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Abstract

Background: Currently, the proportion of standard chemotherapy for elderly patients

is much lower than that for young patients, with little evidence from clinical tri-

als supporting the use of chemotherapy for elderly patients. The effectiveness of

chemotherapy for the elderly suffering from breast cancer remains to be further

verified.

Methods: A total of 75,525 female breast cancer patients aged 70 years or older

were hereby identified, all from the Surveillance, Epidemiology, andEndResults (SEER)

database from January 1, 2010 to December 31, 2016. Kaplan–Meier analysis and

multivariable Cox proportional model were performed to evaluate the effective-

ness of chemotherapy on overall survival (OS) and breast cancer-specific survival

(BCSS). Propensity score matching (PSM) (PSM ratio: 1:1, caliper: 0.2 standard devi-

ation of propensity score) was applied to construct balanced cohorts with or without

chemotherapy based on demographic and pathophysiological characteristics.

Results:Atotal of 33,177eligible patientswere included,with5273 (15.89%) receiving

chemotherapy. Through PSM, 8360 patients were successfully matched, and balances

between groupswere almost reached. In thematched data set, multivariable Cox anal-

ysis reveals that chemotherapy was associated with a 36% and 21% risk reduction

on OS (HR = 0.64, 95% CI 0.58 to 0.71) and BCSS (HR = 0.79, 95% CI 0.69 to 0.91),

respectively. Furthermore, subgroups with more adjacent lymph nodes involved by

tumor, or nonluminal A, were inclined to benefit more from chemotherapy. Moreover,

chemotherapy did not increase the chances of dying from heart disease.

Conclusions: The present study provided evidence that chemotherapy may improve

the prognosis of elderly breast cancer, especially for those subpopulations that benefit

more from chemotherapy treatment.
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1 INTRODUCTION

Breast cancer has become the largest cancer type worldwide.1 Its

incidence rates increase with age, with over 30% of cases diagnosed

in women aged over 70 years.2 In 2019, the population of new-

onset breast cancer patients older than 70 years was estimated to

be over 80,000.3 The proportion and number of elderly patients with

breast cancer is expected to increase with the extension of human

life expectancy continuously. However, the treatment for this group

of elderly patients has not reached a consensus, and there is limited

evidence supporting chemotherapy recommendations.

Currently, the proportion of elderly patients receiving standard

chemotherapy is lower than that of younger patients,4–8 though adju-

vant chemotherapy has been proven effective in reducing the annual

breast cancer death rate by about 38% in patients under 70 years

old.9 Considering ethical restrictions, there is still a lack of prospec-

tive clinical trials on chemotherapy for elderly breast cancer and

sound evidence for making definitive chemotherapy recommenda-

tions. Meanwhile, given that this population has many indolent tumor

characteristics,10 short life expectancy, and many comorbidities that

could lead to increased toxicities and reduced tolerance,11–14 thebene-

fits of chemotherapy as a treatment approach for elderly breast cancer

have not been fully acknowledged.15,16 Therefore, current guidelines,

such as theNational Comprehensive Cancer Network Guidelines, European

Society for Medical Oncology, and American Society of Clinical Oncology

Guidelines, mark limited evidence regarding chemotherapy for elderly

patients with breast cancer.17–19 With the increasing demand for

high-quality life expectancy supported by the development of medical

conditions and precision medicine, study on whether elderly patients

with breast cancer could benefit from chemotherapy has become

necessarily important.

However, almost all current studies are retrospective and present

conflicting results on the effectiveness of chemotherapy in treat-

ing elderly breast cancer. For example, some retrospective studies

found that chemotherapy may benefit specific subgroups among

elderly patients with triple-negative breast cancer or involved lymph

nodes,20,21 while others pointed out that the benefits of chemother-

apy for elderly patients are limited compared with those for young

patients.22 Elderly patients are inclined to die fromother causes except

for breast cancer, thus resulting in the competing risk of death dur-

ing statistical analysis. In this case, the overall survival (OS) and breast

cancer-specific survival (BCSS) should be necessarily reported for

elderly patients having received chemotherapy for breast cancer treat-

ment. However, only a few studies have reached similar conclusions

from both respects or contradictory conclusions.23

To handle these problems in clinical practice, the Epidemiology,

and End Results (SEER) database was hereby established to collect

routine data about the clinical diagnosis and treatment of various can-

cers in real-world environments. Taking this database as a basis, one

secondary analysis focusing on the prognosis of patients over 65 years

from 1991 to 1999 concludes that chemotherapy may benefit ER– or

lymph node-positive elderly patients.24 Another analysis of the cohort

of patients older than 66 years with ER–/PR– breast cancer diagnosed

in 1992−1999 reveals that chemotherapy is associated with approxi-

mately 15% mortality reduction after the adjustment for confounding

effects.25 However, all these studies were conducted 20 years ago.

