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Abstract

Racial/ethnic disparities in mortality among US breast cancer patients are well-documented. Our
knowledge of the contribution of lifestyle factors to disease prognosis is based primarily on non-
Latina Whites and is limited for Latina, African American and Asian American women. To
address this knowledge gap, the California Breast Cancer Survivorship Consortium (CBCSC)
harmonized and pooled interview information (e.g., demographics, family history of breast cancer,
parity, smoking, alcohol consumption) from six California-based breast cancer studies and
assembled corresponding cancer registry data (clinical characteristics, mortality), resulting in
12,210 patients (6,501 non-Latina Whites, 2,060 African Americans, 2,032 Latinas, 1,505 Asian
Americans, 112 other race/ethnicity) diagnosed with primary invasive breast cancer between 1993
and 2007. In total, 3,047 deaths (1,570 breast cancer-specific) were observed with a mean (SD)
follow-up of 8.3 (3.5) years. Cox-proportional hazards regression models were fit to data to
estimate hazards ratios (HR) and 95% confidence intervals (Cl) for overall and breast cancer-
specific mortality. Compared with non-Latina Whites, the HR of breast cancer-specific mortality
was 1.13 (95% ClI, 0.97-1.33) for African Americans, 0.84 (95% CI, 0.70-1.00) for Latinas, and
0.60 (95% ClI, 0.37-0.97) for Asian Americans after adjustment for age, tumor characteristics, and
select lifestyle factors. The CBCSC represents a large and racially/ethnically diverse cohort of
breast cancer patients from California. This cohort will enable analyses to jointly consider a
variety of clinical, lifestyle, and contextual factors in attempting to explain the long-standing
disparities in breast cancer outcomes.
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Introduction

Differences in breast cancer mortality rates by race and ethnicity in the United States (US)
have long been recognized. Mortality rates were similar for African Americans and non-
Latina Whites until the late 1970s; in the early 1980s, these rates began to diverge with
higher mortality in African Americans and have continued despite the lower breast cancer
incidence in African Americans compared to non-Latina Whites (1-4). Based on
Surveillance, Epidemiology and End Results (SEER) Registry data between 1993 and 1998,
risk of death after breast cancer diagnosis was two-fold higher in African Americans, 30%
higher in Latinas, and 10% lower in Asian Americans than in non-Latina Whites (5). The
relative survival disparities by race/ethnicity have persisted in studies that used SEER data
between 2000 and 2006 (6).

Racial/ethnic differences in survival after a breast cancer diagnosis can be attributed to
multiple factors. They include differences in stage at diagnosis, which may be related to
access to and utilization of mammography screening and health care, differences in the
quality of care after diagnosis, factors that are related to socioeconomic status (SES) of
patients and neighborhoods, and other neighborhood and medical institutional factors (7).
Differences in tumor characteristics and aggressiveness, as well as treatment response, may
also be related to racial/ethnic differences in genetic susceptibility and tumor biology.
However, adjustment for stage at diagnosis, other tumor characteristics, first course
treatment, and area-based SES have not completely explained the survival differences
between African Americans and non-Latina Whites (6).

Lifestyle factors, including large body size (8-13), lack of regular exercise (14-16), a history
of comorbid conditions (17-19), and low community-level SES (20) have also been
independently and positively associated with the risk of death after breast cancer diagnosis.
Given that these factors differ by race/ethnicity (17, 21-24), they may contribute to the long-
standing racial/ethnic disparities in breast cancer survival. A common shortcoming of many
previous studies is the inability to investigate multiple, interrelated factors that may exert
independent, as well as combined, effects on survival, either due to limited availability of
data as in cancer registry-based studies or small numbers of racial/ethnic minority
populations in observational studies. Thus, much of our current knowledge of these
prognostic factors is based on studies conducted predominantly in non-Latina White breast
cancer patients, with some information available for African Americans (17, 25, 26), and
sparse data on Latinas and Asian Americans (26).

The California Breast Cancer Survivorship Consortium (CBCSC) was established in 2011 as
a collaborative effort that leverages data collected by six California-based studies of over
12,000 breast cancer patients. The inclusion of breast cancer cases from four racial/ethnic
groups (African Americans, Asian Americans, Latinas, and non-Latina Whites) offers a
unigue opportunity to study the individual, clinical, and contextual factors as potential
determinants of the observed survival disparities across racial/ethnic groups. Using
harmonized questionnaire data on a variety of prognostic factors, enriched with commonly-
derived clinical and follow-up information from the population-based, statewide California
Cancer Registry (CCR), the CBCSC addresses many of the limitations of previous studies
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by having adequate sample size and information on individual lifestyle prognostic factors. In
this paper, we describe the methods used to assemble the CBCSC and report on the risks of
overall and breast cancer-specific mortality in African Americans, Latinas and Asian
Americans relative to non-Latina Whites in this pooled cohort.

