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Abstract: Decision-making regarding adjuvant chemotherapy for older adults with breast cancer is a challenge because older adult 
patients often have poor physical health, frailty, and age-related comorbidities, which can compromise treatment outcome. Due to these 
considerations, doctors tend to use less chemotherapy for breast cancer in older adults. However, older patients in good general health 
could still benefit from chemotherapy. Careful benefit-risk assessment is essential to provide best care for each older adult patient. Due 
to a rapidly aging population, breast cancer in older adults is becoming a serious public health issue in China. In this mini review, we 
discuss the need, means, and tools to assess the benefits and risks of adjuvant chemotherapy in older adults with breast cancer. The 
contents of this review may drive decision-making with regard to the use and selection of adjuvant chemotherapy for older adult 
patients in China who are fit for the treatment. 
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Introduction
Breast cancer is the most common female cancer and the leading cause of cancer mortality in women worldwide.1 

According to data from the National Cancer Institute (NCI), approximately 13% of the women born in America will 
develop breast cancer in their lifetime. Breast cancer incidence and related-deaths increase with age, with women aged 70 
and older accounting for about 30% of all breast cancer cases and half of all breast cancer-related deaths.2 China has 
a rapidly aging population, with 190 million people (13.5% of its population) aged 65 and older.3 As such, breast cancer 
in older adults is becoming a significant public health problem in China.

Breast cancer treatment is highly individualized, and prognosis is being improved by tailoring treatment to the 
patient’s genetic makeup, as well as to the size and range of the tumor. Adjuvant chemotherapy can be given after surgery 
to reduce recurrence or to palliatively treat unresectable metastatic tumors. Because older adult patients often have poor 
physical health, age-related comorbidities, or competing causes of mortality, they may have an increased risk of 
chemotherapy intolerance and/or poorer treatment response. Due to these considerations, doctors tend to avoid using 
chemotherapy in older adults with breast cancer. However, clinical data indicated that similar to younger women, older 
adults in good physical health can benefit from chemotherapy.4 Thus, careful benefit-risk assessment is essential to 
provide the best care for each older adult patient. Based on this, the EUSOMA (European Society of Breast Cancer 
Specialists) and SIOG (The International Society of Geriatric Oncology) guidelines for the management of breast cancer 
in older adults were updated in 2021 to include chemotherapy toxicity prediction and treatment recommendations.5 In 
2018, ASCO (American Society of Clinical Oncology) published guidelines for practical assessment and management of 
vulnerabilities in geriatric breast cancer patients receiving chemotherapy.6

In this mini review, we discuss the need, means, and tools to evaluate the benefits and risks of adjuvant chemotherapy 
in older adults with breast cancer. This may help drive decision-making with regard to the use and selection of adjuvant 
chemotherapy for older adult patients in China and improve their clinical outcome.
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Immunohistochemical (IHC) Characteristics of Breast Cancer in Older 
Adults
Breast cancer is commonly categorized into subtypes including luminal A, luminal B, human epidermal growth factor 
receptor (HER2)-positive, and triple-negative (TNBC), according to the IHC expression of the estrogen receptor (ER), 
progesterone receptor (PR), and HER2. Luminal A breast cancer (ER+/PR+/HER2-) often responds well to hormone 
therapy and occasionally to chemotherapy. Luminal B breast cancer (ER+/HER2+) is likely sensitive to chemotherapy, 
and it also may respond to hormone therapy and HER2-targeted therapy. HER2+ breast cancer (ER-/PR-/HER2+) is often 
sensitive to chemotherapy and HER2-targeted therapy. Without hormone receptor expression, TNBC does not benefit 
from hormone therapy or HER2-targeted therapy, leaving chemotherapy and immunotherapy as the primary treatment 
options for this breast cancer subtype.

Compared with younger patients, older adult patients are somewhat more likely to have cancers with favorable 
biologic characteristics such as normal p53, slow proliferation, and being node-negative, hormone receptor-positive, and 
HER2-negative.7–9 Nonetheless, 15%-18% of older adult patients still develop TNBC, an aggressive subtype of breast 
cancer.10 In a 2016 study on 1362 breast cancer patients aged 65 and older, the percentages of luminal A, luminal B, 
HER2-positive, and TNBC subtypes were found to be 75%, 3%, 7.6%, and 7.1%, respectively.11

Genetic Characteristics of Breast Cancer in Older Adults
Age-related genetic and epigenetic alterations may be linked to an increased risk of breast cancer in older adults.12 

