic variables, includ-
ing age at diagnosis, sex, race, ethnicity, marital status, and
local census tract characteristics. We grouped the SEER reg-
istries by census region. We used Medicare inpatient, outpa-
tient, and carrier claims for the year before diagnosis to
detect National Cancer Institute comorbid conditions.18

Statistical Analysis
We describe the baseline characteristics of the study popula-
tion by year of diagnosis using frequencies and percentages
for all variables. We used χ2 tests to test for differences be-
tween groups. We used a multivariable logistic regression
model to examine associations between use of the RS assay and
receipt of chemotherapy. To minimize colinearity within the
model, clinicopathologic factors included in the multivari-
able regression analysis were limited to grade, tumor size
greater than 2.0 cm, and NCCN risk group. We did not include
stage or nodal status because these are effectively captured by
tumor size and NCCN risk variables. We conducted a prespeci-
fied subgroup analysis of patients aged 65 to 70 years to re-
duce confounding due to associations between age and use of
the RS assay or receipt of chemotherapy. Significance tests and
confidence intervals for estimates from all models were based
on robust standard errors to account for the clustering of pa-
tients by registry. We used SAS, version 9.3 (SAS Institute), for
all analyses.

In addition to estimating overall associations, we esti-
mated associations between use of the RS assay and receipt of
chemotherapy in prespecified subgroups by adding a sub-
group variable and an interaction term between the sub-

group variable and the RS assay indicator to the models. We
assessed differences between subgroups by testing the sig-
nificance of the interaction term. We estimated the RS assay
associations in each subgroup using model contrasts. Be-
cause of the multiple comparisons in this analysis, we report
99% confidence intervals and used α = .01 to establish statis-
tical significance. All tests were 2 sided.

Sensitivity Analyses
To exclude the potential impact of immortal time bias and po-
tential misclassification of chemotherapy in the adjuvant vs
recurrent settings, we performed a sensitivity analysis that re-
quired all patients to survive 6 months after diagnosis, and
we limited ascertainment of both the RS assay and chemo-
therapy to this same 6-month window. To address issues of
selection bias associated with receipt of the RS assay, we also
conducted a hospital referral region (HRR)–level analysis to ex-
amine associations between adoption of the RS assay and
changes in chemotherapy use for the overall and younger than
70 years cohorts and provide a complementary population-
based perspective. Hospital referral regions are defined by the
2008 Dartmouth Atlas of Health Care19 and have been used pre-
viously to study tertiary medical care variation in regional
health care practices, including receipt of cancer-directed
care.20-22 We limited analysis to major HRRs, operationally
defined as those with at least 100 observations, to compare ab-
solute changes in use of the RS assay and chemotherapy dur-
ing the before (2005 and 2006) and after (2008 and 2009)
periods. We chose not to use a propensity score–matching ap-
proach. Although such approaches are able to match for ob-
served factors, they are unable to adjust for unobserved
factors such as performance status that would have resulted
in persistent bias.

Results
We identified 44 044 Medicare beneficiaries who received a
diagnosis of ER-positive, nonmetastatic, invasive breast can-
cer in the SEER registries between 2005 and 2009. Table 1
shows the baseline characteristics of the study population
stratified by use of the RS assay. Use of the assay was higher
among patients 70 years or younger, patients with fewer co-
morbid conditions, and patients with T1c tumors, node-
negative disease, and intermediate-risk disease. eTables 1
through 4 in the Supplement show the baseline characteris-
tics of the study population by risk category, receipt of che-
motherapy, and use of the RS assay.

Table 2 shows the baseline characteristics of the study
population stratified by receipt of chemotherapy. Overall, 14.3%
of patients received chemotherapy within 12 months after di-
agnosis. Among patients who had chemotherapy, more than
80% received it within 4 months after diagnosis. Among pa-
tients who underwent chemotherapy and testing with the RS
assay, more than 90% received chemotherapy within 3 months
after testing. Receipt of chemotherapy was more frequent in
patients younger than 70 years, patients with fewer comor-
bid conditions, and patients with high-risk disease.
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Table 1. Baseline Characteristics of the Study Population by Use of the Recurrence Score (RS) Assaya

Characteristic
Overall
(n = 44 044)

RS Assay
(n = 3456)

No RS Assay
(n = 40 588) P Value

Age, y

65-70 11 153 (25.3) 1703 (49.3) 9450 (23.3)

<.001
71-75 10 359 (23.5) 1067 (30.9) 9292 (22.9)

76-80 9833 (22.3) 506 (14.6) 9327 (23.0)

>80 12 699 (28.8) 180 (5.2) 12 519 (30.8)

Sex

Female 43 504 (98.8) 3424 (99.1) 40 080 (98.7)
.09

Male 540 (1.2) 32 (0.9) 508 (1.3)

