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Hospital Characteristics and Breast Cancer
~Survival in the California Breast Cancer
Survivorship Consortium

Salma Shariff-Marco, PhD, MPH'?; Libby Ellis, PhD?; Juan Yang, PhD, MPH!; Jocelyn Koo, MA*; Esther M. John, PhD, MSPH*5;
Theresa H.M. Keegan, PhD, MS®; lona Cheng, PhD, MPH'?; Kristine R. Monroe, PhD’; Cheryl Vigen, PhD?; Marilyn L. Kwan, PhD?;
Yani Lu, MD, PhD?; Leslie Bernstein, PhD'!; Anna H. Wu, PhD?; Scarlett Lin Gomez, PhD, MPH*2; and Allison W. Kurian, MD, MSc**®

QUESTION ASKED: Do hospital characteristics, in-
cluding hospital type—National Cancer Institute—
designated cancer center, American College of
Surgeons (ACS) cancer program—and composition
of neighborhood socioeconomic status and race/
ethnicity of patients with cancer impact breast cancer
survival among a diverse cohort of women with breast
cancer in California?

SUMMARY ANSWER: African American women may
benefit significantly from breast cancer care in ACS
program hospitals; however, most did not receive their
initial care at such facilities.

WHAT WE DID: We harmonized data for 9,701 patients
with breast cancer pooled from 5 case-control and
prospective cohort studies within the California Breast
Cancer Survivorship Consortium and linked to the
California Cancer Registry and the California Neigh-
borhoods Data System. We used multivariable Cox
proportional hazards models adjusted for clinical and
patient-level prognostic factors to examine the influ-
ence of hospital characteristics on survival.

WHAT WE FOUND: African American women had su-
perior breast cancer survival when receiving initial
care in ACS versus other hospitals (non-ACS program
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Salma Shariff-Marco, PhD, MPH, Department of Epidemiology and
Biostatistics, University of California, San Francisco, 550 16th St,
2nd Floor, San Francisco, CA 94158; e-mail: sshariff@
psg.ucsf.edu.

and non-National Cancer Institute—designated cancer
center; hazard ratio, 0.67;95% Cl, 0.55t0 0.83). Other
hospital characteristics were not associated with
survival.

BIAS, CONFOUNDING FACTORS: In these analyses, we
were able to account for potential confounding from
a range of factors, including tumor and treatment
characteristics, patient sociodemographic and other
risk factors, and neighborhood socioeconomic status.
However, additional hospital characteristics, HER2
status, and specific treatment regimen data were not
available for analyses.

REAL-LIFE IMPLICATIONS: Patient navigation programs
that direct African American women to ACS-accredited
hospitals may be beneficial and clinical trials can be
designed to test this hypothesis. In the long term,
studies should identify the key aspects of care in ACS-
accredited hospitals and how best to extend them to all
health care delivery systems. In the short term, clini-
cians and patients should know that hospitals meeting
high quality metrics may be particularly helpful for
African American women, who have a greater risk
of death after breast cancer diagnosis than other
US women.
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Hospital Characteristics and Breast Cancer

Survival in the California Breast Cancer
Survivorship Consortium

Salma Shariff-Marco, PhD, MPH'?; Libby Ellis, PhD3; Juan Yang, PhD, MPH?; Jocelyn Koo, MA*; Esther M. John, PhD, MSPH*3;
Theresa H.M. Keegan, PhD, MS®; lona Cheng, PhD, MPH*?; Kristine R. Monroe, PhD’; Cheryl Vigen, PhD?; Marilyn L. Kwan, PhD?;
Yani Lu, MD, PhD*°; Leslie Bernstein, PhD'!; Anna H. Wu, PhD*?; Scarlett Lin Gomez, PhD, MPH*'?; and Allison W. Kurian, MD, MSc**

INTRODUCTION Racial/ethnic disparities in breast cancer survival are well documented, but the influence of
health care institutions is unclear. We therefore examined the effect of hospital characteristics on survival.

METHODS Harmonized data pooled from 5 case-control and prospective cohort studies within the California
Breast Cancer Survivorship Consortium were linked to the California Cancer Registry and the California
Neighborhoods Data System. The study included 9,701 patients with breast cancer who were diagnosed
between 1993 and 2007. First reporting hospitals were classified by hospital type—National Cancer Institute
(NCI) —designated cancer center, American College of Surgeons (ACS) Cancer Program, other—and hospital
composition of the neighborhood socioeconomic status and race/ethnicity of patients with cancer. Multivariable
Cox proportional hazards models adjusted for clinical and patient-level prognostic factors were used to examine
the influence of hospital characteristics on survival.

RESULTS Fewer than one half of women received their initial care at an NCl-designated cancer center (5%) or
ACS program (38%) hospital. Receipt of initial care in ACS program hospitals varied by race/ethnicity—highest
among non-Latina White patients (45%), and lowest among African Americans (21%). African-American
women had superior breast cancer survival when receiving initial care in ACS hospitals versus other hospitals
(non-ACS program and non-NCl-designated cancer center; hazard ratio, 0.67; 95% Cl, 0.55 to 0.83). Other
hospital characteristics were not associated with survival.

CONCLUSION African American women may benefit significantly from breast cancer care in ACS program
hospitals; however, most did not receive initial care at such facilities. Future research should identify the aspects
of ACS program hospitals that are associated with higher survival and evaluate strategies by which to enhance
access to and use of high-quality hospitals, particularly among African American women.

