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Use of Gene Expression Profiling and Chemotherapy in
Early-Stage Breast Cancer: A Study of Linked Electronic Medical
Records, Cancer Registry Data, and Genomic Data Across Two
Health Care Systems
Anosheh Afghahi, MD, MPH, Maya Mathur, MS, Caroline A. Thompson, PhD, Aya Mitani, MPH, Joseph Rigdon, PhD,
Manisha Desai, PhD, Peter P. Yu, MD, Monique A. de Bruin, MD, Tina Seto, MS, Cliff Olson, MS, Pragati Kenkare, MS,
Scarlett L. Gomez, PhD, Amar K. Das, MD, PhD, Harold S. Luft, PhD, George W. Sledge, Jr, MD, Amy P. Sing, MD, and
Allison W. Kurian, MD, MSc

QUESTION ASKED: Do patients with breast cancer who seek treatment in more than one health

care system receivemore aggressive chemotherapy, even if a quantitativemeasure of their prognosis

(eg, the 21-gene recurrence score [RS]) does not differ from that of other patients with breast

cancer?

SUMMARY ANSWER: We identified a subset of patients for whom RS is used more often:

patients treated inmore thanone health care system.These dual use patients differed from the larger

group primarily by their higher socioeconomic status and not by any clinically relevant

characteristics such as cancer prognostic factors or median RS. Reassuringly, RS-receipt

patients had no differential use of chemotherapy associated with sociodemographic

characteristics that were not pertinent to their cancer care. We speculate that emerging

genomic technologies used to tailor medical therapies might help to optimize cancer treatment

across health care settings.

WHAT WE DID: The aim of the Oncoshare project, a multisource database for breast cancer

outcomes research, is to integrate data from electronic medical records (EMRs) from Stanford

University Hospital (an academic medical center; hereafter University) and Palo Alto Medical

Foundation (a multisite community health care system; hereafter Community) in the same

geographic region. To provide a gold standard for patient identification and treatment

summaries, Oncoshare uses patient-level linkage of EMR data to the population-based

California Cancer Registry, a component of the National Cancer Institute’s Surveillance,

Epidemiology, and End Results (SEER) program. We extracted clinical data from the EMR

systems. California Cancer Registry records were requested for all patients with breast cancer

diagnosed and/or treated at either health care system. Eligible patients consisted of all women

diagnosed with stage I to II, hormone receptor–positive, human epidermal growth factor receptor

2–negative breast cancer between 2005 and 2011. The administrative database of Genomic Health

Inc, the laboratory that provides RS, was searched for all patients who had RS ordered as a

component of cancer care. Multivariable analysis was performed to identify predictors of RS and

chemotherapy use.

WHATWEFOUND: A total of 10,125 patientswith breast cancerwere diagnosed in theUniversity

orCommunity systems from2005 to 2011: 2,418 (23.9%)metRS guidelines criteria, ofwhom15.6%

received RS. RSwas less often used for patientswith involved lymphnodes, higher tumor grade, and

age,40 or$ 65 years.AmongRS recipients, chemotherapy receiptwas associatedwith ahigherRS

score (intermediate v low: odds ratio, 3.66; 95%CI, 1.94 to 6.91). Twohundred ninety-three patients

(10.6%) received care in both health care systems (dual use); although RS receipt was associated

with dual use (v University: odds ratio, 1.73; 95% CI, 1.18 to 2.55), there was no difference in

chemotherapy use after RS by health care setting.

The full version of this article
may be viewed online at
jop.ascopubs.org
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BIAS, CONFOUNDING FACTOR(S), DRAWBACKS: The Oncoshare database draws from a single catchment area in Northern California,

focusing on two health care systems that disproportionately represent non-Hispanic whites and Asians of high socioeconomic status; thus,

results may not be broadly generalizable. As with all observational studies, causality inferred from associations can bemisleading as a result of

uncontrolled confounding or selection biases. Reassuringly, we did not find any evidence of a difference in risk profile between the patients

who received the RS versus those who did not, yet there may be unmeasured prognostic differences.

