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Current guidelines lack definitive recommendations on the use of chemotherapy for early-stage 
breast cancer in patients aged over 70. Clinical decision-making on chemotherapy for elderly breast 
cancer remains challenging because of insufficient large-scale, long-term outcomes. We conducted 
a retrospective cohort study using the Surveillance, Epidemiology, and End Results database from 
2010 to 2020 to investigate early-stage breast infiltrating ductal carcinoma in patients aged 70 to 
79. Propensity score matching (PSM) with a ratio of 1:1 and caliper of 0.02 standard deviation of 
propensity score was employed to address covariate imbalance. Univariate and multivariate analyses 
were performed to assess the impact of chemotherapy on breast cancer-specific survival (BCSS) and 
overall survival (OS). We identified a total of 11,792 patients with complete information about breast 
cancer, who underwent surgical treatment and received systemic therapy after surgery. Among 
them, 3,490 patients received chemotherapy. After PSM, we obtained a matched cohort consisting of 
3,156 patients where the characteristics between the two groups were balanced except for molecular 
subtypes. In the matched dataset, no significant differences were observed in BCSS (P = 0.118) and OS 
(P = 0.119) between the two groups based on Kaplan–Meier survival analysis. Similarly, multivariate 
COX analysis revealed that chemotherapy did not significantly reduce the risk of BCSS (HR: 1.212; 95% 
CI: [0.958–1.533], P = 0.109) and OS (HR: 0.888; 95% CI: [0.765–1.031], P = 0.12). Stratified analyses 
based on molecular subtypes revealed that chemotherapy did not confer a favorable prognosis in 
patients with hormone receptor (HR)-positive, human epidermal growth factor receptor 2(HER2)-
negative breast cancer in stages I and IIa, as well as in patients with HR+HER2+ breast cancer in 
stages I. Chemotherapy may not confer a discernible benefit for all elderly patients with breast cancer. 
Nevertheless, de-escalating chemotherapy could be considered as a preferable alternative for older 
individuals diagnosed with HR+HER2- breast cancer in stages I and IIa or HR+HER2+ breast cancer in 
stages I.
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ER	� Estrogen receptor
HER2	� Human epidermal growth factor receptor 2
TNBC	� Triple-negative breast cancer

According to the latest statistics, breast cancer ranks first among female malignant tumors1. However, as society 
ages, there is an increasing proportion of elderly patients with breast cancer2. Historically, due to the short 
survival expectancy of elderly patients, medical research has focused more on patients under 65 years of age. 
Consequently, clinical data on elderly patients are scarce compared to other age groups3. Concerns regarding 
the impact of chemotherapy on cardiac and hepatic function and advancements in endocrine and targeted 
therapies have resulted in a significantly lower utilization rate of chemotherapy among elderly patients compared 
to younger counterparts4–6. The clinical community has not reached a clear consensus regarding the survival 
benefits of adjuvant chemotherapy for older adults (aged ≥ 65 years) with early-stage breast cancer (stage I-II), 
particularly whether certain patients with favorable tumor characteristics could be safely spared chemotherapy 
without compromising outcomes.

The current study showed different results. A retrospective study using the US National Cancer Database 
showed that no statistically significant difference in median overall survival was found between the chemotherapy 
and no chemotherapy groups7. In contrast, a large-sample retrospective study based on the SEER database 
concluded that chemotherapy reduces the risk of OS by 36% and BCSS by 21%, respectively, after analyzing data 
on 8360 cases of breast cancer in older adults aged 70 years or older.8. Another study, also based on the SEER 
database, analyzed data from 32,734 patients aged 70  years or older and concluded that chemotherapy only 
significantly reduces mortality in older women with ER-negative and lymph node(LN)-positive breast cancer, 
and that women aged 70 years or older with lymph node-negative or estrogen-receptor-positive disease do not 
benefit significantly from adjuvant chemotherapy9. However, other studies have suggested that all HR-negative 
elderly breast cancer patients benefit from adjuvant chemotherapy, independent of LN status10. Two studies 
further analyzed the population of TNBC aged 70 years or older on the basis of HR-. Data from one of them 
supported chemotherapy11, while data from the other study suggested that patients with stage I TNBC should be 
exempted from chemotherapy12. Other studies have also shown that older breast cancer patients do not improve 
BCSS with chemotherapy and that more patients die from factors other than tumor13,14. These inconsistent 
findings create great difficulties in decision making for clinicians. Treatment choices also vary widely between 
centers and physicians15.

