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ABSTRACT
◥

It is unclear whether racial/ethnic disparities in triple-negative
breast cancer (TNBC)mortality remain after accounting for clinical
characteristics, treatment, and access-to-care–related factors. In this
study, women with a primary diagnosis of TNBC during 2010–2014
were identified from the National Cancer Database. Hazard ratios
(HR) and 95% confidence intervals (CI) for 3- and 5-year all-cause
mortality associated with race/ethnicity were estimated using Cox
proportional hazards models with stepwise adjustments for age,
clinical characteristics, treatment, and access-to-care–related fac-
tors. Of 78,708 patients, non-Hispanic (NH) black women had the
lowest 3-year overall survival rates (79.4%), followed by NH-whites
(83.1%), Hispanics (86.0%), and Asians (87.1%). After adjustment
for clinical characteristics, NH-blacks had a 12%higher risk of dying
3 years post-diagnosis (HR, 1.12; 95% CI, 1.07–1.17), whereas
Hispanics and Asians had a 24% (HR, 0.76; 95% CI, 0.70–0.83)
and 17% (HR, 0.83; 95% CI, 0.73–0.94) lower risk than their NH-

white counterparts. The black–white disparity became non-
significant after combined adjustment for treatment and access-
to-care–related factors (HR, 1.04; 95% CI, 0.99–1.09), whereas the
white-Hispanic and white-Asian differences remained. Stratified
analyses revealed that among women aged less than or equal to 50
with stage III cancer, the elevated risk among NH-blacks persisted
(HR, 1.20; 95% CI, 1.04–1.39) after full adjustments. Similar results
were seen for 5-year mortality. Overall, clinical characteristics,
treatment, and access-to-care–related factors accounted for most
of the white–black differences in all-cause mortality of TNBC but
explained little about Hispanic- and Asian-white differences.

Significance: These findings highlight the need for equal health-
care to mitigate the black–white disparity and for investigations of
contributors beyond healthcare for lower mortality among Asians
and Hispanics.

Introduction
Triple-negative breast cancer (TNBC) is an aggressive subtype of

breast cancer (1), characterized by negative expressions of estrogen
receptor (ER), progesterone receptor (PR), and HER2, and accounting
for 12%–17% of all breast cancers globally (2). Because of the lack of
effective targets for treatment, prognosis for TNBC is poor, with a
5-year breast cancer-specific survival rate of 73% compared with 91%
for luminal breast cancers (3, 4).

Racial/ethnic disparities in TNBC incidence have been well-
documented, especially between African and white Americans (5).
The age-adjusted incidence of TNBCamongnon-Hispanic (NH) black
women was 27.2/100,000 in the United States in 2011, which almost
doubles that for NH-white women (14.4/100,000; ref. 6). As a result,
despite only 15% of overall breast cancers being classified as TNBC in
the United States (5), TNBC accounts for 24% of all breast cancers

among African Americans (7). This proportion increases to 39%
among premenopausal African Americans (8). Studies also show a
higher proportion of TNBC among Hispanic women compared with
their NH-white counterparts (9). Because TNBC has an unfavorable
prognosis, it has been suggested that the disproportionately high
burden of TNBC among racial/ethnic minorities may contribute to
the observed overall mortality gap for breast cancer (10), which has
increased substantially over the past 30 years (11).

However, data on racial/ethnic disparities for TNBC outcomes are
scant, and results are inconclusive. Studies based on the California
Cancer Registry showed that African American women with TNBC
had a 21% higher mortality than white patients after accounting for
age, tumor characteristics, treatment, socioeconomic status, and insur-
ance (12). However, this disparity was only observed in patients with
stage III disease when data were evaluated stage-by-stage. On the other
hand, two other studies reported that African American women with
TNBC or basal-like breast cancer had similar recurrence risk or
mortality as white women, although the sample sizes of these studies
were much smaller (13, 14). In addition, to date, few studies have
evaluated the mortality disparities between NH-white women and
Hispanic and Asian Americans, two fastest-growing racial/ethnic
groups in the United States.

