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Abstract

Background: As Asian American breast cancer incidence rises, it is necessary to investigate the origins of differential breast
cancer outcomes among Asian ethnic subgroups. This study aimed to examine disparities in delays of breast cancer surgery
among Asian ethnic subgroups. Methods: We obtained California Cancer Registry data on female breast cancer diagnoses
and treatment from 2012 to 2017. Our main independent variable was patient race and ethnicity, including 6 Asian ethnic
subgroups. Dependent variables included time to surgical treatment for breast cancer and receipt of surgical treatment
within 30 and 90 days of diagnosis. We conducted multivariable logistic regression to determine the odds of receiving surgery
within 30 and 90 days of diagnosis and multivariable Cox proportional hazards regression to determine the risk of prolonged
time to surgery. Results: In our cohort of 93 168 breast cancer patients, Hispanic (odds ratio [OR] ¼ 0.86, 95% confidence
interval [CI] ¼ 0.82 to 0.89) and non-Hispanic Black (OR¼0.83, 95% CI¼0.78 to 0.88) patients were statistically significantly
less likely than non-Hispanic White patients to receive surgery within 30 days of breast cancer diagnosis, whereas Asian
Indian or Pakistani (OR¼1.23, 95% CI¼1.09 to 1.40) and Chinese (OR¼1.30, 95% CI¼1.20 to 1.40) patients were statistically
significantly more likely to receive surgery within 30 days of diagnosis. Conclusions: This large, population-based retrospec-
tive cohort study of female breast cancer patients is the first, to our knowledge, to demonstrate that time to surgical treat-
ment is not equal for all Asians. Distinct differences among Asian ethnic subgroups suggest the necessity of further investi-
gating breast cancer treatment patterns to fully understand and target disparities in breast cancer treatment.

Although incidence of breast cancer remained relatively stable
among non-Hispanic White women from 2005 to 2014, breast
cancer incidence increased approximately 0.3% per year for
Hispanics, 0.4% per year for non-Hispanic Blacks, and 1.7% per
year for Asian or Pacific Islanders (1). However, among Asian
ethnic subgroups, the annual increase in breast cancer inci-
dence ranged from no statistically significant change in
Japanese women to 2.55% in Korean women (2).

In addition to genetic and environmental effects on breast
cancer incidence and mortality, cancer screening and treatment
are key factors predicting breast cancer diagnosis, severity, and
mortality (3-5). However, access to appropriate cancer treat-
ment is limited by socioeconomic factors creating unequal bar-
riers to care for racial and ethnic minorities and lower-income
patient groups (6). A meta-analysis of 6 studies demonstrated
that delays in surgical treatment for breast cancer, specifically,

are associated with an 8% increase in mortality risk for every 4
weeks that surgery is delayed (7). Known risk factors for breast
cancer surgical delays include non-Hispanic Black and Hispanic
race and ethnicities, lower socioeconomic status, limited access
to care and health information, smaller tumor size, and use of
mastectomy (8-10). More recent diagnosis years are also associ-
ated with increased likelihoods of surgical delays, and as the
frequency and length of surgical delays for breast cancer in-
crease, it is necessary to understand the causes of these delays
for all patients (8,11).

Among Asian American ethnic subgroups, distinct differen-
ces in health risks and outcomes exist due to unequal factors
among ethnic groups, such as level of education and socioeco-
nomic status, access to health insurance and usual source of
health care, health literacy and health communication behav-
iors, and differential effects of discrimination (12-18). However,
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despite large growth in breast cancer incidence among Asian
Americans and clear differences in the distribution of this
growth between Asian ethnic subgroups, no research has ex-
plored racial and ethnic disparities in time to breast cancer sur-
gical treatment with detailed ethnic subgrouping of Asian
patients. Therefore, our aim was to characterize trends in the
time between breast cancer diagnosis and definitive surgery for
patients of a variety of races and ethnicities, including detailed
Asian ethnic subgroups.

Methods

Data Source and Study Cohort

We conducted a population-based retrospective cohort study
using data obtained from the California Cancer Registry (CCR), a
statewide cancer surveillance program that collects and main-
tains individual patient sociodemographic, tumor characteris-
tic, and tumor treatment information for nearly all cancers
diagnosed in California.