Materials and Methods

Structure and Composition of CBCSC

The CBCSC is comprised of six epidemiologic studies of breast cancer etiology and/or
prognosis that were initiated in the 1990's and early 2000's. Details of these six studies
(study design, age and racial/ethnic composition, study location, data collection methods)
are described in Table 1. These six studies initially yielded 12,787 female breast cancer
cases (6,695 non-Latina Whites, 2,223 African Americans, 2,120 Latinas, 1,636 Asian
Americans, 113 other race/ethnicity). Individual study investigators received Institutional
Review Board (IRB) approval from their respective institution(s) to participate in this
collaboration, and IRB approval was also obtained from the State of California Committee
for the Protection of Human Subjects for the use of CCR data.

During a one-year pilot study, prognostic factors were identified that potentially could be
harmonized across the CBCSC studies, given similar measurement across studies, and
considerable variation in their distribution across racial/ethnic groups; these factors were
body size, physical activity, and co-morbidities. Furthermore, linkage with geocoded patient
records allowed us to identify institutional and neighborhood social and built environment
factors that also showed racial/ethnic variation (24, 27). The study objectives and activities
of the CBCSC were organized into four individual projects, each focused on a specific set of
potential prognostic factors: Project 1: contextual factors (institutional and social and built
environment, including distance to health care facility, walkability); Project 2: physical
activity; Project 3: body size; and Project 4: co-morbidities. The three case-control studies
contributed data to all four projects, whereas the cohort studies contributed data to a subset
of the projects (Figure 1). For each project, working groups are organized that utilize
research expertise among CBCSC investigators and includes representatives from all
participating centers.

The systematic assembly of data for the four projects was facilitated by the Cancer Registry
Data Core (CRDC) and the Questionnaire Data Core (QDC), and a common data dictionary
and analytic plan were developed. The CBCSC received feedback from a team of external
advisors with expertise in oncology, social sciences, health disparities, and patient advocacy.

Cancer Registry Data Core (CRDC)

The role of the CRDC was to centralize and streamline the ascertainment of cancer registry
variables from the CCR for the four projects. The CCR is a state-mandated population-based
cancer registry that is part of the SEER program. Through its regional registries, the CCR
routinely collects patient data from medical records on age at diagnosis, sex, race/ethnicity,
marital status, birthplace, and tumor characteristics (American Joint Committee on Cancer
(AJCC) stage, tumor size, grade, nodal involvement, histology, estrogen receptor (ER) and
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progesterone receptor (PR) status, laterality, HER2 (although missing for most cases prior to
2004, and thus not further considered)), first course of treatment (extent of surgical
resection, chemotherapy, radiation), and vital status (including cause of death for the
deceased) through hospital follow-up and linkages to vital statistics, death records, and other
databases. Given that multiple tumors of an individual are captured, data on cancer(s) prior
to and subsequent to the qualifying tumors for CBCSC eligibility are also available insofar
as the women remain a resident of California.

Each participating study provided either unique CCR identification numbers or personal
patient identifiers to enable linkage to the CCR database. The CRDC then consolidated and
created a dataset of clinical (tumor characteristics and treatment data), survival, and census
block group SES variables. Missing clinical data from the CCR, such as chemotherapy, were
not supplemented with data available from contributing study sources, given that these data
were not collected systematically by all studies. Vital status as of December 31, 2009, the
end of follow-up period of this study, was used to ensure, to the extent possible, that all
cases in the pooled analysis had comparable opportunity for follow-up. Breast cancer-
specific deaths were derived from the underlying cause of death on the death certificate
based on ICD-9 (9174) or ICD-10 (C50) codes. Patients' addresses at diagnosis are routinely
geocoded by the CCR to coordinates (latitude, longitude). Neighborhood SES at the block
group level was assigned to cases with at least a zip code+4 digit postal extension, using a
previously developed index that incorporates US census data on education, occupation,
unemployment, household income, poverty, rent, and house values (28). Cases diagnosed
prior to 1996 were assigned to the SES measure developed with the 1990 census data, and
those diagnosed in 1996 or later were assigned to the measure using 2000 census data.

Questionnaire Data Core (QDC)

The role of the QDC was to harmonize a select set of demographic and lifestyle factors
considered to be relevant covariates for adjustment in all of the project analyses. We
considered in our base model reproductive variables including parity, number of births and
timing of first birth, alcohol consumption, and smoking as these factors have been found to
influence mortality in breast cancer patients in some studies and may also influence
mortality via hormonally mediated pathways (29-34). Each of the six studies provided
specific questionnaire variables that were then harmonized and merged into a common
dataset. This pooled dataset included basic demographic variables (date of birth, race/
ethnicity, education, birthplace, age at migration to the US if foreign-born, language of
interview), and the major suggested breast cancer risk and prognostic factors, including
pregnancies (number and outcome of pregnancies, ages at first and last birth), menopause
(type of menopause, age at menopause), family history of breast cancer (number of affected
first-degree relatives, age at diagnosis of the affected relatives), smoking pattern (never/
former/ current, number of cigarettes smoked per day) and alcohol consumption before
breast cancer diagnosis.