REAL-LIFE IMPLICATIONS: Our prior work using this integrated approach has consistently identified a cluster of apparent overuse of

diagnostic and treatment interventions by patients accessing care across health care systems; here, we tested the hypothesis that such use

patterns would extend to chemotherapy after genomic profiling. However, our results suggest that instead, ongoing efforts toward precision

medicine, such as the RS, may reduce unwarranted variation and disparities in cancer care. This may be a potential mechanism by which

patients who more often seek additional health care resources have their health care use mitigated by reassuring results of objective genomic

testing.
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Abstract
Purpose
The 21-gene recurrence score (RS) identifies patients with breast cancer who derive little

benefit from chemotherapy; it may reduce unwarranted variability in the use of

chemotherapy. We tested whether the use of RS seems to guide chemotherapy receipt

across different cancer care settings.

Methods
Wedevelopedaretrospectivecohortofpatientswithbreastcancerbyusingelectronicmedical

recorddata fromStanfordUniversity (hereafterUniversity) andPaloAltoMedical Foundation

(hereafter Community) linked with demographic and staging data from the California Cancer

Registry and RS results from the testing laboratory (Genomic Health Inc., Redwood City, CA).

Multivariable analysis was performed to identify predictors of RS and chemotherapy use.

Results
In all, 10,125 patients with breast cancer were diagnosed in the University or Community

systems from 2005 to 2011; 2,418 (23.9%) met RS guidelines criteria, of whom 15.6%

received RS. RS was less often used for patients with involved lymph nodes, higher tumor

grade, and age , 40 or $ 65 years. Among RS recipients, chemotherapy receipt was

associatedwith a higher score (intermediate v low: odds ratio, 3.66; 95%CI, 1.94 to 6.91). A

total of 293 patients (10.6%) received care in both health care systems (hereafter dual use);

although receipt of RS was associated with dual use (v University: odds ratio, 1.73; 95% CI,

1.18 to2.55), therewasnodifference inuseof chemotherapyafterRSbyhealth care setting.

Conclusion
Although therewas greater use ofRS for patientswho sought care inmore thanonehealth

care setting, use of chemotherapy followed RS guidance in University and Community

health care systems. These results suggest that precision medicine may help optimize

cancer treatment across health care settings.
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INTRODUCTION
Most newly diagnosed breast cancers in the United States are
hormone receptor–positive (HR-positive, defined as estrogen
receptor–positive and/or progesterone receptor–positive),
human epidermal growth factor receptor 2 (HER2)–negative,
and axillary lymph node–negative.1 Decisions about adjuvant
chemotherapy are guided by the risk:benefit ratio of the in-
creased probability of cure versus adverse effects of treatment.
In addition to the pathologic features of tumors such as size,
grade, and proliferation index, gene expression profiling with
the 21-gene recurrence score (RS; OncotypeDXBreast Cancer
Assay, Genomic Health Inc. [GHI], Redwood City, CA)
among eligible patients (early-stage, HR-positive, HER2-
negative disease) may improve risk stratification and target
chemotherapy more effectively. Since RS use has been in-
corporated into national guidelines, its use has increased
substantially, with 20% to 45%of eligible patients receiving the
test and with an associated reduction in use of chemotherapy
over time. RS has been considered cost-effective in its ability to
target chemotherapy effectively.2-14

Studies of the use and associated outcomes of emerging

cancer genomic tests have been limited by the quality of
available data. State cancer registries offer demographics
and staging data but lack detailed treatment information.
Electronic medical records (EMRs) are often missing the
results of send-out genomic tests, which are frequently
returned to ordering clinicians in paper or PDF formats
that may be scanned into EMRs but are rarely entered as
structured data. Moreover, EMRs, which are institutionally
dependent, often miss the complete spectrum of care re-
ceived by patients who may seek treatment from multiple
facilities. To address this gap, we developed Oncoshare, an
integrated breast cancer database that links demographic
and staging data from the population-based California
CancerRegistry (CCR)with treatment information fromthe
EMRs at Stanford University Hospital (hereafter Univer-
sity) and the Palo Alto Medical Foundation (hereafter
Community), a nearby multisite community practice.15-17

We previously reported on the apparent greater use of health
care by patients treated in bothhealth care systems, including
substantially more bilateral mastectomies and breast mag-
netic resonance imaging scans.15

On the basis of our prior findings, our hypothesis was
that patients with breast cancer whowere seeking treatment
in more than one health care system would receive more
aggressive adjuvant chemotherapy, even if a quantitative

measure of their prognosis (eg, the RS) did not differ from
that of other patients with breast cancer. To test this hy-
pothesis, we obtained RS results directly from the testing
laboratory (GHI) and integrated them into the Oncoshare
database by linkage at the patient level. A further aim was to
characterize the demographics, use of health care systems,
and cancer prognostic factors among those who received RS
versus those who did not and to determine whether RS
seemed to guide the use of chemotherapy across different
health care settings.