Race

Black 2859 (6.5) 193 (5.6) 2666 (6.6)
.02

Other 41 185 (93.5) 3263 (94.4) 37 922 (93.4)

Comorbid conditions

0 26 626 (60.5) 2344 (67.8) 24 282 (59.8)

<.0011 10 684 (24.3) 789 (22.8) 9895 (24.4)

≥2 6734 (15.3) 323 (9.3) 6411 (15.8)

Census tract characteristicsb

Lowest quartile of education 10 407 (23.6) 741 (21.4) 9666 (23.8) .002

Highest quartile of poverty 10 351 (23.5) 703 (20.3) 9648 (23.8) <.001

Highest quartile of black
population

10 300 (23.4) 795 (23.0) 9505 (23.4) .58

Married 18 988 (43.1) 1962 (56.8) 17 026 (41.9) <.001

Urban-rural classification

Rural 6813 (15.5) 494 (14.3) 6319 (15.6)
.05

Urban 37 231 (84.5) 2962 (85.7) 34 269 (84.4)

US geographic region

Midwest 5171 (11.7) 384 (11.1) 4787 (11.8)

<.001
Northeast 9735 (22.1) 828 (24.0) 8907 (21.9)

South 10 470 (23.8) 911 (26.4) 9559 (23.6)

West 18 668 (42.4) 1333 (38.6) 17 335 (42.7)

Histologic subtype

Ductal 29 694 (67.4) 2395 (69.3) 27 299 (67.3)

<.001
Ductal and lobular 4927 (11.2) 412 (11.9) 4515 (11.1)

Lobular 5152 (11.7) 436 (12.6) 4716 (11.6)

Other 4271 (9.7) 213 (6.2) 4058 (10.0)

Cancer stage

I 24 361 (55.3) 2181 (63.1) 22 180 (54.6)

<.001
II 13 363 (30.3) 1194 (34.5) 12 169 (30.0)

III 4093 (9.3) 42 (1.2) 4051 (10.0)

Other 2227 (5.1) 39 (1.1) 2188 (5.4)

Tumor stage

Tmicro 634 (1.4) c c

<.001

T1a 2991 (6.8) 86 (2.5) 2905 (7.2)

T1b 9254 (21.0) 645 (18.7) 8609 (21.2)

T1c 15 894 (36.1) 1679 (48.6) 14 215 (35.0)

T2 10 918 (24.8) 936 (27.1) 9982 (24.6)

T3 1547 (3.5) 56 (1.6) 1491 (3.7)

T4 1383 (3.1) 15 (0.4) 1368 (3.4)

Other 1423 (3.2) c c

(continued)
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In multivariable analysis, we observed no association
between use of the RS assay and receipt of chemotherapy
(odds ratio [OR], 1.03 [99% CI, 0.88-1.19]) (Table 3).
Age and disease risk played dominant roles in predicting
chemotherapy use. Compared with patients 70 years or
younger, patients in older age groups were successively less
likely to receive chemotherapy. Compared with patients
with low-risk disease, patients were more likely to undergo
chemotherapy if they had high-risk (OR, 20.3 [99% CI, 17.8-
23.2]) or intermediate-risk (OR, 3.67 [99% CI, 3.23-4.17])
disease. There was a significant interaction between use of
the RS assay and risk group (P = .006). Among high-risk
patients, use of the RS assay was associated with a lower
likelihood of receiving chemotherapy (OR, 0.36 [99% CI,
0.26-0.50]), whereas patients with low-risk disease who

underwent testing were more likely to undergo chemo-
therapy (OR, 3.71 [99% CI, 2.30-5.98]) (eTable 5 in the
Supplement).

Because of the strong dependence of chemotherapy use
on patient age, we performed a prespecified analysis limiting
the multivariable analyses to patients 70 years or younger
(n = 11 135) (Table 4 and eTable 6 in the Supplement). Similar
to the primary analysis, we did not observe any association be-
tween use of the RS assay and use of chemotherapy (OR, 1.02
[99% CI, 0.81-1.28]). In univariate analysis, use of the assay was
associated with decreased use of chemotherapy (OR, 0.65 [99%
CI, 0.56-0.75]; P < .001). However, this association disap-
peared after adjustment for risk, suggesting that the associa-
tion of the RS assay with chemotherapy in univariate models
was largely confounded by risk. We also observed a steady

Table 1. Baseline Characteristics of the Study Population by Use of the Recurrence Score (RS) Assaya

(continued)

Characteristic
Overall
(n = 44 044)

RS Assay
(n = 3456)

No RS Assay
(n = 40 588) P Value

Node stage

N0 32 573 (74.0) 3050 (88.3) 29 523 (72.7)

