
Original Reports | Breast Cancer

Impact of Ethnicity on Breast Cancer Outcome: A Systematic
Review and Meta-Analysis of Randomized Phase III Trials of
the Last Decade
Emma Zattarin, MD1,2 ; Luca Moscetti, MD1,3 ; Elisa D’Agostino, MD1; Alberto Bertolotti, MD1 ; Isabella Sperduti, MS4 ;
Chiara Chiavelli, PhD, MS1,2 ; Fabio Canino, MD1,2 ; Federico Piacentini, MD, PhD1,2; Laura Cortesi, MD1 ; Massimo Dominici, MD1,2; and
Angela Toss, MD, PhD1,2

DOI https://doi.org/10.1200/GO-25-00139

ABSTRACT

PURPOSE It remains uncertain whether ethnicity affects the benefit derived from novel
breast cancer (BC) treatments. Thus, we conducted a systematic review and
meta-analysis to evaluate the heterogeneity of treatment efficacy across dif-
ferent ethnic groups, in both the advanced BC (aBC) setting and the early BC
(eBC) setting.

METHODS We systematically searched PubMed, Embase, and Scopus for phase III ran-
domized controlled trials (RCTs) leading to BC drug approval between 2013 and
2023 that had available hazard ratios (HRs) for outcome according to ethnicity.
We excluded nonrandomized studies. We compared the three most represented
ethnic groups, Whites, Asians, and Blacks, among themselves and with other
underrepresented groups (UGs). The pooled HRs and 95% CI in ethnic sub-
groups were calculated using a random-effects model, and the heterogeneity
between the estimates was assessed with an interaction test.

RESULTS Among 23 selected RCTs (14,000 patients) in the aBC setting, 20 provided HRs
(95% CI) for progression-free survival (PFS) in the subgroup of Whites, 17 for
Asians, four for Blacks, and 23 for non-Asians (Whites 1 all non-Asian UG) or
non-Whites (Asians 1 all non-Asian UG). Risk of bias was low for all the in-
cluded RCTs. The HRs for PFS with experimental versus control drugs were 0.62
(95% CI, 0.57 to 0.68) for Whites, 0.54 (95% CI, 0.44 to 0.66) for Asians, and
0.54 (95% CI, 0.34 to 0.85) for Blacks with no significant interethnic difference
(P 5 .233 for Whites v Asians, P 5 .564 for Whites v Blacks, P 5 .992 for Asians v
Blacks). Similarly, Whites versus non-Whites and Asians versus non-Asians
showed no significantly different magnitude of benefit (P 5 .406 and P 5 .226,
respectively). No differences were observed in eBC trials either.

CONCLUSION These results offer reassurance for the broader applicability of clinical trial
results despite ethnic imbalance.

INTRODUCTION

A wide variability in breast cancer (BC) risk and outcomes
across ethnicities has been described.1-3 Despite the well-
documented influence of ethnicity on BC incidence, ge-
nomic features, treatment response, and survival, ethnical
diversity remains insufficiently addressed in clinical trials,
with White population consistently overrepresented.4

However, recruitment in clinical trials has increased
in Asia over the last decade, with a large patient pool
and countries incentives having contributed to this rise.5

Therefore, Asian patients have recently become the second
most enrolled ethnicity, following Whites. Some pivotal

trials that influenced our daily clinical activity were entirely
carried out in Asiatic populations,6,7 or enrolled high rates
of Asian patients BC.8,9

On the contrary, the trial enrollment of patients of other
ethnic backgrounds, such as Black/African Americans or
Hispanic/Latinos, is still alarmingly limited.10 Blacks and
Hispanics appear to share a lower incidence of BC compared
withWhites.11,12 They also display characteristics of increased
aggressiveness and a tendency for diagnosis at more ad-
vanced stages.11,12 In the case of African American women,
they also appear to have higher BCmortality rates thanWhite
women.3,11
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So far, several studies evaluated the underpinnings of BC
variability among ethnicities, depicting a multifaceted
panorama.1,13,14 Genetic factors, including cancer suscepti-
bility and interethnic variations in drug metabolism and
safety profile, might play a critical role.15 Interethnic dif-
ferences were also found in microbiota composition and
tumor microenvironment.16 Moreover, circulating estrogen
levels, which influence both BC risk and the efficacy of
antihormonal therapies, tend to be higher inWhite and Black
women, because of amore abundant intake of dietary fat and
higher body adiposity, and lower in Asian and Hispanic
women.17,18

Although the most substantial evidence on ethnic differ-
ences in drug metabolism, safety, and efficacy to date
pertains to chemotherapeutic agents,19 data regarding newer
therapies are emerging. For instance, when considering
cyclin-dependent kinase 4/6 inhibitors (CDK4/6is), which
have revolutionized the treatment scenarios for patients
with hormone receptor–positive, human epidermal growth
factor receptor 2 (HER2)–negative BC, ethnicity-treatment
interactions were thought to play a relevant role, especially
when comparing Asian and non-Asian populations.20 The
pharmacogenetic analysis of PALOMA-2/3 trials found dif-
ferent ABCB1 and ERCC1 single-nucleotide polymorphism
allele frequencies between Asian and non-Asian patients,
potentially explaining the higher frequency of palbociclib-
induced neutropenia in Asian patients.21 Asian patients
showed greater magnitude of progression-free survival
(PFS) benefit from CDK4/6is when compared with non-
Asian patients in a now-outdated meta-analysis.22 How-
ever, in a more recent meta-analysis, no difference in the
magnitude of benefit from CDK4/6is was found between
Asians and non-Asians.23 Hence, given that the landscape of
new available treatments, considering also antibody-drug
conjugates (ADCs), poly (ADP-ribose) polymerase inhibitors

(PARPis), and immune checkpoint inhibitors (ICIs), is
evolving rapidly, and that universal approval of these new
drugs could come from studies with an unbalanced distri-
bution of ethnicities, providing up-to-date evidence on
outcomes by ethnicity is of paramount importance.

The aim of the present systematic review and meta-analysis
is to evaluate and compare the relative benefit from novel BC
therapies for the different ethnic groups in phase III (ran-
domized controlled trials [RCTs]) that brought to drug ap-
proval in the last decade.