To fill this knowledge gap, we used data from the National Cancer
Database (NCDB), to comprehensively investigate the impact of race/
ethnicity on themortality disparity in womenwith TNBC and evaluate
the influences of clinical characteristics, treatment regimens and
factors related to access-to-care.

Materials and Methods
Women with a primary diagnosis of TNBC between 2010 and 2014

were identified from the NCDB. The NCDB is a clinical oncology
database sourced from hospital registry data, which collects data from
more than 1,500 facilities and represents over 70% of newly diagnosed
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cancer cases nationwide and more than 34 million historical
records (15). Patients with concomitant diagnosis or history of other
malignancies, ambiguous records of TNM stages or incomplete
records of the follow-up period were excluded from evaluation. This
study was approved as Exempt Human Research by the Institutional
Review Board of Vanderbilt University Medical Center.

Following the 2010 Census of Population and Housing (16), the
NCDB defines race/ethnicity categories by a combination of race and
Hispanic/Spanish origin. Patients recorded as white or black and as
non-Hispanic/non-Spanish (NH) were categorized as NH-white and
NH-black. Patients who reported Hispanic or Spanish origin, or had
Spanish surnames, were categorized as Hispanic, and patients of Asian
origin were categorized as Asian. Patients recorded as American
Indian, Aleutian, Eskimo, Pacific Islander, or other unspecified origin,
or those with missing information on race/ethnicity were excluded
from this study due to a small sample size (n ¼ 3,945). We also
excluded patients who died within 90-days after primary surgery
(n ¼ 543, including 340 NH-white, 138 NH-black, 24 Hispanic and
12 Asian patients).

In theNCDB, ER andPR statuswere categorized as positivewhen1%
or greater tumor cells stained positive using immunohistochemistry
(IHC), whereas HER2 was considered positive when IHC, FISH or
chromogenic in situ hybridization tests were positive. Accordingly,
patients with negative tests for ER, PR, and HER2, as recorded in the
NCDB,were defined as havingTNBCand included in thefinal analyses.

Information on age at diagnosis, clinical characteristics, treatment
and factors related to access-to-care was collected from the NCDB.
Clinical characteristics, obtained from the NCDB, included TNM
stage, histology type, Nottingham combined histologic grade, lym-
phovascular invasion status and Charlson/Deyo score. Charlson/Deyo
score was used as a measure of comorbidity, with a score of zero
indicating no comorbidity at cancer diagnosis. Available information
on receipt of treatment included primary surgery, chemotherapy,
radiotherapy, year of diagnosis, and interval from diagnosis to the
first treatment. Detailed chemotherapy regimens were not recorded in
the NCDB, and thus, were coded as yes or no in this study. Factors
related to access-to-care in this analysis were defined as neighborhood-
level educational attainment, neighborhood-level annual household
income, primary insurance at initial diagnosis (not insured, private
insurance, Medicaid, Medicare, or other government insurance),
urban/rural residence, facility type (community cancer program,
comprehensive community cancer program, academic/research
program, integrated network cancer program, or other), region of
case-reporting facility (Northeast, Midwest, South and West), and
distance-to-care facility. In the NCDB, both educational attainment
and annual household income were recorded at the neighborhood
level by matching patients' resident zip codes against American
Community Survey data, whereas distance-to-care facility was
estimated as miles between the patient's residential zip code and
the case-reporting facility's street address. Facility types were clas-
sified following the category classification by the Commission on
Cancer Accreditation program, which is based on the type of
facility, program structure, services provided, and the number of
cases accessioned each year (17).

Statistical analysis
The primary outcomewas 3- and 5-year all-causemortality, defined

as months from cancer diagnosis to death of any cause or to the last
contact, and survival status at 3-, 5-years post-diagnosis. Patients lost
to follow-up before reaching the time markers were censored at last
contact. In the datasets to which we had access, follow-up data were

available up to 2017. Cause of death and events of cancer recurrence
were not recorded in the NCDB, and thus, breast cancer-specific
mortality could not be evaluated in this study.