JCO Oncol Pract 16:e517-e528. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Racial/ethnic disparities in survival of breast cancer in
the United States are large and persistent.! A growing
body of research has attempted to identify the major
factors that contribute to the differences in breast
cancer survival between racial/ethnic groups in the
United States and propose targets for interventions to
reduce disparities in outcomes. A number of factors
have been proposed, ranging from genetic and bi-
ologic to demographic and socioeconomic factors.?3
In addition to individual patient characteristics, the
influence of institutional characteristics, such as the
health care delivery system and indicators of hospital
performance, on racial/ethnic disparities in cancer
outcomes has received some attention.*

Racial/ethnic disparities in access to high-quality
health care have been reported for a number of
conditions, including cancer, acute myocardial in-
farction, congestive heart failure, and pneumonia.
These studies are consistent in their conclusion
that non-Latina (NL) African American patients are
more likely to receive care in lower-performing
hospitals.®>° African American patients are also
more likely to be treated by physicians who are not
board certified and to experience difficulties in
accessing clinical specialists and high-quality di-
agnostic imaging.!! Proximity to a hospital has been
shown to be significantly associated with hospital
choice,'? but African American patients are more likely
than NL White patients to undergo high-risk surgical
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procedures at low-quality hospitals, despite living close to
high-quality hospitals.'3

Studies specifically focused on access to care for patients
with breast cancer are limited. Keating et al*>!# reported
that minority patients with breast cancer are more likely
than NL White patients to undergo surgery in hospitals with
a high proportion of minority patients, a high proportion of
Medicaid-insured patients, low rates of adjuvant radiation
therapy, and poor survey measures of patient experience.
Compared with NL White patients with breast cancer,
minority patients are also less actively involved in physician
and hospital selection, and rely more on physician referral
and health plans than reputation.'® Minority patients are
also less likely to use both high-volume hospitals and
surgeons for procedures, including breast cancer surgery,
that have an established volume-outcome relationship.”*
As survival disparities persist in studies that have adjusted
for socioeconomic status (SES) and/or health insurance
status,'#1® hospital-level factors may play an independent
role in racial/ethnic differences in breast cancer outcomes
beyond individual-level access to care.

To our knowledge, the extent to which institutional char-
acteristics, such as hospital type—National Cancer In-
stitute (NCI) cancer center designation and American
College of Surgeons (ACS) Cancer Program—and patient
racial/ethnic and socioeconomic composition, might ex-
plain racial/ethnic disparities in breast cancer survival has
yet to be examined. We hypothesized that patients with
reporting hospitals designated as NCI and ACS cancer
centers and programs will have better survival as a result of
more rigorous standards, and that patients seen at hospitals
with higher proportions of minority patients and those with
lower SES will have worse survival because of the poor
quality of care. We used data from the California Breast
Cancer Survivorship Consortium (CBCSC) that consisted of
patient interview, cancer registry, and institutional and
neighborhood data from 5 studies of breast cancer to ex-
plore this question. CBCSC includes a diverse population of
more than 10,000 patients with breast cancer who were
diagnosed in California, with substantial representation of
African American, Latina, and Asian American women, and
is an ideal resource to address the role of the institutional
environment in disparities in breast cancer outcomes.

METHODS
Study Sample

Analyses use a cohort of female patients who were di-
agnosed with breast cancer from 1993 through 2007 who
participated in one of 5 studies included in the CBCSC—
described in full previously.r”'° Briefly, harmonized data
were used from 3 case-control studies (Asian American
Breast Cancer Study, Women’s Contraceptive and Re-
productive Experiences Study, and San Francisco Bay Area
Breast Cancer Study) and two prospective cohort studies
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(California Teachers’ Study and the Multiethnic Cohort).
Questionnaire, California Cancer Registry (CCR), and
neighborhood data were harmonized to provide detailed
information on patients’ sociodemographic, behavioral,
reproductive, tumor, and treatment characteristics. Pro-
tocols for the CBCSC study were approved by the in-
stitutional review boards at all participating institutions and
by the California State Institutional Review Board (Com-
mittee for the Protection of Human Subjects).

CCR obtains vital status and underlying cause of death
through hospital follow up and linkage to state and national
mortality databases. Follow-up time was defined as the time
from the date of diagnosis to study end date (December
31, 2010), last known contact, or death, whichever came
first. Mean follow-up time was 9.1 years. A total of 10,521
patients with breast cancer were potentially eligible for
analysis. Patients with in situ breast cancer (n = 22),
a previous cancer before their breast cancer diagnosis (n =
779), or fewer than 30 days of follow up (n = 19) were
excluded. The final study sample included 9,701 patients
with breast cancer.

Hospital Characteristics

CCR provides the first hospital to report each cancer case,
which is also the initial treating facility for 98% of the study
sample. Reporting hospitals were classified on the basis of
three characteristics: type of hospital, composition of the
neighborhood SES (nSES) of patients with cancer, and
racial/ethnic composition of patients with cancer.

Hospital type was categorized consistent with the NCI
cancer center designation (as of 2010%°) and ACS Cancer
Program categories?! as NCI Cancer Center, ACS Cancer
Program (academic comprehensive cancer program,
comprehensive community cancer program, community
cancer program), or other. The one hospital with both NCI
and ACS designations was classified as an NCl-designated
cancer center hospital. ACS accreditation requires strin-
gent adherence to best practices standards for the timely
delivery of specific treatments—for example, surgical ap-
proaches and medical and radiation therapies.?>?® NCI-
designated cancer centers also meet rigorous standards in
the delivery of cancer treatments, with particular focus on
transdisciplinary, advanced research across the cancer
control spectrum.

Hospital-level sociodemographic composition measures
consisting of race/ethnicity and nSES were derived from
patient-level CCR data for all cancer cases diagnosed from
1993 through 2007 .2 Patient race/ethnicity from the CCR—
self-reported or assigned by provider/health care system
staff—was defined as NL White, NL African American,
Latino, or Asian American/Pacific Islander.’” With these
data, for each hospital we calculated the percentage of
patients with cancer within each racial/ethnic group. Cat-
egories of hospital patients’ with cancer racial/ethnic
composition were based on the median distribution of
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cases diagnosed from 1993 to 2007 and were defined as
follows: high minority (= 2.3% African American, = 3.7%
Asian American, or = 10.2% Latino, and < 75% NL White),
predominantly NL White (< 2.3% African American, <3.7%
Asian American, or < 10.2% Latino, and = 75% NL
White), or mixed (all other combinations). For the re-
gression models, we combined predominantly NL White
and mixed categories as a result of sample size.