METHODS

Study Objectives

This study is a systematic review andmeta-analysis of phase
III RCTs. Its primary objective was to compare the outcomes
of different ethnic subgroups enrolled in phase III RCTs that
allowed the Food and Drug Administration (FDA) registra-
tion of novel BC treatments in the past 10 years.

Search Strategy

The reporting of this study conforms to the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
2020 statement (Data Supplement, Tables S1 and S2).24

Novel cancer therapies approved by FDA between January
2013 and December 2023 for the treatment of locally ad-
vanced (not amenable to locoregional therapy with curative
intent),metastatic or early (ie, that has no spread beyond the
breast or the axillary lymph nodes) BC were identified on the
FDA website (comprehensive list available in the Data
Supplement, Table S3).25 In PubMed, Embase, and Scopus
databases, two investigators (E.Z. and L.M.) selected phase

CONTEXT

Key Objective
By analyzing data from randomized phase III clinical trials conducted over the past decade, this study aimed to assess
whether certain ethnic subgroups have different magnitudes of benefit from novel breast cancer treatments. This work
evaluated treatment efficacy across ethnic groups, including White, Asian, Black, and other underrepresented populations.

Knowledge Generated
Themeta-analysis of 23 phase III trials evaluating a wide range of experimental drugs (including cyclin-dependent kinase 4/
6 inhibitors, antibody-drug conjugates, and immune checkpoint inhibitors) in the advanced-disease setting found no
significant differences in the magnitude of benefit among White, Asian, Black, and other underrepresented ethnic groups.
Similarly, themeta-analysis of six trials in early-stage disease showed no differences in treatment benefit across ethnicities.

Relevance
These findings support the broader applicability of clinical trial results across diverse ethnic groups, despite potential
imbalances in trial populations. Nonetheless, future efforts should aim for more balanced and ethnically representative
enrollment in clinical trials to ensure equitable health care for all ethnic groups.
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III RCTs that had already been published as full-text articles,
which led to FDA approval of these drugs. The terms used
were the name of every FDA-approved BC drug (time period
2013-2023), “breast cancer,” and “phase III,” combined
with Boolean operators (Data Supplement, Table S4). No
restrictions in terms of language were applied. The eligible
trials for this analysis were those with the following char-
acteristics: (1) phase III RCTswith published full-text article;
(2) conducted in patients with locally advanced, metastatic
or early BC; (3) comparing the standard therapy to an ex-
perimental cancer drug; (4) available information on PFS in
the advanced setting and event-free survival (EFS) or in-
vasive disease-free survival (IDFS) in the early setting; and
(5) studies that reported the hazard ratios (HRs) and 95%CIs
for outcome in ethnic subgroups. FDA25 and European public
assessment reports (EPARs)26 of each experimental drug
were also examined, to obtain the HR and 95% CI for ethnic
subgroups not reported in the articles. This approach en-
abled us to expand the available data and enhance the ro-
bustness of our analyses.

The studies excluded from this analysis were those with the
following characteristics: (1) negative RCTs that did not
demonstrate a statistically significant benefit on the primary
end point; (2) nonrandomized studies; (3) phase I andphase II
clinical trials; (4) studies currently ongoing, not yet published,
and for which insufficient results were available at the time of
the literature search; and (5) studies reporting the HR for
outcome depending on geographic area instead of ethnicity.

Data Extraction

Two investigators (E.D. and A.B.) independently extracted
the data from all the full-text articles identified and included
in the meta-analysis. In case of multiple reports relating to
the same trial, the most recently published results were
selected. Two investigators (E.Z. and L.M.) independently
assessed the risk of bias for each trial using the Cochrane
Risk of Bias tool (version 2) for RCTs.27

Statistical Analysis

HRs and their 95% CI were extracted to explore the dif-
ferential benefit of experimental and control arms in the
ethnic groups. Q statistics were used to test for heterogeneity
among the studies included in the meta-analyses. The
proportion of total variability attributed to interstudy het-
erogeneity was assessed with the I2 statistic, a confirmatory
test for heterogeneity, with I2 <25%, 25%-50%, and >50%
representing low, moderate, and high degrees of hetero-
geneity, respectively. The pooled HR estimates were calcu-
lated using a random-effect approach, identified as the
appropriate. The results were graphically displayed as forest
plots, with HR <1.0 indicating better outcome in the ex-
perimental arm. The null hypothesis, that the interaction
between ethnicity and experimental drug efficacy is equal
across subgroups, was tested with a x2 test. A funnel plot was
used for publication bias assessment.

All reported P values are two-sided. Calculations were
performed using the Comprehensive Meta-Analysis Soft-
ware, version v. 2.2.064 (Biostat, Englewood, NJ),28 and R,
version 4.2.3.

RESULTS

The database search retrieved 2,962 publications, from
which we selected 81 potentially relevant articles for full-
text screening (Fig 1). After full article review, 29 RCTs
fulfilled the inclusion criteria, being phase III trials that
brought to FDA approval of a BC drug. Risk of biaswas low for
all the included trial (Data Supplement, Table S4). Funnel
plot for assessment of the risk of publication bias is available
in the Data Supplement (Fig S1).

The drug set was heterogeneous and the distribution of trials
by drug type is shown in Figures 2A and 2B: in the advanced
setting, most of the included trials tested a CDK4/6i (seven
trials) or an anti-HER2 drug (seven trials; Fig 2A); in the
early setting, three trials tested three different anti-HER2
treatments, and the other three trials tested a CDK4/6i, a
PARPi, and an ICI, respectively (Fig 2B).

The Metastatic Setting

Twenty-three phase III RCTs were identified in the me-
tastatic setting (Table 1).8,9,29-50 Of the total 14,000 patients
enrolled, the majority (67%) were of White ethnicity, fol-
lowed by Asian ethnicity (19%; Fig 2C).