<.001

N1 7487 (17.0) 369 (10.7) 7118 (17.5)

N2 1821 (4.1) c c

N3 993 (2.3) c c

Other 1170 (2.7) 18 (0.5) 1152 (2.8)

Histologic grade

G1 12 280 (27.9) 818 (23.7) 11 462 (28.2)

<.001
G2 20 718 (47.0) 1865 (54.0) 18 853 (46.4)

G3 or anaplasticd 8398 (19.1) 636 (18.4) 7762 (19.1)

Other 2648 (6.0) 137 (4.0) 2511 (6.2)

Tumor size, cm

≤0.5 3004 (6.8) 87 (2.5) 2917 (7.2)

<.001

>0.5 to 1.0 9306 (21.1) 645 (18.7) 8661 (21.3)

>1.0 to 2.0 16 142 (36.6) 1695 (49.0) 14 447 (35.6)

>2.0 13 564 (30.8) 1003 (29.0) 12 561 (30.9)

Other 2028 (4.6) 26 (0.8) 2002 (4.9)

Progesterone receptor status

Positive 36 410 (82.7) 2851 (82.5) 33 559 (82.7)

.12Negative 7175 (16.3) 580 (16.8) 6595 (16.2)

Other 459 (1.0) 25 (0.7) 434 (1.1)

Unfavorable

No 33 512 (76.1) 2744 (79.4) 30 768 (75.8)
<.001

Yes 10 532 (23.9) 712 (20.6) 9820 (24.2)

National Comprehensive Cancer
Network risk

High 10 854 (24.6) 396 (11.5) 10 458 (25.8)

<.001Intermediate 22 599 (51.3) 2480 (71.8) 20 119 (49.6)

Low 10 591 (24.0) 580 (16.8) 10 011 (24.7)

Year of diagnosis

2005 8914 (20.2) 150 (4.3) 8764 (21.6)

<.001

2006 8692 (19.7) 358 (10.4) 8334 (20.5)

2007 8789 (20.0) 637 (18.4) 8152 (20.1)

2008 8858 (20.1) 1019 (29.5) 7839 (19.3)

2009 8791 (20.0) 1292 (37.4) 7499 (18.5)

a Unless otherwise indicated, data are
given as number (percentage).

b Census tract characteristics indicate
whether the patient resided in a
census tract with the lowest quartile
of education level defined by the
proportion of the population that
did not finish high school; the
highest quartile of poverty defined
by the proportion of the population
below the poverty line; and the
highest quartile of black population
defined by the proportion of the
population reporting black race.

c In accordance with the privacy
policy of the Centers for Medicare &
Medicaid Services, data are not
reported for cells containing 10 or
fewer observations or cells that
would allow for calculation of cells
containing 10 or fewer
observations.

d Combined to avoid display of cells
containing 10 or fewer
observations. Less than 1% of
tumors were anaplastic.
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decrease in the likelihood of chemotherapy use over time. In-
teraction models of risk and use of the RS assay demon-

strated trends similar to the main analysis, with use of the RS
assay associated with decreased use of chemotherapy in high-

Table 2. Baseline Characteristics of the Study Population by Receipt of Chemotherapya

Characteristic
Overall
(n = 44 044)

Chemotherapy
(n = 6279)

No Chemotherapy
(n = 37 765) P Value

Age, y

65-70 11 153 (25.3) 2958 (47.1) 8195 (21.7)

<.001
71-75 10 359 (23.5) 1834 (29.2) 8525 (22.6)

76-80 9833 (22.3) 1006 (16.0) 8827 (23.4)

>80 12 699 (28.8) 481 (7.7) 12 218 (32.4)

Sex

Female 43 504 (98.8) 6153 (98.0) 37 351 (98.9)
<.001

Male 540 (1.2) 126 (2.0) 414 (1.1)

Race

Black 2859 (6.5) 485 (7.7) 2374 (6.3)
<.001

Other 41 185 (93.5) 5794 (92.3) 35 391 (93.7)

Comorbid conditions

0 26 626 (60.5) 4002 (63.7) 22 624 (59.9)

<.0011 10 684 (24.3) 1545 (24.6) 9139 (24.2)

≥2 6734 (15.3) 732 (11.7) 6002 (15.9)

Census tract characteristicsb

Lowest quartile of education 10 407 (23.6) 1612 (25.7) 8795 (23.3) <.001

Highest quartile of poverty 10 351 (23.5) 1573 (25.1) 8778 (23.2) .002

Highest quartile of black
population

10 300 (23.4) 1501 (23.9) 8799 (23.3) .29

Married 18 988 (43.1) 3287 (52.3) 15 701 (41.6) <.001

Urban-rural classification

Rural 6813 (15.5) 977 (15.6) 5836 (15.5)
.83

Urban 37 231 (84.5) 5302 (84.4) 31 929 (84.5)

