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Ethnic or racial differences in breast cancer (BC) survival outcomes have been reported, but current data are largely
restricted to comparisons between African Americans and non-Hispanic whites. Most analyses have traditionally
been based on self-reported race which may not always be accurate, or are oversimplified in their classification.
With increasing globalization, quantification of the genetic ancestry from genomic data may offer a solution to infer
the complex makeup from admixture of races. Focusing on the larger and the latest studies, we will discuss recent
findings on the differing host and tumor biology that may be driving these disparities, in addition to the extrinsic
environmental or lifestyle factors. Socioeconomic disparities with lower cancer literacy may lead to late
presentation, poorer adherence to treatment, and other lifestyle factors such as unhealthy diet, obesity, and
inadequate physical activity. These hardships may also result in greater allostatic load, which is in turn associated
with aggressive BC features in disadvantaged populations. Epigenetic reprogramming may mediate the effects of the
environment or lifestyle factors on gene expression, with ensuing differences in BC characteristics and outcome.
There is increasing evidence that germline genetics can influence somatic gene alterations or expression, as well as
modulate the tumor or immune microenvironment. Although the precise mechanisms remain elusive, this may
account for the varying distribution of different BC subtypes across ethnicities. These gaps in our knowledge
highlight the need to interrogate the multiomics landscape of BC in diverse populations, ideally in large-scale
collaborative settings with standardized methodology for the comparisons to be statistically robust. Together with
improving BC awareness and access to good quality health care, a holistic approach with insights of the biological
underpinnings is much needed to eradicate ethnic disparities in BC outcomes.
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INTRODUCTION

Breast cancer (BC) is a major global health problem. In 2020,
>2.3 million new cases were diagnosed, and w685,000 BC-
related deaths occurred.1 The incidence of BC has been ris-
ing progressively worldwide over the past few decades,
attributed to changing lifestyle factors such as increasing
body mass index (BMI) and decreasing number of births, in
addition to greater detection with improved awareness,
screening, and data capture.2-4 In 2020, BC was the most
diagnosed cancer among women in 157 out of 185 countries,
and the leading cause of cancer death in 110 countries.1

Hence it is not just a Western disease, though our under-
standing and management of BC have largely been based on
data and research from developed countries in the West.
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While there is emerging evidence of ethnic differences in
BC, many questions remain unanswered. Majority of this
research have been conducted in the United States, with
most comparing non-Hispanic white (NHW) and black or
African American (AA) women. Although the higher BC
mortality rates in many regions of the world1 and even
among the underserved populations in developed countries
may reflect suboptimal access to appropriate management,
ethnicity-related biological differences may contribute to
these disparities.

Given the complex interplay between intrinsic and
extrinsic factors (Figure 1), the effects of underlying germ-
line genetics and environmental or lifestyle factors cannot
always be clearly delineated. There is paucity of large-scale
molecular studies that are adequately powered to over-
come confounding factors and selection bias for interethnic
comparisons. The suboptimal classification of ethnicities
also limits our interpretation of the existing data. Self-
reported race or ethnicity, if captured, may not always be
accurate and is often oversimplified in terms of its cate-
gorization in most studies, including clinical trials. As an
https://doi.org/10.1016/j.esmoop.2023.101564 1
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Figure 1. Interplay between intrinsic and extrinsic factors in shaping host and tumor characteristics, which result in different outcomes. Intrinsic factors include
germline genetics which are generally not modifiable. Extrinsic factors refer to environmental or lifestyle issues, including exercise, diet (which may affect BMI,
microbiome, and other features), and socioeconomic status, which may in turn be related to education level and stress (allostatic load). Germline genetics can
influence somatic gene alterations or expression, and modulate the tumor or immune microenvironment, as well as affect treatment response and tolerability.
Extrinsic factors may potentially influence not only the host phenotype, but also the tumor stage at presentation, biology, and outcomes. Epigenetic reprogramming
may mediate the effects of the environment or lifestyle factors on gene expression, with ensuing differences in patient and BC biology that can affect outcomes.

Table 1. Possible drivers of ethnic disparities in breast cancer outcomes

Socioeconomic determinants of health
� Financial barriers
� Lack of health care infrastructure and funding
� Suboptimal health literacy þ health-seeking behavior
all of which can result in
� Limited access to health care
� Delayed presentation, diagnosis, and treatment
� Loweradherencetotreatment,uptakeofgenetic testing,andsurveillance

Environment/lifestyle
� Obesity (extrinsic and intrinsic elements)
� Comorbidities (extrinsic and intrinsic elements)
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example, despite the distinct phenotypic and genotypic
differences between South Asian and East Asian pop-
ulations,5 all Asian ethnicities are usually aggregated, and
often with Pacific Islanders as the Asian/Pacific Islander
(API) category, or combined with all non-white patients in
the analyses on ethnic differences. Considerable heteroge-
neity also exists within each region, which may be further
complicated by the impact of migration, acculturation, and
intermarriage.5-7 Recent studies using single-nucleotide
polymorphism (SNP) markers from genome-wide or tar-
geted sequencing rather than self-reported race offer more
granular details of the genetic ancestry footprint, with the
potential to infer admixture estimates as well.6-10

In this review, we will summarize the BC outcomes
among different ethnicities or populations reported in the
literature, as well as the drivers of these disparities
(Table 1), with focus on the latest and the larger studies.
Significant gaps in our knowledge remain, especially with
respect to the host and tumor biology underpinning the
heterogeneity of BC across different ethnicities and regions
globally.
� Diet: metabolic, immune, and microbiome-related effects
� Physical activity
� Allostatic load d may be exacerbated by socioeconomic hardships, stress

Host and tumor biology
� Germline genetics d may affect tumor genotype and phenotype, micro-

environment, and response to and tolerance of treatments
� Different molecular subtypes
� Different somatic genomic alterations
� Differential gene expression d may also be modulated by differing

epigenetic mechanisms which can in turn be influenced by extrinsic
factors

� Tumor/immune microenvironment
OUTCOMES AND STANDARD CLINICOPATHOLOGICAL
CHARACTERISTICS