The proportion of White patients enrolled varied signifi-
cantly across trials, ranging from 27% in DESTINY-Breast03
to 85% in MONALEESA-3.8,32 Among the 20 RCTs reporting
HRs for the White patient subgroup, the experimental
treatment armswere associatedwith a pooled 38% reduction
in the risk of disease progression compared with standard
arms (HR, 0.62 [95% CI, 0.57 to 0.68]) with high interstudy
heterogeneity (Q 5 43.1; P 5 .001; I2 5 55.9%; Fig 3A).

Inclusion of Asian patients in the 23 selected RCTs ranged
from 3% in the TROPiCS-02 trial to 60% in the DESTINY-
Breast-03 trial.8,44 Overall, 17 trials provided HR (95%CI) for
PFS in the subgroup of Asian patients and were pooled. As
expected, Asian patients treated in the experimental arms
had a pooled 46% disease progression risk reduction com-
pared with Asian patients treated in the standard arms (HR,
0.54 [95% CI, 0.44 to 0.66]; Fig 3B). The interstudy het-
erogeneity was high (Q 5 49.9; P < .001; I2 5 67.9%).

There was no significant difference in the efficacy of the
experimental drugs between Asian and White ethnicity
(P 5 .233).

Black patients were only 3% of the total (Fig 2C), with the
ASCENT trial43 enrolling the highest proportion of Black
patients (12% of the total patients included in the trial). Four
trials had available HRs for PFS for the experimental versus
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control arms for Black patients (Table 1). Pooled disease
progression risk reduction for Black patients treated in the
experimental versus standard armswas 46% (HR, 0.54 [95%
CI, 0.34 to 0.85]). The magnitude of benefit versus other
ethnicities was not significantly different (P 5 .992 for
Asians v Blacks; P 5 .564 for Whites v Blacks). In this
analysis, the interstudy heterogeneity was low (Q 5 3.8; P 5

.283; I2 5 21.2%).

Furthermore, the aggregation of non-White populations
(including Asians, Black, non-White, Hispanic/Latino, or
other,when theWhite categorywas alsopresented in the trial)
had available HR in 23 RCTs (see Table 1 for the complete
categorization). Non-Whites presented a pooled disease
progression risk reduction of 42% (HR, 0.58 [95% CI, 0.51 to
0.66]), withhighheterogeneity (Q5 78.8; P< .001; I25 54.3%;
Data Supplement, Fig S2). No significant difference in the
magnitude of benefit from experimental drugs was found
between White and non-White ethnicity (P 5 .406).

Moreover, 23 RCTs provided data for non-Asian patients,
classified as White, Caucasian, Black, non-Asian, Hispanic/
Latino, or other (Table 1). In these diverse non-Asian pop-
ulations, the meta-analysis showed a pooled risk reduction

for the experimental arms versus the control arms of 48%
(HR, 0.62 [95% CI, 0.57 to 0.67]), with moderate interstudy
heterogeneity (Q 5 50.5; P 5 .001; I2 5 48.6%; Data Sup-
plement, Fig S3). In terms of PFS, there was no significant
difference in the magnitude of benefit from novel BC drugs
between Asian and non-Asian patients (P 5 .226).

Subgroup Analyses

We conducted subgroup analyses by type of experimental
drug tested in each trial. Considering only trial groups of
more than two trials, we were only able to perform the
subgroup analyses for trials testing a CDK4/6i or an anti-
HER2 drug. In the pooled analysis of seven trials involving a
CDK4/6i, the differences in efficacy among ethnicities were
not significant (Data Supplement, Figs S4 and S5). Similarly,
in the pooled seven trials testing an anti-HER2 drug, there
was no significantly different benefit from experimental
drugs among ethnicities (Data Supplement, Figs S6 and S7).

Subgroup analyses limited to first-line trials (Data Sup-
plement, Fig S8) and to trials in subsequent lines of therapy
(Data Supplement, Fig S9) similarly showedno differences in
efficacy.

Records removed before screening
  Duplicate or irrelevant                      (n = 2881)
    records removed

Records screened                           (n = 81) Records excluded                                      (n = 0)

Reports assessed for eligibility     (n = 81)
Reports excluded                                     (n = 52)
  Updated after previous                         (n = 51) 
    publication or correlative
    analyses
  No HR for outcome in                             (n = 1)
    any ethnic subgroupa

Studies included in review            (n = 29)

Identification of Studies via Databases and Registers

Id
en

ti
fi

ca
ti

o
n

S
cr

ee
n

in
g

In
cl

u
d

ed

Records identified from            (N = 2962)
  databases
    Scopus                                    (n = 1614)
    PubMed                                     (n = 681)
    Embase                                     (n = 667)

FIG 1. Study selection diagram. aDESTINY-Breast02 reported patient ethnic subgroup distribution but no HR
for PFS in any ethnic subgroup. HR, hazard ratio; PFS, progression-free survival.
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The Early Setting

For the early-setting analysis, we selected six phase III RCTs
involving more than 16,000 patients, which led to the ap-
proval and registration of the respective treatments tested as
experimental arms (Table 2).51-56 The most represented
patient ethnicity was once again the Whites (67%; Fig 2D).
When considering White and Asian patients, HR for IDFS/
EFS was available for all studies except KEYNOTE-522.56

Pooled risk reduction of an IDFS event was 33% (HR, 0.67
[95% CI, 0.56 to 0.81]) for White patients, with high
interstudy heterogeneity (Q 5 9.1; P 5 .060; I2 5 55.9%;
Fig 4A).

The pooled analysis of the five RCTs reporting on HR (95%
CI) for IDFS for Asian patients showed an IDFS advantage of
28% (HR, 0.72 [95% CI, 0.57 to 0.90]) for Asian patients
enrolled in the experimental arms comparedwith the control
arms. Interstudy heterogeneity was low (Q 5 2.33; P 5 .675;
I2 5 0%; Fig 4B).

There was no significant difference in the efficacy of ex-
perimental treatment arms between Asian and White eth-
nicities (P 5 .643).

Black patients were only the 2% of patients enrolled in these
early-setting RCTs. HR for IDFS was available only for the
KATHERINE53 and APHINITY55 trials and was not pooled
(Table 2).

When considering non-White patients (Data Supplement,
Fig S10), White and non-White subgroups had comparable
magnitude of benefit from experimental arms (P 5 .690).