Our study cohort included women diagnosed between 2012
and 2017 with stage I-III invasive breast cancer in California.
Women were excluded from this study if they did not have sur-
gery at the primary site, if the type of surgery was unknown, if
the complete date (including day, month, and year) of diagnosis
or definitive surgery was missing, or if they did not have surgery
as the first treatment for their cancer. Women who did not have
complete information recorded for all covariates were also ex-
cluded from our analyses.

Patient Race and Ethnicity

To classify participants into racial and ethnic groups, partici-
pants were first stratified by Hispanic ethnicity. Non-Hispanic
participants were further grouped into more detailed subgroups
based on the primary race and ethnicity recorded for each pa-
tient, and mutually exclusive racial and ethnic groups were cre-
ated for subgroups with at least 800 observations. These
mutually exclusive racial and ethnic groups included Asian
Indian or Pakistani, Chinese, Filipino, Hispanic, Japanese, non-
Hispanic Black, non-Hispanic White, Other (non-Asian minority
racial and ethnic groups), Other Asian (minority Asian racial
and ethnic groups), and Vietnamese.

Covariates

The following factors were abstracted from the CCR database
and included as potential confounders in the relationship be-
tween patient race and ethnicity and time to surgical treatment:
age at diagnosis (40-49 years, 50-59 years, 60-69 years, 70-79
years, 80 years and older), marital status (not married, married,
other or unknown), socioeconomic status (quintiles), metropoli-
tan level (metropolitan area core, less than metropolitan area
core), insurance type (private, Medicare, Medicaid, uninsured,
other), Charlson comorbidity score (0, 1, 2 or more, unknown),
year of diagnosis (2012, 2013, 2014, 2015, 2016, 2017), combined
American Joint Committee on Cancer (AJCC) tumor stage at di-
agnosis (I, II, III), tumor grade (I, II, III or IV, unknown), number
of positive lymph nodes (0, 1, 2 or more, unknown), and type of
surgery received (lumpectomy, mastectomy). Socioeconomic
status was derived from patients’ neighborhood-level socioeco-
nomic status measured by Juan Yang’s index of socioeconomic
status, with missing values imputed based on principal

components analysis of block group variables from the
American Community Survey (19). Metropolitan level was mea-
sured by rural-urban commuting area (RUCA): those in the high-
est category of metropolitan level resided in an area with a
RUCA score of 1, corresponding to a metropolitan area core, and
those in the lowest category of metropolitan level resided in an
area with a RUCA score of greater than 1, corresponding to any
area less metropolitan than a metropolitan area core (20).

Time to Surgical Treatment

Time to surgical treatment was computed as the number of
days elapsed between breast cancer diagnosis and definitive
surgical treatment. Definitive surgical treatment is defined by
the CCR as “the most definitive surgical resection of the primary
site performed as the first course of treatment” (21). To be con-
sistent with previous research establishing breast cancer surgi-
cal delays as a mortality risk factor and proposing optimal time
intervals for receipt of surgical treatment for breast cancer, sur-
gical delays were explored using both 30-day and 90-day bench-
marks for the interval between diagnosis and surgical
treatment (8,22-25).

Statistical Analyses

The distributions of all covariates by patient race and ethnicity
and by 30- and 90-day surgical benchmarks were examined us-
ing Pearson’s v2 test or the Monte Carlo estimate for the exact
test when individual counts were less than 5. Multivariable lo-
gistic regression, controlling for all covariates previously men-
tioned, was then used to examine the associations between
patient race and ethnicity and receiving surgery within 30 and
90 days of diagnosis. Lastly, multivariable Cox proportional haz-
ards regression, controlling for all covariates, was used to esti-
mate the association between patient race and ethnicity and
time to surgical treatment. To account for multiple comparisons
between the 10 included racial and ethnic patient groups and to
minimize the chance of type 1 error, a Bonferroni correction
was applied when estimating statistical significance of associa-
tions of patient race and ethnicity with the likelihood of receiv-
ing surgery within 30 and 90 days of diagnosis as well as with
time to surgical treatment. Therefore, associations of 2-sided
statistical significance tests were considered statistically signifi-
cant when the P value was less than .005, computed as .05 di-
vided by the 10 included racial and ethnic groups. Analyses
were performed using SAS version 9.4 (SAS Institute Inc, Cary,
NC, USA) and R statistical software through RStudio version
1.2.1335.