CCR assigns each patient’'s nSES for their address at di-
agnosis with a composite measure developed using prin-
cipal components analysis of 1990 and 2000 census block
group data on education, occupation, employment,
household income, poverty, and rent and house values.?*
Components are summed and the composite SES score
was categorized according to quintiles (Q) of the state-wide
distribution, from high (Q5) to low (Q1). Similarly, with these
data, for each hospital we calculated the percentage of
patients with cancer—all cancer sites, diagnosed 1993 to
2007—within each quintile of nSES. Hospital patients’ with
cancer nSES composition was categorized as follows: low
(= 50% of patients with cancer residing in low SES
neighborhoods [Q1 or Q2] and < 50% residing in high SES
neighborhoods [Q4 or Q5]), high (= 50% of patients re-
siding in high SES neighborhoods and < 50% residing in
low SES neighborhoods), or mixed (all other combinations).

Statistical Analysis

Covariates were obtained from questionnaire and CCR
data, and included tumor factors (American Joint Com-
mittee on Cancer stage, histology, grade, tumor size, and
estrogen receptor and progesterone receptor status),
subsequent tumors, first course of treatments (surgery,
radiation, and/or chemotherapy), comorbidities (history of
hypertension or diabetes), sociodemographic factors (age
at diagnosis, race/ethnicity, education, marital status, and
nSES), and prediagnosis behavioral and reproductive
factors (body mass index, smoking, alcohol consumption,
or number of full-term pregnancies).

Multivariable Cox proportional hazards regression models
were used to examine the association between hospital
characteristics and overall and breast cancer—specific
survival, adjusted for clustering by hospital. The sandwich
estimator of the covariance structure was applied to re-
gression models.?® The assumption of proportional hazards
for covariates was assessed by including interaction terms
with time and assessing their significance using likelihood
ratio tests. Models were stratified by stage at diagnosis and
study—Asian American Breast Cancer Study, Women's
Contraceptive and Reproductive Experiences Study, San
Francisco Bay Area Breast Cancer Study, California
Teachers’ Study, and the Multiethnic Cohort—to allow the
baseline hazards within each model to vary by these factors
that violated the proportional hazards assumption. Asso-
ciation between each hospital characteristic and overall
and breast cancer-specific survival was first assessed in
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baseline models, minimally adjusted for age and year of
diagnosis and clustering by hospital. Models were then
sequentially adjusted for covariates in the following order:
tumor characteristics, first course of treatment, clinical
factors, sociodemographic characteristics, and behavioral/
reproductive factors. Racial/ethnic heterogeneity was
tested by checking the significance of interactions between
race/ethnicity, and institutional factors were assessed using
Wald Type 3 tests. Significant interactions were observed
between race/ethnicity and type of hospital (P = .040) and
nSES composition (P = .049) for breast cancer-specific
mortality; therefore, we present results stratified by race/
ethnicity. Analyses were conducted using SAS (version 9.3;
SAS Institute, Cary, NC).

RESULTS
Patient Characteristics

A total of 9,701 women were included in the study: 4,624
NL White (48%), 1,832 African American (18%), 1,849
Latina (19%), 1,333 Asian American (14%), and 63 other
(1%) women. The majority of women were age 50 years or
older at diagnosis (77%), diagnosed with early-stage dis-
ease (American Joint Committee on Cancer stage | and II;
88%), had a college degree or higher (54%), were married
at the time of diagnosis (58%), and lived in a high-SES
neighborhood at diagnosis (53%). Before diagnosis, ap-
proximately one half were never smokers (49%), non-
drinkers (49%), and normal weight or underweight (47 %;
Table 1). Among all women, 72% were alive at the end of
the study period, with the highest proportion among Asian
Americans (80%) and the lowest among African American
women (59%). Almost two thirds of women (64%) were
diagnosed in hospitals with a high minority racial/ethnic
composition, and this status varied by race/ethnicity as
follows: 44% among NL Whites, 89% among African
Americans, 79% among Latinas, and 83% among Asian
Americans. Overall, 16% were diagnosed in low-SES
hospitals, but the proportion varied by racial/ethnic
group: 23% of African Americans and 25% of Asian
Americans were diagnosed in low-SES hospitals compared
with 13% of NL Whites and 12% of Latinas. Only 5% were
diagnosed in an NCl-designated cancer center hospital and
38% in an ACS program hospital (NL Whites, 45%; African
Americans, 21%; Latinas, 34%; Asian Americans, 40%).

Hospital Characteristics and Survival

Hospitals of NCl-designated cancer centers (70%) and
ACS programs (50%) had a higher proportion of patients
from high-SES neighborhoods than did other hospitals
(34%; Data Supplement). The majority of NCl-designated
cancer center hospitals (80%) and other hospitals (52%)
served a higher proportion of minority patients than did ACS
program—designated hospitals (42%). Hospital composi-
tion of patient race/ethnicity and nSES were modestly
correlated (Pearson’s r = 0.20).
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TABLE 1. Distribution of Personal, Social, and Clinical Characteristics, California Breast Cancer Survivorship Consortium, 1993-2007
Race/Ethnicity

Non-Latina White African American Latina Asian American Other Total

Characteristic (n = 4,624) (n = 1,832) (n = 1,849) (n = 1,333) (n = 63) (N =9,701)
Study

AABCS 0 (0.0 0 (0.0 0 (0.0 1,098 (82.4) 0 (0.0 1,098 (11.3)

CARE 538 (11.6) 544 (29.7) 80 (4.7) 0 (0.0 0 (0.0 1,168 (12.0)