We also performed a pooled analysis for non-Asian patients
(Data Supplement, Fig S11). The difference in efficacy of
experimental arms for Asian versus non-Asian patients was
not significant (P 5 .650).

DISCUSSION

This study demonstrated that novel anticancer drugs ap-
proved in the past decade for BC are effective across different
ethnic groups. In particular, the benefits were consistent
among Asian, White, and, with the limitation of low num-
bers, Black populations, with no clinically relevant differ-
ences in treatment efficacy observed in both the metastatic
and early-stage settings. However, since the direct com-
parison with other ethnicities, such as Hispanics or Pacific

Whites/Caucasians
67%

Asians
22%

Blacks/African
Americans

2%

Hispanics
1%

All others/unknown/missing
8%

D

Trials evaluating
CDK4/6i

16%

Trials evaluating
PARPi
17%

Trials evaluating
anti-HER2 drugs

50%

Trials evaluating
ICIs
17%

B

Whites/Caucasians
67%

Asians
19%

Blacks/African
Americans

3%

Hispanics
1%

All others/unknown/missing
10%

C

Trials
evaluating

CDK4/6i
30%

Trials
evaluating

PARPi
9%

Trials evaluating
anti-HER2 drugs

30% 

Trials
evaluating ICIs

9%

Trials
evaluating

PIK3CA/AKTi
9%

Trials
evaluating anti-

TROP2
9%

Trials
evaluating
SERDs 4%

A

FIG 2. Distribution of included trials by type of drug in the (A) advanced setting and (B) early setting, and by ethnicity in the (C)
advanced setting and (D) early setting. anti-HER2, anti–human epidermal growth factor receptor 2; anti-TROP2, anti–tro-
phoblast cell surface antigen 2; CDK4/6i, cyclin-dependent kinase 4/6 inhibitor; ICI, immune checkpoint inhibitor; PARPi, poly
(ADP-ribose) polymerase inhibitor; PIK3CA/AKTi, phosphatidylinositol-3-kinase alpha/AKT inhibitor; SERD, selective estrogen
receptor degrader.
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TABLE 1. Ethnic Subgroup Distribution of Patients Enrolled in Phase III Trials Leading to Drug Approvals for Advanced Breast Cancer in the Past Decade (2013-2023)

Study
Line of Treatment for
Advanced Disease Number of Patients for Each Ethnic Group

For PFS for Each Ethnic Group,
HR (95% CI)

Meta-Analysis Subgroup Categorization

Asian v
Non-Asian

Asian v
White

White v
Non-White Black

PALOMA-2
Finn et al29

1 Palbociclib 1 letrozole Placebo 1 letrozole

Total 444 222

Asian 65 (14.6%) 30 (13.5%) 0.48 (0.27 to 0.87) Asian Asian Non-White

White/Caucasian 344 (77.5%) 172 (77.5%) 0.58 (0.45 to 0.74) Non-Asian White White

Black/African
American

8 (1.8%) 3 (1.4%) NA

Other 27 (6.1%) 17 (7.7%) NA

PALOMA-3
Iwata et al30

2a Palbociclib 1 fulvestrant Placebo 1 fulvestrant

Total 347 174

Asian 74 (21%) 31 (18%) 0.50 (0.31 to 0.82) Asian Asian Non-White

White/Caucasian 252 (73%) 133 (76%) 0.50 (0.38 to 0.64) Non-Asian White White

Black/African Ameri-
can or other

21 (6%) 10 (6%) 0.56 (0.23 to 1.34) Non-Asian Non-White

Non-Asian 273 (79%) 143 (82%) 0.45 (0.34 to 0.59) Non-Asian

MONALEESA-2
Hortobagyi
et al31

1 Ribociclib 1 letrozole Placebo 1 letrozole

Total 334 334

Asian 28 (8.4%) 23 (6.9%) 0.37 (0.18 to 0.76) Asian Asian Non-White

White/Caucasian 269 (80.5%) 280 (83.8%) NA

Black/African
American

10 (3%) 7 (2.1%) NA

Other and unknown/
missing

27 (8.1%) 24 (7.2%) NA

Non-Asian 281 (84.1%) 287 (85.9%) 0.61 (0.49 to 0.78) Non-Asian

MONALEESA-3
Slamon et al32

1, 2 Ribociclib 1 fulvestrant Placebo 1 fulvestrant

Total 484 242

Asian 45 (9.3%) 18 (7.4%) 1.35 (0.57 to 3.19) Asian Asian Non-White

White/Caucasian 406 (83.9%) 213 (88.0%) 0.56 (0.45 to 0.70) Non-Asian White White

Other 18 (3.7%) 6 (2.5%) 0.88 (0.20 to 3.91) Non-Asian Non-White

Unknown/missing 15 (3.1%) 5 (2.1%) NA

(continued on following page)
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TABLE 1. Ethnic Subgroup Distribution of Patients Enrolled in Phase III Trials Leading to Drug Approvals for Advanced Breast Cancer in the Past Decade (2013-2023) (continued)

Study
Line of Treatment for
Advanced Disease Number of Patients for Each Ethnic Group

For PFS for Each Ethnic Group,
HR (95% CI)

Meta-Analysis Subgroup Categorization

Asian v
Non-Asian

Asian v
White

White v
Non-White Black

MONALEESA-7
Tripathy et al33

1 Ribociclib 1 tamoxifen or
NSAI 1 goserelin

Placebo1 tamoxifen or NSAI
1 goserelin

Total 335 337

Asian 99 (29.6%) 99 (29.4%) 0.40 (0.26 to 0.63) Asian Asian Non-White

White/Caucasian 187 (55.8%) 201 (59.6%) NA

Black/African
American

10 (3.0%) 9 (2.7%) NA

Other and unknown/
missing

39 (11.6%) 28 (8.3%) NA

Non-Asian 200 (59.7%) 213 (63.2%) 0.66 (0.49 to 0.88) Non-Asian

MONARCH-2
Sledge et al34

2a Abemaciclib 1 fulvestrant Placebo 1 fulvestrant

Total 446 223

Asian 149 (33.4%) 65 (29.1%) 0.52 (0.36 to 0.74) Asian Asian Non-White

White/Caucasian 237 (53.1%) 136 (61.0%) 0.62 (0.47 to 0.81) Non-Asian White White