Results

Sociodemographic and Tumor Characteristics by Patient
Race and Ethnicity

We identified 93 168 female breast cancer patients who met the
inclusion criteria for our research (Figure 1). The majority of this
cohort was non-Hispanic White (58.9%), followed by Hispanic
(19.6%), non-Hispanic Black (5.8%), Filipino (4.3%), Chinese
(3.1%), Asian Indian or Pakistani (1.1%), Vietnamese (1.1%), and
Japanese (1.0%). A total 3.5% of the study cohort consisted of mi-
nority Asian ethnic subgroups, which were grouped as Other
Asian and 1.6% of the study cohort consisted of other minority
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racial and ethnic groups, which were grouped as Other race and
ethnicity.

Table 1 shows the distribution of patient sociodemographic,
health history, tumor, and cancer treatment characteristics by
race and ethnicity. Whereas 61.9% of non-Hispanic White
patients were 60 years or older at the time of diagnosis, 60.6% of
Vietnamese, 58.6% of Other Asian, 56.9% of Asian Indian or
Pakistani, 56.4% of Hispanic, and 55.9% of Chinese patients
were younger than 60 years when diagnosed. The proportion
of patients with a comorbidity score of 2 or greater ranged
from 4.2% of Vietnamese patients to 15.9% of non-Hispanic
Black patients. Those with stage I tumors ranged from 50.0%
of Asian Indian or Pakistani patients to 63.0% of Japanese
patients, and those with stage III tumors ranged from 5.4% of
Japanese patients to 11.1% of Hispanic patients. The proportion
of patients with grade I tumors ranged from 18.7% of
Vietnamese patients to 30.5% of Japanese patients, and the pro-
portion with grade III or IV tumors ranged from 22.8% of non-
Hispanic White and Japanese patients to 37.1% of non-Hispanic
Black patients. Across all racial and ethnic groups, most
patients had zero positive lymph nodes. Rates of mastectomy
ranged from 33.5% of non-Hispanic White patients to 50.6% of
Vietnamese patients.

Sociodemographic and Tumor Characteristics by Time
to Surgical Treatment for Breast Cancer

The proportion of patients receiving surgery within 30 days of
breast cancer diagnosis ranged from 40.4% of Hispanics to 53.9%
of Asian Indian or Pakistani patients, and the proportion of
those receiving surgery within 90 days of diagnosis ranged from
91.5% of Other race and ethnicity patients to 96.1% of Chinese
patients (Table 2). Slightly higher proportions of married
patients received surgery within both 30 (47.5%) and 90 (95.3%)
days of diagnosis compared with those who were not married.
A total 38.8% and 90.0% of those in the lowest quintile of socio-
economic status met the 30- and 90-day surgical benchmarks,
respectively, compared with 48.6% and 95.9% of those in the
highest quintile of socioeconomic status. Among all insurance
types, Medicaid-insured patients had the lowest proportions of
patients meeting the 30-day (32.6%) and 90-day (85.9%) surgical
benchmarks. For patients diagnosed in 2012, 50.9% had surgery
within 30 days of diagnosis and 95.8% had surgery within
90 days of diagnosis. However, for patients diagnosed in 2017,
40.0% had surgery within 30 days of diagnosis and 92.6% had
surgery within 90 days of diagnosis. Patients with stage I tumors

had the lowest proportion receiving surgery within 30 days
(44.3%) but the highest proportion receiving surgery within
90 days of diagnosis (94.8%). Although proportions of patients
with different tumor grades who received surgery within
30 days of diagnosis were similar, those with grade III or IV
tumors had the highest proportion of patients receiving surgery
within 30 days of diagnosis (50.1%). Compared with those re-
ceiving lumpectomies, smaller proportions of patients receiving
mastectomies received surgery within 30 (40.3%) and 90 (92.2%)
days of diagnosis.