US geographic region

Midwest 5171 (11.7) 715 (11.4) 4456 (11.8)

.06
Northeast 9735 (22.1) 1336 (21.3) 8399 (22.2)

South 10 470 (23.8) 1569 (25.0) 8901 (23.6)

West 18 668 (42.4) 2659 (42.3) 16 009 (42.4)

Histologic subtype

Ductal 29 694 (67.4) 4379 (69.7) 25 315 (67.0)

<.001
Ductal and lobular 4927 (11.2) 690 (11.0) 4237 (11.2)

Lobular 5152 (11.7) 795 (12.7) 4357 (11.5)

Other 4271 (9.7) 415 (6.6) 3856 (10.2)

Cancer stage

I 24 361 (55.3) 1174 (18.7) 23 187 (61.4)

<.001
II 13 363 (30.3) 3072 (48.9) 10 291 (27.3)

III 4093 (9.3) 1772 (28.2) 2321 (6.1)

Other 2227 (5.1) 261 (4.2) 1966 (5.2)

Tumor stage

Tmicro 634 (1.4) 30 (0.5) 604 (1.6)

<.001

T1a 2991 (6.8) 91 (1.4) 2900 (7.7)

T1b 9254 (21.0) 433 (6.9) 8821 (23.4)

T1c 15 894 (36.1) 1981 (31.5) 13 913 (36.8)

T2 10 918 (24.8) 2654 (42.3) 8264 (21.9)

T3 1547 (3.5) 483 (7.7) 1064 (2.8)

T4 1383 (3.1) 438 (7.0) 945 (2.5)

Other 1423 (3.2) 169 (2.7) 1254 (3.3)

Node stage

(continued)
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risk disease (OR, 0.34 [99% CI, 0.20-0.57]) and increased che-
motherapy in low-risk disease (OR, 4.46 [99% CI, 3.15-6.31];
P = .01 for the interaction).

The rate of chemotherapy use remained relatively stable
in the overall study population at 14.3%, with use varying by
NCCN risk (Figure). However, from 2005 to 2009, receipt of
chemotherapy among patients undergoing testing with the RS
assay decreased from 20.0% to 14.6%. As expected, chemo-
therapy use was substantially higher in patients 70 years and
younger and varied by risk. In this younger population, che-
motherapy use declined from 29.1% in 2005 to 24.0% in 2009
(P = .004). The decline in chemotherapy use was limited to pa-
tients with high-risk disease (67.6% in 2005 vs 56.4% in 2009;

P = .002) and patients who had RS assay testing (26.4% in 2005
vs 16.1% in 2009; P = .005).

Sensitivity analyses limited to the 6-month window for che-
motherapy and survival result in estimates nearly identical to
those of the primary analysis. This suggests that neither im-
mortal time bias nor the use of chemotherapy in patients with
recurrent disease had any substantial impact on the results of
the main analysis. Hospital referral region–level analysis com-
paring regional adoption of the RS assay and changes in overall
chemotherapy use did not reveal significant associations be-
tween regional adoption of the RS assay and changes in che-
motherapy use in the overall and younger than 70 years popu-
lations (eFigure in the Supplement).

Table 2. Baseline Characteristics of the Study Population by Receipt of Chemotherapya (continued)

Characteristic
Overall
(n = 44 044)

Chemotherapy
(n = 6279)

No Chemotherapy
(n = 37 765) P Value

N0 32 573 (74.0) 2297 (36.6) 30 276 (80.2)

<.001

N1 7487 (17.0) 2484 (39.6) 5003 (13.2)

N2 1821 (4.1) 864 (13.8) 957 (2.5)

N3 993 (2.3) 519 (8.3) 474 (1.3)

Other 1170 (2.7) 115 (1.8) 1055 (2.8)

Histologic grade

G1 12 280 (27.9) 781 (12.4) 11 499 (30.4)

<.001

G2 20 718 (47.0) 2867 (45.7) 17 851 (47.3)

G3 8167 (18.5) 2228 (35.5) 5939 (15.7)

Anaplastic 231 (0.5) 62 (1.0) 169 (0.4)

Other 2648 (6.0) 341 (5.4) 2307 (6.1)

Tumor size, cm

≤0.5 3004 (6.8) 94 (1.5) 2910 (7.7)

<.001

>0.5 to 1.0 9306 (21.1) 444 (7.1) 8862 (23.5)

>1.0 to 2.0 16 142 (36.6) 2033 (32.4) 14 109 (37.4)

>2.0 13 564 (30.8) 3447 (54.9) 10 117 (26.8)