The earliest studies dating back to the 1970s described the
inferior survival observed in AA and Hispanic women with BC
compared to NHW women, despite the lower incidence of
BC among non-white women.11,12 While this can be
accounted for by the more advanced stage at presentation
2 https://doi.org/10.1016/j.esmoop.2023.101564
and the higher frequency of grade 3 and estrogen receptor
(ER)-negative tumors with fewer screen-detected cancers,
black race remained an independent predictor of adverse
outcomes even after adjustment for other variables,10,13-23

including BMI,13-15,19 income, or socioeconomic status13,16-18

(Table 2). Although black race is typically associated with
increased frequency of the aggressive triple-negative BC
(TNBC) subtype, in adjuvant/neoadjuvant chemotherapy
clinical trials, the disparities were observed in hormone
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Table 2. Selected studies comparing BC outcomes across ethnicities in the United States, with the number of patients by ethnicity and hazard ratio (HR) from multivariable analyses (versus NHW unless indicated
otherwise)

Cohort, study Stages
Endpoints

NHW AA Hispanic (H) AS/API Oth/UnK

1970-1991, University of Texas
Health Science Center12

Stages I-IV
OS

4885
5-year OS 75%

1016
5-year OS 65%
HR 1.2 versus NHW and H,
P ¼ 0.004

777
5-year OS 70%
HR versus NHW þ AA not given,
P ¼ 0.14

d

1993-1998, Women’s Health
Initiative13

Stages I-IV
Risk of death

3455 242
HR 1.79 (1.05-3.05)

103 API 88 UnK 39; AI/AN 11

1996-2000, Life After Cancer
Epidemiology (LACE) and Pathways
cohorts14

Stages I-IV
BC death

1176 128
HR 1.71 (1.02-2.86)

138
HR 0.61 (0.32-1.14)

API 149
HR 0.69 (0.34-1.40)

Oth 44
HR 1.68 (0.68-4.17)

1999-2002, ECOG1199 Trial
HRþ, HER2e shown here (no
outcome differences for TNBC and
HER2þ categories)15

Stages I-III
BC death

2646 non-black 161
HR 1.65 (1.11-2.46),
P ¼ 0.013

d d d

2000-2013, California Cancer
Registry16

Stages I-IV
264 681 total
BCSS

HR 1.15 (1.10-1.20) HR 0.89 (0.85-0.92) API HR 0.78 (0.74-0.82)
Ch HR 0.79 (0.72-0.87)
Jp HR 0.69 (0.59-0.80)
Fp HR 0.78 (0.73-0.85)

d

2004-2011, SEER 18 registries
database17

Stage I for BCSS
multivariable analysis
shown here

136 558 14 302
HR 1.57 (1.40-1.75),
P < 0.001

13 992
HR 1.13 (0.98-1.30), P ¼ 0.10

AS 11 948
HR 0.60 (0.49-0.73), P < 0.001
Ch HR 0.55 (0.35-0.88), P ¼ 0.01
Jp HR 0.69 (0.45-1.08), P ¼ 0.10
SAS HR 0.48 (0.20-1.15), P ¼ 0.10
Oth HR 0.61 (0.46-0.80), P < 0.001

Oth 2614
HR 1.11 (0.80-
1.54),
P ¼ 0.54

2007-2011, ECOG-ACRIN-510310 Stages I-III
DFS

2473 386
HR 1.39 (1.07-1.81),
P ¼ 0.013

d d d

2010-2017, National Cancer
Database, neoadjuvant
chemotherapy18

Stages I-III
aOR for pCR

aHR OS for
RD

pCR

31 779 HRþHER2e

10 220 HReHER2þ

7630 HRþHER2þ

23 002 TNBC

56 192

16 439

7060 HRþHER2e HR 1.13
(1.03-1.24), P ¼ 0.009
2350 HReHER2þ HR 0.81
(0.73-0.89), P < 0.001
1503 HRþHER2þ HR 0.91
(0.79-1.04), P ¼ 0.17
8592 TNBC HR 0.82 (0.77-
0.87), P < 0.001

15 140; HR 1.16 (1.11-
1.21), P < 0.001
4365; HR 1.02 (0.87-1.19),
P ¼ 0.83

3398 HRþHER2e HR 1.10 (0.96-
1.25), P ¼ 0.17
1049 HReHER2þ HR 1.18 (1.02-
1.35), P ¼ 0.02
747 HRþHER2þ HR 1.29 (1.08-
1.53), P ¼ 0.005
2438 TNBC HR 1.08 (0.97-1.19),
P ¼ 0.15

5779; HR 0.78 (0.72-0.84),
P < 0.001
1853; HR 0.82 (0.63-1.06),
P ¼ 0.13

API
1870 HRþHER2e HR 0.96 (0.80-
1.13), P ¼ 0.61
853 HReHER2þ HR 1.17 (1.01-
1.36), P ¼ 0.03
505 HRþHER2þ HR 0.93 (0.76-
1.15), P ¼ 0.53
1165 TNBC HR 0.96 (0.83-1.10),
P ¼ 0.52

3288; HR 0.75 (0.67-0.84),
P < 0.001
1105; HR 0.52 (0.33-0.82).
P ¼ 0.005

d

1984-2010, pooled analysis of eight
NSABP adjuvant/neoadjuvant
chemotherapy trials19

Stages I-III
DRFS

8632 1070
ERþHR 1.24 (1.05-1.46),
P ¼ 0.01
EReHR 0.97 (0.83-1.14),
P ¼ 0.73

d d d

1990-2016, SEER 18 registries
database20

Stages I-IV
BCSS

670 333 77 622
HR 1.305 (1.277-1.334),
P < 0.001

73 365
HR 1.057 (1.031-1.085), P < 0.001

AS 55 193
Ch 11 023; HR 0.814 (0.756-0.877),
P < 0.001
Fp 14 743; HR 0.825 (0.778-0.876),
P < 0.001
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Table 2. Continued

Cohort, study Stages
Endpoints

NHW AA Hispanic (H) AS/API Oth/UnK

Jp 9406; HR 0.762 (0.695-0.835), P
< 0.001
Kr 3733; HR 0.838 (0.744-0.943),
P ¼ 0.003
SAS 4,975; HR 0.796 (0.716-0.884),
P < 0.001
SEAS 1028; HR 1.045 (0.867-1.260),
P ¼ 0.65
Viet 3327; HR 0.810 (0.715-0.916),
P < 0.001
Oth 6958; HR 0.610 (0.545-0.682),
P < 0.001