SFBCS 547 (11.8) 510 (27.8) 1,069 (57.8) 0 (0.0) 0 (0.0 2,126 (21.9)

CTS 3,178 (68.7) 72 (3.9) 89 (4.8) 95 (7.1) 57 (90.5) 3,491 (36.0)

MEC 361 (7.8) 706 (38.5) 605 (32.7) 140 (10.5) 6 (9.5) 1,818 (18.7)
AJCC summary stage

| 2,483 (53.7) 734 (40.1) 825 (44.6) 639 (47.9) 38 (60.3) 4,719 (48.6)

Il 1,641 (35.5) 825 (45.0) 783 (42.3) 552 (41.4) 21(333) 3,822 (39.4)

I 251 (95.4) 124 (6.8) 141 (7.6) 87 (6.5) 1(1.6) 604 (6.2)

% 93 (2.0 53 (2.9) 34 (1.80) 19 (1.4) 0(0.0) 199 (2.1)

Unknown 156 (3.4) 96 (5.2) 66 (3.6) 36 (2.7) 3(4.8) 357 (3.7)
Histology

Ductal 3,202 (69.2) 1,364 (74.5) 1,384 (74.9) 978 (73.4) 47 (74.6) 6,975 (71.9)

Lobular 985 (21.3) 247 (13.5) 281 (15.2) 199 (14.9) 11 (17.5) 1,723 (17.8)

Other 437 (9.5) 221 (12.1) 184 (10.0) 156 (11.7) 5 (7.9) 1,003 (10.3)
Grade

| 1,118 (24.2) 251 (13.7) 280 (15.1) 180 (13.5) 18 (28.6) 1,847 (19.0)

Il 1,801 (38.9) 566 (30.9) 700 (37.9) 525 (39.4) 25(39.7) 3,617 (37.3)

Il or IV 1,225 (26.5) 774 (42.2) 663 (35.9) 517 (38.8) 14 (22.2) 3,193 (32.9)

Unknown 480 (10.4) 241 (13.2) 206 (11.1) 111 (8.3) 6 (9.5) 1,044 (10.8)
Tumor size, cm

<1 1,007 (21.8) 207 (11.3) 279 (15.1) 255 (19.1) 16 (25.4) 1,764 (18.2)

lto<5 3,108 (67.2) 1,344 (73.4) 1346 (72.8) 930 (69.8) 44 (69.8) 6,772 (69.8)

=5 256 (5.5) 155 (8.5) 115 (6.2) 90 (6.8) 1(1.6) 617 (6.4)

Unknown 253 (5.5) 126 (6.9) 109 (5.9) 58 (4.4) 2(3.2) 548 (5.6)
ER/PR Status

ER+/PR+ 2,762 (59.7) 846 (46.2) 985 (53.3) 718 (53.9) 39 (61.9) 5,350 (55.1)

ER+/PR— 519.0 (11.2) 157 (8.6) 189 (10.2) 103 (7.7) 8(12.7) 976 (10.1)

ER—/PR+ 67.0 (1.4) 58 (3.2) 42 (2.3) 36 (2.7) 0 (0.0 203 (2.1)

ER—/PR— 597.0 (12.9) 401 (21.9) 376 (20.3) 177 (13.3) 7(11.1) 1,558 (16.1)

Unknown 679 (14.7) 370 (20.2) 257 (13.90 299 (22.4) 9(143) 1614 (16.6)
Diagnosis of 1 subsequent primary

tumor

No 3,793 (82.0) 1,480 (80.8) 1,575 (85.2) 1,112 (83.4) 55(87.3) 8,015 (82.6)

Yes 831 (18.0) 352 (19.2) 274 (14.8) 221 (16.6) 8 (12.7) 1,686 (17.4)
Diagnosis of 2 subsequent primary

tumors

No 4,533 (98.0) 1,798 (98.1) 1819 (98.4) 1,316 (98.7) 62 (98.4) 9,528 (98.2)

Yes 91 (2.0 34 (1.9) 30 (1.6) 17 (1.3) 1(1.6) 173 (1.8)
Surgery

No surgery 96 (2.1) 88 (4.8) 33 (1.8) 17 (1.3) 0 (0.0 234 (2.4)

Mastectomy 1,686 (36.5) 748 (40.8) 848 (45.9) 713 (53.5) 21 (33.3) 4,016 (41.4)

Lumpectomy 2,832.0 (61.2) 993 (54.2) 967 (52.3) 601 (45.1) 41 (65.1) 5,434 (56.0)

Other 10 (0.2) 3(0.2) 1(0.1) 2(0.2) 1(1.6) 17 (0.2)

(continued on following page)
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TABLE 1. Distribution of Personal, Social, and Clinical Characteristics, California Breast Cancer Survivorship Consortium, 1993-2007 (continued)