Recent reports suggest that by 2030, life expectancy will exceed 80 years per capita16, which has led to a 
substantial increase in the expected efficacy of chemotherapy. In addition, available data indicate that most 
elderly patients usually tolerate and respond well to conventional therapy17. For some elderly patients without 
comorbidities, forgoing chemotherapy can easily lead to inadequate treatment and poor cancer outcomes18. 
Current guidelines provide limited guidance on chemotherapy in elderly breast cancer patients. Therefore, there 
is an urgent need for more specific and precise evidence for adjuvant treatment options for elderly patients based 
on existing molecular typing of breast cancer19. So that those at high risk of recurrence can be adequately treated 
and those at low risk of recurrence can avoid the adverse effects of chemotherapy.

To answer these queries, we analyzed whether chemotherapy improves the prognosis of elderly patients with 
early-stage breast cancer using data from the Surveillance, Epidemiology, and End Results (SEER) database from 
2010 to 2020. We balanced the impact of factors other than chemotherapy on prognostic outcomes as much as 
possible by limiting the age range and pathology type and matching the molecular subtype, stage, tumor size and 
lymph node status of the two groups of patients by propensity score. And subgroup stratification was performed 
for the molecular subtypes and stages of tumors to explore the survival benefit of chemotherapy for elderly breast 
cancer patients under different subtypes and stages.

Study design
This was a retrospective cohort study using the Surveillance, Epidemiology, and End Results (SEER) database. 
Data from 2010 to 2020 were used to assess BCSS and OS in early-stage elderly breast with and without 
chemotherapy.

Data sources and patient selection
Patient data were obtained from the SEER database (https://seer.cancer.gov/) using SEER*Stat 8.4.5 software. The 
SEER database captures approximately 28% of all tumor cases in the United States. Because the SEER database 
is publicly available, this study did not require informed consent from patients or institutional ethical review. 
The inclusion criteria were as follows: (1) women aged 70–79 years; (2) pathological diagnosis of invasive ductal 
carcinoma of the breast with a pathology code of 8500/3 in the SEER database; (3) surgical treatment without 
neoadjuvant therapy; (4) systemic therapy after surgery; (5) according to the criteria of the 8th edition of the 
AJCC for breast cancer: T stage ≤ 2, N stage ≤ 2, and the absence of distant metastases; (6) acquisition of only 
one malignant tumor. The exclusion criteria were: (1) tumor size smaller than 5 mm in diameter; (2) diagnosed 
with bilateral breast cancer; (3) missing key information, such as race, marital status, histological grade, lymph 
node status and molecular subtype; (4) death or loss to follow-up in 6 months after diagnosis.

Outcome indicators
Patients were categorized into chemotherapy and no-chemotherapy groups based on the codes in the SEER 
database Chemotherapy recode. BCSS was the first endpoint of the study and OS was the second endpoint of the 
study. BCSS was defined as the time from diagnosis of breast cancer to death due to breast cancer. OS was defined 
as the time from diagnosis of breast cancer until either death or censoring at last follow-up date. The follow-up 
period was from 1 January 2010 to 31 December 2020. For patients who remained alive at end-of-follow up 
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period, the duration between disease diagnosis till end-of-study will be considered as their follow-up time. Lost-
to-follow up patients’ follow -up times will be calculated starting from disease diagnosis till last contact.