Descriptive characteristics of different racial/ethnic groups were
compared using x2 test for categorical variables and ANOVA for
continuous variables. Differences in 3-year and 5-year survival rates
across racial/ethnic groups were estimated and compared using the
Kaplan–Meier method and log-rank tests. Stratified analysis by stage
was also carried out. Cox proportional hazards models were used to
estimate hazard ratios (HR) and 95% confidence intervals (CI) for the
associations of racial/ethnic groups with 3-year and 5-year all-cause
mortality. The HRs and 95% CIs were derived with (i) adjustment for
age at diagnosis alone, (ii) additional adjustment for clinical char-
acteristics, (iii) additional adjustment for treatment, and (iv) further
adjustment for factors related to access-to-care, as defined above.
Stage-specific Cox models were carried out to examine whether
association patterns differed across stages. The abovementioned Cox
regression analyses were also conducted with stratification by age at
diagnosis (≤50 years and >50 years). Analyses stratified by types and
regions of facility were also conducted to account for potential
different patterns of access-to-care for racial/ethnic groups across
facilities. Proportional hazard assumptions were examined by plotting
scaled Schoenfeld residuals, and no violations of the assumptions were
observed.

All statistical tests were based on two-sided probability with
significance levels set at P < 0.05, with no adjustment for multiple
comparisons. All statistical analyses were performed using R 3.5.1
(R Foundation).

Results
A total of 78,708 patients were included in the final analyses

(Supplementary Fig. S1). NH-white patients accounted for 68.5% of
the total study population, followed by NH-black (22.0%), Hispanic
(6.5%), and Asian (3.0%) patients (Table 1). Overall, invasive ductal
carcinoma accounted for a large majority across all racial/ethnic
groups. Compared with NH-white patients, NH-black, Hispanic, and
Asian patients tended to have large tumors (>20 mm), lymph node
metastasis, and TNM stage II/III diseases. The proportions of distant
metastasis at diagnosis and comorbidity were higher in NH-black
patients than in NH-white patients. These proportions were similar
between NH-white and Hispanic patients, but lower in Asian patients.
Though almost 80% of all study patients received chemotherapy,
chemotherapy was more frequently reported in NH-black, Hispanic,
and Asian patients than their NH-white counterparts. However,
intervals between diagnosis and treatment initiation were longer
in these minority patients than their NH-white counterparts. In
comparison with NH-white women, patients from racial/ethnic
minority groups were more likely to be young, uninsured, reside in
metropolitan areas and to be treated in academic/research facilities;
more NH-black and Hispanic patients resided in neighborhoods with
low annual household incomes and education attainment, whereas
more Asian patients resided in high-income neighborhoods (Table 1,
Supplementary Table S1).

Overall, at 3-years post-diagnosis, Asian patients with TNBC
showed the highest survival rate (87.1%), followed by Hispanic
(86.0%) and NH-white (83.1%) groups, whereas NH-black patients
had the lowest survival rate (79.4%, P< 0.001;Table 2). Across patients
with stage I–III diseases, Asian and Hispanic patients had higher
survival rates, whereas NH-black and NH-white patients had similar
lower survival rates. Among patients with stage IV disease, Asian
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groups showed the lowest 3-year survival rate of 14.4%, lower than
those observed inHispanic (32.5%), NH-white (17.5%), andNH-black
(15.9%) counterparts. Similar comparisons were observed in terms of
5-year survival rates (Table 2).

Racial/ethnic disparities in total mortality remained after adjust-
ment for age and clinical characteristics. NH-black patients had a
12% higher 5-year mortality (HR, 1.12; 95% CI, 1.07–1.17), whereas
Hispanic patients had a 24% (HR, 0.76; 95% CI, 0.70–0.83) and
Asian patients had a 17% (HR, 0.83; 95% CI, 0.73–0.94) lower
3-year mortality than NH-white counterparts. Additional adjust-
ment for treatment resulted in slight attenuation of point estimates
for racial/ethnic minorities versus NH-white patients. However,
after further adjustment for factors related to access-to-care, the
black–white disparity became non-significant (HR, 1.04; 95% CI,
0.99–1.09), whereas the white-Hispanic (HR, 0.69; 95% CI,
0.64–0.76) and white-Asian (HR, 0.83; 95% CI, 0.73–0.94) differ-
ences persisted (Table 3).