Associations Between Patient Race and Ethnicity and
Surgical Delays

Compared with non-Hispanic White patients, Hispanic (odds ra-
tio [OR]¼ 0.86, 95% confidence interval [CI]¼ 0.82 to 0.89) and
non-Hispanic Black (OR¼ 0.83, 95% CI¼ 0.78 to 0.88) patients
had statistically significantly lower odds of receiving surgery
within 30 days of breast cancer diagnosis (Table 3). However,
Asian Indian or Pakistani (OR¼ 1.23, 95% CI¼ 1.09 to 1.40) and
Chinese (OR¼ 1.30, 95% CI¼ 1.20 to 1.40) patients had statisti-
cally significantly greater odds of receiving surgery within
30 days of diagnosis compared with non-Hispanic White
patients. For the odds of receiving surgery within 90 days of
breast cancer diagnosis, these trends were maintained for
Chinese (OR¼ 1.42, 95% CI¼ 1.16 to 1.72), Hispanic (OR¼ 0.87,
95% CI¼ 0.81 to 0.94), and non-Hispanic Black (OR¼ 0.75, 95%
CI¼ 0.67 to 0.84) patients. Additional factors associated with in-
creased odds of surgery within both 30 and 90 days of diagnosis
included being married, having higher socioeconomic status,
living in a less metropolitan area, having private insurance, be-
ing diagnosed in an earlier year, being diagnosed with grade III
or IV cancer, having 2 or more positive lymph nodes, and having
a lumpectomy as opposed to a mastectomy. An increasing co-
morbidity burden was only associated with decreased odds of
surgery within 90 days of diagnosis. Increasing tumor stage was
associated with increased odds of surgery within 30 days of di-
agnosis but decreasing odds of surgery within 90 days of
diagnosis.

Association Between Patient Race and Ethnicity and
Time to Surgery

Compared with non-Hispanic White patients, Hispanics
(HR¼ 0.93, 95% CI¼ 0.91 to 0.94), non-Hispanic Blacks (HR¼ 0.89,
95% CI¼ 0.87 to 0.92), Other Asians (HR¼ 0.95, 95% CI¼ 0.92 to

Figure 1. Flow chart displaying identification of study cohort from California Cancer Registry female invasive breast cancer case patients from 2012 to 2017.
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0.98), and those of other races and ethnicities (HR¼ 0.87, 95%
CI¼ 0.83 to 0.92) experienced a statistically significantly longer
time to surgical treatment for breast cancer (Figure 2). However,
Chinese patients experienced a statistically significantly shorter
time to surgical treatment compared with non-Hispanic Whites
(HR¼ 1.15, 95% CI¼ 1.11 to 1.20). Additional factors associated
with a shorter time to surgical treatment included being mar-
ried, having higher socioeconomic status, living in a less metro-
politan area, having private insurance, being diagnosed in an
earlier year, being diagnosed with stage III cancer, being diag-
nosed with grade III or IV cancer, having a larger number of pos-
itive lymph nodes, and having a lumpectomy as opposed to a
mastectomy (Supplementary Table 1, available online).

Discussion

In our study of CCR female breast cancer patients who received
surgical treatment for their cancer, we found that, compared
with non-Hispanic White patients, Hispanic, non-Hispanic
Black, minority Asian ethnic subgroup, and Other race and eth-
nicity patients were more likely to experience prolonged time to
surgical treatment for breast cancer whereas Chinese patients
were more likely to have a shorter time to surgical treatment.
Our findings of increased odds of surgical delays in non-
Hispanic Black and Hispanic patients, compared with non-
Hispanic Whites, are consistent with ample work that previ-
ously investigated these trends (8-10). However, there has been
limited research that investigated the association between
Asian race and breast cancer surgical delays, and no work, to
our knowledge, has investigated this association among Asian
ethnic subgroups. Studies seeking to understand breast cancer
surgical delays among Asian patients have consistently
reported that, compared with White patients, Asian patients ex-
perience no statistically significant difference in the time from
breast cancer diagnosis to surgical treatment (26-29). In addi-
tion, in sensitivity analyses we found there were no statistically
significant differences in the odds of receiving surgery within 30
and 90 days of diagnosis or in the risk of prolonged time to sur-
gery between non-Hispanic White patients and Asian patients
when we treated Asian patients as 1 homogenous racial and
ethnic group. Yet, by studying these associations for individual
Asian ethnic subgroups, we found some subgroups face dispar-
ities in time to surgical treatment, compared with non-Hispanic
White patients, and others that experience an advantage in
time to surgical treatment over non-Hispanic White patients.
Thus, studying breast cancer surgical treatment delays in aggre-
gated Asian patients is most likely oversimplifying the true
effects of belonging to various Asian ethnic subgroups. As iden-
tified in previous studies of disparate care and outcomes for
Asian ethnic subgroups, contributors to these varying effects
may be related to factors such as acculturation levels and length
of residence in the United States, nativity, socioeconomic sta-
tus, and access to care (30-34).