2004-2015, SEER Oncotype Dx21 ERþHER2e
Node negative only for
BCSS multivariable analysis
in all patients shown here

54 945 5697
HR 1.66 (1.37-2.02)

6688
HR 0.94 (0.73-1.19)

API 6033
HR 0.67 (0.50-0.90)

AI/AN 295
HR 1.51 (0.63-3.65)

2006-2010, TAILORx22,94 Node negative
IDFS all arms (RS 0-100)
shown here

7300
9-year IDFS 83.9%

693
9-year IDFS 78.9%
HR 1.24 (1.01-1.52) versus
white
(no difference for years
6-12)

889
9-year IDFS 86.9%

AS 405
9-year IDFS 87.1%

PI 30
NA 39

2011-2017, RxPONDER23 N1 (RS 0-25)

IDFS

IDFS with BMI adjustment

DRFS

DRFS with BMI adjustment

2833
5-year IDFS 91.5%

248
5-year IDFS 87.2%
HR 1.37 (1.00-1.90),
P ¼ 0.05
HR 1.21 (0.81-1.82),
P ¼ 0.35
HR 1.71 (1.19-2.45),
P ¼ 0.004
HR 1.31 (0.81-2.10),
P ¼ 0.27

610
5-year IDFS 91.4%
HR 0.92 (0.71-1.19), P ¼ 0.55

HR 0.98 (0.74-1.29), P ¼ 0.87

AS 324
5-year IDFS 93.9%
HR 0.67 (0.45-1.00),
P ¼ 0.05
HR 0.74 (0.48-1.13),
P ¼ 0.17

NAPI 33

Year of diagnosis is indicated for each cohort.
95% confidence interval (CI) indicated in brackets.
AA, African American; AI/AN, American Indian/Alaskan native; aOR, adjusted odds ratio; API, Asian/Pacific Islander; AS, Asian; BC, breast cancer; BCSS, breast cancer-specific survival; Ch, Chinese; DFS, disease-free survival; DRFS, distant relapse-
free survival; ER, estrogen receptor; Fp, Filipino; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; HRþ, hormone receptorþ; IDFS, invasive disease-free survival; Jp, Japanese; Kr, Korean; NAPI, Native American/Pacific Islander;
NHW, non-Hispanic white; OS, overall survival; Oth, others; pCR, pathologic complete response; RD, residual disease; RS, recurrence score; SAS, South Asian; SEAS, Southeast Asian; SEER, Surveillance, Epidemiology, and End Results; TAILORx, Trial
Assigning Individualized Options for Treatment; TNBC, triple-negative breast cancer; UnK, unknown; Viet, Vietnamese.
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receptor-positive human epidermal growth factor receptor 2
(HER2)-negative disease.10,15,19

In the United States, BC mortality rates dropped by 43%
during 1989-2020, declining at a rate of 1.9% annually from
2002 to 2011, then at a slower pace of 1.3% annually from
2011 to 2020.3 However, the lowest 5-year relative survival
was observed in blacks in 2016-2020, with 27.6 deaths per
100 000 for black women versus 19.7 deaths per 100 000
for white women. BC mortality rate was the lowest in APIs
at 11.7 per 100 000, followed by Hispanics at 13.7 per 100
000. The mortality rate in American Indian/Alaska Native
(AI/AN) women was 20.5 per 100 000.3

Although a recent study using the National Cancer
Database (NCDB) from 2004 to 2017 reported that Hispanic
women were more likely to present at a later stage
compared with NHW women [adjusted odds ratio (aOR)
1.19, 95% confidence interval (CI) 1.18-1.21; P < 0.01],
particularly for Mexican women (aOR 1.55, 95% CI 1.51-
1.60; P < 0.01),24 Hispanic ethnicity generally predicted
similar or better outcomes than NHW women in multivar-
iable analyses of most studies. Asian or API ethnicity was
associated with better survival in multivariable analyses
(Table 2), even when subclassified according to specific
country of origin, with the exception of South East Asian
women.20 Notably, the survival rates for API and Hispanic
patients may be overestimated due to incomplete infor-
mation or follow-up in the cancer registries for foreign-born
individuals.25

Poorer BC outcomes have also been reported in Austra-
lian Aboriginal communities, Malay ethnicity, and minority
immigrant populations within various countries.26-30 Glob-
ally, the geographical variation in BC mortality is vastda
disproportionate burden of BC deaths occurred in low to
medium Human Development Index countries relative to
those classified as having high or very high Human Devel-
opment Index.1 While socioeconomic status and treatment
barriers are major drivers of these disparities, underlying
host and tumor differences merit further investigation
(Table 1).

Hormone receptor-positive HER2-negative BC is the most
common subtype across various ethnic groups. Its incidence
is highest among NHW women in the United States
compared with other ethnic groups for age �50 years. In
women <50 years, the incidence rate per 100 000 is similar
between NHW and API at 53 per 100 000 and 50 per 100
000, respectively.3 The rising BC incidence in younger co-
horts of Asian women within and outside the United States
is likely due to environmental factors such as adoption of a
Westernized lifestyle, although exposure to industrial and
environmental pollutants with estrogenic effects has also
been postulated.4 Interestingly, invasive lobular carcinoma
is less common in Asians, while mucinous cancer is more
common, exceeding lobular cancers in younger women.31,32

Mucinous cancer is associated with better prognosis while
lobular cancer has similar or worse prognosis than the most
common ductal carcinoma.32,33 The frequency of HER2-
positive tumors is generally similar across ethnicities,
comprising w15%-20% of all BCs,3 though it may be higher
Volume 8 - Issue 3 - 2023
relative to hormone receptor-positive HER2-negative tu-
mors in ethnic groups who undergo less screening or have
proportionately more younger women with BC. The fre-
quency of TNBC in AA women, comprising >20% of all BCs,
is strikingly higher compared with all other ethnic groups
dabout two times as high as NHW, AI/AN, and Hispanic,
and nearly three times higher than in API women across all
age groups.3 The underlying predisposing factors for
the frequency of BC subtypes will be discussed in the
‘Molecular Subtypes, Germline, and Somatic Genomic Pro-
files’ section.