Statistical analyses
The demographic and clinical characteristics of chemotherapy and no-chemotherapy cases in both the 
whole cohort and 1:1 propensity score-matched (PSM) groups were analyzed using the chi-square test. The 
Cox proportional hazards regression model was employed to calculate the hazard ratio (HR) along with its 
corresponding 95% confidence interval (CI), enabling identification of factors associated with outcomes. 
Variables that demonstrated a significance level of p < 0.05 in univariate analysis were included as candidate 
variables for multivariate analysis. Proportional hazards assumptions were assessed using the Schoenfeld residual 
test. To mitigate baseline differences in demographic and clinical characteristics, patients in the chemotherapy 
and no-chemotherapy groups underwent one-to-one matching through a PSM approach, incorporating age, 
race, marital status, grading, AJCC stage, ER status, PR status, HER2 status, surgical approach, and radiotherapy 
status as matched covariates. Nearest neighbor matching method with a caliper distance of 0.02 was utilized 
for this purpose. Survival curves were generated using the Kaplan–Meier method while statistical significance 
regarding differences in BCSS and OS between patients receiving chemotherapy versus those not receiving it was 
determined by means of log-rank tests. Statistical analyses were performed using SPSS software version 26 and 
R software version 4.4.3. P values less than 0.05 denoted statistical significance.

Result
Patient demographics and tumor characteristics
A total of 11,792 patients met the enrollment criteria, of whom 3,490 received chemotherapy after surgery and 
8,302 did not. The median follow-up time was 83 months. Demographic and clinical case characteristics of the 
chemotherapy and no-chemotherapy groups are demonstrated in Table 1. Except for marital status, there were 
significant differences in age, ethnicity, tissue grading, tumor stage, molecular subtype, and treatment between 
the two groups. Patients in the chemotherapy group were younger, had higher histological tumor grades, larger 
tumor volumes, a greater number of lymph node metastases, a greater proportion of patients with types other 
than HR+/HER2-, and a higher proportion of those who underwent total mastectomy without radiotherapy.