Previous work has also demonstrated that it is not sufficient
to study Asian health outcomes by characterizing all Asian eth-
nic subgroups as 1 homogenous patient group. Adia et al. (35)
found that although Asians, as a generalized group, did not
have statistically significantly different odds of fair or poor
health compared with non-Hispanic Whites, Vietnamese
patients had statistically significantly greater odds of fair or
poor health and Chinese, Japanese, and Korean patients had
statistically significantly lower odds of disability compared with
non-Hispanic Whites. Across a variety of health outcomes andT
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Table 2. Distribution of patient, tumor, and treatment characteristics for California Cancer Registry invasive breast cancer patients who re-
ceived surgery within 30 and 90 days of diagnosis

Patient characteristics

30-d benchmark 90-d benchmark

Surgery within 30
d of diagnosis,

No. (%)
(n¼ 42 344)

Surgery greater
than 30 d after di-

agnosis, No. (%)
(n¼ 50 824) Pa

Surgery within 90
d of diagnosis,

No. (%)
(n¼ 87 659)

Surgery greater
than 90 d after di-
agnosis, No. (%)

(n¼ 5509) Pa

Race and ethnicity
Asian Indian or
Pakistani

569 (53.9) 487 (46.1) <.001 1008 (95.5) 48 (4.6) <.001

Chinese 1497 (52.5) 1356 (47.5) 2743 (96.1) 110 (3.9)
Filipino 1801 (45.3) 2176 (54.7) 3729 (93.8) 248 (6.2)
Hispanic 7396 (40.4) 10 906 (59.6) 16 820 (91.9) 1482 (8.1)
Japanese 406 (42.8) 543 (57.2) 903 (95.2) 46 (4.9)
Non-Hispanic Black 2205 (41.1) 3165 (58.9) 4925 (91.7) 445 (8.3)
Non-Hispanic White 25 938 (47.3) 28 897 (52.7) 52 114 (95.0) 2721 (5.0)
Other 691 (45.1) 843 (55.0) 1403 (91.5) 131 (8.5)
Other Asian 1426 (43.3) 1871 (56.8) 3093 (93.8) 204 (6.2)
Vietnamese 415 (41.7) 580 (58.3) 921 (92.6) 74 (7.4)

Age, y
<40 2041 (52.4) 1853 (47.6) <.001 3734 (95.9) 160 (4.1) <.001
40-49 6426 (43.4) 8383 (56.6) 13 875 (93.7) 934 (6.3)
50-59 10 289 (45.0) 12 557 (55.0) 21 431 (93.8) 1415 (6.2)
60-69 12 154 (45.3) 14 663 (54.7) 25 249 (94.2) 1568 (5.9)
70-79 7873 (46.1) 9215 (54.0) 16 161 (94.6) 927 (5.4)
�80 3561 (46.2) 4153 (53.8) 7209 (93.5) 505 (6.6)

Marital status
Not married 14 889 (41.7) 20 831 (58.3) <.001 33 000 (92.4) 2720 (7.6) <.001
Married 25 166 (47.5) 27 835 (52.5) 50 512 (95.3) 2489 (4.7)

Other/unknown 2289 (51.5) 2158 (48.5) 4147 (93.3) 300 (6.8)
Socioeconomic status

1 (Lowest) 4172 (38.8) 6584 (61.2) <.001 9683 (90.0) 1073 (10.0) <.001
2 6800 (43.2) 8959 (56.9) 14 582 (92.5) 1177 (7.5)
3 8580 (45.2) 10 408 (54.8) 17 849 (94.0) 1139 (6.0)
4 10 586 (46.9) 11 983 (53.1) 21 472 (95.1) 1097 (4.9)
5 (Highest) 12 206 (48.6) 12 890 (51.4) 24 073 (95.9) 1023 (4.1)

Metropolitan level
Highest 26 599 (43.2) 34 916 (56.8) <.001 57 718 (93.8) 3797 (6.2) <.001
Lowest 15 745 (49.7) 15 908 (50.3) 29 941 (94.6) 1712 (5.4)

Insurance type
Private 26 741 (48.7) 28 121 (51.3) <.001 52 430 (95.6) 2432 (4.4) <.001
Medicare 11 540 (43.2) 15 148 (56.8) 25 023 (93.8) 1665 (6.2)
Medicaid 2704 (32.6) 5601 (67.4) 7137 (85.9) 1168 (14.1)
Uninsured 229 (43.1) 302 (56.9) 494 (93.0) 37 (7.0)
Other 1130 (40.6) 1652 (59.4) 2575 (92.6) 207 (7.4)