With the optimization of the chemotherapy regimen and the rich data

accumulated in SEER database, further researchmust be conducted to

verify chemotherapy’s effectiveness in elderly breast cancer.

To this end, this study aims to further verify the overall and specific

effect of chemotherapy on the prognosis of breast cancer in patients

over 70 years by conducting a retrospective cohort study based on

the SEER database and the presented OS and BCSS. Subpopulations,

including those with HER2+ breast cancer who could benefit more

from chemotherapy, were also explored to provide additional evidence

for the decision-making in clinical practice and offer more reference

data for the design of clinical trials in the future.

2 METHODS

2.1 Data sources and patient selection

This study was based on the SEER database released in November

2020. The target patients were extracted from SEER*Stat Version

8.3.9.2 (SEER ID: 26588-Nov2019), which also contained population-

based data from 18 cancer registries covering approximately 28% of

US cancer populations from 1975 to 2018 and provided complete data

regarding patient demographics, tumor characteristics, diagnosis, first

course of treatment, and follow-up for vital status. Given that the data

released by the SEER database were publicly available, the present

study did not require informed patient consent and was exempt from

the review of the Ethics Committee of West China Hospital, Sichuan

University.

Breast cancer patient data, including chemotherapy records from

January 1, 2010 to December 31, 2016 were extracted, since SEER

recorded the HER-2 status since 2010. A total of 252,472 diagnosed

breast cancer cases were identified in the database during this period

(Supplementary Figure S1). The inclusion criteria were as follows: (1)

female; (2) diagnosed with breast cancer as the first primary tumor;

and (3) older than 70 years old. The exclusion criteria were: (1) diag-

nosed with metastatic breast cancer; (2) diagnosed with bilateral

breast cancer; (3) breast cancer as the secondary tumor; (4) no histo-

logic confirmation; (5) missing key information, including stage, grade,
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and molecular type; or (6) subject to death or loss to follow-up in 6

months after diagnosis. Finally, 33,177 eligible patients were gathered

for analysis.

2.2 Data acquisition

Detailed patient data were collected, including age at diagnosis, race

(white, black, other, or unknown), marital status (married, divorced,

separated, single,widowed, unmarried, domestic partner, or unknown),

insurance status (insured, insured/no specifics, anymedical, uninsured,

or insurance unknown), grade (G1, G2, or G3), stage (I, II, III, or IV),

T/N/M stage (T0-T4, N0-N3, or Mo-M1), estrogen receptor (ER) status

(negative, positive, or borderline), progesterone receptor (PR) status

(negative, positive, or borderline), HER-2 status (negative, positive, or

borderline), breast cancer molecular subtype (luminal A, luminal B,

HER-2 enriched, or triple-negative), breast surgery type (partial mas-

tectomy with or without axillary dissection, simple and subcutaneous

mastectomy,modified radicalmastectomy, radical andextended radical

mastectomy with or without breast reconstruction, and other mastec-

tomy or unknown), and chemotherapy and radiotherapy records. Stage

and T/N stage were defined according to the 7th ed. American Joint

Committee on Cancer (2010−2015). Detailed information about the

variables canbe foundon theSEERofficialwebsite (https://seer.cancer.

gov/data-software/documentation /seerstat/nov2020/), and the over-

all analysis strictly follows the definitions.

2.3 Outcomes

OS and BCSS were adopted as outcomes. OS was measured from the

time of diagnosis to the time of death for any reason or the time to the

last follow-up for patients who did not die. BCSS was defined as the

time from diagnosis to death from breast cancer or the time to the last

follow-up for patients who did not die or died from other causes. The

description from “SEER cause-specific death classification” defined the

patients’ cause of death.

2.4 Statistical analysis

First, preprocessing was conducted for the data, and some categories

of a few variables were combined, including age groups (70−74.9,

75−79.9, and > 80 years), insurance status (insured, uninsured, and

unknown), marital status (married, others, and unknown), grade cat-

egories (G1, G2, and G3), and surgical mode, which was regrouped

into partial mastectomy (partial mastectomy with or without axillary

dissection), mastectomy (simple and subcutaneous mastectomy, modi-

fied radical mastectomy, and radical and extended radical mastectomy

with or without breast reconstruction), and other variables (other

mastectomy or unknown).