Analyses on The Cancer Genome Atlas (TCGA) dataset found that breast cancer patients aged 70 and older had more 
somatic mutations and copy number variations (CNVs) than those aged 45 and younger.13 Older patients had 44 somatic 
mutations on average while younger patients had 31. The most common somatic mutations were PIK3CA and TP53 in 
both age groups, accounting for 50–60% of all mutations. Of note, 11 somatic mutations were found to be independently 
associated with age. Ten of the 11 somatic mutations were associated with older age, and only one (GATA3) was 
associated with younger age (15.2% in younger patients versus 9% in older patients). Of the somatic mutations associated 
with older age, KMT2D is of particular significance since this gene has been found to regulate tumor cell proliferation 
and migration.14 Another significant finding was the higher incidence rate of FOXA1 mutations in older patients. FOXA1 
is required for ER-α-mediated proliferation and survival of luminal tumors.15 KMT2D and FOXA1 each accounted for 
only 0.8% of all mutations in younger patients but 5.8% in older patients.13 The higher incidence rate of KMT2D and 
FOXA1 mutations in older patients may be linked to the increased breast cancer risk in older adults.

Prognosis of Older Adult Breast Cancer Patients
Compared with younger breast cancer patients, older patients are more likely to have tumors of lower grade, smaller size, 
higher ER and/or RP expression, and lower lymph node positivity.16,17 A retrospective survival analysis of 52,509 breast 
cancer patients in America found that older patients had higher disease-free survival and overall survival than younger 
patients.18 In the UK, older patients have lower rates of surgery for operable breast cancer than younger patients.19 For 
older patients (aged 70 and older) with ER-positive disease, surgery had a positive impact on 5-year disease-specific 
survival (89.9% with surgery vs 69.4% without surgery), although for patients with severe frailty and comorbidity, 
surgery provided lessened survival benefit over primary endocrine therapy.20 Thus, when considering surgery as 
a treatment option for operable breast cancer in older patients, decision makers should evaluate not only the TNM 
staging and characteristics but also the individual patient’s general physical health and cognitive function, comorbidity, 
and life expectancy.21,22

In a SEER (Surveillance, Epidemiology, and End Results) population-based study, older adults with breast cancer 
(aged 70 and older) exhibited a negative attitude toward radiotherapy and chemotherapy.23 A vast majority of the entire 
population (75,525) underwent surgery, and approximately 50% of the patients received radiation therapy. Only a small 
portion (15.9%) received chemotherapy. Compared with patients who did not undergo radiation or chemotherapy, those 
who received radiation or chemotherapy had reduced risk of disease-specific death.23 Thus, for older breast cancer 
patients without major comorbidity, personalized adjuvant chemotherapy should provide additional survival benefit.
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Adjuvant Chemotherapy for Older Adult Breast Cancer Patients
According to the 2021 EUSOMA and SIOG recommendations with regard to the management of older adults with breast 
cancer,5 decision-making on adjuvant chemotherapy should not be driven by age alone but should involve consideration of the 
molecular subtype and clinicopathological characteristics of the disease, as well as patient geriatric scores and life expectancy. 
Older patients with hormone receptor-negative disease may benefit the most from adjuvant chemotherapy regardless of nodal 
status. Standard regimens are four cycles of docetaxel plus cyclophosphamide or doxorubicin plus cyclophosphamide. Patients 
unfit for polychemotherapy (CMF or an anthracycline-containing regimen) may receive weekly paclitaxel for 12 weeks. 
Taxanes are associated with greater toxicity in older patients than younger patients. Thus, only fit patients with high-risk 
disease should be considered for a sequential combination of anthracyclines and taxanes, and dose-dense regimens should be 
avoided. Of particular note, chemotherapy beyond 3 months may increase the risk of serious side-effects.24

Tools for Survival Estimate in Older Adults
Chemotherapy-associated risks may outweigh the benefits in cancer patients with limited life expectancy. According to 
the 2021 EUSOMA and SIOG recommendations,5 older breast cancer patients who are expected to live more than 4 
years may benefit from disease-specific therapy. Therefore, treatment decision-making for older patients should involve 
consideration of estimated survival time. Tools for survival estimates include Lee index,25 Carey index,26 Gagne index,27 

Schonberg index,28 and the combined Lee-Schonberg index (https://eprognosis.ucsf.edu/leeschonberg.php). The com-
bined Lee-Schonberg index estimates survival time of older patients based on age, gender, physical activities, nutritional 
level, history of hospitalization, and cognition and emotion status. This index can predict all course 4–14 year mortality 
for adults aged 50 and older with >70% accuracy and, therefore, its results can be used to aid clinical decision-making 
regarding treatment plans for older breast cancer patients.

Risk-Benefit Assessment of Chemotherapy for Older Adult Breast Cancer 
Patients
When treating older adults with breast cancer, treatment goals should be clearly defined to guide shared decision-making. 
Early-stage disease can be cured, but for advanced disease, the goal of treatment is to control symptoms, improve or sustain 
quality of life, and prolong survival. Careful assessment of risks and benefits is critical for identifying older patients who can 
potentially benefit from chemotherapy. The methods for risk-benefit assessment are presented in Table 1.