Charlson comorbidity
score
0 22 889 (44.6) 28 460 (55.4) <.001 48 918 (95.3) 2431 (4.7) <.001
1 6048 (43.6) 7828 (56.4) 13 032 (93.9) 844 (6.1)
2 or more 3384 (43.3) 4431 (56.7) 7241 (92.7) 574 (7.3)
Unknown 10 023 (49.8) 10 105 (50.2) 18 468 (91.8) 1660 (8.3)

Year of diagnosis
2012 7641 (50.9) 7360 (49.1) <.001 14 375 (95.8) 626 (4.2) <.001
2013 7577 (49.6) 7699 (50.4) 14 561 (95.3) 715 (4.7)
2014 7078 (46.8) 8057 (53.2) 14 256 (94.2) 879 (5.8)
2015 6971 (43.9) 8899 (56.1) 14 845 (93.5) 1025 (6.5)
2016 6649 (42.1) 9160 (57.9) 14 731 (93.2) 1078 (6.8)
2017 6428 (40.0) 9649 (60.0) 14 891 (92.6) 1186 (7.4)

Tumor stage
I 23 604 (44.3) 29 726 (55.7) <.001 50 536 (94.8) 2794 (5.2) <.001
II 14 555 (45.9) 17 189 (54.2) 29 674 (93.5) 2070 (6.5)
III 4185 (51.7) 3909 (48.3) 7449 (92.0) 645 (8.0)

(continued)
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measures of care, Adia et al. (35) also found that Filipino
patients experienced disparities more often than other Asian
ethnic subgroups. A second study by Gordon et al. (36) found
that Filipino patients had a consistently higher prevalence of
chronic conditions compared with all Asians, whereas Chinese,
Korean, and Southeast Asian patients had consistently lower
rates of chronic conditions. This research supports our findings
of unequal treatment outcomes for patients belonging to vari-
ous Asian ethnic subgroups and suggests trends that have
emerged in the study of outcomes of care for patients of differ-
ing Asian ethnic subgroups: Filipino patients tend to experience
poorer outcomes, and Chinese and Korean patients tend to ex-
perience better outcomes compared with other Asian ethnic
subgroups and with non-Hispanic Whites.

Consistent with these trends, our research found that, com-
pared with non-Hispanic White patients, Chinese patients had
greater odds of receiving surgical treatment for breast cancer
within both 30 and 90 days of diagnosis and were more likely to
receive surgical treatment sooner than non-Hispanic White
patients. However, despite previous research demonstrating
consistent disparities among Filipino patients, we found that
there were no statistically significant differences in odds of
treatment delay or time to surgical treatment for Filipinos.
Nonetheless, the findings of our research demonstrate that
Filipino patients received the greatest proportion of mastecto-
mies, a known disparity among Filipino breast cancer patients.
A systematic review by Simpson et al. (37) not only found that
Filipino women were substantially less likely than non-
Hispanic White women to receive breast conserving surgery but
also that Asian women were less likely to receive breast recon-
structive surgery. Thus, although time to surgical treatment
may not be delayed for Filipino patients relative to non-
Hispanic White patients, Filipino patients may still be more
likely to experience an important disparity in terms of differen-
tial surgical treatment received.

Our study has strengths that warrant noting. Specifically,
this was a population-based study of all women in California

diagnosed with invasive breast cancer from 2012 to 2017 who
received surgical treatment. This large population-based cohort
not only allowed for generally robust analyses and inferences to
be made based on our findings but also for substantial analyses
of individual Asian ethnic subgroups composed of individually
large sample sizes. We were also able to control for a large num-
ber of covariate factors as potential confounders in the relation-
ship between race and ethnicity and breast cancer surgical
treatment delays.

Our study also has limitations that warrant consideration.
Specifically, there were some important variables that we were
not able to control for, such as family history of breast cancer,
breast cancer type, and patient nativity and immigration his-
tory. Omission of these factors in our multivariable analyses
may have led to limited residual confounding in our findings.
In addition, despite our overall large cohort size and individu-
ally large samples of racial and ethnic groups, there was still
the need for an “Other Asian” category due to some Asian eth-
nic subgroups having small numbers of patients meeting our
inclusion criteria, including Hmong, Kampuchean, Korean,
Laotian, and Thai patients. Thus, there may be additional dis-
parities in treatment outcomes for patients belonging to these
Asian ethnic subgroups that were not able to be identified by
this study.