Race/Ethnicity

Non-Latina White African American Latina Asian American Other Total
Characteristic (n = 4,624) (n = 1,832) (n = 1,849) (n = 1,333) (n = 63) (N =9,701)
Radiation therapy
No 2,073 (44.8) 1,003 (54.7) 894 (48.4) 801 (60.1) 22 (349) 4,793 (49.4)
Yes 2,551 (55.2) 829 (45.3) 955 (51.6) 532 (39.9) 41 (65.1) 4,908 (50.6)
Chemotherapy
No 2,950 (63.8) 1,057 (57.7) 964 (52.1) 718 (53.9) 43 (68.3) 5,732 (59.1)
Yes 1,601 (34.6) 742 (40.5) 852 (46.1) 578 (43.4) 20 (31.7) 3,793 (39.1)
Unknown 73 (1.6) 33 (1.8) 33 (1.8) 37 (2.8) 0 (0.0) 176 (1.8)
History of hypertension
Yes 836 (18.1) 332 (18.1) 231 (12.5) 341 (25.6) 13 (206) 1,753 (18.1)
No 3,030 (65.5) 425 (23.2) 575 (31.1) 838 (62.9) 43 (68.3) 4911 (50.6)
Unknown 758 (16.4) 1,075 (58.7) 1,043 (56.4) 154 (11.6) 7(11.1) 3,037 (31.3)
History of diabetes
Yes 123 (2.7) 86 (4.7) 97 (5.2) 105 (7.9) 2(3.2) 413 (4.3)
No 3,742 (80.9) 669 (36.5) 706 (38.2) 1,074 (80.6) 54 (85.7) 6,245 (64.4)
Unknown 759 (16.4) 1,077 (58.8) 1,046 (56.6) 154 (11.6) 70 (11.1) 3,043 (31.4)
Vital status
Alive 3,411 (73.8) 1,077 (58.8) 1,393 (75.3) 1,071 (80.3) 47 (746) 6999 (72.1)
Breast cancer deaths 543 (11.7) 443 (24.2) 258 (14.0) 165 (12.4) 4 (6.3) 1,413 (14.6)
Median survival time, years (IQR) 9.76 (6.4) 10.32 (8.6) 10.35 (6.24) 10.95 (4.52) 9.53 (4.95)  10.18 (6.62)
Age at diagnosis, years
<40 173 (3.7) 107 (5.8) 115 (6.2) 99 (7.4) 4 (6.3) 498 (5.1)
40 to < 50 562 (12.2) 357 (19.5) 399 (21.6) 390 (29.3) 5(7.9) 1,713 (17.7)
50 to < 60 1,342 (29.0) 473 (25.8) 468 (25.3) 356 (26.7) 14 (22.2) 2,653 (27.3)
60 to < 70 1,257 (27.2) 443 (24.2) 520 (28.1) 296 (22.2) 21 (33.3) 2,537 (26.2)
=70 1,290 (27.9) 452 (24.7) 347 (18.8) 192 (14.4) 19 (30.2) 2,300 (23.7)
Education
Some high school or less 83 (1.8) 257 (14.0) 694 (37.5) 106 (8.0) 0 (0.0) 1,140 (11.8)
High school graduate 329 (7.1) 451 (24.6) 435 (23.5) 171 (12.8) 2(3.2) 1,388 (14.3)
Some college/technical school 508 (11.0) 682 (37.2) 414 (22.4) 293 (22.0) 4 (6.3) 1,901 (19.6)
College graduate or higher degree 3,699 (80.0) 432 (23.6) 297 (16.1) 763 (57.2) 50 (90.5) 5,248 (54.1)
Unknown 5(0.1) 10 (0.5) 9(0.5) 0 (0.0) 0 (0.0 24 (0.2)
Marital status at diagnosis
Single, never married 520 (11.2) 351 (19.2) 251 (13.6) 174 (13.1) 5 (7.9) 1,301 (13.4)
Married 2,901 (62.7) 730 (39.8) 1,088 (58.8) 944 (70.8) 40 (63.5) 5,703 (58.8)
Separated/divorced 520 (11.2) 374 (20.4) 227 (12.3) 66 (5.0) 5(7.9) 1,192 (12.3)
Widowed 607 (13.1) 314 (17.1) 238 (12.9) 127 (9.5) 11 (17.5) 1,297 (13.4)
Unknown 76 (1.6) 63 (3.4) 45 (2.4) 22 (1.7) 2(3.2) 208 (2.1)
nSES at diagnosis
Quintile 1—lowest SES 145 @E.1) 510 (27.8) 234 (12.7) 128 (9.6) 1(1.6) 1,018 (10.5)
Quintile 2 437 (9.5) 465 (25.4) 371 (20.1) 235 (17.6) 11 (17.5) 1,519 (15.7)
Quintile 3 762 (16.5) 374 (20.4) 393 (21.3) 254 (19.1) 17 (27.0) 1,800 (18.6)
Quintile 4 1,215 (26.3) 291 (15.9) 402 (21.7) 333 (25.0) 17 (27.0) 2,258 (23.3)
Quintile 5—highest SES 1,926 (41.7) 159 (8.7) 405 (21.9) 355 (26.6) 11(17.5) 2,856 (29.4)
Unknown 139 (3.0 33(1.8) 44 (2.4) 28 (2.1) 6 (9.5) 250 (2.6)

(continued on following page)
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TABLE 1. Distribution of Personal, Social, and Clinical Characteristics, California Breast Cancer Survivorship Consortium, 1993-2007 (continued)
Race/Ethnicity

Non-Latina White African American Latina Asian American Other Total

Characteristic (n = 4,624) (n = 1,832) (n = 1,849) (n = 1,333) (n = 63) (N = 9,701)
Prediagnosis body mass index

<25 2,593 (56.1) 535 (29.2) 580 (31.4) 861 (64.6) 33 (562.4) 4,602 (47.4)

25t0 < 30 1,224 (26.5) 602 (32.9) 638 (34.5) 355 (26.6) 16 (25.4) 2,835 (29.2)

=30 638 (13.8) 637 (34.8) 590 (31.9) 94 (7.1) 10 (15.9) 1,969 (20.3)

Unknown 169 (3.7) 58 (3.2) 41 (2.2) 23 (1.7) 4 (6.3) 295 (3.0)
Smoking history

Never 2,280 (49.3) 633 (34.6) 804 (43.5) 1,047 (78.5) 33 (562.4) 4,797 (49.4)

Past 1,455 (31.5) 437 (23.9) 288 (15.6) 196 (14.7) 21 (333) 2,397 (24.7)

Current 363 (7.9) 281 (15.3) 136 (7.4) 77 (5.8) 7 (11.1) 864 (8.9)

Unknown 526 (11.4) 481 (26.3) 621 (33.6) 13 (1.0) 2(3.2) 1,643 (16.9)
Alcohol intake, drinks/wk