These association patterns were largely consistent across cancer
stages, except that Asian patients with stage III (HR, 1.01, 95% CI,
0.81–1.25) or stage IV (HR, 1.02; 95% CI, 0.79–1.32) diseases had
similar mortality risk as their NH-white counterparts after full adjust-

ments (Fig. 1). Among women aged ≤50 years with stage III cancer,
NH-blacks showed higher mortality than NH-whites (fully adjusted
HR, 1.20, 95% CI, 1.04–1.39; Fig. 2). These patterns were very similar
for 5-year mortality (Supplementary Tables S2–S3). Consistent asso-
ciation patterns were observed across all types and regions of facility,
though the estimates for white-Asian disparities were not significant in
several subgroups (Supplementary Table S4). However, the latter
analysis was based on a small sample size.

Discussion
In this nationwide registry-based study, after accounting for age and

clinical characteristics, we found that NH-black patients with TNBC
had higher, whereas Hispanic and Asian patients had lower 3-year and
5-year mortality than NH-white counterparts. However, after further
adjustment for treatment and access-to-care–related factors in par-
ticular, little black–white disparity remained, with the exception of
younger patients (<50 years) with stage III cancer, of whom black
patients fared worse. Hispanic and Asian patients with TNBC overall
had a lower 3-year and 5-year all-cause mortality than NH-whites,
and these associations persisted even after the aforementioned full

Table 1. Clinical and treatment-related characteristics of female patients with TNBC by race/ethnicity.

NH White NH Black Hispanic Asian
Characteristics N ¼ 53,908 (%) N ¼ 17,350 (%) N ¼ 5,116 (%) N ¼ 2,334 (%) P

Age, y <0.001
18–50 27.9 34.4 47.5 40.5
>50 72.1 65.6 52.5 59.4

Histology grade <0.001
I 5.0 4.3 4.9 3.8
II 16.3 12.1 11.4 16.0
III 65.5 68.4 67.3 63.8

Unknown 13.3 15.3 16.3 16.4
Histology type <0.001

Ductal 84.2 86.0 84.2 83.0
Lobular 1.2 0.7 0.9 1.6
Other 14.6 13.3 14.8 15.4

TNM Stage <0.001
0 3.5 2.6 3.2 4.0
I 40.9 32.1 31.7 38.4
II 38.1 42.6 42.3 41.1
III 11.8 15.3 16.1 11.6
IV 4.6 6.1 4.7 3.6

Unknown 1.2 1.3 2.0 1.3
Comorbidity (Charlson Score) <0.001

No 84.4 78.2 84.6 87.9
Yes 15.6 21.8 15.4 12.1

Surgery <0.001
No or biopsy only 6.7 10.7 8.6 7.5
Breast Conserving 48.5 50.1 42.1 42.0

Mastectomy 44.6 39.0 49.0 50.3
Unknown 0.2 0.3 0.3 0.2

Radiotherapy <0.001
No 39.9 36.7 41.6 43.3
Yes 59.6 62.6 57.4 56.1

Unknown 0.6 0.7 1.0 0.6
Chemotherapy <0.001

No 22.0 16.9 13.9 19.3
Yes 76.7 81.5 84.2 79.1

Unknown 1.4 1.7 1.9 1.6
Time-to-treatment (mo) 27.7 � 24.7 33.3 � 36.1 35.0 � 33.7 29.2 � 27.8 <0.001
Follow-up (median, IQR; mo) 38.0 (24.5–54.9) 35.9 (22.8–53.1) 36.7 (23.7–54.0) 36.8 (24.0–54.0) <0.001
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adjustments. Asian patients with stage III/IV cancers had a similar
mortality risk to their NH-white counterparts.