METHODS

Data Resource
TheOncoshare project, amultisource database for research on
breast cancer outcomes, was initiated in 2009; it aims to in-
tegrate data from the EMRs of an academic medical center
(Stanford University Hospital [hereafter University]) and a
neighboring multisite community health care system (Palo
AltoMedical Foundation [hereafter Community]) in the same

geographic region in the San Francisco Bay Area of Northern
California. Although Community physicians occasionally
provide inpatient care in University facilities, the institutions
are legally and financially separate anddonothaveoverlapping
staff. In previous analyses, we identified a distinct group of
patients who used services at bothUniversity andCommunity
sites.15,17

To provide a gold standard for identifying patients and
treatment summaries, Oncoshare links patient-level EMR
data to the population-basedCCR. TheCCR is a component
of the National Cancer Institute’s Surveillance, Epidemi-
ology, and End Results (SEER) program and captures data
on approximately 99% of all cancer cases diagnosed in
California. The methods involved in developing Onco-
share, including validation of the data linkage strategy, have
been published previously.15,16 Briefly, we extracted clin-
ical data (treatment and diagnostic test data) from the
University and Community EMR systems. Chemotherapy
data elements in each EMR were mapped to a standardized
drug lexicon (RxNorm)18 to ensure uniform coding. CCR
records were requested for all patients with breast cancer
diagnosed and/or treated at the University and/or Commu-
nity. Data fields from the CCR included age, race/ethnicity,
tumor stage, tumor grade, histology, HR and HER2 status,
and treatment summaries from any treating California in-
stitution, not just the two systems participating in this study.
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Census block groups were determined by geocoding pa-
tients’ residential addresses at the time of diagnosis.
Neighborhood socioeconomic status (SES) was assigned by
using a previously developed index that incorporated data
from the 2000 US Census (including education, income,
occupation, and housing costs) on the basis of selection using
principal components analysis.19 CCR and EMR records
were linked by using patients’ names, Social Security
numbers, medical record numbers, and birth dates. To pro-
tect patient privacy, all protected health information was
removed, and all calendar dates were shifted by a random
factor of 6 30 days, with the shift factor and direction
constant for each patient to maintain internal consistency.16

All research was approved by University, Community, and
California State institutional review boards (the latter for use
of CCR data).

Patient Identification and Variable Definition
Eligible patients consisted of all women diagnosed and/or
treated by the University or Community health care systems
with stage I to II HR-positive HER2-negative breast cancer

between January 1, 2005 (when RS became available), through
December 31, 2011 (the last year of complete follow-up
available from CCR at the time of analysis). All patients
were identified through the Oncoshare database, and thus all
received breast cancer care in one or both of the participating
health care systems. Diagnostic, staging, and HR data were
obtained from the CCR, and treatment data were obtained
from the CCR and EMRs. We did not restrict the sample to
patients with node-negative breast cancer (for whomNational
Comprehensive Cancer Network [NCCN] evidence-based
clinical practice guidelines currently recommend RS testing),20

because recent data suggest a role for RS testing in node-
positive breast cancer.21

The GHI administrative database was searched for all
patientswhohadRSorderedasacomponentofcancercarebya
provider affiliated with the University and/or Community
health care system from the time of initial availability of the RS
test in 2005 to the study cutoff date of December 2011. The RS
yields a discrete numeric score from 0 to 100; prespecified cut
points defined during test development were used to classify
tumors as low risk (, 18), intermediate risk (18 to 30), or high
risk (. 30), with risk scores predicting chemotherapy benefit
(eg, low benefit with low score).9 A numeric RS value from0 to
100 was provided by GHI for each patient identified as having
received the test. Patients were classified as having received

adjuvant chemotherapy if CCR and/or EMR data from either
health care system indicated that cytotoxic, antineoplastic
medications had been initiated within 1 year of breast cancer
diagnosis.