For some variables (race/ethnicity, birthplace, education, parity, age at first birth, time since
last birth, family history of breast cancer, age at diagnosis of affected relatives), the
questionnaire response categories were similar across the studies although the definitions
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were not always identical. For example, although all studies collected information on family
history of breast cancer in first-degree female relatives, several studies asked about cancer
history in full siblings (LACE, CTS, MEC), whereas two studies collected data separately
for both full- and half-sisters (AABCS, CARE), and this information was not specified in
another study (SFBCS). We left these data as they were originally coded, given that it is not
possible to re-define the categories used by the contributing studies. The differences in
classification caused by these inconsistencies are likely to be minimal. Other variables such
as alcohol consumption and smoking (cigarettes per day among former and current smokers)
were collected as continuous variables in some studies (AABCS, CARE, SFBCS, LACE)
but as categorical variables in other studies (CTS, MEC); the midpoint of a category was
assigned for the latter group. The questions that were used to assess menopausal status
varied across the six studies. However, because each of the studies had carefully developed
its own algorithm to determine menopausal status, we relied on each study's original
classification of menopausal status.

Pooling Process

Of the initial 12,787 breast cancer case participants from the six studies submitted to the
CRDC, 577 cases were excluded for various reasons (Figure 1, Study Exclusions). For the
492 cases who participated in more than one study, resulting in 506 duplicate records, we
applied an inclusion rule to use data from the case-control studies first and then from the
cohort studies in the order of LACE, CTS, and MEC. The final analytic dataset included
12,210 breast cancer cases (6,501 non-Latina Whites, 2,060 African Americans, 2,032
Latinas, 1,505 Asians Americans, 112 other race/ethnicity) (Figure 1). For a small group of
cases (n=126) with multiple breast tumors diagnosed on the same day, we designated the
study-qualifying tumor based on a combination of stage, grade, and histology, and
considered the worst prognosis tumor as the qualifying tumor.

We evaluated the representativeness of the 12,210 breast cancer cases included in the
CBCSC to all breast cancers identified by the CCR (excluding in situ cases and those with
<30 days of follow-up) diagnosed in women between 1993 and 2007 in California. The CCR
group included 208,542 non-Latina Whites, 17,099 African Americans, 38,459 Latinas, and
24,958 Asian Americans. We compared key tumor characteristics, with the goal of
identifying any specific patterns of differences in distribution by race/ethnicity.

Common Analytic Plan

A common analytic approach was developed to facilitate the evaluation of the degree to
which the residual race/ethnicity differences in overall and breast cancer-specific mortality
could be explained by racial/ethnic differences in social and built environment and
neighborhood factors, physical activity, body size, and co-morbidity variables after
controlling for important tumor and lifestyle factors. We first developed a main effects
stratified Cox regression model to estimate hazard ratios (HR) and associated 95%
confidence intervals (CIs) by reverse stepwise selection. The starting model included ‘study’
as a stratification factor and all of the tumor characteristic and lifestyle variables (available
in the CRDC and QDC). Age at diagnosis was included as a continuous variable on both the
natural scale and the log10 scale in order to appropriately account for the ordered effect of

Cancer Causes Control. Author manuscript; available in PMC 2014 June 05.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wu et al.

Results

Page 7

age and allow for non-linearity in its effect in the Cox model. Two time scales, time from
diagnosis and attained age (35, 36) were investigated in the development of the final
baseline models for overall and breast cancer-specific mortality. All variables, except for
age at diagnosis were subject to removal using backward stepwise regression. The order of
removal was determined by the more significant (between the two time scales) of the Cox
partial likelihood ratio test for that variable, and removal continued until all remaining
variables had a likelihood ratio p-value of <0.20. No interactions were included in the
model. Women in the case-control studies (AABCS, CARE, SFBCS) and the prospective
survivor cohort (LACE) survived after diagnosis until the time of data collection; thus their
follow-up was left censored since women who died or were lost to follow-up before data
collection by the parent study were not included in this study. The mean (SD) years from
diagnosis to data collection were 1.6 (0.8) for AABCS, 0.4 (0.3) for CARE, 1.4 (0.6) for
SFBCS, and 1.8 (0.5) for LACE. Women in these four studies were admitted to the risk set
at the time of data collection rather than at the time of diagnosis. Women in the prospective
population cohorts (CTS, MEC) were included in the pooled analysis if their breast cancer
diagnosis occurred during the study follow-up period. The mean (SD) number of years
between data collection and cancer diagnosis was 6.9 (4.0) for MEC and 5.0 (2.8) for CTS.
The percentages of women diagnosed within 1 year, 1-<2 years, 2 to <5 years, and 5 or more
years after questionnaire completion were 8.1%, 6.4%, 21.0%, and 64.5%, respectively, for
the MEC. The corresponding figures were 9.3%, 9.8%, 31.2%, and 49.7% in the CTS.
Women were followed until death; for breast cancer-specific death, we censored women
who died of other causes on their dates of death.

