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Background: The incidence of breast cancer among young Asian women is increasing, yet they remain
underrepresented in global data. We analyzed the epidemiology and outcomes of Asian patients with breast cancer
<40 years old across different subtypes to identify their clinical unmet needs.
Patients and methods: Female patients aged �20 years diagnosed with early breast cancer were analyzed from the
prospective cohort of the Asian Breast Cancer Cooperative Group (ABCCG). For comparison, data from the
Surveillance, Epidemiology, and End Results Program (SEER) cancer registry were used. Patients were categorized
into three age groups: young (<40 years), alleged premenopausal mid-age (40-49 years), and alleged
postmenopausal (aged �50 years). Multivariable Cox proportional hazards models for survival were adjusted for
subtypes, histologic grade, T stage, nodal status, and study centers.
Results: A total of 45 021 patients with breast cancer from Asian study centers, 496 332 SEER-White patients, and 18 279
SEER-Asian patients were included in the analysis. The median age at diagnosis was younger in the Asian cohort (51 years)
compared with SEER-Whites (62 years) and SEER-Asians (58 years; P < 0.0001). In the young-age group, hormone receptor-
positive/human epidermal growth factor receptor 2 negative (HRþ/HER2�) breast cancer was more prevalent among
Asians and SEER-Asians compared with SEER-Whites (61.2% and 59.8% versus 54.7%). In the Asian population, young
patients with HRþ/HER2� breast cancer exhibited significantly inferior overall survival than the mid-age group (6-year
overall survival 94.4% versus 96.6%; mid-age to young-age group hazard ratio 0.62; P < 0.001). Similarly, young patients
in SEER-Whites showed an earlier decline in survival compared with the mid-age group (89.1% versus 94.0%; P < 0.001).
Conclusion: ABCCG-Asian patients with breast cancer <40 years old with HRþ/HER2� subtypes were more likely to
have worse survival outcomes than their mid-age counterparts. Our study highlights the poorer prognosis of young
patients and underscores the need for a tailored therapeutic approach, such as ovarian function suppression,
particularly considering ethnic factors.
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INTRODUCTION

Breast cancer is the most common cancer in women
worldwide. Guidelines recommend breast cancer screening
for women after the age of 40 years (NCCN Guidelines
Version 1.2022, Breast Cancer Screening and Diagnosis).1

The incidence of breast cancer in young females under 40
years, however, has been increasing in the United States,
according to the Surveillance, Epidemiology, and End Re-
sults (SEER) database.2,3 The incidence of breast cancer has
also continuously increased in Asia, especially in young
women <40 years of age.4-7

Breast cancer consists of heterogeneous subtypes, each
with distinct clinical courses and treatments. The clinical
subtypes are classified based on the expression of estrogen
receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2), while the mo-
lecular subtypes further divided these subtypes into luminal
A, luminal B, normal breast-like, HER2-positive, and basal-
like.8,9 Recent data have indicated that ER-positive breast
cancer increases with age in Americans, with the probability
of ER positivity being significantly higher at 40-49 years of
age in Asians.10 Young female patients with breast cancer
are expected to have more aggressive types.11 However, the
survival outcomes of young Asian female patients with
breast cancer across different subtypes have not been suf-
ficiently investigated. In this study, the characteristics and
survival of young Asian patients with early-stage breast
cancer were analyzed.
PATIENTS AND METHODS

Study design and patients

Female patients aged �20 years, diagnosed with early
breast cancer between 1 January 2005 and 31 December
2015, were enrolled from the prospective cohort of five
academic institutions within the Asian Breast Cancer
Cooperative Group (ABCCG): Cancer Institute Hospital of
Japanese Foundation for Cancer Research, National Taiwan
University Hospital, Samsung Medical Center, Seoul Na-
tional University Hospital (SNUH), and Singapore General
Hospital/National Cancer Centre Singapore.10 As a valida-
tion set, we used SEER 18 cancer registry data and extracted
information from four ethnic groups of patients with a
primary diagnosis of stage I-III unilateral breast cancer:
Whites [including Hispanic (SEER-Whites) individuals], Chi-
nese, Japanese, and Korean (SEER-Asian).