By using a previously published algorithm,17 we clas-
sified use of health care systems according to care periods
and locations. For care periods, we included the diagnosis
period, which was defined as 90 days before the diagnosis
date until the date of first treatment; the treatment period,
which started from the first intervention and concluded
after a gap in recorded cancer care of at least 180 days; and
any time during the cancer episode. For the care location,
we included three mutually exclusive categories: Univer-
sity only, Community only, or both health care systems
(dual use).17

Data Analysis
We defined two overlapping analytic cohorts: RS-eligible
patients who met study eligibility criteria and were di-
agnosed within the University or Community health care
systems, and RS-receipt patients who met study eligibility

criteria and received RS under the care of a University or
Community physician. We described our study population,
stratified by cohort definition, by using frequencies and
proportions for categorical variables and medians and
interquartile ranges or ranges for continuous variables.

We used multivariable logistic regression techniques
with a nested outcomes model in the appropriate cohorts:
RS use among RS-eligible patients, chemotherapy use
among RS-eligible patients, and chemotherapy use among
RS-receipt patients. All models included the following
covariates: age (, 40, 40-49, 50-64, or$ 65 years), calendar
year of diagnosis (2005 to 2007, 2008 to 2009, or 2010 to
2011), race (non-Hispanic white, non-Hispanic black,
Hispanic, Asian/Pacific Islander, or other), neighborhood
SES (in statewide quintiles), insurance status (private,
Medicare, or other), cancer stage and grade, lymph node
involvement, histology, and laterality.

Primary analyses incorporated multiple imputation
(MI) methods to handle missing data.22-26 To perform a
sensitivity analysis, we also fit models on a restricted data
set that included only patients with complete data for all
model variables (complete case analysis). We performed
statistical analyses in R, version 3.1.0 (Vienna, Austria). All
tests were two-sided, and we defined statistical significance
by using a = .05.
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RESULTS

Patient Characteristics
A total of 10,125 patients with breast cancer were diagnosed
and/or treated from 2005 to 2011 at either the University or
Communityhealth care system.Of these 10,125patients, 2,776
had stage I to II HR-positive breast cancer; of these 2,776
patients, 2,418 (87.1%) were initially diagnosed with breast
cancer in the participating health care systems and thus were
classified as RS-eligible for our analysis. We defined as RS-
eligible only patients diagnosed in the participating health care
systems (thus excluding 358 patients who were diagnosed
elsewhere but were later treated in the participating systems)
because RS is indicated during the initial diagnostic period.
Among this RS-eligible cohort, most patients (74.1%) were of
non-Hispanicwhite race/ethnicity, followedbyAsian (18.5%);
most (59.3%) were of highest-quintile SES. A total of 773 RS-
eligible patients (32.0%) were treated at the University system
only, 1,367 (56.5%) were treated at the Community system
only, and 278 (11.5%) were treated at both institutions
(Table 1).

Of 2,418 RS-eligible patients, 377 (15.6%) received RS. Use
of RS generally followedNCCN guidelines; among RS-eligible
patients with no missing values for any variable, 92.0% had
negative lymph nodes and 71.4% had stage I disease.5 The
median RS among all RS-receipt patients was 17 (score range,
0 to 81; interquartile range, 13 to 22). The median RSs of all
University, Community, and dual health care system RS-
receipt patients were similar (17 [range, 0 to 55] v 17.5 [range,
0 to 81] v 16 [range, 0 to 56], respectively; Table 1). Among the
2,776 patients with stage I to II HR-positive disease, 2,408
(86.6%) had nomissing variables;mostmissing variables were
in the categories of grade and SES.

Multivariable Analysis
RS use among RS-eligible patients
Onmultivariable analysis, use of RS increased over time from
8.0% in 2005 to 2007 to 18.3% in 2008 to 2009 to 23.1% in 2010
to 2011 (P , .001; 2010-2011 v 2005-2007; odds ratio [OR],
3.68 [95% CI, 2.72 to 4.98]; Appendix Fig A1, online only).
Clinicopathologic factors associated with lower RS use were
grade (P = .007; grade 2 v 1: OR, 1.21 [95% CI, 0.92 to 1.59];
grade 3 v 1: OR, 0.67 [95% CI, 0.44 to 1.01]), involved lymph
nodes (P, .001; 1 to 2 vnone:OR, 0.19 [95%CI, 0.12 to 0.29]),
and age (P, .001;, 40 v 50 to 64 years: OR, 0.42 [95% CI,
0.23 to 0.74];$ 65 v 50 to 64 years: OR, 0.27 [95% CI, 0.17 to

0.43]). Race (P = .62) and SES (P = .51) were not associated
with RS use. Patients who used both health care systems
received the most RS testing (P = .02; v University: 1.73 [95%
CI, 1.18 to 2.55]; Table 2).