The HRs for overall and breast cancer-specific mortality in African Americans, Latinas, and
Asian Americans relative to non-Latina Whites determined from the fully adjusted baseline
models were compared to the corresponding HR estimates obtained in models adjusted for a
limited number of clinical variables (age at diagnosis, race/ethnicity, registry region, AJCC
stage, ER/PR status, surgery type, radiation therapy) and excluded lifestyle factors including
parity, alcohol consumption, and smoking history (referred to as “Limited Model”). The
limited models were used in previous SEER-based studies (5, 6, 37). To evaluate the
potential confounding by study and race/ethnicity (e.g., AABCS contributed data only to the
analysis on Asian Americans and over 70% of Latina data were from SFBCS), we repeated
the analysis excluding ‘study’ as a stratification factor. We also compared the HR results in
CBCSC women to all breast cancer patients in the CCR.

Characteristics of the breast cancer cases included in the pooled analysis (h=12,210) are
shown in Tables 2 and 3. Large proportions of Asian Americans (66.6%) and Latinas
(43.5%) were foreign-born. Low neighborhood SES was most common among African
Americans (27.6%), followed by Latinas (13.3%), Asian Americans (9.3%), and non-Latina
Whites (3.2%). Similarly, the frequency of tumor characteristics associated with worse
survival (i.e., Stage I11/1V, grade 111/IV, nodal involvement, tumor size =5 cm, and ER
negative/PR negative) tended to be highest in African Americans, followed by Latinas,
Asian Americans and non-Latina Whites. These distributions of tumor characteristics
differed significantly between non-Latina Whites and each of the other three racial/ethnic
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groups. With the exception of tumor histology, most of the other tumor characteristics also
differed significantly between African Americans, Latinas, and Asian Americans (Table 2).

Most of the lifestyle factors also differed significantly between the four racial/ethnic groups.
Low education (some high school or less) and =4 births were most frequent in Latinas
(37.1% and 33.0%, respectively), and first birth at age <20 years (44.7%) and a history of
smoking (53.1%) in African Americans; whereas a positive family history of breast cancer
(19.4%) and a history of regular alcohol use (65.6%) was most frequent in non-Latina
Whites (Table 3).

Table 4 shows characteristics of the breast cancer cases included in CBCSC compared to all
invasive breast cancers diagnosed in California identified by the CCR during 1993-2007. In
general, breast cancer cases in CBCSC had proportionally fewer stage I11/1V cancers than
those in the CCR,; this pattern was consistently observed across all four racial/ethnic groups.
The prevalence of ER negative tumors was also consistently lower in CBCSC breast cancer
cases than in the CCR. However, the prevalence of poorly differentiated tumors (Grade 111
or V) was comparable in CBCSC and the CCR. Differences in neighborhood SES also
existed between breast cancer cases in CBCSC and in the CCR: a higher percentage of non-
Latina Whites and Latinas in CBCSC lived in the highest SES neighborhoods (40.9% and
21.7%, respectively) compared to those in the CCR (31.5% and 11.4%, respectively). The
percentage of African Americans living in the highest SES neighborhoods was comparable
in CBCSC (8.9%) and the CCR (8.6%), but there was some underrepresentation of high SES
Asian Americans in CBCSC (27.9%) compared with the CCR (31.0%).

Separate baseline models for overall and breast cancer-specific mortality were built using
time from diagnosis and attained age time scales. Tumor characteristics from Table 2
including stage, grade, nodal involvement, tumor size, ER/PR status, chemotherapy, prior
tumor, and surgery type remained statistically significant in the final model (Table 5).
Demographic factors (race/ethnicity, education, neighborhood SES, marital status),
reproductive/lifestyle factors (age at first birth, alcohol consumption, smoking) and other
factors (nativity, years of diagnosis, and region of residency) remained statistically
significant in the final model for overall mortality using attained age time scales (Table 5).
Results using time from diagnosis were very similar (data not shown) though the use of
attained age appeared to provide a slightly better model fit for both overall and breast
cancer-specific mortality. Most of the HRs were similar for overall and breast cancer-
specific mortality, but there were somewhat stronger effects of stage, grade, nodal
involvement, and tumor size on breast cancer-specific mortality (Table 5).