Student’s t-test was used for normally distributed continuous vari-

ables, and a nonparametric test, for nonnormal continuous variables

and categorical variables in the case of comparing patients’ base-

line demographics and clinicopathological characteristics. Mean and

standard deviation (SD) were employed to describe patients’ age and

follow-up time. Besides, the Kaplan–Meier curves were applied to

present the survival rates at various time points during the follow-

up and log-rank test for calculating the 5-year OS/BCSS rate and

comparing the survival differences between groups with or without

chemotherapy treatment.

To establish balanced groups, handle the baseline imbalance

between comparison groups, and control for potential confounding

factors, propensity score matching (PSM)26 was performed by using

the logistic regressionmodel that incorporates variables of age groups,

race, marital status, insurance status, grade, T/N stage, ER/PR/HER2

status, breast surgery type, and radiotherapy for the calculation of

the propensity score (PS) for each patient. A 1:1 match between the

patients who had received chemotherapy and the controls without

chemotherapy treatment was conducted using the MatchIt package,

setting calliper width as the 0.2 standard deviations of PS. Then,

standardized mean difference (SMD) was used to assess the equilib-

rium degree of baseline characteristics between groups after PSM,

and SMD < 0.1 was regarded as reaching acceptable requirements.

After that, a multivariable Cox regression model involving variables

of age groups, grade, T/N stage, subtype, and radiotherapy was estab-

lished. The hazard ratio (HR) and its corresponding 95% confidence

intervals (95% CI) were calculated to estimate the effectiveness of

chemotherapy in treating elderly breast cancer.

Sensitivity analysiswas also conductedbyusingPSweighting to ver-

ify the robustness of the results. In the PSM data set, several subgroup

analyses among thepotential variablesof clinical concern, suchasHER-

2 receptor status, breast cancer molecular subtypes, and the number

of involved adjacent lymph nodes, were also carried out, which verified

the existing interaction effects by testing the statistical significance of

interaction terms. Then, the 5-year OS and BCSS rates were calculated

for different subgroups, and statistical analyses were conducted using

R software (R version 4.0.4). In this study, a two-sided p-value < 0.05

was considered statistically significant.

3 RESULTS

3.1 Baseline demographic and clinicopathological
characteristics

The baseline demographic and clinicopathological characteristics of

these patients are summarized in Table 1. Among the 33,177 eligi-

ble elderly patients with breast cancer, the mean age for diagnosis

was 77.6 [SD: 6.1] years, and the mean follow-up time was 43.7 [21.4]

months. Only 15.9% (5373/33,177) of them received chemotherapy.

Compared with the controls without chemotherapy, those patients

having received chemotherapy were younger (<75 years: 59.5% vs.

34.6%); suffered from advanced cancer (G3: 55.0% vs. 18.3%; stage

III: 26.9% vs. 5.8%); were ER– (35.3% vs. 8.1%), PR– (50.7% vs. 18.8%),

and HER2+ (29.9% vs. 6.2%); and were more likely to receive mastec-

tomy surgery (25.5% vs. 9.8%) and radiotherapy (58.1% vs. 45.9%) (all

p values< 0.001).

https://seer.cancer.gov/data-software/documentation
https://seer.cancer.gov/data-software/documentation
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TABLE 1 Baseline and treatment characteristics of patients

Variables

Overall

(n= 33,177)

Nonchemotherapy

(n= 27,904)

Chemotherapy

(n= 5273) pValue

Age (%)

70–74.9 years 12,800 (38.6) 9661 (34.6) 3139 (59.5) <0.001*

75–79.9 years 9185 (27.7) 7720 (27.7) 1465 (27.8)

80+ years 11,192 (33.7) 10,523 (37.7) 669 (12.7)

Race (%)

White 27,346 (82.4) 23,137 (82.9) 4209 (79.8) <0.001

Black 2536 (7.6) 1997 (7.2) 539 (10.2)

Other/unknown 3295 (9.9) 2770 (9.9) 525 (10.0)

Insurance (%)

No 91 (0.3) 72 (0.3) 19 (0.4) <0.001

Yes 32,602 (98.3) 27,389 (98.2) 5213 (98.9)

Unknown 484 (1.5) 443 (1.6) 41 (0.8)

Marital (%)

Others 17,370 (52.4) 14,947 (53.6) 2423 (46.0) <0.001

Yes 14,196 (42.8) 11,557 (41.4) 2639 (50.0)

Unknown 1611 (4.9) 1400 (5.0) 211 (4.0)

Grade (%)