Chemotherapy use among RS-eligible patients
Among RS-eligible patients, variables associated with receipt
of chemotherapy included (monotonically) age (P , .001);
age, 40 and40 to 49 years (OR, 4.69 [95%CI, 2.89 to 7.62]) v 50
to 64 years (OR, 2.83 [95% CI, 2.14 to 3.73]), stage (P , .001;
stage II v stage I: OR 3.62 [95% CI, 2.73 to 4.79), involved
lymph nodes (P, .001; one v none: OR, 4.32 [95% CI, 3.12 to
5.97), grade (P , .001; grade 2 v grade 1: OR, 3.12 [95% CI,
2.37 to 4.11]; grade 3 v grade 1: OR, 10.85 [95% CI, 7.44 to
15.82]), and race (P= .03; non-Hispanic white v non-Hispanic
black:OR, 3.08 [95%CI, 1.26 to 7.55]; Table 2).Chemotherapy
use decreased over time from 43.9% in 2005 to 2007 to 41.9%
in 2008 to 2009 to 39.1% in 2010 to 2011, respectively (P= .04;
Appendix Fig A1).

Chemotherapy use among RS-receipt patients

Among RS-receipt patients, higher RS was strongly associated
with use of chemotherapy (P, .001; intermediate v low: OR,
3.66 [95% CI, 1.94 to 6.91]; high v low: OR, 49.39 [95% CI,
14.06 to 173.46]). Other correlates of chemotherapy use were
similar to those found in the entire RS-eligible cohort. In-
volved lymph nodes were not associated with chemotherapy
use among RS-receipt patients (P = 0.21; one to two nodes v
none: OR, 1.96 [95% CI, 0.68 to 5.61]).

DISCUSSION
Wedeveloped an integratedEMR, SEER registry, andgenomic
testing database to investigate gene expression profiling for
breast tumors and subsequent chemotherapyuse in twohealth
care systems that served the same geographic region in
NorthernCalifornia. Althoughone fourth of analyzed patients
met guideline criteria for RS, we had evidence that only 16%of
these RS-eligible patients actually received RS (comparedwith
20% in a recent NCCN study).3 Notably, use of RS increased
over time (from 8.0% in 2005 to 2007 to 23.1% in 2010 to
2011), consistent with a recent study by Dinan et al2 and likely
reflecting providers’ growing familiarity with the test. We
identified a subset of patients for whom RS was used more
often: patients treated in more than one health care system.
These dual use patients differed from the larger group pri-
marily by their higher SES and not by any clinically relevant
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Table 2. Multivariable Logistic Regression Analyses With Multiple Imputation

Variable

RS-Eligible Patients (n = 2,418) RS-Receipt Patients (n = 377)

Received RS Chemotherapy Chemotherapy

OR 95% CI P OR 95% CI P OR 95% CI P

Health care system .02 .38 .11
University Ref Ref Ref Ref Ref Ref
Community 1.14 0.86 to 1.51 .36 0.86 0.66 to 1.11 .26 1.19 0.59 to 2.42 .62
Dual 1.73 1.18 to 2.55 .01 1.05 0.71 to 1.54 .82 2.47 1.01 to 6.04 .05

RS receipt .11
Not received — — Ref Ref — —

Received 0.78 0.58 to 1.05 .11

RS < .001
Low Ref Ref
Intermediate — — — — 3.66 1.94 to 6.91 , .001
High 49.39 14.06 to 173.46 , .001

Age at diagnosis, years < .001 < .001 < .001
, 40 0.42 0.23 to 0.74 .0031 4.69 2.89 to 7.62 , .001 13.01 2.78 to 60.77 .001
40-49 1.13 0.85 to 1.49 .41 2.83 2.14 to 3.73 , .001 5.70 2.87 to 11.30 , .001
50-64 Ref Ref Ref Ref Ref Ref
$ 65 0.27 0.17 to 0.43 , .001 0.19 0.13 to 0.29 , .001 0.18 0.03 to 1.08 .06

Year of diagnosis < .001 .12 .03
2005-2007 Ref Ref Ref Ref Ref Ref
2008-2009 2.76 2.00 to 3.82 , .001 0.80 0.60 to 1.06 .12 2.10 0.89 to 4.98 .09
2010-2011 3.68 2.72 to 4.98 , .001 0.77 0.59 to 1.00 .05 0.86 0.38 to 1.95 .71