Nondrinker 1,472 (31.8) 1,093 (59.7) 1,068 (57.8) 1,090 (81.8) 21 (33.3) 4,744 (48.9)

=2 865 (18.7) 326 (17.8) 374 (20.2) 83 (6.2) 9(143) 1,657 (17.1)

> 2 2,115 (45.7) 353 (19.3) 371 (20.1) 154 (11.6) 26 (41.3) 3,019 (31.1)

Unknown 172 (3.7) 60 (3.3) 36 (1.9) 6 (0.5) 7 (11.1) 281 (2.9)
Parity

Nulliparous 1,050 (22.7) 283 (15.4) 234 (12.7) 314 (23.6) 13 (20.6) 1,894 (19.5)

1 birth 652 (14.1) 338 (18.4) 215 (11.6) 225 (16.9) 8(12.7) 1,438(14.8)

2 births 1,527 (33.0) 400 (21.8) 411 (22.2) 406 (30.5) 20 (31.7) 2,764 (28.5)

3 births 848 (18.3) 332.0 (18.1) 368 (19.9) 221 (16.6) 6 (9.5) 1,775 (18.3)

> 4 births 494 (10.7) 460.0 (25.1) 607 (32.8) 155 (11.6) 14 (22.2) 1,730 (17.8)

Unknown 53 (1.1) 19 (1.0) 14 (0.8) 12 (0.9) 2(3.2) 100 (1.0)
Type of hospital

NCI-designated cancer center 232 (5.0) 61 (3.3) 88 (4.8) 76 (5.7) 2 (3.2) 459 (4.7)

ACS program 2,096 (45.3) 390 (21.3) 622 (33.6) 532 (39.9) 24 (38.1) 3,664 (37.8)

Other 2,296 (49.6) 1,381 (75.4) 1,139 (61.6) 725 (54.4) 37 (58.7) 5,578 (57.5)
Hospital composition of race/ethnicity

of patients with cancer

Minority predominant 2,028 (43.9) 1,623 (88.6) 1,458 (78.9) 1,110 (83.3) 22 (349) 6,241 (64.3)

Mixed 1,786 (38.6) 197 (10.8) 351 (19.0) 193 (14.5) 29 (46.0) 2,556 (26.3)

Non-Latino White predominant 810 (17.5) 12 (0.7) 40 (2.2) 30 (2.3) 12 (19.0) 904 (9.3)
Hospital composition of nSES of

patients with cancer®

Low: Q1/Q2 = 50%, Q4/Q5 < 50% 586 (12.7) 421 (23.0) 224 (12.1) 326 (24.5) 15(23.8) 1,572 (16.2)

Medium: Other 1,198 (25.9) 741 (40.4) 494 (26.7) 455 (34.1) 21 (33.3) 2,909 (30.0)

High: Q1/Q2 < 50%, Q4/Q5 = 50% 2,840 (61.4) 670 (36.6) 1,131 (61.2) 552 (41.4) 27 (42.9) 5,220 (53.8)

NOTE. Data are presented as No. (%), unless otherwise indicated.

Abbreviations: AABCS, Asian American Breast Cancer Study; ACS, American College of Surgeons; AJCC, American Joint Committee on Cancer; CARE,
Women’s Contraceptive and Reproductive Experiences Study; CTS, California Teachers’ Study; ER, estrogen receptor; IQR, interquartile range; MEC,
Multiethnic Cohort; NCI, National Cancer Institute; nSES, neighborhood socioeconomic status; PR, progesterone receptor; Q, quintile; SFBCS, San Francisco
Bay Area Breast Cancer Study

aLow-nSES composition hospitals are those with more than 50% of patients residing in block groups from the lowest two nSES quintiles and less than 50% of
patients residing in block groups from the highest two nSES quintiles. High-nSES composition hospitals are those with more than 50% of patients residing in
block groups from the highest two nSES quintiles and less than 50% in the lowest two nSES quintiles.
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In baseline models (adjusted for age at diagnosis, year of
diagnosis, and clustering by hospital), hospital nSES com-
position was associated with overall and breast cancer—
specific survival: Women whose reporting hospitals served
primarily high-nSES patients had superior overall survival
(hazard ratio [HR], 0.83; 95% ClI, 0.73 t0 0.94) and breast
cancer—specific survival (HR, 0.84; 95% Cl, 0.72 to 0.99)
than women whose reporting hospitals served primarily
low-nSES patients (Fig 1 and Data Supplement). The
association between hospital nSES composition and
overall survival remained statistically significant after
adjusting for tumor characteristics, but became non-
significant after additional adjustment for sociodemo-
graphic, treatment, and behavioral factors. No association
between hospital nSES composition and breast cancer—
specific survival remained after adjustment for tumor
characteristics. When stratified by race/ethnicity, asso-
ciation between high hospital nSES composition and
overall survival was present for NL White women only (HR,
0.84; 95% ClI, 0.71 to 0.99), but not after additional
adjustment for sociodemographic treatment and behav-
ioral factors. Hospital racial/ethnic composition was not
associated with either overall or breast cancer—specific
survival.

Women who received care in an ACS program hospital
experienced superior overall survival (HR, 0.88; 95% ClI,
0.80 to 0.96) and breast cancer—specific survival (HR,
0.87; 95% Cl, 0.77 to 0.98) than women who were di-
agnosed in a non-NCI cancer center/non-ACS hospital.

This association persisted in overall survival models ad-
justed for tumor, sociodemographic, treatment, and be-
havioral factors (fully adjusted HR, 0.91; 95% Cl, 0.84 to
0.99). Association between ACS program hospital and
breast cancer—specific survival remained after adjustment
for tumor characteristics, but not after additional adjust-
ment for other covariates. There were no significant differ-
ences in overall or breast cancer—specific survival between
women who were diagnosed in an NCl-designated cancer
center hospital and those diagnosed in a non—NCI cancer
center/non-ACS hospital.