Other 29 (6.5%) 13 (5.8%) 0.31 (0.12 to 0.80) Non-Asian Non-White

Missing 31 (7.0%) 9 (4.1%) NA

MONARCH-3
Goetz et al35

1 Abemaciclib 1 letrozole or
anastrozole

Placebo 1 letrozole or
anastrozole

Total 328 165

Asian 103 (31.4%) 45 (27.3%) 0.34 (0.21 to 0.54) Asian Asian Non-White

White/Caucasian 186 (56.7%) 102 (61.8%) 0.66 (0.48 to 0.92) Non-Asian White White

Other 11 (3.4%) 7 (4.2%) NA

Unknown/missing 28 (8.5%) 11 (6.7%) NA

SOLAR-1
André et al36

2a Alpelisib 1 fulvestrant Placebo 1 fulvestrant

Total 284 288

Asian 59 (20.8%) 66 (22.9%) 0.76 (0.43 to 1.35) Asian Asian Non-White

White/Caucasian 199 (70%) 178 (61.8%) 0.56 (0.41 to 0.78) Non-Asian White White

Black/African
American

2 (0.7%) 6 (2.1%) NA

American Indian or
Alaska Native

1 (0.4%) 4 (1.4%) NA

Other 9 (3.2%) 17 (5.9%) 0.91 (0.41 to 2.00) Non-Asian Non-White

Unknown/missing 14 (4.9%) 17 (5.9%) NA

(continued on following page)
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TABLE 1. Ethnic Subgroup Distribution of Patients Enrolled in Phase III Trials Leading to Drug Approvals for Advanced Breast Cancer in the Past Decade (2013-2023) (continued)

Study
Line of Treatment for
Advanced Disease Number of Patients for Each Ethnic Group

For PFS for Each Ethnic Group,
HR (95% CI)

Meta-Analysis Subgroup Categorization

Asian v
Non-Asian

Asian v
White

White v
Non-White Black

OlympiAD
Robson et al37

1, 2, >2 Olaparib Physician’s choice single-
agent chemotherapy

Total 205 97

White/Caucasian 134 (65.4%) 63 (64.9%) 0.67 (0.48 to 0.95) Non-Asian White White

Other 71 (34.6%) 34 (35%) 0.51 (0.32 to 0.85) Non-White

EMBRACA
Litton et al38

Rugo et al39

1, 2, >2 Talazoparib Physician’s choice single-
agent chemotherapy

Total 287 144

White/Caucasian 192 (66.9%) 108 (75%) 0.49 (0.35 to 0.68) Non-Asian White White

Other 95 (33.1%) 36 (25%) 0.59 (0.34 to 1.00) Non-White

HER2CLIMB
Murthy et al40

2, >2 Tucatinib 1 trastuzumab 1
capecitabine

Placebo 1 trastuzumab 1
capecitabine

Total 320 160

Asian 17 (5.3%) 3 (1.9%) NA

White/Caucasian 225 (70.3%) 125 (78.1%) 0.57 (0.42 to 0.77) Non-Asian White White

Black/African
American

30 (9.4%) 13 (8.1%) NA

Other and unknown/
missing

48 (15.0%) 19 (11.9%) NA

Non-White 95 (29.7%) 35 (21.9%) 0.46 (0.26 to 0.82) Non-White

DESTINY-
Breast03
Cortés et al8

2, >2 Trastuzumab deruxtecan Trastuzumab emtansine

Total 261 263

Asian 152 (58.2%) 162 (61.6%) 0.28 (0.20 to 0.39) Asian Asian Non-White

White/Caucasian 71 (27.2%) 72 (27.4%) 0.40 (0.23 to 0.70) Non-Asian White White

Black/African
American

10 (3.8%) 9 (3.4%) NA

Other 28 (10.7%) 20 (7.6%) 0.40 (0.14 to 1.11) Non-Asian Non-White

DESTINY-
Breast04
Modi et al9

2, >2 Trastuzumab deruxtecan Physician’s choice
chemotherapy

Total 373 184

Asian 151 (40.5%) 72 (39.1%) 0.38 (0.27 to 0.53) Asian Asian Non-White

White/Caucasian 176 (47.2%) 91 (49.5%) 0.63 (0.45 to 0.87) Non-Asian White White

Black/African
American

7 (1.9%) 3 (1.6%) NA

Other 39 (10.5%) 17 (9.2%) 0.78 (0.40 to 1.55) Non-Asian Non-White

(continued on following page)
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TABLE 1. Ethnic Subgroup Distribution of Patients Enrolled in Phase III Trials Leading to Drug Approvals for Advanced Breast Cancer in the Past Decade (2013-2023) (continued)

Study
Line of Treatment for
Advanced Disease Number of Patients for Each Ethnic Group

For PFS for Each Ethnic Group,
HR (95% CI)

Meta-Analysis Subgroup Categorization

Asian v
Non-Asian

Asian v
White

White v
Non-White Black

IMpassion130
Schmid et al41

1 Atezolizumab 1 nab-paclitaxel Placebo 1 nab-paclitaxel

Total 451 451

Asian 85 (18.8%) 76 (16.9%) 0.76 (0.54 to 1.08) Non-Asian Asian Non-White

White/Caucasian 308 (68.3%) 301 (66.7%) 0.78 (0.65 to 0.93) White White

Black/African
American

26 (5.8%) 33 (7.3%) 0.79 (0.44 to 1.42) Non-Asian Non-White Black

Native American 18 (3.8%) 23 (5.1%) NA

Hawaiian or Other Pa-
cific Islander

1 (0.2%) 0 NA

Multiple 2 (0.4%) 3 (0.7%) NA

Unknown/missing 12 (2.7%) 15 (3.3%) NA

KEYNOTE-355
Cortés et al42

1 Pembrolizumab 1 physician’s
choice chemotherapy

Placebo 1 physician’s choice
chemotherapy

Total 566 281

Asian 123 (21.7%) 52 (18.5%) NA

White/Caucasian 384 (67.8%) 195 (69.4%) NA

Black/African
American

20 (3.5%) 17 (6%) NA

Multiple 11 (1.9%) 8 (2.8%) NA

American Indian or
Alaska Native

11 (1.9%) 1 (0.4%) NA

Unknown/missing 17 (3%) 8 (2.8%) NA

Hispanic/Latino 116 (20.5%) 48 (17.1%) 1.25 (0.83 to 1.87) Non-Asian Non-White

Not Hispanic or Latino 423 (74.7%) 218 (77.6%) 0.70 (0.58 to 0.85)