A total of 3,047 deaths were observed after a mean (SD) follow-up of 8.3 (3.5) years.
Compared with non-Latina Whites, the HR (95% CI) for overall mortality was 1.02
(0.91-1.15) for African Americans, 0.75 (0.65-0.87) for Latinas, and 0.76 (0.57-1.01) for
Asian Americans in our fully adjusted baseline model that included all significant clinical
characteristics and lifestyle factors with stratification by study. Larger racial/ethnic
differences were observed when we restricted the analysis to the 1,570 breast cancer-specific
deaths. Compared with non-Latina Whites, the HR (95% CI) was 1.13 (0.97-1.33) for
African Americans, 0.84 (0.70-1.00) for Latinas, and 0.60 (0.37-0.97) for Asian Americans
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(Table 6, Base model). Next we conducted these analyses with adjustment for a limited
number of clinical characteristics and without consideration of reproductive/lifestyle
prognostic factors (parity, alcohol consumption, smoking) and other variables
(differentiation, nodal involvement, tumor size, chemotherapy, prior tumor, SES, marital
status, and year of diagnosis) as was usually done in SEER-based studies (5, 6) (Table 6,
Limited Model 1). Relative to non-Latina Whites, the overall and breast cancer-specific
mortality HR for African Americans increased (1.25 and 1.31, respectively); the overall HR
in Latinas increased somewhat (0.82) but the breast cancer-specific HR remained
unchanged, whereas the overall and breast cancer specific HR in Asian Americans decreased
somewhat (0.71 and 0.56, respectively). When we repeated these analyses without
stratification by study (Table 6, Limited Model 2), relative to non-Latina Whites, the HRs
for overall and breast cancer-specific mortality in African Americans increased further (1.46
and 1.52, respectively), the HRs in Latinas approached unity (0.99 and 1.00, respectively),
and the HRs in Asian Americans remained substantially lower than 1.0 (0.82 and 0.84,
respectively).

Finally, we tested the Limited Model 2 using all 289,058 breast cancer patients in the CCR
and found that the HRs for overall and breast cancer-specific mortality in Latinas were
comparable to those in non-Latina Whites (1.01 and 1.01, respectively). In contrast, the HRs
in African Americans were higher (1.36 and 1.42, respectively) and those in Asian
Americans were lower (0.80 and 0.85, respectively) than the HRs in non-Latina Whites
(Table 6, Limited model 2-CCR).

Discussion

Numerous observational studies have examined the role of diet, adiposity, physical activity,
and other lifestyle factors in relation to the risk of breast cancer development. However,
much less is known about the role of lifestyle factors and their interactions with contextual
factors in relation to breast cancer prognosis, particularly in non-White populations. To our
knowledge, the CBCSC is the largest study on breast cancer prognosis that includes lifestyle
and contextual factors on a sizeable number of Latinas, African Americans, and Asian
Americans, allowing for assessment of prognostic effects specific to each racial/ethnic group
and comparison of the relative contribution of prognostic factors to disparities in survival
across racial/ethnic groups.

The design and composition of the CBCSC study population differ from the study
populations in three other large US studies on breast cancer prognosis (38-40). Our analysis
primarily focuses on lifestyle factors before diagnosis of breast cancer, whereas the other
three studies focused on lifestyle factors after breast cancer diagnosis. The Health, Eating,
Activity, and Lifestyle (HEAL) Study (38) is a multicenter study of 1,183 breast cancer
patients (615 Latinas from New Mexico, 202 Whites from Washington, 366 African
Americans from LA County) diagnosed with in situ to stage I11A breast cancer in the 1990s.
Although the HEAL Study has been informative with regard to the relation between blood
biomarkers and survival, this study is limited by the very small number of deaths to date (87
total deaths, 42 deaths from breast cancer) (38). The After Breast Cancer Pooling Project
(ABCPP) (39) was established in 2009 and includes over 18,000 breast cancer survivors
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from four established studies to examine the role of physical activity, adiposity, supplement
use, and quality of life in breast cancer prognosis. Although the number of non-Latina
Whites in the ABCPP is almost twice as large as in our study, the numbers of African
Americans (n=357), Latinas (n=387), and Asian Americans (n=292) are relatively small
(39). The Pathways Study, a prospective cohort study of women diagnosed with breast
cancer in Kaiser Permanente Northern California was initiated in 2006 (40). This study has
now recruited nearly 4,500 women (8% African American, 12% Asian American, and 12%
Latina) with an overarching goal to examine the associations of lifestyle and molecular
factors with prognosis and survival (40). Thus, the CBCSC with its large numbers of non-
Whites and relatively long follow-up represents a unique resource to study prognosis-related
factors within and across multiple racial/ethnic groups. A limitation of our study is the lack
of information on lifestyle factors after diagnosis in five of our studies. However, results
from LACE, which collected information after diagnosis, suggest generally similar levels of
health-related behaviors before and after diagnosis, with the exception of weight gain during
the first 1-3 years post-diagnosis (41, 42). In the Pathways Study, habits such as use of
complementary and alternative therapy also did not show substantial changes from the 5
years prior to diagnosis to after diagnosis (43). Similarly, in the HEAL Study, physical
activity levels remained relatively stable up to 5 years postdiagnosis (44).