Other 2028 (4.6) 261 (4.2) 1767 (4.7)

Progesterone receptor status

Positive 36 410 (82.7) 4773 (76.0) 31 637 (83.8)

<.001Negative 7175 (16.3) 1431 (22.8) 5744 (15.2)

Other 459 (1.0) 75 (1.2) 384 (1.0)

Unfavorable

No 33 512 (76.1) 3522 (56.1) 29 990 (79.4)
<.001

Yes 10 532 (23.9) 2757 (43.9) 7775 (20.6)

Recurrence score assay

No 40 588 (92.2) 5694 (90.7) 34 894 (92.4)
<.001

Yes 3456 (7.8) 585 (9.3) 2871 (7.6)

NCCN risk

High 10 854 (24.6) 3977 (63.3) 6877 (18.2)

<.001Intermediate 22 599 (51.3) 2086 (33.2) 20 513 (54.3)

Low 10 591 (24.0) 216 (3.4) 10 375 (27.5)

Year of diagnosis

2005 8914 (20.2) 1249 (19.9) 7665 (20.3)

.82

2006 8692 (19.7) 1242 (19.8) 7450 (19.7)

2007 8789 (20.0) 1279 (20.4) 7510 (19.9)

2008 8858 (20.1) 1275 (20.3) 7583 (20.1)

2009 8791 (20.0) 1234 (19.7) 7557 (20.0)

Abbreviation: NCCN, National
Comprehensive Cancer Network.
a Unless otherwise indicated, data are

given as number (percentage).
b Census tract characteristics indicate

whether the patient resided in a
census tract with the lowest quartile
of education level defined by the
proportion of the population that
did not finish high school; the
highest quartile of poverty defined
by the proportion of the population
below the poverty line; and the
highest quartile of black population
defined by the proportion of the
population reporting black race.
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Table 3. Factors Associated With Receipt of Chemotherapy in 44 044 Patients

Variable

Receipt of Chemotherapy

Unadjusted OR (99% CI) P Value Adjusted OR (99% CI)a P Value

Receipt of recurrence score assay

Yes 1.20 (1.06-1.36)
.001

1.03 (0.88-1.19)
.65

No 1 [Reference] 1 [Reference]

Age, y

65-70 1 [Reference] 1 [Reference]

71-75 0.60 (0.55-0.64) <.001 0.56 (0.51-0.61) <.001

76-80 0.32 (0.28-0.35) <.001 0.25 (0.21-0.28) <.001

>80 0.11 (0.09-0.13) <.001 0.07 (0.06-0.09) <.001

Race

Black 1.20 (0.92-1.58)
.08

0.94 (0.66-1.34)
.66

Other 1 [Reference] 1 [Reference]

Comorbid conditions

0 1 [Reference] 1 [Reference]

1 0.95 (0.88-1.02) .05 0.99 (0.90-1.09) .81

≥2 0.69 (0.60-0.79) <.001 0.69 (0.59-0.80) <.001

Census tract characteristicsb

Did not complete high school 1.11 (0.99-1.23) .02 1.03 (0.94-1.13) .46

Below poverty line 1.08 (0.95-1.23) .12 1.03 (0.89-1.19) .58

% Black 0.98 (0.89-1.07) .52 0.86 (0.72-1.03) .03

Married 1.55 (1.44-1.66) <.001 1.23 (1.16-1.31) <.001

Urban-rural classification

Rural 1 [Reference]
.61

1 [Reference]
.44

Urban 0.95 (0.75-1.21) 1.08 (0.84-1.39)

US geographic region

Midwest 1 [Reference] 1 [Reference]

Northeast 0.95 (0.61-1.47) .75 0.93 (0.69-1.24) .51

South 1.12 (0.73-1.70) .51 1.00 (0.62-1.60) .98

West 1.04 (0.68-1.57) .83 0.93 (0.66-1.29) .55

Histologic grade

G1 1 [Reference] 1 [Reference]

G2 2.36 (2.08-2.66) <.001 1.70 (1.42-2.03) <.001

G3 5.49 (4.41-6.84) <.001 3.32 (2.47-4.45) <.001

Anaplastic 5.29 (4.01-6.99) <.001 3.23 (2.19-4.77) <.001

Other 2.15 (1.84-2.52) <.001 1.84 (1.47-2.29) <.001

Tumor size, cm

≤2.0

>2.0 3.32 (3.02-3.65) <.001 1.90 (1.74-2.08) <.001

NCCN risk

High 27.4 (23.7-31.8) <.001 20.3 (17.8-23.2) <.001

Intermediate 4.81 (4.12-5.62) <.001 3.67 (3.23-4.17) <.001

Low 1 [Reference] 1 [Reference]