In conclusion, our large population-based study of the CCR
demonstrated distinct disparities in receiving timely surgical
treatment for breast cancer among Hispanic, non-Hispanic
Black, and minority Asian ethnic subgroup patients compared
with non-Hispanic White patients. However, Chinese patients
were more likely than non-Hispanic White patients to receive
surgical treatment sooner. This study is the first, to our knowl-
edge, to demonstrate that surgical treatment outcomes are not
equal for all Asian breast cancer patients and that emphasis
must be placed on understanding treatment disparities for
patients belonging to specific Asian ethnic subgroups so that
appropriate and necessary support can be provided to address
these otherwise masked disparities.

Table 2. (continued)

Patient characteristics

30-d benchmark 90-d benchmark

Surgery within 30
d of diagnosis,

No. (%)
(n¼ 42 344)

Surgery greater
than 30 d after di-

agnosis, No. (%)
(n¼ 50 824) Pa

Surgery within 90
d of diagnosis,

No. (%)
(n¼ 87 659)

Surgery greater
than 90 d after di-
agnosis, No. (%)

(n¼ 5509) Pa

Tumor grade
I 10 819 (43.7) 13 964 (56.4) <.001 23 332 (94.2) 1451 (5.9) <.001
II 18 215 (43.4) 23 782 (56.6) 39 358 (93.7) 2639 (6.3)
III or IV 12 156 (50.1) 12 099 (49.9) 22 977 (94.7) 1278 (5.3)
Unknown 1154 (54.1) 979 (45.9) 1992 (93.4) 141 (6.6)

No. of positive lymph
nodes
0 28 776 (44.2) 36 346 (55.8) <.001 61 515 (94.5) 3607 (5.5) <.001
1 5178 (45.0) 6330 (55.0) 10 824 (94.1) 684 (5.9)
2 or more 5944 (49.7) 6023 (50.3) 11 152 (93.2) 815 (6.8)
Unknown 2446 (53.5) 2125 (46.5) 4168 (91.2) 403 (8.8)

Type of surgery
Lumpectomy 28 399 (48.5) 30 199 (51.5) <.001 55 773 (95.2) 2825 (4.8) <.001
Mastectomy 13 945 (40.3) 20 625 (59.7) 31 886 (92.2) 2684 (7.8)

aP values computed from 2-sided Pearson’s v2 tests of statistical significance.
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Table 3. Multivariable logistic regression analyses analyzing the odds of receiving surgery within 30 and 90 days of invasive breast cancer diag-
nosis (n¼93 168)

Patient characteristics

30-d benchmark 90-d benchmark

OR (95% CI) Pa OR (95% CI) Pa

Race and ethnicity
Non-Hispanic White (Referent) (Referent)
Asian Indian or
Pakistani

1.23 (1.09 to 1.40) .001 1.10 (0.82 to 1.48) .53

Chinese 1.30 (1.20 to 1.40) <.001 1.42 (1.16 to 1.72) <.001
Filipino 0.98 (0.92 to 1.05) .60 0.93 (0.81 to 1.07) .30
Hispanic 0.86 (0.82 to 0.89) <.001 0.87 (0.81 to 0.94) <.001
Japanese 0.85 (0.74 to 0.97) .01 0.96 (0.71 to 1.30) .81
Non-Hispanic Black 0.83 (0.78 to 0.88) <.001 0.75 (0.67 to 0.84) <.001
Other 0.94 (0.84 to 1.04) .21 0.71 (0.59 to 0.86) <.001
Other Asian 0.91 (0.84 to 0.98) .008 0.89 (0.76 to 1.03) .12
Vietnamese 0.95 (0.83 to 1.08) .40 0.86 (0.67 to 1.10) .23

Age, y
50-59 (Referent) (Referent)
<40 1.42 (1.32 to 1.52) <.01 1.90 (1.60 to 2.25) <.001
40-49 0.96 (0.92 to 1.01) .08 1.05 (0.96 to 1.14) .32
60-69 1.06 (1.02 to 1.10) .002 1.08 (1.00 to 1.17) .06
70-79 1.17 (1.11 to 1.22) <.001 1.27 (1.15 to 1.40) <.001
�80 1.11 (1.05 to 1.18) <.001 1.20 (1.06 to 1.36) .003

Marital status
Not married (Referent) (Referent)
Married 1.20 (1.16 to 1.23) <.001 1.41 (1.33 to 1.50) <.001
Other/unknown 1.36 (1.27 to 1.45) <.001 1.11 (0.97 to 1.26) .12