G1 9616 (29.0) 9251 (33.2) 365 (6.9) <0.001*

G2 15,559 (46.9) 13,551 (48.6) 2008 (38.1)

G3 8002 (24.1) 5102 (18.3) 2900 (55.0)

Stage (%)

I 19,130 (57.7) 17,775 (63.7) 1355 (25.7) <0.001*

II 11,001 (33.2) 8501 (30.5) 2500 (47.4)

III 3046 (9.2) 1628 (5.8) 1418 (26.9)

T (%)

T0 14 (0.0) 5 (0.0) 9 (0.2) <0.001*

T1 21,137 (63.7) 19,085 (68.4) 2052 (38.9)

T2 9634 (29.0) 7269 (26.1) 2365 (44.9)

T3 1539 (4.6) 1027 (3.7) 512 (9.7)

T4 853 (2.6) 518 (1.9) 335 (6.4)

N (%)

N0 25,539 (77) 23,123 (82.9) 2416 (45.8) <0.001*

N1 5657 (17.1) 3815 (13.7) 1842 (34.9)

N2 1251 (3.8) 626 (2.2) 625 (11.9)

N3 730 (2.2) 340 (1.2) 390 (7.4)

Subtype (%)

Luminal A 26,915 (81.1) 24,477 (87.7) 2438 (46.2) <0.001

Luminal B 2349 (7.1) 1297 (4.6) 1052 (20.0)

HER2- enriched 954 (2.9) 432 (1.5) 522 (9.9)

Triple-negative 2959 (8.9) 1698 (6.1) 1261 (23.9)

ER (%)

Negative 4133 (12.5) 2274 (8.1) 1859 (35.3) <0.001

Positive 29,025 (87.5) 25,618 (91.8) 3407 (64.6)

Borderline 19 (0.1) 12 (0.0) 7 (0.1)

(Continues)
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TABLE 1 (Continued)

Variables

Overall

(n= 33,177)

Nonchemotherapy

(n= 27,904)

Chemotherapy

(n= 5273) pValue

PR (%)

Negative 7927 (23.9) 5255 (18.8) 2672 (50.7) <0.001

Positive 25,206 (76.0) 22,615 (81.0) 2591 (49.1)

Borderline 44 (0.1) 34 (0.1) 10 (0.2)

HER2 (%)

Negative 29,874 (90) 26,175 (93.8) 3699 (70.1) <0.001

Positive 33030 1729 (6.2) 1574 (29.9)

Surgery (%)

No 1560 (4.7) 1337 (4.8) 223 (4.2) <0.001

Partial mastectomy 27,473 (82.8) 23,776 (85.2) 3697 (70.1)

Mastectomy 4092 (12.3) 2747 (9.8) 1345 (25.5)

Other/unknown 52 (0.2) 44 (0.2) 8 (0.2)

Radiotherapy (%)

No/unknown 17,292 (52.1) 15,083 (54.1) 2209 (41.9) <0.001

Yes 15,885 (47.9) 12,821 (45.9) 3064 (58.1)

*Nonparametric test.

T: tumor stage; N: nearby lymph node stage; ER: estrogen receptor; PR: progesterone receptor; HER2: growth factor receptor 2.

TABLE 2 Mortality analysis*

Variables

Chemotherapy

(n= 861)

Nonchemotherapy

(n= 5131) pValue

Breast cancer (%) 523(60.7) 1353(26.4) <0.001

Heart diseases (%) 73(8.5) 1034(20.2) <0.001

Cerebrovascular diseases (%) 19(2.2) 281(5.5) <0.001

Chronic obstructive pulmonary diseases (%) 16(1.9) 261(5.1) <0.001

Alzheimer’s disease (%) 14(1.6) 238(4.6) <0.001

Lung and bronchus diseases (%) 27(3.1) 161(3.1) 0.998

*Student’s t-test.

3.2 Univariable survival and mortality analyses
between groups

After summarizing the baseline characteristics, the OS and BCSS in

these two groups were further evaluated using the Kaplan–Meier

survival curves. Without adjustment, patients with chemotherapy

treatment were found to have a better OS (5-year OS rate, HR = 0.84,

95% CI 0.83 to 0.84) but not BCSS (5-year BCSS rate, HR = 0.94, 95%

CI 0.94 to 0.95) comparedwith the control group.

The death record of these elderly patients was further processed to

analyze their mortality, and it was found that a total of 861 patients

(16.33%) in the chemotherapygroupand5,131patients (18.39%) in the

nonchemotherapy group were deceased. In the death crowd, breast

cancer was the most common cause of death in both groups. Other

common causes of death included heart diseases, cerebrovascular

diseases, chronic obstructive pulmonary diseases, Alzheimer’s dis-

eases, and diseases of lung and bronchus (Table 2).