Early breast cancer was defined as pathologic stage I-III
according to the 5th, 6th, or 7th edition of the TNM (tu-
morenodeemetastasis) classification by the American Joint
Committee on Cancer. Clinical staging was used for patients
who received neoadjuvant therapy. Pathologic diagnosis
and immunohistochemistry (IHC) for ER, PR, and HER2
status were confirmed by the pathologic reports of surgical
and percutaneous biopsies, following the American Society
of Clinical Oncology/College of American Pathologists
(ASCO-CAP) recommendations.12-14 It should be noted that
in 2010, the definition of ER and PR positivity was revised
2 https://doi.org/10.1016/j.esmoop.2024.103732
from 10% to 1%.14 HER2 status was defined according to
the 2007 and 2014 ASCO-CAP guidelines and HER2 testing
was conducted in pathology laboratories accredited by CAP
or the national pathology accreditation body. Patients
without clinical or pathological data were excluded.
Statistical analyses

Categorical variables were summarized with frequencies
(numbers) and percentages (rates). Continuous variables
were represented by median values and ranges. Differences
were assessed using the ManneWhitney U test for
continuous variables and Pearson’s c2 or Fisher’s exact test
for categorical variables. A multivariable Cox proportional
hazards model was used to analyze survival, adjusted for
age, hormone receptor status, HER2 status, histologic grade,
T stage, nodal status, and study centers.

Overall survival (OS) was defined as the time from breast
cancer diagnosis to death from any cause. OS curves were
estimated using the KaplaneMeier method. For patients who
were alive at the last follow-up, survival was censored at the
date of the latest follow-up when no death was confirmed. A
log-rank test P-value <0.05 was considered statistically sig-
nificant. Patients diagnosed between 2005 and 2015 were
censored at the maximum follow-up time of patients diag-
nosed between 2010 and 2015, which was 6 years.
Ethics approval and consent to participate

The study was approved by the SNUH Institutional Review
Board (institutional review board number H1509-047-702)
and the respective ethics committees in the participating
institutions. Clinical data were anonymized and deidentified
before analysis.

RESULTS

Ethnic difference in the epidemiology of breast cancer

A total of 45 007 patients were diagnosed with stage I to III
breast cancer in Asian regions, including the Republic of
Korea (n ¼ 17 376), Singapore (n ¼ 11 237), Taiwan (n ¼
8771) and Japan (n ¼ 7623), from 2005 to 2015. In the SEER
data, 496 332 SEER-White patients and 18 279 SEER-Asian
patients were included. In our ABCCG data, the median
age at diagnosis was 51 years, which is younger than the
corresponding age of 62 years in SEER-Whites and 58 years
in SEER-Asians (P < 0.0001). The proportion of infiltrating
ductal carcinoma was higher in ABCCG-Asians (84.88%)
compared with SEER-Whites (72.05%) and SEER-Asians
(77.55%). Most patients were diagnosed with stage II or
III breast cancer, with 60% being node-negative. While the
proportions of patients with hormone receptor-positive and
HER2-positive (HRþ/HER2þ) breast cancers were similar
across all populations, HRþ/HER2� breast cancers were
more common among SEER-Whites (75.89%) and SEER-
Asians (73.38%), compared with ABCCG-Asians (65.75%).
Triple-negative breast cancer (TNBC) and HER2-positive
breast cancers were more common in ABCCG-Asians
(14.32% and 9.38%, respectively) than in SEER-Whites
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Table 1. Epidemiology of patients with early breast cancer stage I-III

Epidemiology Total
(N [ 559 632)

SEER-White
(N [ 496 332)

SEER-Asian
(N [ 18 279)

ABCCG-Asian
(N [ 45 021)

Age at diagnosis Patients, n 559 618 496 332 18 279 45 007
Median (range) 61 (2-117) 62 (2-117) 58 (20-108) 51 (17-97)