Total
No-
Chemotherapy Chemotherapy χ2 Pc

Age
70–74 7395 62.71% 4958 42.05% 2437 20.67% 107.347 < 0.001

75–79 4397 37.29% 3344 28.36% 1053 8.93%

Race

White 9932 84.23% 7077 60.02% 2855 24.21% 56.699 < 0.001

Black 902 7.65% 536 4.55% 366 3.10%

Othera 958 8.12% 689 5.84% 269 2.28%

Marital status
Married 6430 54.53% 4510 38.25% 1920 16.28% 0.472 0.492

Not marriedb 5362 45.47% 3792 32.16% 1570 13.31%

Grade

I 3135 26.59% 2914 24.71% 221 1.87% 2975.461 < 0.001

II 5413 45.90% 4273 36.24% 1140 9.67%

III&IV 3244 27.51% 1115 9.46% 2129 18.05%

Tumor status

T1b 3079 26.11% 2695 22.85% 384 3.26%

T1c 5518 46.79% 4041 34.27% 1477 12.53% 1156.06 < 0.001

T2 3195 27.09% 1566 13.28% 1629 13.81%

Nodal status

N0 8924 75.68% 6976 59.16% 1948 16.52% 1375.078 < 0.001

N1 2067 17.53% 980 8.31% 1087 9.22%

N2 468 3.97% 88 0.75% 380 3.22%

Subtype

HR-/HER2- 906 7.68% 15 0.13% 891 7.56% 4454.665 < 0.001

HR-/HER2+ 332 2.82% 17 0.14% 315 2.67%

HR+/HER2- 9489 80.47% 7964 67.54% 1525 12.93%

HR+/HER2+ 1065 9.03% 306 2.59% 759 6.44%

Surgery
Mastectomy 3287 27.87% 1962 16.64% 1325 11.24% 251.062 < 0.001

Partial mastectomy 8505 72.13% 6340 53.77% 2165 18.36%

Radiotherapy
Yes 7369 62.49% 5389 45.70% 1980 16.79% 70.117 < 0.001

No/unknown 4423 37.51% 2913 24.70% 1510 12.81%

Table 1.  Baseline characteristics of patients with chemotherapy and no-chemotherapy. aOther includes 
American Indian/Alaskan native and Asian/Pacific Islander and Unknown. bNot married includes divorced, 
separated, single (never married), unmarried or domestic partner, and widowed. cThe P value of the Chi-
square test was calculated between the chemotherapy and no-chemotherapy groups, and bold type indicates 
significance.
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Comparison of survival between chemotherapy group and no-chemotherapy group
The results of multifactorial statistical analysis using COX regression for both groups are presented in Table 
2. Histological grading of the tumor, tumor size, and lymph node status were identified as influential factors 
impacting BCSS and OS outcomes. In terms of treatment modalities, the choice between surgery with or without 
breast-conservation did not significantly affect prognosis. However, radiotherapy was found to decrease BCSS 
in breast cancer patients, while chemotherapy reduced the risk of OS but did not improve BCSS. To ensure 
comparability between the two groups, a 1:1 propensity matching analysis was conducted with a caliper value 
of 0.02 resulting in 1578 matched pairs out of 3156 patients. Chi-square tests were performed on the matched 
dataset (Table 3), demonstrating that all factors except for slight differences in molecular subtype were well 
balanced between the two groups. Subsequently, another multifactorial statistical analysis using COX regression 
was carried out on the matched dataset which revealed that age increased the risk of non-tumor-related death 
among patients but had no impact on BCSS outcomes. Furthermore, it was observed that chemotherapy did not 
enhance either BCSS or OS rates in early-stage breast cancer patients (Table 4).

Survival analysis in propensity score matched
Kaplan–Meier survival analysis of the pre- and post-PSM datasets revealed that patients who did not receive 
chemotherapy in the pre-PSM dataset exhibited a more favorable prognosis compared to those who received 
chemotherapy. In the no-chemotherapy group compared with the chemotherapy group, the BCSS at 5 years was 
97.99% versus 91.49%, and at 10 years was 96.71% versus 88.94%, P < 0.001. However, there was no significant 
difference in prognosis between patients who received chemotherapy and those who did not in the post-PSM 
dataset (Fig. 1). In the no-chemotherapy group versus the chemotherapy group, the BCSS at 5 years was 94.42% 
versus 98.35% and at 10 years was 91.69% versus 96.45%, P = 0.12.

The 95% confidence intervals (derived from simulated hazard estimates), the number of patients at risk at 
different time points, and the log-rank test for P are displayed on the graphs.

To account for potential confounding effects of molecular subtypes on study outcomes, we further stratified 
the patients into four subgroups based on their molecular subtypes and performed additional 1:1 propensity 
score matching analyses within each subgroup. Specifically, we successfully matched 1396 pairs in the HR+/
HER2- subgroup, 282 pairs in the HR+/HER2+ subgroup. As demonstrated in Table 1, 98% of patients with 