ASCENT
Bardia et al43

>2 Sacituzumab govitecan Physician’s choice single-
agent chemotherapy

Total 235 233

Asian 9 (4%) 9 (4%) 0.40 (0.08 to 2.08) Asian Asian Non-White

White/Caucasian 384 (67.8%) 195 (69.4%) NA Non-Asian White White

Black/African
American

28 (12%) 28 (12%) 0.45 (0.24 to 0.86) Non-Asian Non-White Black

Other 10 (4%) 15 (6%) NA

(continued on following page)
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TABLE 1. Ethnic Subgroup Distribution of Patients Enrolled in Phase III Trials Leading to Drug Approvals for Advanced Breast Cancer in the Past Decade (2013-2023) (continued)

Study
Line of Treatment for
Advanced Disease Number of Patients for Each Ethnic Group

For PFS for Each Ethnic Group,
HR (95% CI)

Meta-Analysis Subgroup Categorization

Asian v
Non-Asian

Asian v
White

White v
Non-White Black

TROPiCS-02
Rugo et al44

>2 Sacituzumab govitecan Physician’s choice single-
agent chemotherapy

Total 272 271

Asian 11 (4%) 5 (2%) NA

White/Caucasian 384 (67.8%) 195 (69.4%) NA Non-Asian White White

Black/African
American

8 (3%) 13 (5%) NA

Others 0 5 (2%) NA

Unknown/missing 69 (25%) 70 (26%) NA

Non-White 19 (6.7%) 23 (8.5%) 1.23 (0.55 to 2.75) Non-White

EMERALD
Bidard et al45

2, >2 Elacestrant Standard-of-care endocrine
monotherapy

Total 239a 238a

Asian 16 (8.4%) 16 (8.2%) 1.09 (0.46 to 2.64) Asian Asian Non-White

White/Caucasian 384 (67.8%) 195 (69.4%) NA Non-Asian White White

Black/African
American

5 (2.6%) 7 (3.6%) NA

Hispanic 19 (7.9%) 18 (7.6%) NA

Other 1 (0.5%) 1 (0.5%) NA

Unknown/missing 30 (12.6%) 27 (11.3%) NA

CLEOPATRA
Swain et al46

1 Pertuzumab 1 trastuzumab 1
docetaxel

Placebo 1 trastuzumab 1
docetaxel

Total 408 406

Asian 128 (31.4%) 133 (32.8%) 0.77 (0.58 to 1.03) Asian Asian Non-White

White/Caucasian 384 (67.8%) 195 (69.4%) NA Non-Asian White White

Black/African
American

10 (2.5%) 20 (4.9%) 0.54 (0.19 to 1.51) Non-Asian Non-White Black

Other 19 (4.7%) 18 (4.4%) 0.45 (0.20 to 1.01) Non-Asian Non-White

Unknown/missing 6 (1.3%) 0 NA

(continued on following page)
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TABLE 1. Ethnic Subgroup Distribution of Patients Enrolled in Phase III Trials Leading to Drug Approvals for Advanced Breast Cancer in the Past Decade (2013-2023) (continued)

Study
Line of Treatment for
Advanced Disease Number of Patients for Each Ethnic Group

For PFS for Each Ethnic Group,
HR (95% CI)

Meta-Analysis Subgroup Categorization

Asian v
Non-Asian

Asian v
White

White v
Non-White Black

EMILIA
Diéras et al47

2, >2 Trastuzumab emtansine Lapatinib 1 capecitabine

Total 496 495

Asian 86 (17%) 94 (19%) 0.82 (0.57 to 1.18) Asian Asian Non-White

White/Caucasian 384 (67.8%) 195 (69.4%) NA Non-Asian White White

Black/African
American

21 (4%) 29 (6%) NA

Other 10 (2%) 7 (1%) 0.59 (0.31 to 1.11) Non-Asian Non-White

Unknown/missing 5 (1%) 7 (1%) NA

NALA
Saura et al48

>2 Neratinib 1 capecitabine Lapatinib 1 capecitabine

Total 210 223

Asian, Black/African
American or other

85 (40.5%) 106 (47.5%) 0.63 (0.47 to 0.85) Non-White

White/Caucasian 384 (67.8%) 195 (69.4%) NA Non-Asian White White

SOPHIA
Rugo et al49

>2 Margetuximab 1 physician’s
choice chemotherapy

Trastuzumab 1 physician’s
choice chemotherapy

Total 266 270

Asian 20 (7.5%) 14 (5.2%) 0.40 (0.15 to 1.05) Asian Asian Non-White

White/Caucasian 384 (67.8%) 195 (69.4%) NA Non-Asian White White

Black/African
American

16 (6.0%) 12 (4.4%) 0.18 (0.04 to 0.91) Non-Asian Non-White Black

Other 25 (9.4%) 22 (8.1%) 0.62 (0.28 to 1.36) Non-Asian Non-White

CAPItello-291
Turner et al50

2a, >2 Capivasertib 1 fulvestrant Placebo 1 fulvestrant

Total 355 353

Asian 95 (26.8%) 94 (26.6%) 0.62 (0.44 to 0.86) Asian Asian Non-White

White/Caucasian 384 (67.8%) 195 (69.4%) NA Non-Asian White White

Black/African
American

4 (1.1%) 4 (1.1%) NA

Other 55 (15.5%) 49 (13.9%) 0.63 (0.42 to 0.96) Non-Asian Non-White

Abbreviations: BC, breast cancer; HR, hazard ratio; NA, not available; NSAI, nonsteroidal aromatase inhibitor; PFS, progression-free survival; v, versus.
aFirst-line for endocrine resistance advanced BC.
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FIG 3. Forest plot of HRs for PFS for the experimental drug versus the standard drug in (A) White, (B) Asian, and (C)
Black subgroups. Squares represent trial-specific HRs. Horizontal lines indicate the 95% CIs. Diamonds indicate the
meta-analytic pooled HRs, calculated through random-effectsmodel. HRs, hazard ratios; PFS, progression-free survival.