Histologic grade Patients, n 547 267 496 332 18 279 32 656
Grade I, n (%) 123 225 (22.52) 113 675 (22.90) 3967 (21.70) 5583 (17.10)
Grade II, n (%) 228 224 (41.7) 206 437 (41.59) 7606 (41.61) 14 181 (43.43)
Grade III, n (%) 159 330 (29.11) 141 037 (28.42) 5402 (29.55) 12 891 (39.48)
Others (unknown), n (%) 36 488 (6.67) 35 183 (7.09) 1304 (7.13) 1 (0.00)

Histologic subtype Patients, n 559 632 496 332 18 279 45 021
Invasive ductal carcinoma, n (%) 409 981 (73.26) 357 590 (72.05) 14 176 (77.55) 38 215 (84.88)
Invasive lobular carcinoma, n (%) 49 912 (8.92) 47 089 (9.49) 983 (5.38) 1840 (4.09)
Others, n (%) 99 739 (17.82) 91 653 (18.47) 3120 (17.07) 4966 (11.03)

Stage Patients, n 420 634 365 765 13 567 41 302
I, n (%) 172 390 (40.98) 149 972 (41) 5713 (42.11) 16 705 (40.45)
II, n (%) 184 128 (43.77) 160 757 (43.95) 6151 (45.34) 17 220 (41.69)
III, n (%) 64 116 (15.24) 55 036 (15.05) 1703 (12.55) 7377 (17.86)

T Patients, n 536 730 477 178 17 637 41 915
0, n (%) 1414 (0.26) 807 (0.17) 28 (0.16) 579 (1.38)
1, n (%) 339 556 (63.26) 304 167 (63.74) 11 170 (63.33) 24 219 (57.78)
2, n (%) 154 106 (28.71) 134 238 (28.13) 5237 (29.69) 14 631 (34.91)
3, n (%) 26 963 (5.02) 24 275 (5.09) 815 (4.62) 1873 (4.47)
4, n (%) 14 691 (2.74) 13 691 (2.87) 387 (2.19) 613 (1.46)

N Patients, n 544 934 483 538 17 831 43 565
0, n (%) 382 240 (70.14) 343 010 (70.94) 13 007 (72.95) 26 223 (60.19)
1, n (%) 118 346 (21.72) 102 684 (21.24) 3608 (20.23) 12 054 (27.67)
2, n (%) 28 586 (5.25) 24 466 (5.06) 811 (4.55) 3309 (7.60)
3, n (%) 15 762 (2.89) 13 378 (2.77) 405 (2.27) 1979 (4.54)

Breast subtype Patients, n 305 881 258 102 9902 37 877
HRþ/HER2�, n (%) 228 049 (74.55) 195 877 (75.89) 7266 (73.38) 24 906 (65.75)
HRþ/HER2þ, n (%) 31 110 (10.17) 25 661 (9.94) 1078 (10.89) 4371 (11.54)
HRe/HER2þ, n (%) 14 339 (4.69) 10 218 (3.96) 568 (5.74) 3553 (9.38)
Triple-negative, n (%) 32 383 (10.59) 26 346 (10.21) 990 (10) 5047 (13.32)

ABCCG, Asian Breast Cancer Cooperative Group; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; SEER, Surveillance, Epidemiology, and End Results
Program.
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(10.21% and 3.96%, respectively) and SEER-Asians (10.0%
and 5.74%, respectively; Table 1).
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Figure 1. Distribution of breast cancer subtypes by age groups. Percentages of
breast cancer patients with HRþ/HER2�, HRþ/HER2þ, HR�/HER2þ, and HR�/
Differences in subtype distribution by age groups