When stratified by race/ethnicity, the superior survival as-
sociation with being diagnosed and initially treated in an
ACS program hospital was present only for African Amer-
ican patients. This association remained statistically sig-
nificant after adjustment for all covariates, for both overall
(HR, 0.76; 95% CI, 0.64 to 0.90) and breast cancer—
specific (HR, 0.67; 95% ClI, 0.55 to 0.83) survival.

Racial/Ethnic Disparities in Breast Cancer Survival

In minimally adjusted models for overall survival, African
American women had worse (HR, 1.40; 95% Cl, 1.23 to
1.58) and Latina women marginally superior (HR, 0.88;
95% Cl, 0.77 to 1.01) survival compared with NL White
women (Table 2). After adjusting for personal, tumor, and
clinical factors, the association for African American
women was fully attenuated and no longer statistically
significant (HR, 1.07; 95% CI, 0.93 to 1.23). For Latina
women, the association was both statistically significant

Overall Survival Breast Cancer-Specific Survival
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FIG 1. Associations between hospital factors and survival after breast cancer, California Breast Cancer Survivorship Consortium (CBCSC), 1993-2007.
ACS, American College of Surgeons; NCI, National Cancer Institute; nSES, neighborhood socioeconomic status; Q, quintile.
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TABLE 2. Racial/Ethnic Disparities in Breast Cancer Survival, California Breast Cancer Survivorship Consortium, 1993-2007
Base Model,® HR Model 1 + Tumor, Treatment, and Patient Characteristics,” HR Fully Adjusted,®* HR
Variable (95% CI) (95% CI) (95% CI)

Overall survival

Race/ethnicity

Non-Latina White

1.00

1.00

1.00

African American

1.40 (1.23 to 1.58)

1.07 (0.93 to 1.23)

1.04 (0.91 to 1.20)

Latina

0.88 (0.77 to 1.01)

0.77 (0.67 to 0.89)

0.77 (0.66 to 0.89)

Asian American

0.80 (0.60 to 1.07)

0.76 (0.54 to 1.06)

0.78 (0.55 to 1.08)

Other

1.09 (0.67 to 1.78)

1.08 (0.66 to 1.75)

1.07 (0.66 to 1.74)

Breast cancer—specific survival

Race/ethnicity

Non-Latina White

1.00

1.00

1.00

African American

1.52 (1.31 to 1.76)

1.27 (1.07 to 1.51)

1.25 (1.04 to 1.49)

Latina

0.93 (0.78 to 1.11)

091 (0.7510 1.11)

0.91(0.74 10 1.11)

Asian American

0.76 (0.47 to 1.25)

0.77 (0.45 to 1.31)

0.80 (0.47 to 1.37)

Other

0.86 (0.35 10 2.13)

0.74 (0.30 to 1.82)

0.73 (0.30 to 1.80)

Abbreviations: HR, hazard ratio; nSES, neighborhood socioeconomic status. Boldface denotes statistically significant findings, P < .05.
®HR and 95% Cl were estimated using multivariable Cox proportional hazards models with age (days) as time scale, stratified by study (Asian American
Breast Cancer Study, Women'’s Contraceptive and Reproductive Experiences Study, California Teachers’ Study, the Multiethnic Cohort, San Francisco Bay

Area Breast Cancer Study) and American Joint Committee on Cancer stage (I, I, Ill, IV, unknown), and adjusted for age at diagnosis (years), log transform of
age at diagnosis, year of diagnosis, and clustering by hospital.
®Base model further adjusted by histology (ductal, lobular, other), grade (I, II, [1I/IV, unknown), estrogen receptor (ER)/progesterone receptor (PR) status

(ER+/PR+, ER+/PR—, ER—/PR+, ER—/PR~), tumor size (continuous) and availability of continuous measure, diagnoses of 1st and 2nd subsequent
tumor, time between diagnoses of subsequent tumors; surgery type (none, mastectomy, breast conserving surgery, other), radiation therapy (none, treated
with radiation), chemotherapy (none, treated with chemotherapy, unknown), history of hypertension (no, yes, unknown), and history of diabetes (no, yes,
unknown); parity (nulliparous, 1 birth, 2 births, 3 births, = 4 births, unknown), smoking history (never, past, current smoker), alcohol use (nondrinker, = 2
drinks/d, > 2 drinks/d), prediagnosis body mass index (< 25, 25-29.9, = 30 kg/m?, unknown), education (< high school, high school graduate, some

college/technical school, college graduate or higher degree, unknown), marital status (single/never married, married, separated/divorced, widowed,
unknown), and quintiles of nSES (1-5).

“Model 2 further adjusted by hospital composition of patients’ with cancer nSES (low, medium, high), hospital composition of patients’ with cancer race/
ethnicity (minority predominant, mixed/non-Latina White predominant), and type of hospital (National Cancer Institute—designated cancer center; American

College of S

urgeons program; other).

and stronger (HR, 0.77; 95% Cl, 0.67 to 0.89). In models
additionally adjusted for institutional factors, the superior
association for Latina women remained (HR, 0.77;95% Cl,
0.66 to 0.89). For all models, Asian American women did
not have statistically significantly different survival com-
pared with NL White women.

For breast cancer—specific survival, only African American
women experienced worse survival compared with NL
White women (minimally adjusted HR, 1.52; 95% Cl, 1.31
to 1.76). Adjusting for personal, tumor, and clinical factors
somewhat attenuated the association (HR, 1.27; 95% Cl,
1.07 to 1.51). In a fully adjusted model including in-
stitutional factors, the association persisted (HR, 1.25;
95% Cl, 1.04 to 1.49).