BCSS OS

HR(95%CI) P HR(95%CI) P

Age
70–74 Reference Reference

75–79 1.226(1.046–1.436) 0.012 1.494(1.369–1.629)  < 0.001

Race

White Reference Reference

Black 1.278(1.015–1.609) 0.037 1.223(1.063–1.407) 0.005

Othera 0.457(0.306–0.683)  < 0.001 0.580(0.475–0.707)  < 0.001

Marital status
Married Reference Reference

Not marriedb 1.170(1.001–1.367) 0.048 1.285(1.177–1.402)  < 0.001

Grade

I Reference Reference

II 2.054(1.502–2.810)  < 0.001 1.245(1.102–1.407)  < 0.001

III&IV 3.330(2.395–4.629)  < 0.001 1.610(1.395–1.857)  < 0.001

Tumor status

T1b Reference Reference 0.01

T1c 1.668(1.239–2.245)  < 0.001 1.466(1.318–1.631)  < 0.001

T2 2.835(2.093–3.841)  < 0.001 2.023(1.578–2.592)  < 0.001

Nodal status

N0 Reference Reference

N1 1.668(1.381–2.013) 0.222 1.221(0.955–1.562) 0.087

N2 3.749(2.925–4.805)  < 0.001 2.576(2.103–3.155%  < 0.001

Subtype

HR-/HER2- Reference Reference

HR-/HER2+ 0.560(0.386–0.812)  < 0.001 0.744(0.577–0.961) 0.024

HR+/HER2- 0.548(0.432,0.695)  < 0.001 0.683(0.576–0.810)  < 0.001

HR+/HER2+ 0.528(0.397–0.703)  < 0.001 0.763(0.630–0.923) 0.005

Surgery
Mastectomy Reference Reference

Partial mastectomy 1.106(0..916–1.335) 0.297 1.067(0.951–1.197) 0.269

Radiotherapy
No/unknown Reference Reference

Yes 0.648(0.541–0.775)  < 0.001 0.695(0.625–0.773)  < 0.001

Chemotherapy
No Reference Reference

Yes 1.219(0.983–1.511) 0.071 0.772(0.679–0.879)  < 0.001

Table 2.  Multivariate Cox proportional hazard model of breast cancer-specific survival (BCSS) and overall 
survival (OS) in all patients. aOther includes American Indian/Alaskan native and Asian/Pacific Islander and 
Unknown. bNot married includes divorced, separated, single (never married), unmarried or domestic partner, 
and widowed.
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HR-HER2- early breast cancer and 95% of patients with HR-HER2+ early breast cancer received chemotherapy. 
However, due to the limited number of patients who did not undergo chemotherapy, patient pairs following PSM 
did not provide adequate statistical power for reliable survival analyses. As seen in Fig. 2, chemotherapy benefits 
differently in different molecular subtypes of early-stage older breast cancer. Furthermore, in order to further 
investigate the effect of chemotherapy on the efficacy of patients with different stages who were in the HR+/
HER2- and HR+HER2+ subgroups, patients in the respective paired datasets of HR+/HER2- and HR+HER2+ 
were stratified according to the different stages. Within each stratum, Kaplan–Meier survival analysis with breast 
cancer-specific death as a endpoint was then conducted (see Figs. 3 and 4). Notably from Figs. 3 and 4 is that 
stage I and II HR+/HER2- elderly breast cancer patients and stage I HR+/HER2+ elderly breast cancer did not 
derive additional survival benefit from adjuvant chemotherapy.

Discussion
We utilized multicenter, large-scale data from the SEER database to investigate the necessity of chemotherapy 
in early-stage elderly breast cancer patients, mitigating any bias caused by small-sample data from a single 
institution. Considering the current average life expectancy of 78–80 years and the potential impact of oncology 
treatment on patients over 70  years old with an estimated life expectancy of around 5  years, we specifically 
focused on patients aged 70–79 years. While many studies have set the age threshold for elderly patients at > 
65 years, considering their life expectancy exceeding 15 years, it is recommended that this patient group undergo 
standard postoperative adjuvant treatment20. Additionally, we limited our analysis to patients with pure invasive 
ductal carcinoma to effectively eliminate confounding effects of different pathological tumor types on recurrence 
outcomes.

Our findings revealed that approximately 80% of older breast cancers belonged to the HR+HER2- subtype 
and chemotherapy did not confer any benefit in terms of BCSS for this specific patient subgroup, consistent 
with gene prognosis-related studies21. Although we regret our inability to obtain 21-gene scores for these elderly 