The distribution of subtypes, however, differed significantly
in younger Asian patients <40 years of age. In the ABCCG
population, the proportion of HRþ/HER2� breast cancers
was significantly higher than in SEER-Whites but similar to
SEER-Asians (61.2% versus 54.7% versus 59.8%, respec-
tively; Figure 1, Table 2). In this same age group, the pro-
portions of patients with TNBC were similar between
ABCCG-Asians and SEER-Whites but higher than in SEER-
Asians (18.3% and 19.8% versus 14.2%, respectively). The
proportions of patients with HER2-positive breast cancer
were similar across the younger age groups. In the 40-49
age group, the proportion of HRþ/HER2� breast cancer
was highest in SEER-Asians and similar between ABCCG-
Asians and SEER-Whites. Among patients aged �50 years,
the proportion of TNBC increased in ABCCG-Asians, while
the proportion of HRþ/HER2� breast cancer decreased. For
patients aged �50 years, the SEER-Whites had a higher
proportion of HRþ/HER2� breast cancer and a lower pro-
portion of TNBC than other age groups (Figure 1, Table 2).
HER2� status in the SEER-White, SEER-Asian, and ABCCG-Asian cohorts are
shown across three age groups: young (<40 years), alleged premenopausal mid-
age (40-49 years), and alleged postmenopausal age (�50 years).
ABCCG, Asian Breast Cancer Cooperative Group; HER2, human epidermal
growth factor receptor 2; HR, hormone receptor; SEER, Surveillance, Epidemi-
ology, and End Results Program.
Survival

Survival was analyzed in 24 361 patients from the ABCCG
data, 195 877 SEER-Whites, and 7266 SEER-Asians. In all
Volume 9 - Issue 11 - 2024
populations, the mid-age group of 40-49 years showed the
best survival, while the age group of �50 years showed the
worst survival (Figure 2).

Further analyses by subtype in each age group showed
distinct trends among ABCCG-Asians, SEER-Whites, and SEER-
Asians. Interestingly, in ABCCG-Asian patients, the mid-age
https://doi.org/10.1016/j.esmoop.2024.103732 3
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Table 2. Distribution of breast cancer subtypes by age groups

Distribution Total age: <40 years age: 40-49 years age: ‡50 years

SEER-White Patients, n 496 332 21 010 75 997 399 325
HRþ/HER2�, n (%) 195 877 (75.87) 5792 (54.7) 26 232 (70.4) 163 853 (77.9)
HRþ/HER2þ, n (%) 25 661 (9.94) 1963 (18.5) 4810 (12.9) 18 888 (9.0)
HRe/HER2þ, n (%) 10 218 (3.96) 736 (7.0) 1684 (4.5) 7798 (3.7)
Triple-negative, n (%) 26 346 (10.21) 2098 (19.8) 4559 (12.2) 19 689 (9.4)

SEER-Asian Patients, n 18 279 1081 4032 13 166
HRþ/HER2�, n (%) 7266 (73.38) 324 (59.8) 1611 (75.6) 5331 (73.7)
HRþ/HER2þ, n (%) 1078 (10.89) 106 (19.6) 242 (11.4) 730 (10.1)
HRe/HER2þ, n (%) 568 (5.74) 35 (6.5) 101 (4.7) 432 (6.0)
Triple-negative, n (%) 990 (10.00) 77 (14.2) 176 (8.3) 737 (10.2)

ABCCG-Asian Patients, n 45 007 5890 14 873 24 244
HRþ/HER2�, n (%) 24 887 (65.7) 2956 (61.2) 9073 (71.8) 12 857 (63.0)
HRþ/HER2þ, n (%) 4354 (11.5) 600 (12.4) 1393 (11.0) 2361 (11.6)
HRe/HER2þ, n (%) 3570 (9.43) 387 (8.0) 858 (6.8) 2324 (11.4)
Triple-negative, n (%) 5066 (13.37) 885 (18.3) 1317 (10.4) 2864 (14.0)

ABCCG, Asian Breast Cancer Cooperative Group; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; SEER, Surveillance, Epidemiology, and End Results
Program.
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group with HRþ/HER2� breast cancer had significantly su-
perior OS than the young-age group of <40 years (6-year OS
96.6% versus 94.4%; adjusted hazard ratio 0.62, 95% confi-
dence interval 0.48-0.80; P < 0.001; Supplementary
Figure S1, available at https://doi.org/10.1016/j.esmoop.
2024.103732, Table 3). The poor prognosis for younger
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ABCCG-Asian patients with HRþ/HER2� breast cancer
remained evident at 15 years of follow-up (Supplementary
Figure S2, available at https://doi.org/10.1016/j.esmoop.
2024.103732). Similarly, younger SEER-White patients expe-
rienced an early decline in the survival curve compared with
those in the mid-age group (89.1% versus 94.0%; P < 0.001).
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Table 3. Prognosis of early breast cancer by age group, subtypes, and
ethnicity