Year of diagnosis

2005 1 [Reference] 1 [Reference]

2006 1.02 (0.91-1.15) .62 1.11 (0.95-1.30) .08

2007 1.04 (0.93-1.16) .36 1.11 (0.91-1.35) .18

2008 1.03 (0.91-1.17) .55 1.10 (0.89-1.36) .25

2009 1.00 (0.92-1.10) .94 1.09 (0.89-1.35) .26

Abbreviations: NCCN, National
Comprehensive Cancer Network;
OR, odds ratio.
a Association of each variable with

receipt of chemotherapy in
multivariable analysis after
adjustment for all other shown
covariates.

b Census tract characteristics indicate
whether the patient resided in a
census tract with the lowest quartile
of education level defined by the
proportion of the population that
did not finish high school; the
highest quartile of poverty defined
by the proportion of the population
below the poverty line; and the
highest quartile of black population
defined by the proportion of the
population reporting black race.
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Discussion

To our knowledge, ours is the first investigation of the asso-
ciation of use of the 21-gene RS assay and receipt of chemo-
therapy in a nationally representative sample of patients with
early-stage, ER-positive breast cancer in community settings
since the introduction of the RS assay in 2004. Contrary to our
hypothesis, we did not observe a change in chemotherapy use

in the overall study population after the adoption of the RS as-
say between 2005 and 2009 or a general association between
receipt of chemotherapy and use of the assay in multivari-
able analyses or HRR-level analyses. However, there was a sig-
nificant interaction between use of the assay and NCCN risk
category. Use of the RS assay was associated with decreased
chemotherapy use in high-risk patients and increased chemo-
therapy use in low-risk patients. Because of the substantial im-
pact of age on the use of the RS assay and chemotherapy, we

Table 4. Factors Associated With Receipt of Chemotherapy Among 11 135 Patients 70 Years and Younger

Variable

Receipt of Chemotherapy

Unadjusted OR (99% CI) P Value Adjusted OR (99% CI)a P Value
Receipt of RS assay

Yes 0.65 (0.56-0.75)
<.001

1.02 (0.81-1.28)
.83

No 1 [Reference] 1 [Reference]

Race

Black 1.19 (0.91-1.57)
.10

0.97 (0.60-1.56)
.86

Other 1 [Reference] 1 [Reference]

Comorbid conditions

0

1 1.01 (0.84-1.20) .92 0.95 (0.82-1.11) .39

≥2 0.86 (0.72-1.02) .02 0.66 (0.56-0.78) <.001

Census tract characteristicsb

Did not complete high school 1.07 (0.97-1.18) .07 1.00 (0.85-1.17) .98

Below poverty line 1.07 (0.95-1.21) .13 1.03 (0.84-1.25) .73

% Black 1.00 (0.88-1.13) .97 0.78 (0.62-0.97) .003

Married 1.07 (0.98-1.18) .05 1.18 (1.03-1.35) .001

Rural-urban classification

Rural 1 [Reference]
.96

1 [Reference]
.38

Urban 1.00 (0.80-1.24) 1.11 (0.82-1.48)

US geographic region

Midwest 1 [Reference] 1 [Reference]

Northeast 0.90 (0.64-1.25) .40 0.81 (0.51-1.30) .25

South 0.90 (0.61-1.31) .46 0.87 (0.49-1.55) .54

West 0.85 (0.60-1.20) .22 0.80 (0.49-1.29) .23

Histologic grade

G1 1 [Reference] 1 [Reference]

G2 2.58 (2.05-3.23) <.001 1.79 (1.31-2.45) <.001

G3 6.81 (4.92-9.41) <.001 3.70 (2.37-5.80) <.001

Anaplastic 5.86 (3.46-9.93) <.001 3.27 (1.70-6.27) <.001

Other 2.42 (1.91-3.06) <.001 1.78 (1.34-2.35) <.001

Tumor size, cm

≤2.0 1 [Reference]
<.001

1 [Reference]
<.001

>2.0 4.70 (4.10-5.37) 2.08 (1.82-2.38)

NCCN risk

High 38.9 (33.1-45.8) <.001 20.2 (16.9-24.3) <.001

Intermediate 5.73 (4.92-6.67) <.001 3.33 (2.75-4.03) <.001

Low 1 [Reference] 1 [Reference]

Year of diagnosis

2005 1 [Reference] 1 [Reference]

2006 0.87 (0.75-1.01) .01 0.94 (0.80-1.11) .33

2007 0.91 (0.75-1.10) .19 0.99 (0.77-1.26) .89

2008 0.88 (0.77-0.99) .007 0.90 (0.77-1.05) .09

2009 0.77 (0.65-0.92) <.001 0.81 (0.66-0.99) .007

Abbreviations: NCCN, National
Comprehensive Cancer Network;
OR, odds ratio.
a Association of each variable with

receipt of chemotherapy in
multivariable regression analysis
after adjustment for all other shown
covariates.