Total No-Chemotherapy Chemotherapy χ2 Pc

Age
70–74 2137 1077 1060 0.419 0.518

75–79 1019 501 518

Race

White 2635 1330 1305 1.976 0.372

Black 263 121 142

Othera 258 127 131

Marital status
Married 1686 836 850 0.25 0.617

Not marriedb 1470 742 728

Grade

I 356 162 194 3.734 0.155

II 1534 785 749

III 1266 631 635

AJCC stage

Ia 1008 517 491 2.413 0.66

Ib 73 36 37

IIa 1239 619 620

IIb 675 322 353

IIIA 161 84 77

Tumor status

T1b 406 242 164 24.532  < 0.001

T1c 1132 515 617

T2 1618 821 797

Nodal status

N0 1829 955 874 10.816 0.004

N1 1093 503 590

N2 161 84 77

Subtype

HR-/HER2- 53 15 38 13.63 0.003

HR-/HER2+ 25 17 8

HR+/HER2- 2526 1275 1251

HR+/HER2+ 552 271 281

Surgery
Mastectomy 1181 614 567 2.989 0.084

Partial mastectomy 1975 964 1011

Radiotherapy
Yes 1874 938 936 0.05 0.942

No/unknown 1282 640 642

Table 3.  Baseline characteristics of patients with chemotherapy and no-chemotherapy in PSM group. aOther 
includes American Indian/Alaskan native and Asian/Pacific Islander and Unknown. bNot married includes 
divorced, separated, single (never married), unmarried or domestic partner, and widowed. cThe P value of the 
Chi-square test was calculated between the chemotherapy and no-chemotherapy groups. AJCC American Joint 
Committee on Cancer, BCS Breast-conserving surgery, IQR Interquartile range.
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patients due to limitations in accessing this type of information in the SEER database, our survival analyses 
confirm that this particular group is exempt from chemotherapy without relying on gene score.

The majority of patients in this study (about 72.12%) opted for partial mastectomy, while approximately 
64.49% received postoperative radiotherapy. A multifactorial statistical analysis revealed that radiotherapy had 
a significant protective effect on both OS and BCSS among elderly breast cancer patients. Previous studies have 
suggested an increased risk of cardiopulmonary disease associated with postoperative radiotherapy for breast 
cancer22. However, since 2000, there have been relatively few cardiac-related deaths reported in Asian or Pacific 
Islander populations after breast cancer treatment, attributed to advancements in radiotherapy techniques and 
equipment. Furthermore, the impact of postoperative radiotherapy on cardiac effects has not demonstrated 
significant significance23. In our study, we observed no significant association between radiotherapy and 
increased mortality risk in patients; instead, breast-conserving surgery combined with radiotherapy emerged as 
a preferable alternative to mastectomy.

Patients with HR-/HER2-type exhibited a significantly higher risk of mortality compared to those with the 
other three subtypes, both before and after matching. 98% patients with HR-/HER2-type received chemotherapy 
in this dataset. Consequently, there were insufficient matched pairs after propensity score matching (PSM) to 
draw corresponding conclusions for this particular subtype. However, an analysis conducted on 4696 early-
stage HR-/HER2-type breast cancers in individuals aged over 70 years from the SEER database concluded that 
chemotherapy did not improve survival for stage I, T1N1M0 and grades I-II24. It is evident that not all patients 
within the HR-/HER2- type, which carries the worst prognosis, require chemotherapy. The remaining three 
subtypes had similar survival risks relative to the triple-negative subtype, suggesting that targeted therapies 
could reduce the recurrence rate in the HER2+ subgroup of patients, aligning with current findings25.

Previous studies have proposed divergent perspectives. A total of 11,735 cases of stage I-III breast cancer in 
the age range of 70–79 years between 2002 and 2012 were documented by Cancer Center UK, revealing that 
chemotherapy can enhance the Breast Cancer-Specific Survival (BCSS) among high-risk patients. Although the 
follow-up duration and case numbers were similar to our study, the previous article did not report data on ER 
or PR status. This discrepancy may be attributed to the reduced significance of chemotherapy in breast cancer 
treatment due to the increasing popularity of endocrine therapy and targeted therapy, resulting in different 
conclusions despite similar study designs but varying timelines18. A retrospective cohort study utilizing data 
from the SEER database involving 33,177 older breast cancer patients over 70 concluded that chemotherapy 
improved prognosis for all postoperative patients; however, survival curves for the chemotherapy and no-
chemotherapy groups intersected at 72 months after surgery8. The proportion of stage III and HR-/HER2-type 
patients in the post-PSM cases exceeded 20% in this study, whereas their respective percentages were 5% and 
1.6% in our study. Several current studies suggest that chemotherapy may provide greater benefits for HR-HER2- 
patients, while offering little benefit for HR+HER2- patients. Notably, the combination of CDK46 inhibitors 
and aromatase inhibitors has replaced chemotherapy as the first-line treatment for advanced breast cancer in 
HR+HER2- patients26,27. Therefore, further data analysis is warranted to delineate distinct treatment strategies 
for elderly patients with diverse molecular subtypes.