3.3 Survival analysis in propensity score matched
data set

3.3.1 Effect of chemotherapy on the OS and BCSS
of the matched groups

After PSM, 8360 patients were successfully matched, and a good bal-

ance of baseline characteristics was reached between groups (Table 3).

In PSM data set, the univariable Kaplan–Meier curve showed that the

patients having received chemotherapy exhibited better prognosis on

OS and BCSS (Figure 1, both log-rank test: p < 0.001) compared with
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TABLE 3 Baseline and treatment characteristics of patients after PSM

PSMdata set

Variables None (n= 4180) Chemotherapy (n= 4180) SMD*

Age (%)

70–74.9 years 2140 (51.2) 2352 (56.3) 0.116

75–79.9 years 1255 (30.0) 1197 (28.6)

80+ years 785 (18.8) 631 (15.1)

Race (%)

White 3329 (79.6) 3317 (79.4) 0.027

Black 443 (10.6) 424 (10.1)

Other/unknown 408 (9.8) 439 (10.5)

Insurance (%)

No 16 (0.4) 16 (0.4) 0.01

Yes 4123 (98.6) 4127 (98.7)

Unknown 41 (1.0) 37 (0.9)

Marital (%)

No 2021 (48.3) 1929 (46.1) 0.048

Yes 1979 (47.3) 2079 (49.7)

Unknown 180 (4.3) 172 (4.1)

Grade (%)

G1 323 (7.7) 356 (8.5) 0.046

G2 1739 (41.6) 1796 (43.0)

G3 2118 (50.7) 2028 (48.5)

Stage (%)

I 1364 (32.6) 1250 (29.9) 0.074

II 1953 (46.7) 1957 (46.8)

III 863 (20.6) 973 (23.3)

T (%)

T0 3 (0.1) 7 (0.2) 0.038

T1 1789 (42.8) 1795 (42.9)

T2 1789 (42.8) 1761 (42.1)

T3 389 (9.3) 384 (9.2)

T4 210 (5.0) 233 (5.6)

N (%)

N0 2104 (50.3) 2166 (51.8) 0.084

N1 1480 (35.4) 1340 (32.1)

N2 383 (9.2) 406 (9.7)

N3 213 (5.1) 268 (6.4)

Subtype (%)

Luminal A 2285 (54.7) 2183 (52.2) 0.107

Luminal B 667 (16.0) 762 (18.2)

HER2-enriched 360 (8.6) 277 (6.6)

Triple-negative 868 (20.8) 958 (22.9)

ER (%)

Negative 1297 (31.0) 1295 (31.0) 0.007

Positive 2877 (68.8) 2880 (68.9)

Borderline 6 (0.1) 5 (0.1)

(Continues)
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TABLE 3 (Continued)

PSMdata set

Variables None (n= 4180) Chemotherapy (n= 4180) SMD*

PR (%)

Negative 1949 (46.6) 1927 (46.1) 0.011

Positive 2224 (53.2) 2246 (53.7)

Borderline 7 (0.2) 7 (0.2)

HER2 (%)

Negative 3153 (75.4) 3141 (75.1) 0.007

Positive 1027 (24.6) 1039 (24.9)

Surgery (%)

No 195 (4.7) 185 (4.4) 0.019

Partial mastectomy 3061 (73.2) 3043 (72.8)

Mastectomy 918 (22.0) 946 (22.6)

Other/unknown 6 (0.1) 6 (0.1)

Radiotherapy (%)

No/unknown 2080 (49.8) 1892 (45.3) 0.09

Yes 2100 (50.2) 2288 (54.7)

PSM: propensity scorematching; SMD: standardizedmean difference.

F IGURE 1 Kaplan–Meier curve of overall survival (A) and breast cancer (BC) specific survival (B) in patients before and after propensity
scorematching (PSM). A 95% confidence interval (estimated from a log hazard), the number of patients at risk at different time points, and the p
value for the log-rank test are displayed on the graph.
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F IGURE 2 Multivariable COX proportional analysis of chemotherapy on overall death and breast cancer (BC)-specific death in PSMdata
set. PSM: propensity scorematching. Themodel adjusted variables with SMD≥ 0.1 after PSM and those of clinical concern.

those having not received chemotherapy.Meanwhile, themultivariable

COXmodel showed that chemotherapywas associatedwith a 36%and

21% risk reduction on OS (HR = 0.64, 95% CI 0.58 to 0.71) and BCSS

(HR= 0.79, 95%CI 0.69 to 0.91), respectively (Figure 2).