Race .62 .03 .5
Non-Hispanic white Ref Ref Ref Ref Ref Ref
Hispanic 0.94 0.55 to 1.62 .83 1.30 0.79 to 2.13 .3 0.63 0.15 to 2.61 .52
Non-Hispanic black 0.44 0.12 1.53 .19 3.08 1.26 to 7.55 .01 1.90 0.11 to 32.21 .66
Non-Hispanic Asian/Pacific
Islander

0.96 0.70 to 1.31 .79 1.29 0.96 to 1.72 .09 0.60 0.28 to 1.27 .18

Neighborhood SES statewide
quintile

.51 .41 .57

1 Ref Ref Ref Ref Ref Ref
2 0.81 0.32 to 2.04 .65 1.79 0.72 to 4.47 .21 1.76 0.17 to 18.00 .63
3 0.72 0.32 to 1.64 .43 1.12 0.49 to 2.57 .79 0.87 0.11 to 7.04 .89
4 0.67 0.30 to 1.47 .31 1.30 0.58 to 2.95 .52 2.24 0.30 to 16.92 .43
5 0.87 0.40 to 1.89 .73 1.11 0.51 to 2.44 .79 1.24 0.19 to 8.06 .82

Insurance .4 .19 .17
Private Ref Ref Ref Ref Ref Ref
Medicare 0.85 0.51 to 1.40 .51 0.67 0.44 to 1.03 .07 3.30 0.49 to 22.26 .22
Other 0.66 0.34 to 1.27 .21 0.87 0.51 to 1.48 .6 3.22 0.71 to 14.56 .13

Stage .42 < .001 .01
I Ref Ref Ref Ref Ref Ref
II 0.88 0.66 to 1.19 .42 3.62 2.73 to 4.79 , .001 2.74 1.34 to 5.62 .01

No. of involved lymph nodes < .001 < .001 .21
0 Ref Ref Ref Ref Ref Ref
1-2 0.19 0.12 to 0.29 , .001 4.32 3.12 to 5.97 , .001 1.96 0.68 to 5.61 .21

(continued on following page)
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characteristics such as cancer prognostic factors ormedian RS
(16 among dual users v 17 among all patients). Reassuringly,

however, RS-receipt patients had no differential use of che-
motherapy associated with sociodemographic characteristics
that were not pertinent to their cancer care (eg, race/ethnicity,
SES, or health care system). We therefore speculate that the
emerging genomic technologies used to tailor medical ther-
apies might serve to optimize cancer treatment across health
care settings.

Several prior studies have evaluatedRSuse and subsequent
patterns of care.2,3,12-14,27 A novel aspect of our study was our
incorporation of patient-level numerical RS values made
available through a partnership with investigators at the
testing laboratory (GHI). Having these RS values enabled a
quantitative comparison of tumor biology across patient
subgroups and care settings. Accordingly, our finding that
chemotherapy use followed RS practice guidelines across
institutions evinces an equally high quality of care within
the Community and University settings we studied. Previous
studies found that RS testing alters treatment recommen-
dations for 20% to 40% of eligible patients with breast cancer,
with an associated reduction in chemotherapy use over
time since the widespread adoption of RS in clinical
practice.2,4,8,12-14,28-30 Our study echoes these findings; spe-
cifically, RS-receipt patients had a trend toward lower odds of

receiving chemotherapy, although this finding did not reach
statistical significance. We previously reported on breast

cancer care in these Community and University health care
settings and found that patients who used the dual health care
system had significantly greater use of every studied in-
tervention, including bilateral mastectomy, magnetic reso-
nance imaging scans, positron emission tomography, and
BRCA1/2 genetic testing.15 After integrating genomic data, we
now add RS to the list of more frequently accessed in-
terventions. Importantly, however, we observed that che-
motherapy use followed guidelines among all RS-receipt
patients, regardless of health care setting, race/ethnicity, or
SES. These results echo recent studies on the use of RS,2,3,27,31

and suggest that if RS is performed, providers generally follow
its recommendations. Tailored genomic testing thus has the
potential to reduce disparities in cancer treatment, including
the possible overuse of chemotherapy.