Table 4.  Multivariate Cox proportional hazard model of breast cancer-specific survival (BCSS) and overall 
survival (OS) in PSM group.
aOther includes American Indian/Alaskan native and Asian/Pacific Islander and Unknown.
bNot married includes divorced, separated, single (never married), unmarried or domestic partner, and 
widowed.
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When formulating an antitumor regimen for elderly oncology patients aged 70–79  years, it is crucial to 
consider both the expected survival and the risk of off-tumor death. Cardiovascular accidents are the leading 
cause of mortality in this patient population28. Anthracycline-based chemotherapeutic agents and trastuzumab 
have been clearly shown to damage cardiac function29,30. However, in this study cardiac disease mortality 
was not significantly different between the two groups of patients, and the 3.53% (294/8332) cardiac disease 

Fig. 1.  Kaplan-Meyer curves for patients’ breast cancer (BC)-specific survival (A) and overall survival (B) 
before and after propensity score matching (PSM).
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mortality rate in the no-chemotherapy group was also slightly higher than that in the chemotherapy group at 
3.17% (111/3500). Chemotherapy did not increase the risk of cardiac death in patients as expected. Our current 
privileges do not grant us access to specific dosing regimens for chemotherapy patients from the SEER database. 
We hypothesize that physician tend to avoid the use of cardiotoxic chemotherapeutic agents in older patients 
when choosing a treatment regimen. The use of pegylated liposomal doxorubicin, which is less cardiotoxic, 
instead of conventional anthracycline-based chemotherapy31,32 and the use of Docetaxel-based regimens instead 
of anthracycline-based regimens33,34 may explain the lack of difference in cardiac mortality between the two 
groups.

Although the SEER database was utilized to acquire a large-scale, multicenter, and standardized dataset of 
cases, it is important to acknowledge that retrospective studies inherently possess limitations which introduce 
unavoidable bias into the results. Despite our efforts to mitigate this bias through statistical methods such as 
PSM in order to match influential factors as closely as possible, there remains an inherent bias compared to 
randomized controlled trials. Furthermore, due to the limited availability of data on the HR-HER2+ and HR-
HER2- subgroups after PSM, our study was unable to draw reliable conclusions for these specific subtypes. 
Further research findings are needed to determine whether patients belonging to these two categories can derive 
benefits from chemotherapy. Additionally, to minimize confounding factors, we specifically focused on invasive 
ductal carcinoma as the pathological subtype of breast cancer for this study, given its comparable prognosis to 
that of breast cancer overall. For histologic types with poorer prognoses, direct reference to the conclusions 
in this study may not be feasible. Instead, it necessitates the physician’s judgment based on a comprehensive 
evaluation of the patient’s condition and other relevant researches.

Conclusion
Chemotherapy may not be beneficial for all elderly breast cancer patients. However, oncologic outcomes were 
not affected by the exemption from chemotherapy for HR+/HER2+ elderly breast cancer patients in stage 
I and HR+/HER2- elderly breast cancer patients in stages I and IIa. By implementing more precise patient 
segmentation and tailored chemotherapy strategies, it is possible to optimize medical benefits while minimizing 
potential drawbacks.

Fig. 1.  (continued)
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Fig. 2.  Kaplan-Meyer curves for HR+HER2- and HR+HER2+ breast cancers. The log-rank test for P are 
displayed on the graphs. (A) Kaplan-Meyer curves for HR+HER2-; (B) Kaplan-Meyer curves for HR+HER2+.
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Fig. 3.  BCSS curves for different stages of HR+HER2- breast cancer. 
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Fig. 3.  (continued)
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Fig. 4.  BCSS curves for different stages of HR+HER2+- breast cancer. 
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Data availability
The data supporting the results of this study are available from the SEER database, but the availability of these 
data is limited because they were used with permission for this study and are therefore not publicly available. 
However, we can make these data available if the authors request and obtain permission from the SEER database.
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