Racial/ethnicmortality disparities after diagnosis of TNBChave not
been adequately investigated, and most studies focused on compar-
isons between NH-white and NH-black populations. Our finding for
the NH black–white mortality difference is consistent with data from
theCaliforniaCancer Registry, whichwas the largest study to date (12).
With 10,485 patients evaluated, Tao and colleagues (12) showed that
NH-black patients with TNBC had higher mortality than NH-white
patients among the stage III subgroup, but no mortality differences
were observed among patients with stage I, II, and IV diseases. Our
finding was also supported by two smaller studies (13, 18), both of
which showed similar mortality disparities between NH-white and
NH-black patients with TNBC after adjustment for tumor character-
istics and treatment. By contrast, another study showed that African
Americans had higher risk of mortality compared with white patients,
even after accounting for stage, treatment, delay of treatment and
poverty index (19). However, this study included only 135 patients
with TNBC. It has been suggested that cancer outcome disparities may
be, at least partly, attributed to socioeconomic disadvantages, which
are more prevalent in NH-black populations and may, therefore,
confer worse quality of cancer care (5, 20–23). In our study, higher
proportions of NH-black patients lived in neighborhoods with low
socioeconomic status, that is, higher proportions of residents with low
incomes, low educational attainment and/or uninsured, in comparison
with NH-white counterparts. Furthermore, despite a higher propor-
tion of patients who received chemotherapy, NH-black patients had
longer intervals between cancer diagnosis and treatment initiation,
indicating potential treatment delays. Previous studies have also
reported NH-black patients had low adherence to guideline-
recommended locoregional or systemic treatment (24, 25) and may
have fewer and less effective communications with their healthcare
providers (26), which may further contribute to worsened survival.

It is noteworthy that, despite no overall white–black disparities in
TNBC mortality, we observed significantly higher mortality among
NH-black patients with stage III cancer who were younger than
50 years compared with their NH-white counterparts, but not among
those ages >50 years. This is supported by the abovementioned
California study (12) in which higher mortality was observed among
NH-black patients with stage III TNBC, relative to NH-whites, though

Table 2. Survival rates of female patients with TNBC by race/
ethnicity and stage.

Deaths/
patients

3-year
survival

5-year
survival

Overall
survival P

Overall
population

<0.001

White 10,218/
53,908

83.1 75.7 67.8

Black 3,783/
17,350

79.4 72.5 65.6

Hispanic 770/5,116 86.0 79.7 75.3
Asian 318/2,334 87.1 82.1 80.2

Stage I <0.001
White 1,697/

22,068
94.1 88.9 81.6

Black 451/5,563 93.5 88.0 85.0
Hispanic 85/1,622 95.9 93.6 89.8

Asian 39/896 95.9 93.7 93.7
Stage II <0.001

White 3,552/
20,520

85.4 76.7 67.4

Black 1,253/
7,388

84.8 77.5 69.3

Hispanic 219/2,162 91.0 85.7 83.5
Asian 94/960 91.5 85.9 84.1

Stage III 0.00
White 2,710/

6,343
60.3 48.5 41.6

Black 1,129/
2,647

58.1 48.4 46.0

Hispanic 276/824 68.1 56.4 52.5
Asian 108/270 62.7 53.2 47.0

Other/
Unknown

200/486 60.7 52.0 47.8

Stage IV <0.001
White 1,984/

2,478
17.5 10.3 9.6

Black 852/1,067 15.9 11.7 10.6
Hispanic 157/238 32.5 19.9 19.9

Asian 68/85 14.4 3.9 3.9

Table 3. HRs (95% CI) for 3-year and 5-year all-cause mortality associated with race/ethnicity among female patients with TNBC.

Deaths/patients HR (95% CI)a HR (95% CI)b HR (95% CI)c HR (95% CI)d

3-year all-cause mortality
White 8,103/53,908 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Black 3,158/17,350 1.35 (0.29–1.40) 1.12 (1.07–1.17) 1.09 (1.04–1.13) 1.04 (0.99–1.09)
Hispanic 619/5,116 0.94 (0.87–1.02) 0.76 (0.70–0.83) 0.75 (0.69–0.81) 0.69 (0.64–0.76)
Asian 263/2,334 0.83 (0.74–0.94) 0.83 (0.73–0.94) 0.80 (0.71–0.90) 0.83 (0.73–0.94)

5-year All-cause mortality
White 9,923/53,908 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Black 3,702/17,350 1.31 (1.26–1.36) 1.09 (1.05–1.14) 1.07 (1.03–1.11) 1.03 (0.98–1.07)
Hispanic 753/5,116 0.95 (0.88–1.02) 0.77 (0.72–0.83) 0.75 (0.70–0.81) 0.70 (0.65–0.76)
Asian 312/2,334 0.82 (0.73–0.91) 0.82 (0.73–0.91) 0.79 (0.70–0.88) 0.82 (0.73–0.92)