12 | © 2025 by American Society of Clinical Oncology

Zattarin et al

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 2
4.

56
.1

32
.1

44
 o

n 
D

ec
em

be
r 

11
, 2

02
5 

fr
om

 0
24

.0
56

.1
32

.1
44

C
op

yr
ig

ht
 ©

 2
02

5 
A

m
er

ic
an

 S
oc

ie
ty

 o
f 

C
lin

ic
al

 O
nc

ol
og

y.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 



TABLE 2. Ethnic Subgroup Distribution of Patients Enrolled in Phase III Trials Leading to Drug Approvals for Early Breast Cancer in the Past Decade (2013-2023)

Study
Line of Treatment in the Early
Setting (end point considered) Number of Patients for Each Ethnic Group

HR (95% CI) for IDFS/EFS for
Each Ethnic Group

Meta-Analysis Subgroup Categorization

Asian v
Non-Asian

Asian v
White

White v
Non-White Black

MonarchE
Johnston
et al51

Adjuvant (IDFS) Abemaciclib 1 ET Placebo 1 ET

Total 2,808 2,829

Asian 675 (24.0%) 669 (23.6%) 0.82 (0.51 to 1.33) Asian Asian Non-White

White/Caucasian 384 (67.8%) 195 (69.4%) NA Non-Asian White White

Other 146 (5.2%) 140 (4.9%) 1.04 (0.45 to 2.40) Non-Asian Non-White

ExteNET
Martin et al52

Adjuvant (IDFS) Neratinib Placebo

Total 1,420 1,420

Asian 188 (13.2%) 197 (13.9%) 0.55 (0.28 to 1.04) Asian Asian Non-White

White/Caucasian 384 (67.8%) 195 (69.4%) NA Non-Asian White White

Black/African
American or
other

67 (4.7%) 88 (6.2%) 0.61 (0.13 to 2.21) Non-Asian Non-White

KATHERINE
von Minckwitz
et al53

Adjuvant (IDFS) Trastuzumab emtansine Trastuzumab

Total 743 743

Asian 65 (8.7%) 64 (8.6%) 0.65 (0.32 to 1.32) Asian Asian Non-White

White/Caucasian 384 (67.8%) 195 (69.4%) NA Non-Asian White White

Black/African
American

21 (2.8%) 19 (2.6%) 0.13 (0.02 to 1.10) Non-Asian Non-White Black

American Indian or
Alaska Native

36 (4.8%) 50 (6.7%) 0.44 (0.18 to 1.03) Non-Asian Non-White

OlympiA
Tutt et al54

Adjuvant (IDFS) Olaparib Placebo

Total 921 915

Asian 259 (28.1%) 272 (29.7%) 0.59 (0.36, 0.95) Asian Asian Non-White

White/Caucasian 384 (67.8%) 195 (69.4%) NA Non-Asian White White

Black/African
American

19 (2.1%) 29 (3.2%) NA Non-Asian Non-White

Other 17 (1.8%) 15 (1.6%) NA Non-Asian Non-White

APHINITY
von Minckwitz
et al55

Adjuvant (IDFS) Pertuzumab 1 trastuzumab
1 chemotherapy

Placebo 1 trastuzumab
1 chemotherapy

Total 2,400 2,404

Asian 590 (24.6%) 598 (24.9%) 0.85 (0.57 to 1.26) Asian Asian Non-White

White/Caucasian 384 (67.8%) 195 (69.4%) NA \Asian White White

Black/African
American

32 (1.3%) 41 (1.7%) 0.77 (0.07 to 8.49) Non-Asian Non-White Black

Other 66 (2.8%) 69 (2.9%) 0.52 (0.19 to 1.38) Non-Asian Non-White

(continued on following page)

JC
O

G
lobal

O
ncology

ascopubs.org/journal/go
|
13

Ethnicity
and

B
reast

C
ancer

O
utcom

e

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 2
4.

56
.1

32
.1

44
 o

n 
D

ec
em

be
r 

11
, 2

02
5 

fr
om

 0
24

.0
56

.1
32

.1
44

C
op

yr
ig

ht
 ©

 2
02

5 
A

m
er

ic
an

 S
oc

ie
ty

 o
f 

C
lin

ic
al

 O
nc

ol
og

y.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 

http://ascopubs.org/journal/go


TABLE 2. Ethnic Subgroup Distribution of Patients Enrolled in Phase III Trials Leading to Drug Approvals for Early Breast Cancer in the Past Decade (2013-2023) (continued)

Study
Line of Treatment in the Early
Setting (end point considered) Number of Patients for Each Ethnic Group

HR (95% CI) for IDFS/EFS for
Each Ethnic Group

Meta-Analysis Subgroup Categorization

Asian v
Non-Asian

Asian v
White

White v
Non-White Black

KEYNOTE-522
Schmid et al56

Neoadjuvant (EFS) Pembrolizumab 1
chemotherapy

Placebo1 chemotherapy

Total 784 390

Hispanic 86 (11.0%) 39 (10.0%) 0.74 (0.38 to 1.45) Non-Asian Non-White

Non-Hispanic 615 (78.4%) 307 (78.7%) 0.58 (0.42 to 0.80)

Other NA NA NA

Abbreviations: EFS, event-free survival; ET, endocrine therapy; HR, hazard ratio; IDFS, invasive disease-free survival; NA, not available; v, versus.
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Islanders, is still hardly feasible today because of their un-
derrepresentation in RCTs, in the present meta-analysis, we
constituted the heterogeneous groupings of non-Asian and
non-White patients. We observed no differences in the
magnitude of benefit from novel BC drugs when comparing
Asians versus non-Asians or Whites versus non-Whites.