Limitations of our study include restrictions on available
EMR data. Although structured data from billing, drug or-
dering, and administration records are readily extracted, the
nuancesof clinicaldecisionmakingareoftenburied indictated
notes, and thus are challenging to extract. The Oncoshare
database draws from a single catchment area in Northern
California, focusing on two health care systems that dispro-
portionately represent non-Hispanic whites and Asians with

Table 2. Multivariable Logistic Regression Analyses With Multiple Imputation (continued)

Variable

RS-Eligible Patients (n = 2,418) RS-Receipt Patients (n = 377)

Received RS Chemotherapy Chemotherapy

OR 95% CI P OR 95% CI P OR 95% CI P

Grade .007 < .001 .01
1 Ref Ref Ref Ref Ref Ref
2 1.21 0.92 to 1.59 .17 3.12 2.37 to 4.11 , .001 2.70 1.33 to 5.51 .01
3 0.67 0.44 to 1.01 .06 10.85 7.44 to 15.82 , .001 4.53 1.58 to 12.94 .005

Histology .22 .06 .02
Ductal Ref Ref Ref Ref Ref Ref
Lobular 1.39 0.96 to 2.02 .08 0.75 0.51 to 1.11 .15 0.34 0.11 to 0.98 .05
Other 1.06 0.75 to 1.52 .73 0.69 0.49 to 0.98 .04 0.35 0.13 to 0.90 .03

Laterality .79 .52
Unilateral Ref Ref Ref Ref —*
Bilateral 1.09 0.56 to 2.13 .79 0.81 0.42 to 1.55 .52

NOTE. Logistic regressionmodelswere fit tomultiply-imputeddata by using five imputations. CoefficientP values and variableP values (in bold)were calculated
by using Wald’s z test.
Abbreviations: OR, odds ratio; Ref, reference; RS, recurrence score; SES, socioeconomic status.
*Categories were collapsed because there were few observations.
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high SES, and thus results may not be broadly generalizable.
Given the patient demographics of this study, there may be
insufficient statistical power to detect an association between
RS receipt and chemotherapy use in less represented patients
(eg, those of nonwhite, non-Asian race/ethnicity who have
lower SES). The Oncoshare database currently lacks patient-
reported information about care decisions and cannot capture
use of additional health care systems outside the participating
University and Community systems. As with all observational
studies, causality inferred from associations can bemisleading
as a result of uncontrolled confounding or selection biases. For
example, RS was received by only a fraction of eligible patients
(15.6%); there may be unmeasured clinicopathologic risk
factors that differ between this select group and the general
patient population. Reassuringly, we did not find any evidence
of a difference in risk profile between thepatientswho received
the RS versus those who did not, yet theremay be unmeasured
prognostic differences. Accordingly, we are now investigating
factors that trigger the health care behavior of patients
accessing services in both University and Community health
caresystems.Welackeddataonat least twovariables for13%of

patients (primarily SES and histologic grade); notably, how-
ever, complete case analysis and MI of missing data were
comparable with regard to factors associated with RS and
chemotherapy use. Because the validity of findings from a
complete caseanalysis relyonstringentassumptions regarding
missing data (eg, that those with complete data are similar to
those with incomplete data), and validity of findings from an
MI-based analyses rely on more flexible assumptions about
missing data (eg, that missing data are related to observed
characteristicsonly),weprefer to interpret findingsonthebasis
of the MI-based models.

In this real-world study of more than 2,000 patients with
breast cancer treated inCommunityandUniversityhealthcare
settings,RSusewas low(15.6%)but increasedover time,which
likely reflects a gradual dissemination of genomic testing into
routine care. There was greater use of RS among patients who
accessedmore thanonehealth care setting, yet nodifference in
the use of RS after chemotherapy among patients treated in
Community, University, or both settings. Collaboration be-
tween academic, community, and industry investigators en-
abled this novel linkage of EMR, SEER registry, and gene
expressiondata.Ourpriorworkusing this integratedapproach
consistently identified a cluster of apparent overuse of di-
agnostic and treatment interventions bypatientswho accessed
health care across health care systems15; here, we tested the

hypothesis that such usage patterns would extend to the
receipt of chemotherapy after genomic profiling. However,
our results suggest instead that ongoing efforts toward pre-
cision medicine, such as use of the RS, may reduce un-
warranted variation and disparities in cancer care. This may
be a potential mechanism by which patients who otherwise
seek more resources can have their health care use mitigated
by reassuring results of objective genomic testing.
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FIG A1. Recurrence score (RS) and chemotherapy use by study period in (A) the overall study population and (B) RS-eligible study participants.
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