Abbreviations: HR, hazard ratio; CI, confidence interval; TNBC, triple-negative breast cancer.
aModel 0, adjusted for age at diagnosis (continuous).
bModel 1, additionally adjusted for clinical characteristics (histologic grade, histology type, tumor size, lymph node metastasis, distant metastasis, lymphovascular
invasion, comorbidity).
cModel 2, additionally adjusted for treatment (surgery, radiotherapy, chemotherapy, year of diagnosis and time-to-treatment).
dModel 3, additionally adjusted for factors related to access-to-care (income, urban/rural residence, education, insurance, distance-to-care, facility type, and region
of facility location).
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no age-stratified results were reported. The reasons for such age- and
stage-specific mortality disparities are unclear. Stage III TNBC is a
relatively advanced disease, but still potentially curable with more
advanced systemic treatments (e.g., dose-dense or high-dose regi-
mens) and higher quality care (1), which may be more strongly
influenced by factors related to access-to-care. Patients with an
early-stage breast cancer have high 5-year survival rates (>90%),
whereas fewer than 30%of patients withmetastatic cancers can survive
beyond 5 years despite optimal systemic chemotherapy (20). Treat-
ment and quality of access-to-care may play less important roles for
patients with advanced-stage cancer. In addition, compared with NH-
white patients with TNBC, NH-black patients had a younger age
distribution (27, 28). In our study, overall, 34.4% of NH-black and
27.8% of NH-white patients were diagnosed before age 50. This
difference was even greater among patients with stage III cancer
(39.3% in NH-black patients versus 29.6% in NH-white patients).
Thus, the significant age-specific disparity found in our study may
reflect, at least in part, the higher statistical power we had for the
younger group. In addition, despite a higher prevalence of BRCA
mutation among patients with TNBC (29), the majority of NH-black
women were not referred for BRCA counseling and/or testing, thus
may be less likely to benefit from targeted therapy such as PARP
inhibitors (30, 31). Prior studies also reported additional differences in
biologic characteristics between racial/ethnic groups with TNBC, such
as methylation and histone modifications (32, 33). Unfortunately, the
above information was not recorded in the NCDB. Thus, these
hypotheses could not be evaluated in our study. Furthermore, the

observed higher mortality among young NH-black patients with
advanced TNBC also suggested the key role of early diagnosis and
detection among this population. This finding also provided some
evidence and support to the viewpoint that mammography screening
amongNH-black populations should be initiated at an earlier age than
that recommended by current guidelines (34).

Disparities in TNBC outcomes between NH-white and Hispanic, as
well as Asian patients have been rarely reported. Using data from
Pathway and Life After Cancer Epidemiology cohorts, Kroenke and
colleagues (14) found that both Hispanic and Asian patients with
basal-like breast cancer had lower risk, although statistically signifi-
cant, of recurrence than other racial/ethnic patients. However, this
study only included 37 Hispanic and 16 Asian patients. In our study
with over 5,000 Hispanic patients and 2,300 Asian patients evaluated,
we found consistently lowermortality for these twominorities than for
NH-white patients, even after accounting for treatment and factors
related to access-to-care. This is different from the association patterns
observed between NH-white and NH-black patients, suggesting that
additional factors other than healthcare may contribute to racial/
ethnic disparities in TNBC outcomes. It has been proposed that
differences in lifestyle (e.g., dietary habits, physical activity, and
obesity), traditional medicine use, and social support may contribute
to different health outcomes (35–38). In addition, genetic/biological
differences across racial/ethnic groups and their interactions with
treatment may also play roles (39). It is interesting that, in our study,
Asian patients with advanced diseases had similar mortality to
NH-white patients, in contrast with the patterns observed for all and

Figure 1.