3.3.2 Sensitivity analysis by the PS-weighting
method

The PS-weightingmethodwas also used to verify the robustness of the

results and analyze the minimal differences in SMD regarding various

baseline characteristics between groups with and without chemother-

apy (Supplementary Figure S2). PS weighting analysis showed that

chemotherapy was associated with 35% and 18% risk reduction on

OS (HR = 0.65, 95% CI 0.59 to 0.71) and BCSS (HR = 0.82, 95% CI

0.72 to 0.94), respectively, which is in line with the results of PSM

analysis.

3.3.3 Subgroup analysis

Interaction tests showed that the radiotherapy treatment, number of

involved lymph nodes, and breast cancer molecular types might inter-

actively affect the treatment outcomes of chemotherapy on elderly

breast cancer (all p interactions< 0.05). However, no statistical signifi-

cance was observed for the interaction effects of different age groups,

grades, T/N stages, or different surgical methods.

First, among the elderly patients had received radiotherapy,

chemotherapy improved the 5-year OS (HR = 0.89, 95% CI 0.88 to

0.91 vs. HR = 0.85, 95% CI 0.83 to 0.86) instead of the 5-year BCSS

(HR = 0.94, 95% CI 0.93 to 0.94 vs. HR = 0.94, 95% CI 0.93 to 0.94).

Among the elderly patients without radiotherapy, chemotherapy pro-

vided a favorable 5-year OS (HR = 0.82, 95% CI 0.81 to 0.84 vs.

HR = 0.71, 95% CI 0.69 to 0.73) or BCSS (HR = 0.90, 95% CI 0.88 to

0.91 vs. HR= 0.84, 95%CI 0.83 to 0.86).

Second, theeffectivenessof chemotherapy in treating elderly breast

cancer increasedwith the number of involved lymph nodes. The 5-year

OS rate of the chemotherapy group was HR = 0.90, 95% CI 0.88 to

0.91 vs. HR = 0.84, 95% CI 0.82 to 0.85, HR = 0.86, 95% CI 0.84 to

0.88 vs. HR = 0.80, 95% CI 0.78 to 0.82, HR = 0.79, 95% CI 0.75 to

0.83 vs. HR = 0.58, 95% CI 0.53 to 0.63, and HR = 0.67, 95% CI 0.61

to 0.72 vs. HR= 0.44, 95%CI 0.37 to 0.51, respectively, comparedwith

that of the control group in N0, N1, N2, and N3 subpopulations. The

5-year BCSS rate of the chemotherapy group was HR = 0.95, 95% CI

0.94 to 0.96 vs. HR= 0.94, 95%CI 0.93 to 0.95, HR= 0.92, 95%CI 0.90

to 0.93 vs. HR = 0.90, 95% CI 0.88 to 0.91, HR = 0.85, 95% CI 0.81 to

0.88 vs. HR = 0.74, 95% CI 0.70 to 0.79, and HR = 0.76, 95% CI 0.71

to 0.81 vs. HR= 0.61, 95%CI 0.54 to 0.67, respectively, comparedwith

that of the control group in N0, N1, N2, andN3 subpopulations.

Third, the breast cancer molecular subtypes might interact with

chemotherapy on the OS and BCSS rate. The 5-year OS rate of the

chemotherapy groupwasHR=0.87, 95%CI 0.86 to 0.89 vs. HR=0.83,

95% CI 0.81 to 0.92 vs. HR = 0.78, 95% CI 0.74 to 0.81, HR = 0.83,

95%CI 0.79 to 0.87 vs. HR= 0.83, 95%CI 0.83 to 0.84, and HR= 0.81,

95% CI 0.79 to 0.83 vs. HR = 0.68, 95% CI 0.65 to 0.71, respectively,

comparedwith that of the control group in luminal A, luminal B, HER2-

enriched, and triple-negative subpopulations. The 5-year BCSS rate

of the chemotherapy group was HR = 0.93, 95% CI 0.92 to 0.94 vs.

HR = 0.92, 95% CI 0.91 to 0.93, HR = 0.96, 95% CI 0.94 to 0.97 vs.

HR = 0.90, 95% CI 0.87 to 0.92, HR = 0.91, 95% CI 0.87 to 0.94 vs.

HR = 0.85, 95% CI 0.81 to 0.88, and HR = 0.86, 95% CI 0.84 to

0.88 vs. HR = 0.82, 95% CI 0.79 to 0.84, respectively, compared with
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that of the control group in luminal A, luminal B, HER2-enriched, and

triple-negative subpopulations.