Studies outside the United States have indicated signifi-
cant heterogeneity between Indian/South Asian and Chi-
nese/East Asian ethnicities, highlighting the need to
disaggregate Asian ethnicity groups for such studies. The
frequency of TNBC in Indian and Malay women has been
reported in the range of w20%-30%, with older studies
using earlier versions of American Society of Clinical
Oncology (ASCO)/College of American Pathologists (CAP)
criteria for hormone receptor and HER2 testing. Conversely,
TNBC is less common in Chinese/East Asians, with similar or
lower frequency than NHW.34-37 These discrepancies were
also seen in women <40 years of age who do not routinely
undergo BC screening, and hence not subjected to selection
bias with overdiagnosis of hormone receptor-positive HER2-
negative BCs.36,37
SOCIOECONOMIC DISPARITIES AND ADHERENCE TO
THERAPY

Lower socioeconomic status and education levels, together
with poorer access to health care, are recognized as key
drivers of inferior BC survival outcomes in disadvantaged
populations or communities. According to the 2022 Amer-
ican Cancer Society report, the largest blackewhite dis-
parities in 5-year relative survival were seen in hormone
receptor-positive HER2-negative BC (88% versus 96%),
hormone receptor-negative HER2-positive BC (78% versus
86%), and stage III BC (64% versus 77%). This may be related
to reduced access to effective systemic treatments such as
endocrine and HER2-targeted therapy, and lower rates of
early detection from screening.3 In a prospective study on
women with abnormal screening mammogram in 109 im-
aging facilities across the United States from 2009 to 2019,
the risk of no biopsy within 90 days remained higher for
black women compared with NHW after adjustment for
selected individual-, neighborhood-, health care-level fac-
tors and screening facility (relative risk 1.20, 95% CI 1.08-
1.34). This suggests that unmeasured factors such as sys-
temic bias and other health care system factors may have
contributed to delayed diagnosis.38 Black women were also
more likely to decline the recommended breast surgery
compared with NHW women (aOR 2.12, 95% CI 1.82-2.47)
according to Surveillance, Epidemiology, and End Results
(SEER) data.39

In a study on patients with stage I to III BC in the NCDB,
insurance accounted for 37.0% of the total excess risk of
death in black patients compared with NHW, followed by
https://doi.org/10.1016/j.esmoop.2023.101564 5
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tumor characteristics (23.2%), comorbidities (11.3%), and
treatment (4.8%).40 The remaining 23.7% not accounted for
are likely related to factors not evaluated, such as differ-
ences in host and tumor biology with varying treatment
response and other barriers (details in the paragraph
below). Similar findings have been reported with other
ethnicities. For example, Malay ethnicity remained an in-
dependent predictor of both lower BC-specific survival and
overall survival (OS) in Singapore even after accounting for
clinicopathological characteristics, treatment, socioeco-
nomic status and the receipt of medical subsidies.28

Adherence to treatment is an important issue that is not
consistently evaluated. Black race was significantly associ-
ated with nonadherence even after adjustment for net
worth or socioeconomic status in multivariable analyses.
Black women also reported more toxicities such as hot
flashes, night sweats, and joint pain; were more likely to
lack understanding of the importance of treatment
compliance; and experienced cost-related barriers.41,42

Health-seeking behavior may be related to literacy, cul-
tural perceptions, and other concerns, affecting adherence
to treatment as well as surveillance. These findings under-
score the importance of education, modifying health-
seeking behavior, and shared decision making with a
culturally sensitive approach. Pharmacogenomics or certain
SNPs may affect the tolerability of certain drugs. For
example, AAs experienced significantly more grade 3 to 4
peripheral neuropathy in the ECOG-ACRIN-5103 trial
compared with European Americans (OR 2.9; P ¼ 2.4 �
10�11), leading to more dose reductions that adversely
affected the disease-free survival (DFS).10

By contrast, being Asian, compared with being NHW, was
significantly associated with higher adherence to adjuvant
endocrine therapy (OR 1.48, 95% CI 1.15-1.89) in a cohort
study linking SEER database to Medicare Claims,43 as well as
in the TAILORx study.22 The rates of discontinuation of
endocrine therapy or abemaciclib were also lower among
patients from Asia in a preliminary report from the
MONARCH-E adjuvant abemaciclib trial for both the control
and experimental arms. While cultural or psychosocial fac-
tors may account for the differences, Asian patients
appeared to have better tolerability of endocrine therapy,
with lower frequency of clinically significant arthralgia, hot
flashes, and fatigue, despite a higher frequency of neu-
tropenia from the cyclin-dependent kinase inhibitor.44

Although docetaxel dose reductions were more frequent
in Asian patients in the CLEOPATRA trial testing the addition
of pertuzumab to docetaxel and trastuzumab in patients
with HER2-positive advanced BC, efficacy was similar to
non-Asians.45

In a recent review of studies on oral anticancer medica-
tion adherence among women with BC in Africa, the non-
adherence rates ranged from 4.3% to 65.4% for endocrine
medications, 80.9% for cytotoxic chemotherapies, and
32.7% for combined medications. The significant barriers
identified were Islamic religion, comorbidities, mastectomy,
anastrozole treatment, side-effects, unawareness of medical
insurance coverage, and seeking treatment from traditional
6 https://doi.org/10.1016/j.esmoop.2023.101564
healers.46 The African Breast CancereDisparities in Out-
comes prospective cohort study conducted in sub-Saharan
Africa reported that surgery with multimodality treatment
was initiated in only a minority of patients with localized BC,
and a majority of women did not complete local or systemic
therapy as indicated clinically.47 Such important statistics
are unfortunately not available from many areas of the
world. Efforts to improve survival outcomes among under-
served populations require a multifaceted strategy with
adequate resources to address these systemic inequalities
(Figure 2).
BMI AND COMORBIDITIES, LIFESTYLE/ENVIRONMENTAL
FACTORS, AND ALLOSTATIC OVERLOAD

Obesity has been associated with an increased risk of
developing BC, and inferior survival in nonmetastatic, but
not metastatic BC.48,49 A meta-analysis found that obesity
predicted modestly worse DFS and OS in all subtypes.49