Socioeconomic status
1 (Lowest) (Referent) (Referent)
2 1.10 (1.05 to 1.16) <.001 1.16 (1.06 to 1.27) <.001
3 1.15 (1.09 to 1.21) <.001 1.34 (1.22 to 1.46) <.001
4 1.19 (1.13 to 1.25) <.001 1.54 (1.40 to 1.69) <.001
5 (Highest) 1.23 (1.17 to 1.30) <.001 1.68 (1.52 to 1.85) <.001

Metropolitan level
Highest (Referent) (Referent)
Lowest 1.30 (1.26 to 1.33) <.001 1.12 (1.06 to 1.19) <.001

Insurance type
Private (Referent) (Referent)
Medicare 0.77 (0.74 to 0.80) <.001 0.69 (0.63 to 0.74) <.001
Medicaid 0.54 (0.51 to 0.57) <.001 0.38 (0.35 to 0.42) <.001
Uninsured 0.77 (0.64 to 0.92) .003 0.72 (0.51 to 1.01) .05
Other 0.63 (0.58 to 0.68) <.001 0.61 (0.53 to 0.71) <.001

Charlson comorbidity
score
0 (Referent) (Referent)
1 1.02 (0.98 to 1.06) .26 0.89 (0.82 to 0.96) .004
2 or more 1.00 (0.95 to 1.05) .97 0.76 (0.69 to 0.84) <.001
Unknown 1.30 (1.26 to 1.35) <.001 0.63 (0.59 to 0.67) <.001

Year of diagnosis
2012 (Referent) (Referent)
2013 0.95 (0.91 to 0.99) .03 0.91 (0.81 to 1.01) .09
2014 0.83 (0.79 to 0.87) <.001 0.72 (0.65 to 0.80) <.001
2015 0.73 (0.70 to 0.77) <.001 0.65 (0.58 to 0.72) <.001
2016 0.67 (0.64 to 0.71) <.001 0.60 (0.55 to 0.67) <.001
2017 0.60 (0.57 to 0.63) <.001 0.58 (0.53 to 0.65) <.001

Tumor stage
I (Referent) (Referent)
II 1.14 (1.10 to 1.17) <.001 0.85 (0.79 to 0.91) <.001
III 1.55 (1.44 to 1.65) <.001 0.75 (0.65 to 0.85) <.001

Tumor grade
I (Referent) (Referent)
II 1.01 (0.98 to 1.04) .63 1.05 (0.98 to 1.12) .18
III or IV 1.35 (1.30 to 1.40) <.001 1.44 (1.32 to 1.56) <.001

(continued)
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Table 3. (continued)

Patient characteristics

30-d benchmark 90-d benchmark

OR (95% CI) Pa OR (95% CI) Pa

Unknown 1.56 (1.43 to 1.71) <.001 1.19 (0.99 to 1.43) .07
No. of positive lymph

nodes
0 (Referent) (Referent)
1 0.99 (0.95 to 1.04) .75 1.13 (1.03 to 1.24) .01
2 or more 1.13 (1.07 to 1.19) <.001 1.13 (1.03 to 1.24) .002
Unknown 1.39 (1.30 to 1.48) <.001 1.20 (1.07 to 1.24) <.001

Type of surgery
Lumpectomy (Referent) (Referent)
Mastectomy 0.62 (0.61 to 0.64) <.001 0.58 (0.55 to 0.62) <.001

aTwo-sided Wald v2 tests of statistical significance with Bonferroni adjusted alpha level used to control for multiple comparisons. CI ¼ confidence interval; OR ¼ odds

ratio.

Figure 2. Forest plot displaying Cox proportional hazards ratios and 95% confidence intervals (numbers given within parentheses and displayed as error bars) for the

likelihood of decreased time to surgery by patient race and ethnicity. Model fully adjusted for patient age, marital status, socioeconomic status, neighborhood metro-

politan level, insurance type, Charlson comorbidity score, year of breast cancer diagnosis, tumor stage at diagnosis, tumor grade at diagnosis, the number of positive

lymph nodes, and the type of surgery received. Model reports 2-sided v2 tests of statistical significance with Bonferroni adjustment used to control for multiple compar-

isons. a Indicates statistically significant associations at a Bonferroni adjusted alpha level to control for multiple comparisons.
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