Prediction of Toxicity in Older Adult Breast Cancer Patients Receiving 
Chemotherapy
The Cancer and Aging Research Group (CARG) (https://www.mycarg.org/) provides a chemotherapy toxicity calculator 
that can predict the risk of grade 3–5 toxicity in cancer patients receiving chemotherapy based on age, gender, cancer 
type, geriatric assessment variables, and chemotherapy regimen (Table 2). The CARG model has successfully predicted 
chemotherapy tolerability in older patients with early-stage29 or metastatic30,31 breast cancer. In addition, the 
Chemotherapy Risk Assessment Scale for High-Age Patient (CRASH) captures 24 variables to generate a predictive 

Table 1 Risk-Benefit Assessment for Chemotherapy in Older Adult Breast Cancer Patients

Data Source Predictive Results Clinical Endpoints Feasibility in Older Adult Patients

Adjuvant! Online SEER database Benefits of chemotherapy and endocrine 
therapy

Disease-specific deaths; 
Non-disease-specific 
deaths

Overestimation of 10-year overall 
survival and disease-free survival

PREDICT UK National Cancer 
Registration database

Benefits of chemotherapy, endocrine 
therapy, and targeted therapy

Disease-specific deaths Accurate estimation of 5-year overall 
survival; Overestimation of 10-year 
overall survival

21-Gene expression 
analysis

TAILORx trial Benefits of chemotherapy in hormone 
receptor-positive, HER2-negative, node- 
negative disease

Invasive disease-free 
survival; Distant 
recurrence-free interval

Patients over 75 excluded; only 5% of 
patients were aged 70 or older
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score for chemotherapy toxicity in older adults with breast cancer (Table 2). In a prospective, multicentric study on 518 
older patients with a hematologic malignancy or solid tumors starting chemotherapy, the CRASH model successfully 
predicted grade 4 hematologic or grade 3/4 nonhematologic toxicity.32 Minor modifications of the CRASH model may be 
necessary to allow accurate prediction of chemotherapy toxicity in older adult patients with a specific cancer type. 
Although the CARG and CRASH models are not fully validated for toxicity prediction in older adults with breast cancer, 
the CARG and CRASH scores can be used to aid decision-making concerning the use and selection of chemotherapy in 
older patients, secondary to clinical judgment and patient preferences.

Summary
When considering chemotherapy for older adults with breast cancer, decision-making should not be based on age alone 
but should involve comprehensive geriatric assessments on physical, cognitive, and mental health plus consideration of 
estimated life expectancy and patient personal preferences. The use and selection of chemotherapy should follow relevant 
recommendations from EUSOMA, SIOG, and ASCO, and should be driven by careful risk-benefit assessment in each 
older adult patient.

Outlook
Multiple clinical trials are evaluating the efficacy and safety of novel targeted therapy and immunotherapy for breast 
cancer, such as endocrine therapy plus CDK4/6 or mTOR inhibitors for ER+/HER2- advanced breast cancer,33,34 

trastuzumab plus a tyrosine kinase inhibitor for HER2+ breast cancer,35,36 PARP inhibitor for BRCA1- or BRCA2- 
mutated breast cancer,37 and immune check point inhibitors for early-stage and metastatic breast cancer.38 The monarchE 
trial evaluated abemaciclib in the adjuvant setting for patients with high-risk early-stage breast cancer (ie, ≥4 patholo-
gically positive axillary nodes or 1–3 positive nodes and at least one of the following: tumor dimension ≥5 cm, G3, or 
Ki67 ≥20%).39 The trial found that the addition of abemaciclib significantly improved the 2-year invasive disease-free 
survival. These new therapeutic regimens are supported by current clinical data and may significantly expand treatment 
options for breast cancer. With careful risk-benefit assessment in older adults, these new treatments may also reshape the 
landscape of adjuvant chemotherapy for older adult breast cancer patients.
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Table 2 Models for Predicting Toxicity in Older Adult Breast Cancer Patients Receiving Chemotherapy

CARG CRASH

General health 
variables

Age Age; BMI; Diastolic blood pressure; ECOG score; 
Self-rated health

Disease-specific 

variables

Cancer type Cancer type, stage, and bone marrow invasion

Treatment-related 

variables

Chemotherapy regimen and dose Treatment type (surgery, radiation therapy, 

chemotherapy, etc.)

Hematologic and 
biochemical 

variables

Hemoglobin; Creatinine clearance WBC; Platelets; Hemoglobin; Aspartate 
aminotransferase; Lactate dehydrogenase; Albumin

Geriatric 
assessment variables

Hearing loss; Number of falls in the past 6 months; Ability to take 
medications; Self-care ability; Ability to walk one block; 

Social activity level

Nutritional status; Independent living skills; 
Cognitive impairment; CIRS-G score, etc.
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