Various methodological issues were considered in the construction of the final baseline
statistical model for our pooled analysis. A potential concern is the pooling of data from
case-control and cohort studies. We conducted separate analysis by study design and did not
find systematic differences across studies. This was tested formally in the context of our
model as an interaction between race/ethnicity and study. The likelihood ratio tests for this
effect on 11 degrees of freedom have p-values greater than 0.15 for both overall and breast
cancer specific mortality. Our model included age at diagnosis as a continuous variable on
both the natural scale and the log10 scale. Sensitivity analyses using categorized age
confirmed that this approach captured the essential characteristics of the effect of age on
overall and breast cancer-specific mortality. Missing or unknown values for relevant clinical
characteristics and lifestyle prognostic factors were accounted for in the multivariate model
by including a category for missing data. Although we considered using multiple imputation
methods (45), we ultimately decided against this approach because the proportion of missing
data is generally small in this cohort such that any bias in parameter estimates when
compared with complete data is likely to be small. The multiple imputation approach also
has some drawbacks as the appropriateness of assumptions required for its use may be
impractical if imputation is needed for a large number of variables. We have accounted for
competing risks in breast cancer-specific mortality analyses by censoring non-breast cancer
causes of death. We evaluated the validity of this simpler approach by comparing it to a
formal method for competing risks in Cox regression analysis proposed by Fine and
colleagues (5, 46). This formal approach is computationally intensive compared to the
simpler approach, but nevertheless yielded Cox regression parameter estimates that were
essentially equivalent to those from the simpler approach (data not shown).

Our baseline overall and breast cancer-specific models were intended to capture racial/ethnic
differences by adjusting for all relevant clinical characteristics and lifestyle prognostic
factors, allowing us to evaluate whether the putative prognostic factors- contextual factors,
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physical activity, body size, and co-morbidities- have additional effects on racial/ethnic
differences in survival experience. Using this fully-adjusted baseline model, African
Americans showed higher breast cancer-specific mortality than non-Latina Whites
(HR=1.13), but their overall mortality was similar. In contrast, the overall and breast cancer-
specific mortality in Latinas and Asian Americans was considerably lower than in non-
Latina Whites. In SEER-based studies of overall mortality and breast cancer-specific
mortality by race/ethnicity that adjusted for a limited number of clinical characteristics and
were unable to adjust for individual lifestyle prognostic factors (5, 6, 37), the risks of overall
and breast cancer-specific mortality were 1.5-1.8 fold higher among African Americans, and
1.1-1.4 fold higher among Latinas, relative to non-Latina Whites, whereas the overall and
breast cancer-specific mortality among Asian Americans was lower. To provide a
comparison with SEER-based studies, we conducted analyses with CBCSC subjects that
adjusted for a more limited number of clinical characteristics and did not adjust for
individual lifestyle prognostic factors (Table 6, Limited Model 1). Results for CBCSC
African Americans and Asian Americans were comparable to those reported in SEER-based
studies showing respectively higher (HR=1.2-1.3) and lower (HR=0.54-0.66) overall and
breast cancer-specific mortality risks than was observed in CBCSC non-Latina Whites.
However, contrary to the results from SEER-based studies, CBCSC Latinas did not have
higher risk of overall and breast cancer-specific mortality than CBCSC non-Latina Whites.
HRs in CBCSC and the CCR were comparable when we repeated the analyses using the
Limited Model 2 and excluded ‘study’ as a stratification variable.