Comorbidities associated with obesity can increase the
risk of non-BC deaths and affect the tolerability of cancer
treatments.50 Other explanations include the widespread
practice of capping the chemotherapy dose for individuals
with obesity, and the differential distribution of lipophilic
drugs such as taxanes in the fatty tissue.51 While obesity is
often defined by BMI, other measures of adiposity may be
more predictive. Excessive estradiol production in the adi-
pose tissue of individuals with obesity, insulin resistance
with hyperinsulinemia, and altered adipokines with higher
leptin and inflammation have been implicated in mediating
a protumorigenic environment.52 Obesity may promote an
immunosuppressive tumor microenvironment (TME) with
M2 macrophages53; loss of beneficial effect from high
stromal tumor-infiltrating lymphocytes (TILs) was also
observed in patients with overweight receiving neoadjuvant
chemotherapy for TNBC.54

Ethnic groups with worse cancer survival outcomes are
often the groups for whom obesity and related comor-
bidities are more prevalent.13,15,23,35 The preliminary
analysis of race and outcomes in the RxPONDER trial
provided insight into this important issue. The percentage
of patients with BMI 35 kg/m2 and above ranged from 2%
in Asians, 16% in Hispanics, 18% in NHW, 27% in Native
Americans/Pacific Islander (NAPI), to 35% in blacks. The
distribution of recurrence scores (RSs) was generally well
balanced across racial groups. The 5-year invasive DFS was
the lowest in black women and highest in Asians (Table 2),
with corresponding hazard ratios (HRs) as shown after
adjustment for age, menopausal status, treatment arm,
grade, and RS. When BMI was adjusted for in the multi-
variable Cox regression analysis, the differences dimin-
ished, suggesting that BMI contributes partially to the
adverse outcomes. There was no evidence of lower
treatment adherence among black patients in the trial;
investigation of other biological factors driving these dis-
parities is ongoing.23

Diet varies between different ethnicities and may be
modified to reduce the risk of cancer recurrence. However,
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Figure 2. A multifaceted approach to eradicate ethnic disparities in breast cancer outcomes.
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a recent systematic review and meta-analysis by the Global
Cancer Update Programme concluded that the evidence of
potential associations between diet, use of supplements,
and BC outcomes remains limited currently.55 Alcohol has
been implicated in carcinogenesis via various mechanisms,
including increase in estradiol and other metabolic ef-
fects.56 Daily alcohol intake was associated with late
recurrence in a pooled analysis on ER-positive BCs with an
adjusted HR 1.28 (95% CI 1.01-1.62),57 but other studies
have reported mixed results.55 This may merit further
investigation given the racial differences in alcohol intake.58

With the current research interest in microbiome, a
metagenomic analysis of The Cancer Genome Atlas (TCGA)
uncovered distinct microbiome profiles in white, black, and
Asian BCs. Associations with genes involved in angiogenesis,
metastasis, treatment resistance, and oncogenic signaling
pathways were found.59 Another study reported that
infecting BC cells with a high-fat-diet-derived microbiome
from mice increased BC cell proliferation, and administering
fish oil supplements before BC resection modulated the
microbiota in tumors and normal breast tissue.60 In a
different trial, 36 healthy adults were randomized to high-
Volume 8 - Issue 3 - 2023
fiber or fermented-food (e.g. kimchi, sauerkraut, kombu-
cha, yogurt) diet for 17 weeks. Differential effects on
microbiome diversity were demonstrated, with decrease in
inflammatory markers and modulation of immune re-
sponses in the fermented-food diet arm.61 While these
studies suggest the ability of diet to alter the microbiome
and the TME, whether such dietary interventions can
improve BC outcomes in humans remains to be explored.

Physical activity of moderate intensity for at least 150
min each week (or equivalent) is recommended in various
guidelines for cancer survivors and healthy individuals to
minimize the risk of chronic diseases including cancer, and
to overcome the detrimental effects from weight gain.62

Although a systematic review found consistent evidence
from observational studies associating physical activity with
reduced all-cause and BC-specific mortality, this may have
been confounded in some studies by variables that were
not adjusted for, such as BMI.63 A window-of-opportunity
clinical trial showed that the physical exercise intervention
altered tumor expression of genes involved in immunity and
inflammation, suggesting additional benefit from physical
activity.64 The Carolina BC Study reported that only 35% of
https://doi.org/10.1016/j.esmoop.2023.101564 7
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study participants met current national physical activity
guidelines post-BC diagnosis, and after adjustment for other
variables including BMI, AA BC survivors were less likely to
meet these activity recommendations (aOR 1.38, 95% CI
1.01-1.88).65 Such sedentary lifestyle may be exacerbated
by financial hardship and lack of time and resources for
partaking in regular exercise, but is less likely in developing
countries where daily activities involve considerably more
physical activity. Exercise intervention programs enrolling
survivors from diverse backgrounds may be useful in
ameliorating functional and health outcomes.62

Allostatic load refers to the sequelae of chronic expo-
sure to environmental challenges such as systemic racism,
neighborhood deprivation, financial hardship, and social
isolation, leading to physiologic dysregulation and possibly
culminating in diseases such as cancer. While there are no
specific biomarkers for quantifying allostatic load, studies
have evaluated markers of the neuroendocrine (e.g.
cortisol), cardiovascular (e.g. blood pressure), metabolic
(e.g. BMI, lipids, glucose), and immune system (white
blood cell count, C-reactive protein) to score the biologic
impact.66 Elevated allostatic load was associated with
higher grade and larger size of tumors in 409 AA non-
metastatic patients with BC from the Women’s Circle of
Health Follow-Up Study.67 In another study on women
with newly diagnosed BC, allostatic load was higher in
black and Hispanic populations than white women who
experienced marital dissolution, lacked college education,
currently smoked, and were less physically active. Higher
load was associated with increased probability of poorly
differentiated and ER-negative tumors. Intriguingly, a sig-
nificant correlation with leukocyte mitochondrial DNA
copy number variation was found, reflecting the
compensatory production of more copies of mitochondria
for maintaining normal cellular function in response to
oxidative stress.68 Neighborhood deprivation was also
associated with black race, young age, higher allostatic
load, higher grade tumors, and lower levels of global DNA
methylation in leukocytes.69 While the precise mecha-
nisms remain unclear, epigenetic reprogramming may play
a role in shaping the unfavorable biology in certain eth-
nicities (further details in the ‘Epigenetics and Methyl-
ation’ section).
MOLECULAR SUBTYPES, GERMLINE, AND SOMATIC
GENOMIC PROFILES