Classification Versus
age <40
(reference)

Adjusted
hazard
ratio

95% CI P-value

HRþ/HER2� SEER-White Age 40-49 0.65 0.57-0.76 <0.001
Age �50 2.36 2.08-2.67 <0.001

SEER-Asian Age 40-49 0.71 0.30-1.71 0.45
Age �50 3.49 1.64-7.42 0.001

ABCCG-
Asian

Age 40-49 0.62 0.48-0.80 <0.001
Age �50 1.29 1.04-1.61 0.02

HRþ/HER2þ SEER-White Age 40-49 1.01 0.72-1.41 0.96
Age �50 3.93 2.96-5.21 <0.001

SEER-Asian Age 40-49 0.91 0.08-10.03 0.94
Age �50 6.82 0.93-49.80 0.06

ABCCG-
Asian

Age 40-49 0.87 0.51-1.50 0.62
Age �50 1.96 1.22-3.16 0.01

HRe/HER2þ SEER-White Age 40-49 1.36 0.91-2.04 0.13
Age �50 3.23 2.27-4.60 <0.001

SEER-Asian Age 40-49 0.69 0.17-2.84 0.61
Age �50 1.10 0.33-3.63 0.88

ABCCG-
Asian

Age 40-49 0.92 0.57-1.49 0.74
Age �50 1.01 0.66-1.55 0.96

Triple-negative SEER-White Age 40-49 0.99 0.85-1.16 0.92
Age �50 1.64 1.43-1.87 <0.001

SEER-Asian Age 40-49 0.65 0.31-1.35 0.25
Age �50 0.94 0.51-1.74 0.85

ABCCG-
Asian

Age 40-49 0.85 0.65-1.11 0.22
Age �50 0.82 0.65-1.04 0.10

Adjusted with age, histologic grade, T stage, N stage, HR status, HER2 status, and
study centers.
ABCCG, Asian Breast Cancer Cooperative Group; CI, confidence interval; HER2, hu-
man epidermal growth factor receptor 2; HR, hormone receptor; SEER, Surveillance,
Epidemiology, and End Results Program.
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By contrast, younger SEER-Asian patients had survival rates
equivalent to those in the mid-age group (92.4% versus
95.0%; P ¼ 0.448; Table 3). While patients with HRþ/HER2þ
breast cancer showed similar survival rates in both the
young-age and mid-age groups across all populations at 6
years, ABCCG-Asian data indicated that the survival of the
young-age group was numerically lower at the 15-year
follow-up (Supplementary Figure S2, available at https://
doi.org/10.1016/j.esmoop.2024.103732). In contrast to
HRþ/HER2� breast cancer, patients with HER2-positive or
TNBC showed relatively similar OS in both the young-age and
mid-age groups across all populations. Patients aged �50
years across all subtypes had the worst prognosis in both
ABCCG-Asians and SEER-Whites. Comparison of OS by sub-
type revealed that the ABCCG-Asian patients with HRþ/
HER2� breast cancer and TNBC had a better prognosis than
SEER-Whites and SEER-Asians with HRþ/HER2� breast can-
cer (hazard ratio 0.22 versus 0.819 and 0.891, respectively)
and TNBC (0.826 versus 0.713 and 0.751, respectively).
DISCUSSION