There are some possible explanations for these somewhat divergent results, particularly in
CBCSC Latina breast cancer cases compared to those included in the SEER-based analyses.
CBCSC cases represent women who were able and willing to complete detailed
questionnaires or interviews and thus may not be representative of all breast cancer patients.
In fact, we found that CBCSC participants had less advanced stage cancer (111/1V) than
breast cancer patients in the CCR (Table 4) who, in turn, had somewhat better survival than
women from a combination of SEER registries. Similarly, the prevalence of ER negative
tumors was lowest among breast cancer patients in CBCSC, intermediate in the CCR, and
highest in SEER. Interestingly, CBCSC non-Latina Whites and Latinas were more likely to
live in high-SES neighborhoods than their counterparts in the CCR, but this was not
observed for African American and Asian American women (Table 4). This difference in
neighborhood SES may explain, in part, the better survival experience in CBCSC Latinas
and this question will be investigated in future analyses as part of CBCSC Project 1 on
contextual factors. Heterogeneity and regional differences within Latina and Asian
American populations may also contribute to these differences in results. Latinas from
Mexico, Puerto Rico, and South or Central America showed considerable differences in
their breast cancer mortality (5, 6) such that the survival of Latinas in California, most
(>80%) of whom are from Mexico (47), may not be representative of the survival of Latinas
in the entire US. Similarly, our results for Asian Americans relate primarily to Chinese,
Japanese, and Filipina women, who accounted for over 95% of the Asian women in CBCSC,
but other Asian ethnic groups (e.g., Korean, Viethamese) experience somewhat worse
mortality than Chinese and Japanese women and also worse mortality than non-Latina
Whites (5, 48).
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In summary, the CBCSC is well-positioned to study breast cancer outcomes across the
major US racial/ethnic groups using the combined resources of six well-established studies
covering multiethnic populations in California. We found racial/ethnic disparities in survival
after breast cancer diagnosis that remained after adjustment for differences in several
clinical, lifestyle, and neighborhood factors. However, there are some study limitations.
While we successfully harmonized data on lifestyle prognostic factors, the questions were
not identical across all the studies and some assumptions were made. Despite statistical
adjustment for ‘study’, we cannot exclude the possibility of potential effect modification by
study and race/ethnicity. One limitation of all studies of cause of death may be the variation
in attributing deaths to a particular cause by the person completing the death certificate. If
this were to vary by race/ethnicity, it could potentially bias the risk estimates but this would
affect not only our results but those of all other studies. We were also limited by the fact that
only information on first course of treatment is available from the CCR and uncontrolled
confounding by treatment may exist although we have previously shown that registry data
on treatment including chemotherapy and surgery are of high quality (49). There are also
important study strengths, including a large number of deaths due to breast cancer in African
American, Latina, and Asian American breast cancer patients, which allowed us to examine
the separate and combined effects of various lifestyle prognostic factors and tumor
characteristics on survival. In addition, differential reporting of clinical and follow-up data
by race/ethnicity was minimized given that these data were uniformly obtained from the
CCR. The establishment of this rich resource provides the potential for unique insights
regarding the roles of socioeconomic, medical, biological, cultural, and other determinants
of racial/ethnic differences in breast cancer survival and opportunities for future studies of
racial/ethnic disparities in breast cancer outcomes.
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Table 5

Page 24

Hazard Ratios (HR) and Coefficient of Variation (CV)2for Final Modelsfor All-Cause

and Breast Cancer-Specific Mortality Modelsin the CBCSC

Overall Mortality

Breast Cancer-Specific Mortality

Attained Age Attained Age
Variable HR & 95% Cl  HR& 95% Cl
Ageat diagnosisb
40 0.67 0.19-2.31 047 0.08-2.61
50 0.92 0.52-1.63 0.66 0.29-1.48
60 1.00 1.00
70 0.92 0.54-156 1.62 0.76-2.34
80 0.75 0.27-2.12 2.76 0.62-12.2
Stage (AJCC)®
| 1.00 1.00
1 1.22 1.09-1.37 1.76 1.46-2.12
11 1.97 1.62-2.40 3.14 2.41-4.09
v 4.79 3.82-6.00 7.98 5.94-10.7
Unknown 0.97 0.77-1.23 1.26 0.90-1.78
Grade
| 1.00 1.00
1 1.16 1.03-1.31 161 1.29-2.02
v 1.53 1.35-1.73  2.59 2.07-3.25
Unknown 1.14 0.99-1.33 1.60 1.23-2.09
Nodal involvement
No 1.00 1.00
Yes 1.55 1.39-1.73 1.96 1.69-2.28
Unknown 1.80 153-2.12 230 1.81-2.91
Tumor size (cm)
<1 1.00 1.00
1-<5 1.24 1.09-1.41 1.88 1.46-2.43
25 1.41 1.16-1.71 222 1.64-3.01
Unknown 1.69 1.37-2.09 265 1.92-3.64
Surgery type
No surgery 1.00 1.00
Mastectomy 0.58 0.48-0.71  0.50 0.39-0.64
Lumpectomy 0.50 0.41-0.61 0.41 0.32-0.53
Other 0.66 0.29-1.53 0.53 0.17-1.73
ER/PR Cstatus
ER+/PR+ 1.00 1.00
ER+/PR- 1.22 1.08-1.37 1.30 1.10-1.54
ER-/PR+ 0.99 0.76-1.28 1.08 0.78-1.49
ER-/PR- 1.35 1.21-1.50 1.46 1.28-1.67
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Overall Mortality Breast Cancer-Specific Mortality
Attained Age Attained Age