The distribution of PAM50 intrinsic subtypes across
different ethnicities generally mirrors the distribution of
hormone receptor and HER2 immunohistochemical sub-
types, though each immunohistochemical subtype may be
classified differently based on the gene expression profile.
In a diverse cohort of 1319 women with BC from the Life
After Cancer Epidemiology and Pathways studies, compared
with NHW women, AA women were more likely to have
basal-like tumors (age-adjusted OR 4.4, 95% CI 2.3-8.4),
whereas API women had reduced odds of basal-like subtype
8 https://doi.org/10.1016/j.esmoop.2023.101564
(OR 0.5, 95% CI 0.3-0.9). Further ethnicity breakdown for
the API category was not provided.70 Similar findings of
increased frequency of basal subtype in AA women were
reported from an analysis of TCGA. Among the TNBC sub-
types, the prevalence of basal-like 1 and mesenchymal
stem-like tumors was higher in AA compared with NHW
(26% versus 17% and 18% versus 5% respectively; P < 0.05
for aOR).71 In the Carolina BC Study, the OR for basal-like
subtype was 3.11 (95% CI 2.22-4.37) for black women
compared with whites. Among the hormone receptor-
positive HER2-negative cases, luminal A subtype was less
common and recurrence scores were higher.72 More
recently, using BluePrint molecular subtyping, the frequency
of basal subtype among hormone receptor-positive BCs in
black women was higher at 14.5% compared with 7.2% in
whites (P < 0.001).73 While immunohistochemical details
were not presented with these preliminary results, AA
women were more likely to have tumors with lower ER
staining levels than European American women in another
study.74

Studies have shown that the molecular portrait of BCs
from Chinese patients in China, Taiwan, and Singapore was
similar transcriptomically to white BCs, but luminal B sub-
type was more common than luminal A, while in series of
BCs from white patients, luminal A was more prevalent than
luminal B.4,75 This is possibly influenced by the higher
proportion of premenopausal patients in the Asian series,
where there may also be lower uptake of screening
mammogram detecting indolent cancers. A more recent
multiomics study in China revealed that 23% of their 360
TNBCs were of the luminal androgen receptor (LAR) sub-
type, compared with 12% of white and 9% of AA TNBCs
from TCGA, while 33% of the 9 Asian TNBCs in TCGA
(detailed ethnicity not available) were of the LAR subtype.
The LAR subtype has a better prognosis than the basal-like
immunosuppressed and mesenchymal-like subtype, and
frequently harbors mutations in the phosphoinositide 3-
kinaseeprotein kinase B (PI3KeAkt) pathway (w70%).76

Few germline variants from whole-exome sequencing
were associated with the LAR subtype in this Chinese
cohort77; the effect of other predisposing factors or the
environment warrants further research.

Pathogenic variants of certain BC-predisposing genes and
even SNPs may be associated with odds of developing
specific subtypes of BC.78-80 Although there is now
increasing information of germline pathogenic variants with
increased testing in many parts of the world,81-85 direct
comparison of the prevalence of BRCA1/BRCA2 pathogenic
variants in different populations or ethnicities is challenging
with varying selection criteria and testing methods used in
different studies. Overall, the prevalence of BRCA1/BRCA2
pathogenic variants appears similar, with the exception of
Ashkenazi Jew ancestry, where it may occur in at least 2.5%
of the general population, compared with <0.5% in other
ethnicities.4,6 However, the spectrum of germline variants
varies across different ethnic groups and populations,
consequent from founder effects in specific geographic
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regions.4,84 The frequency of variants of unknown signifi-
cance is also higher in non-white populations, with the
relative paucity of data on the spectra of mutations.4,6

Despite the higher frequency of basal-like or TNBC in
black women, a large population-based case-control study
by the Cancer Risk Estimates Related to Susceptibility
(CARRIERS) consortium did not reveal any meaningful dif-
ferences in the prevalence of pathogenic variants in 12 BC
susceptibility genes between black and NHW women with
BC.85 However, a different study discovered that the Duffy
antigen receptor for chemokines (DARC) [also known as the
atypical chemokine receptor 1 (ACKR1)] genotype status
was associated with TNBC risk in AAs, especially women of
West African ancestry.86 DARC/ACKR1 has a variant allele
(rs2814778) known as the Duffy-null allele, that is highly
conserved among individuals from western sub-Saharan
African region where malaria is endemic. The absence of
the Duffy antigen on erythrocytes offered protection
against malaria pathogens. This Duffy-null variant is also
responsible for ‘benign ethnic neutropenia’ that is usually
harmless, but may lead to unnecessary chemotherapy dose
reduction in black patients, potentially compromising the
efficacy.87 DARC was previously found to be a negative
regulator of BC cell growth in preclinical studies, via
sequestration of angiogenic chemokines and inhibition of
tumor neovascularity.88 TCGA analyses showed that DARC/
ACKR1 expression is lower in BCs of AAs compared with
NHW, and in basal compared with luminal A tumors. Low
DARC/ACKR1 expression was associated with more infil-
trating M0 macrophages, fewer B cells, and worse survival
in AAs.89 Levels of potentially proinflammatory cytokines
related to cancer progression and immunosuppression, such
as CXCL8, are higher in AA women compared with NHW
women, driven by this Duffy-null variant.89

There is increasing evidence that germline genetic
makeup can regulate genomic alterations or expression in
the tumor as well as the microenvironment or immune
system,7,90-92 and the germline genome varies considerably
across ethnicities. Although the precise mechanisms remain
elusive, the Carolina BC Study identified germline genes
whose genetically regulated tumor expression was associ-
ated with continuous risk of recurrence scores (CRS). Tu-
mors from black women had higher CRS than whites, but
the germline genes involved differ with race.90

In a SEER database study, black women were more likely
than NHW women to have an RS >25 (17.7% versus 13.7%;
P < 0.001); this association remained significant after
adjustment in multivariable models. The risk of BC-specific
mortality among node-negative tumors was the highest in
black women, while APIs had the lowest mortality
(Table 2).21 Black women were also less likely to receive
chemotherapy in the group with RS >30, while there were
no differences of chemotherapy use between other ethnic
groups.93 By contrast, in the TAILORx study, no differences
in the RS, ESR1, PGR, or HER2 expression by race or
ethnicity were found.22 This may be related to the smaller
sample size or trial patient selection different from the real
world. However, black women had worse clinical outcomes
Volume 8 - Issue 3 - 2023
despite similar 21-gene assay RS results and comparable
systemic therapy in the TAILORx trial (Table 2), while His-
panic and Asian women had better outcomes.22 In a recent
update, there was no difference in DFS, distant relapse free-
interval, relapse free-interval, or OS anymore between
blacks and whites for years 6-12, suggesting that the dis-
parities for black women were associated with early but not
late recurrence.94