DISCUSSION

In this large study of 9,701 racially/ethnically diverse pa-
tients with breast cancer diagnosed in California, we found

e524 © 2020 by American Society of Clinical Oncology

that the hospital type was significantly associated with
overall and breast cancer-specific survival in African
American women, independent of a comprehensive range
of individual-level factors. African American women who
were diagnosed with breast cancer in institutions accredited
by ACS had a survival advantage over African American
women diagnosed in hospitals that were not accredited by
either ACS or NCI. However, we also observed that the
racial/ethnic or socioeconomic patient compositions of the
reporting hospitals were not associated with overall or
breast cancer—specific survival. Despite considering
a range of tumor, treatment, sociodemographic, behav-
ioral, and institutional factors, we found that African
American women experienced worse breast cancer sur-
vival than NL White patients.

Our finding that African American women whose reporting
hospitals were ACS accredited have better survival is
striking and potentially actionable. In this study, as in many
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others,'* African American women had worse overall and
breast cancer—specific survival after adjusting for known
prognostic factors. Prior studies, including our own, have
demonstrated that triple-negative breast cancer is sub-
stantially more prevalent in African Americans, and triple-
negative breast cancer and human epidermal growth factor
receptor 2—overexpressing tumors are slightly more preva-
lent among Hispanics compared with NL White patients.?528
However, although differential diagnoses of these more
aggressive tumor subtypes do account for some of the
survival disparities, research shows that they do not account
for all, and such social factors as SES are just as in-
fluential, if not more.>2”78 For example, African Ameri-
cans may be exposed to more social stressors and have
less social support and/or community resources. Among
Latinas with breast cancer in California and Texas, we
observed better survival among women residing in ethnic
enclaves and high-SES neighborhoods, suggesting that
social support and community resources may contribute
to improved outcomes.?®

This racial/ethnic survival disparity has increased over
recent decades, despite the development of increasingly
effective breast cancer treatments, which suggests that
disparities in access to high-quality care may be an
important cause.®® In addition to ACS accreditation re-
quiring stringent adherence to treatment best practices,
adherence is closely monitored by a rapid quality
reporting system.?? A recent study demonstrated higher
adherence to quality measures among ACS-accredited
versus nonaccredited hospitals.?®> Why should a survival
benefit with ACS-accredited care be most apparent for
African American women? It may be that a structured
approach to best practices adherence is particularly ef-
fective in mitigating both conscious and unconscious racial
bias among clinicians; African American women may be
most vulnerable to such bias and gain most from its cor-
rection.3' Future research should seek to identify specific
aspects of ACS-accredited hospitals that are most bene-
ficial in terms of patient survival and determine how they
can be scaled across facilities to reach more African
American women.

Although ACS status was associated with superior survival,
neither the hospital racial/ethnic nor nSES composition of
their patients with cancer was associated with survival in
multivariable models. These factors may represent local
concentrations of social and behavioral factors that are
associated with breast cancer—specific and overall survival
and have been included in models as patient-level prog-
nostic factors. We may need to focus on other aspects of
the health care setting—and in greater detail on specific
therapies—to understand further the role of the health care
environment on survival outcomes. Lastly, the sequential
models demonstrated that tumor characteristics and
sociodemographic factors are most important in explaining
racial/ethnic survival disparities.?
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To our knowledge, this is the first evaluation of the potential
role of selected hospital characteristics on survival for
breast cancer separately for four major racial/ethnic groups
in the United States—NL Whites, African Americans, La-
tinas, and Asian Americans. It is a large study with almost
10,000 patients with breast cancer, with data on tumor and
treatment characteristics, sociodemographic and other risk
factors, and neighborhood and hospital factors from study
questionnaires and cancer registry. This pooled data set
has long-term follow up, and it is increasingly recognized
that late mortality is important in breast cancer.®2 Whereas
there are important strengths to this study, there are a few
limitations to note. Although the diverse study sample may
not represent the current US population, thus limiting the
generalizability of study findings, this study provides im-
portant insights for understanding survival disparities
across racial/ethnic groups, especially for Latinas and Asian
Americans, the two fastest growing segments of the US
population. In addition, the representation of these breast
cancer cases was previously evaluated; the study sample
had a lower proportion of advanced and estrogen receptor—
negative tumors, as well as some differences in nSES,
compared with incident breast cancer cases in California.'’
While cancer registry data provide an opportunity to ex-
amine hospital characteristics, the data are limited to the
reporting hospital, which may not be the best measure of
the breast cancer care setting, as a large majority of breast
cancer care is conducted in the outpatient setting, espe-
cially care beyond first course treatment—that is, treatment
beyond the first 6 months. Additional hospital character-
istics were not available through CCR. Cancer registry
data on human epidermal growth factor receptor 2/neu
status were not available for patients—diagnosed 1993 to
2007—included in this study, and information on specific
treatment regimens—for example, chemotherapy drugs,
duration, dose, and adherence—was not available;
therefore, we were not able to examine whether there were
tumor subtype and treatment differences across health
care settings. Data were also not available to assess
comorbidities beyond hypertension and diabetes across
the pooled studies. The case-control and cohort studies
contributed patients that were diagnosed 13 to 26 years
ago. Given improvements in treatment efficacy and in-
creases in cost—for example, trastuzumab, atezolizumab,
and other targeted therapies, and the increasing use of oral
regimens with large copays, such as aromatase inhibitors,
palbociclib, and capecitabine—disparities in survival may
be greater for patients diagnosed today. However, other
more contemporary data sources do not have the same
detailed information on important patient characteristics
that we report here, notably sociodemographic factors. In
addition, racial/ethnic disparities in breast cancer survival
have not lessened over time.?

Our finding that African American women have supe-
rior breast cancer—specific survival when cared for in
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ACS-accredited hospitals has clinical implications. Patient
navigation programs that direct African American women to
ACS-accredited hospitals may be beneficial and clinical
trials can be designed to test this hypothesis. In the long
term, studies should identify the key aspects of care in ACS-
accredited hospitals and how best to extend them to all
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