4 DISCUSSIONS

This study was based on a large SEER database and character-

ized by the retrospective cohort design and appropriate analysis for

bias control on the prognosis of elderly breast cancer treated by

chemotherapy. The results showed that elderly patients could benefit

from chemotherapy for breast cancer treatment in terms of overall and

disease-specific survival after adjustment. Before PSM, patients with

chemotherapy had worse survival in BCSS; it was possibly attributed

to the unmatched baseline and numerous confounding factors. The

populations with lymph nodes involved in specific molecular sub-

types and nonradiotherapy were inclined to considerably benefit from

chemotherapy for breast cancer treatment.

Indeed, several studies have attempted to verify the effectiveness of

chemotherapy for elderly breast cancer.One studybasedonUKcancer

registry data included 11,735 patients aged 70−79 years from2002 to

2012with stage I–III breast cancer with confounder adjustment found

that chemotherapy might improve BCSS in patients exposed to a high

recurrence risk (HR= 0.74, 95%CI 0.67 to 0.81).27 However, this study

lacked ER data and noOS reported.

Compared with that by Sharon H et al.,24 the chemotherapy accep-

tance rate did not increase during the last 30 years (1991: 7.4%; 1999:

16.3%; 2010−2016: 16%), though the chemotherapy regimens for

elderly patients have changed in recent years, especially the abandon-

ment of using anthracyclines lowered drug risks. The CALGB 49907

trial20 proved that chemotherapy with adriamycin and cyclamide (AC)

or cyclamide + methotrexate + fluorouracil (CMF) presents a better

effect than capecitabine in patients with breast cancer over 65 years

old, though AC/CMF might not be superior to other chemotherapy

regimens. With the development of clinical drug research, the promi-

nent cardiotoxicity of anthracyclines in elderly patients has attracted

increasing academic attention.28,29 Guidelines have gradually pro-

moted relatively mild chemotherapy options based on taxane-based

regimens such as paclitaxel and docetaxel. Additionally, the selection of

various targeted drugs for HER2 hormone receptors has been devel-

oped, and the chemotherapy strategy for elderly patients with breast

cancer has been extensively changed.

Although breast cancer is the most common death cause in elderly

patientswith breast cancer, only a 26.37%mortality ratewas observed

among the nonchemotherapy group. Therefore, other causes of death

still must be considered for patients with a low recurrence rate. In

this study, other recorded causes of death were most common heart

diseases, cerebrovascular diseases, chronic obstructive pulmonary dis-

eases and allied diseases, Alzheimer’s disease, and diseases of lung

and bronchus, similar to the common causes of death in the gen-

eral population.30 In this study, we found no difference in the death

of heart disease between groups. However, a retrospective cohort

study31 reported 14.8% (19/128) cardiotoxicity among chemotherapy

in patients over 65, while the dosage of chemotherapy was reduced

in 23 patients (18.0%), and 14 (10.9%) had premature interruptions,

though nearly half of patients use anthracyclines. In this case, patients’

comorbidities and life expectancy must be fully considered while mak-

ing treatment decisions. In addition, some studies suggested the OS is

not related toBCSS among elderly patientswith breast cancer because

of the death competition of comorbidities,32 but they also supported

the benefit of receiving the standard treatment in those patients.

In elderly patients with breast cancer, specific indicators of geriatric

assessment33 (including frailty, cognitive status, and quality of life)may

be important for prognosis prediction. High-quality clinical studies are

still needed to fill in the details.

In the subgroup analysis, no interactionwas observed in age groups,

which is in line with the findings of Sharon H et al.24 However, one

study21 found that compared with young patients, those older than 70

years enjoyed limited benefits. A retrospective study for patients older

than 70 years34 found an interaction between the effect of chemother-

apy and age after PS,with theOSbenefit observedonly in the subgroup

aged 70−75 years instead of the older subgroups or any subgroups in

BSCC.However, only 420patientswere included in this study.AfterPS,

only 23patientswith chemotherapywereolder than80years, and they

had a low recurrence risk, poor comorbidities, and activities of daily liv-

ing before PS, all ofwhichmight have offset the results. In this case, age

maynot be ahindrance tobenefiting fromadjuvant chemotherapy, pro-

vided that appropriate subgroups are selected. Further RCT is needed

for verification.