b Census tract characteristics indicate
whether the patient resided in a
census tract with the lowest quartile
of education level defined by the
proportion of the population that
did not finish high school; the
highest quartile of poverty defined
by the proportion of the population
below the poverty line; and the
highest quartile of black population
defined by the proportion of the
population reporting black race.
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performed a prespecified subgroup analysis of patients aged
66 to 70 years. In these patients, we observed an overall de-
crease in the receipt of chemotherapy from 29% to 24% that
appeared to be limited to patients with high-risk disease and
patients who underwent RS assay testing. In this observa-
tional analysis, we could not determine to what extent de-
creased chemotherapy use reflects the influence of RS assay
adoption or unrelated changes in practice over the same pe-
riod. However, our data support the hypothesis that use of the
assay may have decreased chemotherapy use in general
practice among younger patients with high-risk disease in
whom receipt of chemotherapy would have otherwise been
likely but that it may have increased chemotherapy use in
patients with low-risk disease in whom chemotherapy
would have been unlikely.

Most studies have consistently supported the ability of the
RS assay to change physician treatment recommendations
compared with recommendations made on the basis of clini-
copathologic characteristics alone, with reported reductions
in chemotherapy use ranging from 10% to 20% with use of the
assay.2,8,12,13,23-26 However, not all studies reported declines in
chemotherapy use.24 In our study, we observed a differential
impact of the RS assay depending on the patient’s pretest like-
lihood to receive chemotherapy. Evidence consistent with this
finding comes from a study by Eiermann et al8 that examined
both node-negative and node-positive (ie, high-risk) patients
from a total of 15 German medical centers before and after in-
clusion of RS assay results into their recommendation for che-
motherapy. They found that assay results changed recommen-
dations of a tumor board to exclude chemotherapy in 28% of
patients and include chemotherapy in 9% of patients for
node-positive disease, whereas the recommendations changed
less drastically for node-negative disease (18% and 6%,
respectively).8 The RS assay risk scores in previous work have
been associated with chemotherapy use of 10% (low RS), 36%
(intermediate RS), and 72% (high RS), although no clinico-
pathologic correlates were available in these patients to help
disambiguate the relative effect of assay risk score.6

It should also be noted that much of the retrospective evi-
dence regarding use of the RS assay and its impact on the use
of chemotherapy did not emerge until after 2009. However,
much of the key randomized and prospective evidence re-
garding use of the RS assay in ER-positive, node-negative dis-
ease was available for patients and physicians by the end of
the study period. These studies included the major meta-
analysis by the Early Breast Cancer Trialists Collaborative Group
in 2005 demonstrating a benefit of chemotherapy in all women
with early-stage disease, prospective prognostic (2004) and
predictive (2006) validation of the RS assay, and guidelines that
led to its recommended use by the American Society of Clini-
cal Oncology by 2007.3,27-29

In most published clinical series, roughly half of patients
had a low-risk RS, with median or mean ages in the mid-50s.
It is unknown how the distribution of the RS from previous
clinical series compares with patients in our study popula-
tion, in which patients were on average at least a decade older.
Overall rates of chemotherapy in our study were significantly
lower than that reported rates of chemotherapy of roughly 40%

in patients with ER-positive, node-negative disease who had
the RS assay. In our sample, which included roughly 25% with
node-positive disease, we observed 14.3% chemotherapy use
among the overall population and 26.5% among patients 70
years or younger, which supports a significant influence of age
on chemotherapy use. Although beyond the scope of this study,
we previously reported details regarding the adoption of the
RS assay in this population.15 In our HRR-based sensitivity
analyses, we confirmed Medicare reimbursement of the RS as-
say in all major HRRs included in the study by the end of the
study period.

Our study has some limitations. Only RS assays paid for
by Medicare could be detected in the analysis. It is unlikely,
but unknown, whether many RS assays among Medicare ben-
eficiaries would be paid by third-party insurers or out of pocket.
The claims-based approach used in this study to detect use of
the RS assay has been described in detail by our group and oth-
ers supporting the validity of using administrative claims data
to detect use of the assay.15,30 We did not know the results of
the assay, only that patients received the test. Any data or dis-
cussion of high-, intermediate-, and low-risk disease in this
paper refers to NCCN risk categories. Patients in the SEER reg-
istry are overall more likely to be non-white and to live in low-