Differential expression of several other genes or path-
ways has been demonstrated in BCs from AA women. Dif-
ferential activation of insulin-like growth factor 1 and
signature of BRCA1 deficiency, with upregulation of several
transcriptional signatures of proliferation, has been
described.95 A 38-gene hepatocyte growth factor expression
signature was associated with a higher risk of recurrence in
black women from the Carolina BC Study.96 Systematic
analysis of the gene expression data from several datasets
revealed a unique DNA damage repair signature enriched in
black patients. Characterized by upregulation of homolo-
gous recombination gene expression and downregulation of
single-strand break repair genes, this gene signature was
associated with cell cycle dysregulation (P < 0.001) and
inferior survival.97 In TCGA dataset, resistin, a gene linked to
insulin resistance, obesity, BC, and induction of interleukin-6
proinflammatory cytokine, was expressed more than four
times higher in AA BCs compared with white tumors.98

Analysis of TCGA by genetic ancestry rather than self-
identified race and ethnicity also showed a significantly
greater risk of mortality for patients with African ancestry
compared with European ancestry (HR 1.84, 95% CI 1.1-
3.08; P ¼ 0.021); every 10% increase in the African ancestry
proportion was associated with an 8% increase in the
relative risk of mortality. The gene set upregulated in Afri-
can ancestry patients was enriched for early and late es-
trogen response, apical junction, and KRAS signaling
pathways, with associated methylation differences.9

In terms of somatic genomic alterations, an earlier
comparison of TCGA data (105 AA versus 663 whites) re-
ported more TP53 mutations (42.9% versus 27.6%; P ¼
0.003) and fewer PIK3CA mutations (20.0% versus 33.9%;
P ¼ 0.008) in addition to greater intratumor genetic het-
erogeneity in AAs.71 In a subsequent analysis, after adjust-
ing for intrinsic subtype frequency differences, most
molecular differences were no longer significant.99 More
recently, whole-genome analysis of 97 BCs from women in
Nigeria, in comparison with 76 BCs from AA and white
women in TCGA, revealed a higher rate of genomic insta-
bility, increased intratumoral heterogeneity, and a distinct
subtype characterized by early clonal GATA3 mutations with
much younger age at diagnosis.100 These differences high-
light the pressing need to uncover the diversity of BCs from
different regions in the world.

The prevalence of TP53 somatic mutations was higher in
BCs from a number of studies in Asia (largely East Asian),
compared with Caucasian series such as TCGA and Molec-
ular Taxonomy of Breast Cancer International Consortium
(METABRIC).101-103 A higher proportion of HER2-enriched
and luminal B subtypes was also reported.102,103 However,
https://doi.org/10.1016/j.esmoop.2023.101564 9
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the younger patient population with fewer screen-detected
BCs in Asia makes direct comparison with TCGA more
challenging, compounded by the lower proportion of pre-
menopausal BCs in TCGA at w20%. Although a higher im-
mune score was found in Asian BCs, a naive combined
cluster analysis did not find any exclusive clusters unique to
Asian tumors.102,103

A real-world clinical cancer sequencing cohort study
profiled 2448 BCs from patients with diverse genetic
ancestry: 1618 European, 394 Ashkenazi Jew, 219 African,
153 East Asian, and 64 South Asian. When analyzed ac-
cording to immunohistochemical subtype, the most striking
findings were the higher prevalence of TP53 mutations and
a lower frequency of PIK3CA mutations in hormone
receptor-positive HER2-negative BCs from women of Afri-
can ancestry. Although limited by small numbers in the
other subtypes, the frequency of TP53 or PIK3CA mutations
was similar in East Asian and South Asian tumors, apart
from the high frequency of PIK3CA mutations in East Asian
TNBCs exceeding 40%,6 likely contributed by the LAR
subtype.

OTHER DIFFERENCES

Epigenetics and methylation

Epigenetic changes such as DNA methylation, histone
modification, expression of noncoding RNA, or micro-RNA
can modulate gene expression independently of the DNA
sequence. Environmental factors, social exposures, stress,
and allostatic load have the potential to alter the epi-
genome in a heritable as well as dynamic fashion. Serving as
the link between the genome and the extrinsic factors, the
plasticity of the epigenetic landscape may contribute to-
ward disparities in cancer outcomes.104

Methylation reduces the transcription of genes primarily
at the promoter and enhancer regions, and is one of the
best studied epigenetic mechanisms in cancer.104 One of
the earliest studies on ethnic differences in methylation of
BCs described a significantly higher frequency of hyper-
methylation in hormone receptor-negative BCs from AA
women <50 years old compared with white women, using
methylation-specific PCR on a panel of five genes (HIN-1,
Twist, Cyclin D2, RAR-b, and RASSF1A).105 Subsequently, the
first genome-wide methylation study to address racial dis-
parities identified 157 CpG loci that were differentially
methylated, indicating that different pathways may be
implicated in BCs in AA women.106 In another study, using
array technology, DNA methylation was evaluated at 1287
CpGs in the promoters of cancer-related genes in BCs from
the Carolina BC Study, and found that the differential
methylation of genes such as DSC2, KCNK4, GSTM1, AXL,
DNAJC15, HBII-52, TUSC3, and TES was linked to worse
survival in AAs. This was further validated by TCGA dataset,
supporting the hypothesis that epigenetic variation con-
tributes to ethnic disparities in outcomes.107

While there are still limited data comparing BCs in other
ethnicities, this is a rapidly evolving of research, especially
with the availability of next-generation assays that can
10 https://doi.org/10.1016/j.esmoop.2023.101564
capture additional enhancer and intergenic regions of the
genome for comprehensive genome-wide coverage.104 In
the latest report from the AURORA US Metastasis Project,
DNA hypermethylation and/or focal deletions near HLA-A
were identified, typically in basal-like brain and liver me-
tastases. The ensuing lower expression of HLA-A resulted in
lower immune cell infiltrates.108 Such epigenetic differences
may potentially account for some of the ethnic disparities
observed in BC (details in the following section).
Immune/tumor microenvironment