Multivariable-adjusted HRs (95% CI) for 3-year all-cause mortality in TNBC associated with race/ethnicity by stage. The HRs and 95% CIs derived from: A,Model 0,
adjusted for age at diagnosis (continuous). B, Model 1, additionally adjusted for clinical characteristics (histologic grade, histology type, tumor size, lymph node
metastasis, distantmetastasis, lymphovascular invasion, comorbidity).C,Model 2, additionally adjusted for treatment (surgery, radiotherapy, chemotherapy, year of
diagnosis, and time-to-treatment) and factors related to access-to-care (income, urban/rural residence, education, insurance, distance-to-care, facility type, and
region of facility location).
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early-stage TNBC.One possible explanation is that Asian patients with
cancer usually have worse tolerance to cancer treatment and experi-
ence a higher prevalence of toxicity than white counterparts, even for
some less aggressive treatments or after dose reductions (40–42). Thus,
Asian patients with advanced-stage TNBC are less likely to receive
sufficient treatment or suffer more treatment-related adverse effects,
which may offset their overall survival advantages. Nonetheless, we
cannot rule out the possibility of chance finding due to the relatively
small sample size of Asian patients with stage III/IV cancers. More
research is warranted to fully understand the complexities of under-
lying mechanisms contributing to the racial disparity. In addition,
because we were only able to evaluate all-cause mortality, we also
cannot rule out the possibility that the lower mortality among Asians
versus NH-whites is due to the difference in cause of death other than
TNBC. According to data from the Center for Disease Control, in
general, Asian Americans outlive NH-white Americans by an average
of approximately 8 years (43). Future studies on breast cancer-specific
mortality are needed.

Two of the most important advantages of our study are the large
sample size and excellent generalizability because of the use of national
registry data, which covers approximately 70% of all patients with
cancer across the United States. We included nearly 80,000 patients
from the NCDB who were diagnosed with TNBC between 2010 and
2014. This broad coverage of the NCDB enhances the representative-
ness and generalizability of our findings. In addition, we systematically
evaluated mortality disparities across four major racial/ethnic groups

and comprehensively accounted for a wide range of factors, including
clinical characteristics, treatment, as well as factors related to access-
to-care. There are also some limitations of our study. First, due to the
nature of the registry-based design, the potential misclassification of
TNBC, as well as racial/ethnic categories from medical records, could
not be ruled out. Also, due to the lack of more detailed molecular
information (e.g., intrinsic subtype) in the NCDB, the molecular
heterogeneity of TNBC could not be evaluated in our study (1, 44).
Second, race/ethnicity was evaluated in this study as aggregated
groups, which consisted of several subgroups of heterogeneous cultural
backgrounds and, therefore, we were unable to capture underlying
heterogeneities. Third, breast cancer recurrence and cause of death
were not recorded in the NCDB, and thus, cancer-specific mortality
could not be evaluated in our study. In addition, despite disparity
patterns being quite similar in 5-year survival analyses, overall, the
follow-up periods of our study population were relatively short.
Finally, detailed treatment (agent type, duration, adherence, etc.),
lifestyle (dietary habits, obesity, etc.) and other socioeconomic deter-
minants (culture, provider/patient communication, etc.) could not be
accounted for due to a lack of relevant information.

In conclusion, after accounting for clinical characteristics, treat-
ment and access-to-care–related factors, there is little black–white
difference, but substantial Hispanic-white and Asian-white disparities
in 5-year all-causemortality for TNBC.Despite the lack of white–black
disparity, research is critically needed to understand why NH-black
women have a higher incidence of this aggressive type of breast cancer

Figure 2.

Multivariable-adjusted HRs (95% CI) for 3-year all-cause mortality in TNBC associated with race/ethnicity by stage and age. The HRs and 95% CIs derived from:
A,Model 1, additionally adjusted for clinical characteristics (histologic grade, histology type, tumor size, lymph node metastasis, distant metastasis, lymphovascular
invasion, comorbidity). B,Model 2, additionally adjusted for treatment (surgery, radiotherapy, chemotherapy, year of diagnosis, and time-to-treatment) and factors
related to access-to-care (income, urban/rural residence, education, insurance, distance-to-care, facility type, and region of facility location).
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than white women and to reveal the underlying biological mechan-
isms. Our findings support the importance for providing equal
healthcare to eliminate the black–white disparity in TNBC mortality
and call for investigations on additional determinants for TNBC
outcomes.
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