Figure. Patients With Early-Stage Breast Cancer Receiving
Chemotherapy
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poverty and urban areas,31 which may affect the generalizabil-
ity of our findings. Importantly, the study population was
limited to women 65 years or older, and would therefore in-
clude just under half of all newly diagnosed cases of breast can-
cer. Younger women are far more likely to undergo chemo-
therapy, be heterogeneously insured, have differential access
to the RS assay, and therefore the impact of RS assay adop-
tion on chemotherapy in younger women in nongovernment
insured settings remains an open question. In our study,
HER2 status was unavailable. Patients with ER-positive/
progesterone receptor–positive and HER2-positive disease
would be much more likely to receive chemotherapy, would
not receive the RS assay, and would therefore create selection
bias in favor of demonstrating lower chemotherapy rates
among RS assay–tested patients. Last, the years of data avail-
able represent the initial uptake of the RS assay because the
test only became available in 2004, with study limited through
2009 due to a lag in SEER-Medicare data availability. Use of
the RS assay during this initial adoption phase may have been
enriched for a population of early adopters that may differ sys-
tematically from patients in later years who undergo testing
following widespread and less selective use of the test.

An additional limitation of the data is that to our knowl-
edge the RS assay risk score is currently not available for study
within any nationally representative or population-level co-
hort, which would be needed to evaluate whether RS assay re-
sults are being used to appropriately guide the use of chemo-
therapy in individual patients. However, the goal of the present
study was to examine to what extent adoption of the RS assay
at the population or system level has influenced rates of che-
motherapy, an effect that has been predicted but never em-

pirically examined at the population level. Payers, policy mak-
ers, and institutions seeking to assess the impact of RS assay
adoption on rates of chemotherapy use must make these de-
cisions at the system level before knowing the results of the
test. To address this question, we believe that the approach
used in the present study, which remains agnostic as to the ac-
tual RS assay results, is the appropriate approach to evaluate
the impact of RS assay adoption on chemotherapy use at the
system or population level. Nonetheless, the extent to which
the RS results are being used to guide chemotherapy within
individual patients in the general population remains an im-
portant area of ongoing research.

Conclusions
Patient and clinicopathologic factors significantly influence re-
ceipt of chemotherapy and use of the RS assay in routine clini-
cal practice. Previous studies suggested that use of the RS
assay, depending on the patient population, may reduce over-
all chemotherapy rates by up to 20%. Our data suggest that use
of the RS assay may have decreased chemotherapy use in gen-
eral practice among younger patients with high-risk disease
in whom receipt of chemotherapy would have otherwise been
likely but that it was associated with greater chemotherapy use
in patients with low-risk disease. The impact of the RS assay
on chemotherapy use is likely population dependent and is in-
fluenced by the population’s pretest likelihood of undergoing
chemotherapy. The impact and association of RS assay adop-
tion with costs and outcomes at the national level is an im-
portant area of future health policy breast cancer research.
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Invited Commentary

Precision Medicine in Breast Cancer Care
An Early Glimpse of Impact
Allison W. Kurian, MD, MSc; Christopher R. Friese, PhD, RN

Precision medicine—the concept of targeting therapy to a pa-
tient’s unique genetic or other relevant characteristics—
occupies a prominent place on the national agenda.1 No con-
dition demonstrates recent efforts toward precision medicine

more clearly than cancer, and
particularly breast cancer. Af-
ter a decade of molecular sub-
typing, increasingly compre-

hensive genomic tests are emerging into breast cancer care. The
21-gene recurrence score (RS) assay has led the way in clinical
implementation and thus offers an early opportunity to mea-
sure the impact of precision medicine on cancer treatment.

The RS assay uses a gene expression algorithm to predict
a hormone-receptive breast cancer’s probability of recur-
rence and to estimate the benefit that adjuvant systemic che-
motherapy might add to endocrine therapy. First introduced
in 2004,2 the RS assay has been validated in retrospective data
sets and is under prospective study in the TAILORx random-

ized clinical trial. Various studies have assessed the RS as-
say’s impact on breast cancer treatment: a notable example
used the multicenter National Comprehensive Cancer Net-
work (NCCN) database and reported an association between
increasing RS use and declining chemotherapy use from 2006
through 2008.3 To date, however, no study has surveyed the
wider landscape of the RS assay and downstream chemo-
therapy use across the US population.

Dinan et al4 took advantage of the Surveillance, Epidemi-
ology, and End Results (SEER) registry, comprising 28% of all
US cancer cases, to seek a broadly representative view of RS
assay use and its association with chemotherapy from 2005
through 2009, the period immediately following its introduc-
tion. The authors leveraged an effective existing data link-
age, SEER-Medicare, to interrogate Medicare claims for the RS
assay by women who received a diagnosis at age 65 years or
older with estrogen receptor–positive breast cancer. Consis-
tent with previous research,3 Dinan et al4 found that RS assay
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