There is increasing recognition of the differences between
human populations in their transcriptional responses to
immune challenges, which have evolved with natural se-
lection and genetic adaptation.109 While natural variation in
the parameters of innate immune cells has been shown to
be preferentially controlled by genetic factors, environ-
mental exposure appears to be the main driver of adaptive
immune cells.110 The extensive DNA methylation differ-
ences in primary monocytes between individuals of African
and European descent support their role in ethnicity/
ancestry-related immune gene regulation.111

Although interrogation of bulk RNA-sequencing expres-
sion data from TCGA did not reveal any immune differences
overall between 162 AA and 697 white BCs of all sub-
types,112 differences were demonstrated comparing BCs
from 920 black patients and 395 white patients in the
Women’s Circle of Health Study.113 Using the Nanostring
PanCancer Immune Panel, a stronger CD4þ and B-cell
response was observed in black tumors, but with a more
exhausted CD8þ T-cell profile. The ‘ExCD8-r’ signature,
defined as the ratio of the aggregated expression of pro-
grammed cell death protein 1 (PD-1), LAG-3, and Eomes to
the absolute CD8þ T-cell fraction, was identified. It was
associated with inferior survival, especially for hormone
receptor-positive BCs. The CD8lowExCD8-rhigh subgroup
comprising the absolute fraction of CD8þ T cells and
ExCD8-r signature was most prevalent among black TNBCs
and had the worst survival.113 Most recently, RNA
sequencing with ancestry quantification was performed on
TNBCs from European American, AA, West African/Gha-
naian, and East African/Ethiopian women, in addition to
digital spatial profiling and immunohistochemistry.
Ancestry-associated gene expression profiles were uncov-
ered, with extensive heterogeneity among the different
cohorts. Basal-like 1 TNBC was the predominant subtype for
Ghanaians while mesenchymal subtype was the most
common among AAs and Ethiopians. Interestingly, path-
ways related to cardiac disease, obesity, diabetes, and in-
sulin signaling were activated among AA patients, but not in
Ghanaian and Ethiopian patients, reflecting the impact of
differential environmental exposures. The most significant
differences in immune cell infiltration were detected upon
comparison by ancestry rather than by self-reported race.
West African ancestry that is enriched for the Duff-null
variant, but not East African or European ancestry, was
associated with an immune-suppressive TME.7
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‘Tumor Microenvironment of Metastasis’ (TMEM), the
tripartite arrangement of an invasive carcinoma cell, a
macrophage, and an endothelial cell, is a metastasis
biomarker that may serve as intravasation sites for tumor
cells into the circulation. TMEM doorway density, evaluated
with triple immunohistochemical staining for Pan-Mena
(tumor cell marker), CD31 (endothelial cell marker), and
CD68 (macrophage marker), was an independent predictor
for relapse free-interval in 600 patients with Stage I-III BC
from the E2197 adjuvant chemotherapy trial.114 In the
preliminary report of an observational study, the TMEM
doorway score was higher in residual BCs after neoadjuvant
chemotherapy from black patients compared with white
patients, especially for ER-positive HER2-negative sub-
type.115 This may explain the worse prognosis in black pa-
tients and possibly other ethnicities, but will require further
validation.

By contrast, Asian BCs appear to harbor a more immune-
active microenvironment than Western BCs. In a multiomics
study with virtual microdissection on 187 Korean BCs,
compared with BCs from TCGA, Korean BC status was
independently associated with increased TIL and decreased
transforming growth factor-b signaling expression signa-
tures, after adjustment for confounders including age,
menopausal status, and ER status.102 Similar findings were
made in a study that profiled 560 Malaysian BCs (89%
Chinese), and combined with other datasets to compare
Asian and Caucasian tumors.103 In an analysis of eight Gene
Expression Omnibus datasets and TCGA, a higher ESTIMATE
immune score was found in Asian tumors, which may ac-
count for the more favorable prognosis observed.116 A
recent study from Hawaii on 183 BCs treated with neo-
adjuvant chemotherapy also found a higher percentage of
TILs in Asian and Pacific Islander patients compared with
white patients on multivariate analysis, but survival out-
comes were not reported.117 The underlying causes of
these observations, whether it is related to BMI, diet,
microbiome, or genetic or epigenetic factors, will be worth
exploring in future research.
CONCLUSIONS AND FUTURE DIRECTIONS

In summary, ethnicity matters in determining BC outcomes.
Firstly, it is also evident from this comprehensive overview
that there are major deficits in our knowledge of BC char-
acteristics and outcomes in non-white populations, espe-
cially in regions of the world facing majority of the global BC
burden. Secondly, cancer is not simply a disorder of the
genome. While our understanding remains limited, other
hallmarks of cancer, such as immune evasion, protumori-
genic inflammation, dysregulation of cellular metabolism,
epigenetic reprogramming, and polymorphic micro-
biomes,118 may be instrumental in driving these disparities.
Given the intersection of socioeconomic determinants of
health with the host and tumor biology, it is often chal-
lenging to dissect the contributions of the intrinsic and
extrinsic factors discussed.
Volume 8 - Issue 3 - 2023
Finally, there is a pressing need to overcome these sur-
vival disparities with a multifaceted approach (Figure 2),
engaging not only patients and the health care, scientific
communities, but also stakeholders including policy makers,
funding agencies, and health authorities. Education and
access to optimal health care at affordable costs will be
integral in circumventing the adverse BC trajectory of un-
derserved populations. The underrepresentation of non-
white populations in epidemiological studies, clinical trials,
and translational research119,120 is also hampering our
progress to promote equitable BC care for all. Current
treatment paradigms may need to be refined further in
view of ethnic differences in host and tumor biology which
are yet to be fully elucidated. Following on the success of
the human genome projects sequencing diverse pop-
ulations of the world and the international consortia
studying BC predisposition, it may be timely for a global BC
multiomics initiative to unravel the ethnic and regional
heterogeneity of BC. It is hoped that greater appreciation of
the intricacies of ethnic differences in BC will lead to
concerted efforts at various levels to collaborate and miti-
gate or overcome these disparities.
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