Our data revealed significant findings: (i) ABCCG-Asians
were diagnosed with early breast cancer at younger ages
than SEER-Whites and SEER-Asians, (ii) young ABCCG-Asian
patients had a higher frequency of HRþ/HER2� breast
cancer, (iii) and patients <40 years old had higher mortality
rates than those in mid-age groups. Consistent with previ-
ous data, early breast cancer was more likely to be
Volume 9 - Issue 11 - 2024
diagnosed at younger ages among Asians. The incidence of
breast cancer peaked at age 50 years and declined with
older age, contrasting with the increasing incidence seen
with age in Western countries.5 Our age- and subtype-
specified analysis also showed that HRþ/HER2� breast
cancer was more frequent in the ABCCG-Asians than SEER-
Whites in younger age groups. Furthermore, the frequency
of HRþ/HER2� breast cancer in SEER-Asians was more
similar to SEER-Whites than to ABCCG-Asians, suggesting
possible environmental influences. The increase in estrogen-
related disease, including breast and gynecologic cancers,
has been noted15 and is attributed to a Westernized life-
style, which may result in higher body mass index, earlier
age at menarche, delayed age at first birth, and lower
parity.16,17 Decreased fertility rates have also been associ-
ated with birth cohort effects due to national family plan-
ning campaigns in Asian countries, which have led to lower
fertility rates.18-20 In addition, the higher breast density
observed in Asian women compared with White women,
particularly among premenopausal women, is thought to be
an independent factor contributing to the reduced sensi-
tivity of mammography in detecting breast diseases.21,22

Meanwhile, the varying frequency of HRþ/HER2� breast
cancer in the young-age group among SEER-Asians and
SEER-Whites suggests a role for racial and biological dif-
ferences.10 Genetically, ER-positive breast tumors in Asian
patients have a higher prevalence of TP53 somatic muta-
tions.23 In addition, premenopausal Asian patients,
compared with those in The Cancer Genome Atlas, have
been reported to present with a higher frequency of luminal
B subtypes, decreased ESR1 expression, and more BRCA1 or
BRCA2 germline pathogenic mutations.24 Increased tumor-
infiltrating lymphocytes and decreased transforming
growth factor-beta signaling have also been noted in these
patients, suggesting that the tumor microenvironment may
have ethnic distinctions.

Among younger Asian patients <40 years of age, there
was a higher frequency of HRþ/HER2� breast cancer; in
addition, our data showed that these younger patients had
a worse prognosis compared with their mid-age counter-
parts. In the Supplementary Material S1, available at
https://doi.org/10.1016/j.esmoop.2024.103732, the 15-
year follow-up data reveal that patients with HRþ/HER2�
breast cancer experienced a rapid decline in survival at later
timepoints. Furthermore, the young-age group showed a
more pronounced decline in survival at earlier timepoints
than the mid-age group, which helps explain the observed
worse prognosis. It has been noted that younger patients
with luminal types of breast cancer have a worse prognosis,
whereas those with HER2-positive or TNBC do not show the
same trend.25,26 In trials such as HERA, NCCTG N9831, and
NSABP B-31, age was not a significant risk factor for survival
in HR-negative HER2-positive breast cancer.27,28 The recur-
rence score from the 21-gene breast cancer assay (Onco-
type DX, Genomic Health) indicated that high RS was most
prevalent among women <40 years of age, regardless of
nodal status.29 Updated data from the SOFT and TEXT
trials suggested that younger patients who remained
https://doi.org/10.1016/j.esmoop.2024.103732 5
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premenopausal after adjuvant chemotherapy benefitted
more from additional ovarian suppression.30 Unfortunately,
the patients in this study were diagnosed before these
findings were available, and thus, they might not have
received adequate ovarian suppression. Consequently, it is
important to recognize that young Asian patients with
HRþ/HER2� breast cancer are more likely to be at high risk
of recurrence, and the prompt integration of updated
guidelines into clinical practice is warranted.

This study has limitations due to its retrospective nature
and reliance on national registry data. Detailed information
on adjuvant hormonal treatments, including tamoxifen,
aromatase inhibitors, and ovarian function suppression, as
well as chemotherapy and targeted therapies, was not
collected. In addition, specific treatment regimens used for
metastatic disease, which could have influenced patients’
survival, were not known. Another limitation is the exclu-
sion of patients who lacked clinical information. Despite
these limitations, our data are consistent with previous
reports from East Asian populations.

Conclusion

Asian patients with breast cancer <40 years with HRþ/
HER2� subtypes, but not those with HER2-positive or TNBC
subtypes, were more likely to experience worse survival
outcomes than their mid-age counterparts. Our study un-
derscores the need for extended monitoring and the
development of effective strategies specifically for this
breast cancer subtype in young patients to enhance their
survival.
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