Evaluating whether the effectiveness of novel therapies
varies across ethnic groups is an important step toward
understanding the disparities in BC survival. Compared with
White women, Asian women tend to have better BC survival,
whereas Black women consistently show the lowest survival
rates.3 Hispanics, Native Hawaiians, and Native Americans
generally exhibit intermediate outcomes, better than those
of Black women but not as favorable as those of Asian and
White women.3

To the best of our knowledge, existing studies on ethnic
disparities in novel BC therapies have primarily focused
on CDK4/6is, ICIs, and anti-HER2 agents, whereas data
regarding ADCs, PARPis, selective estrogen receptor de-
graders, and phosphatidylinositol-3-kinase alpha/AKT in-
hibitors are still lacking.

Several previous studies reported a larger benefit from novel
BC drugs, including CDK4/6is and ICIs, for Asian versus
White patients.21,22,56-58 In the case of ICIs, higher efficacy in
Asians patients was found also in other cancer types.59,60

Asian patients with BC harbor more immune-activated tu-
mor microenvironment than White patients.16 This might
partly explain the higher efficacy not only of ICIs, but also of
CDK4/6is, which exert their activity by promoting anticancer
immune responses.20 In the case of anti-HER2 drugs, Asian
patients exhibited a higher risk of developing grade 3 or 4
thrombocytopenia related to trastuzumab emtansine, a
toxicity that may lead to dose delays and potentially reduced
treatment efficacy.61

By contrast, emerging evidence suggests that Black patients
and other underrepresented groups might experience a
smaller survival benefit from novel anticancer drugs for BC.
In a real-world study comparing patient outcomes before
and after the introduction of CDK4/6is, overall survival
improved for White women, but not for Black or Hispanic
women.62 On the contrary, ICIs demonstrated comparable
efficacy in White and Black patients.63 Anti-HER2 BC drugs
were associated with higher cardiotoxicity in Black patients
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FIG 4. Forest plot of HRs for IDFS for the experimental drug versus the standard drug in (A) White and (B) Asian subgroups. Squares
represent trial-specific HRs. Horizontal lines indicate the 95% CIs. Diamonds indicate the meta-analytic pooled HRs, calculated
through random-effects model. HRs, hazard ratios; IDFS, invasive disease-free survival.
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compared with other ethnic groups, leading to treatment
discontinuation and reduced efficacy.64

Therefore, given the growing body of research on interethnic
biological variability, a differential benefit from novel BC
treatments was expected. However, our study found no
difference in the benefit across ethnicities both in the ad-
vanced setting and in the early-disease setting.

The relevance of our findings is strengthened by their
consistency across all the comparisons, including Whites
versus non-Whites, Asians versus non-Asians, and Whites
or Asians versus Blacks, and the subanalyses for drug type
and line of therapy.

Even after accounting for interethnic biological variability,
certain factors may attenuate the expected differences and
help close the gap in BC across ethnicities.

The increasing global adoption of a Western lifestyle,
characterized by high-fat diets, physical inactivity, delayed
or absent childbearing, and alcohol consumption, has been
strongly associated with rising BC incidence worldwide.65,66

Environmental exposures may also contribute to narrowing
the interethnic gap. Urbanization and industrialization in
regions such as Asia have increased exposure to estro-
genic pollutants, potentially raising endogenous estrogen
levels and aligning risk profiles with those of Western
populations.3,67 Moreover, clinical trial data suggest that
interethnic pharmacokinetic differences may not signifi-
cantly affect the dosing of novel therapeutic agents. A review
of phase I/II studies found that recommended doses for
17 molecular-targeted therapies were largely consistent
across Asian and Caucasian populations.68 Although ethnic
variability remains relevant, particularly for certain che-
motherapeutic agents,19 it may be less impactful for newer
drug classes such as targeted therapies and ICIs as those that
we considered in this study.

A strength of this work is the quality of evidence available
and used in the meta-analysis. Data were obtained from 29
large and global phase III RCTs, including more than 30,000
patients, and results are based on the well-defined and
validated end points of PFS, in the advanced-disease setting,
and IDFS/EFS, in the early-disease setting. Despite the large

number of enrolled patients and having included RCTs de-
veloped on a global scale, the majority of the enrolled pa-
tients were White, whereas Black and Hispanic individuals
represented at most 2%. Moreover, several RCTs had par-
tially missing ethnicity data, with TROPiCS-02, for instance,
not providing ethnic information for 25% of enrolled
patients.43

The possible limitations of our meta-analysis are the fol-
lowing: the meta-analysis relies on published trial (or FDA/
EPAR registries) results rather than on individual patient’s
data; heterogeneous treatments (CDK4/6is, ADCs, ICIs, and
others) were included; the study did not include data on
differences in safety and tolerability of the drugs among
ethnicities; ethnic groups are intrinsically heterogeneous
and likely encompass significant biological diversity within
themselves (eg, between Eastern Asia and Western Asia
patients); the underrepresentation of ethnic subgroups
other than White or Asian limits the generalizability of our
results to populations outside these two groups; and vari-
ables other than ethnicity, such as tumor features or so-
cioeconomic variables, which could affect the response to
treatments, might had been distributed differently between
ethnicities, and these variables might had influenced our
results.

In conclusion, this meta-analysis attempted to answer two
fundamental questions in current clinical research, on one
side if different ethnicities, implying different BC biology
and patterns of response to cancer treatments, affect clinical
trial results. On the other side, if data from clinical trials with
heterogeneous populations are generalizable to every pa-
tient. The emerging data are reassuringly suggesting that
ethnicity does not affect the magnitude of benefit of anti-
cancer drugs approved for BC treatment in the past decade.
However, the marked underrepresentation of ethnic groups
beyond White and Asian populations limits the ability to
draw robust and generalizable conclusions for underrepre-
sented populations. This study highlights the urgent need for
future research efforts that prioritize equitable and inclusive
trial designs, ensuring broader representation across all
ethnic groups. Greater diversity in clinical trial enrollment is
a critical step toward achieving equity in cancer care and
producing evidence that meaningfully reflects all the pop-
ulations affected.
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