Meanwhile, chemotherapy adds no extra benefits to radiother-

apy. This has not been mentioned in other studies, which is possibly

attributed to the fact that the local therapeutic effect attributed to

radiotherapy is difficult to be assessed by OS and BCSS. Thus, further

studies are needed to evaluate this hypothesis by using appropriate

outcomes such as local recurrence rate. Besides, it is still a hint that

elderly breast cancer patients having received radiotherapy may be

waived from chemotherapy.

Some studies defined the types of elderly patients and reached

similar conclusions to the hereby conducted subgroup analysis. Focus-

ing on triple-negative breast cancer, a retrospective study involving

16,062 triple-negative patients who were 70 years or older with stage

I–III was conducted, with patients suffering from T1aN0M0 disease

excluded.35 After PSM and multivariable Cox regression analysis, the

chemotherapy group was found to possess a better OS (HR = 0.69,

95% CI 0.60 to 0.80; p < 0.001) than those who were recommended

but not given chemotherapy. Another retrospective research involving

1130Switzerlandpatients aged70years andolderwith triple-negative

breast cancer found both benefits in 5-year OS (HR = 0.75, 95% CI

0.69 to 0.82 vs. HR = 0.63, 95% CI 0.57 to 0.71, p = 0.029) and 5-

year BCSS (HR= 0.83, 95% CI 0.78 to 0.89 vs. HR = 0.73, 95% CI 0.67

to 0.80, p = 0.014) after PSM.36 For those with triple-negative breast

cancer, adjuvant chemotherapy played a particularly important role in

their survival due to the lack of benefits from endocrine therapy and

targeted therapy.

As for patients with positive hormone receptors, the benefit of

chemotherapy has been widely discussed. Retrospective research

including1592patients aged70years older, scoring comorbidity2or3,
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ER+ and HER2–, and undergoing surgery found through PSM andmul-

tivariable Cox regression analysis that chemotherapy was associated

with improvedOS (HR= 0.67, 95%CI 0.48 to 0.93; p= 0.02). However,

the result of BCSS was not reported in this study.20 Besides, a cohort

study recruiting 3416 UK women aged 70 years or above found that

chemotherapymight offer little benefit and negatively impact the qual-

ity of life for most older women with ER+ breast cancer.37 However,

the present study found both benefits in the 5-yearsOS andBCSS rate,

and such changes were statistically different, although the difference

was relatively small. In this case, it can be concluded that chemother-

apy may benefit some elderly patients with breast cancer. However,

clinicians need to strictly evaluate patients’ conditions and relevant

indications to determine those inclined to benefit from chemotherapy.

Not surprisingly, patientswithenrichedHER-2 canbenefit a lot from

chemotherapy, as well as targeted therapies. However, data on tar-

geted therapies are available in the SEER database, making it hard to

distinguishwhether this benefit comes fromchemotherapy or targeted

therapy. Thus, further clinical studies are still required for further con-

firmation. In any case, it is recommended that patients with positive

HER2 receptors better receive comprehensive treatment.38

The present study has several strengths. First, this work is cur-

rently the largest investigation that further verifies the effectiveness

of chemotherapy in treating elderly breast cancer by evaluating over-

all and disease-specific survival based on retrospectively collecting

routine clinical data in real-world environments. Therefore, the con-

clusion is generalizable to other heterogeneous populations. Second,

the effectiveness of chemotherapy was confirmed using the common

and effective method of PS-matched analysis by strictly standard-

ized procedures controlling for various biases, including selection bias

and confounding effects. The effectiveness of chemotherapy was also

proved robust in the sensitivity analysis of PSweighting analysis. Third,

several subgroup analyses, taking into account the demographic and

clinicopathological characteristics of clinical concern, were conducted

through interaction tests to identify the elderly breast cancer sub-

populations that could considerably benefit from chemotherapy, thus

providing evidence for individualized treatment in clinical practice.

However, the present study is also subject to some limitations. The

SEER database could not provide sufficient data on important vari-

ables, such as menstrual and reproductive history, family history of

breast cancer, comorbidities, endocrine therapy, individual chemother-

apeutic regimen, combined prescriptions, etc. These factors could not

be adjusted in analysis and may affect the effectiveness of chemother-

apy in treating elderly breast cancer. Additionally, the results of

subgroup analysis are exploratory and must be confirmed by further

prospective studies.

5 CONCLUSIONS

Chemotherapy reduces the overall risk of death by 36% and breast

cancer-specific mortality by 21% in patients with breast cancer aged

70 years or above. In addition to breast cancer, heart diseases are

these patients’ most common cause of death. Subgroup analysis shows

that elderly patients with lymph node involvement and non-luminal A

subtypes are likely to benefit from chemotherapy.
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