Variable HR& 95% CI  HR® 95% ClI
ER/PR Unknown 1.10 0.99-122 121 1.04-1.40
Chemotherapy
No 1.00 1.00
Yes 1.20 1.09-1.32 1.27 1.11-1.46
Unknown 0.92 0.68-1.24 1.00 0.68-1.48
Radiation therapy
No nid 1.00
Yes 111 0.98-1.25
Prior tumor
No 1.00 1.00
Yes 1.45 1.28-1.64 1.23 1.01-1.50
Neighborhood SES ©
Lowest 1.00 1.00
Lower-middle 1.01 0.89-1.15 0.96 0.80-1.15
Middle SES 0.92 0.81-1.05 0.85 0.71-1.02
Higher-middle 0.78 0.68-0.90 0.78 0.65-0.94
Highest 0.84 0.72-0.97 0.77 0.64-0.94
Unknown 0.85 0.66-1.10 0.82 0.57-1.18
Race/ethnicity
Non-Latina White 1.00 1.00
African American 1.02 0.91-1.15 113 0.97-1.33
Latina 0.75 0.65-0.87 0.84 0.70-1.00
Asian American 0.76 0.57-1.01 0.60 0.37-0.97
Other 0.96 0.62-1.47 1.00 0.51-1.95
Marital status
Single, never married 1.00 1.00
Married 0.94 0.83-1.05 1.05 0.90-1.22
Separated/Divorced 1.20 1.04-1.37 1.25 1.04-1.51
Widowed 111 0.96-1.27 1.25 1.02-1.53
Unknown 0.89 0.68-1.16 0.86 0.58-1.27
Educational level
<high school 1.00 nid
high school 0.78 0.68-0.90
some college 0.81 (0.07) 0.71-0.93
college graduate or more  0.66 (0.08) 0.57-0.77
Unknown 0.71 (0.36) 0.39-1.29
Ageat first birth

<20 1.00 nid

20-24 0.96 0.86-1.07

25-29 0.93 0.81-1.06
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Overall Mortality Breast Cancer-Specific Mortality
Attained Age Attained Age
Variable HR& 95% CI  HR® 95% ClI
30-34 1.05 0.90-1.24
235 0.95 0.76-1.18
Nulliparous 111 0.97-1.27
Missing 1.22 0.93-1.61
Smoking status
Never 1.00 1.00
Past <1 pack/day 111 1.00-1.22 1.15 1.00-1.31
Past >1 pack/day 1.37 1.15-1.62 1.18 0.91-1.53
Current <1 pack/day 1.46 1.28-1.68 1.22 1.01-1.47
Current >1 pack/day 2.07 1.60-2.69 1.63 1.11-2.38
Unknown 1.39 1.16-1.65 1.61 1.25-2.07
Alcohol consumption
Non-drinker 1.00 nid nid
< 2 drinks/week 0.84 0.76-0.93
>2 drinks/week 0.88 0.81-0.97
Unknown 1.05 0.88-1.28
USborn
Yes 1.00 nid nid
No 0.87 0.77-0.99
Unknown 1.26 0.76-2.07
Year of diagnosis
1993-1995 1.00 1.00
1996-1998 0.97 0.87-1.09 0.92 0.79-1.07
1999-2001 0.85 0.74-0.97 0.80 0.66-0.97
2001-2004 0.89 0.75-1.05 0.82 0.66-1.07
2005-2007 0.84 0.66-1.06 0.81 0.60-1.11
Residency region
Region 1 1.00 1.00
CSP of Orange County 0.71 0.53-0.94 0.63 0.41-0.98
Central California 1.08 0.83-1.40 0.97 0.66-1.45
CSP/Sutter Cancer Center 0.86 0.69-1.08 0.75 0.54-1.05
Tri-Counties 0.79 0.57-1.10 0.79 0.48-1.30
Desert Sierra CSP 0.94 0.72-1.24 0.87 0.58-1.29
Cancer Registry of N 1.05 0.82-1.36 0.96 0.65-1.43
California
San Diego/Imperial 1.15 0.89-1.49 0.97 0.65-1.44
Northern California 1.09 0.94-1.27 1.04 0.84-1.27
Cancer Center
CSP of Los Angeles 1.09 0.89-1.35 1.05 0.77-1.44

395% CI
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bHR estimates for specific ages at diagnosis are computed from the Cox model regression parameters of continue Age and log (Age).
CAmerican Joint Committee on Cancer (AJCC), estrogen receptor(ER)/progesterone receptor (PR), socioeconomic status (SES)

d . . . . .
HR estimates are not shown for variables that were not included (NI) in the final model.
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