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Abstract
Purpose  Breast cancer is the most common cancer affecting elderly patients. However, they may not receive optimal onco-
logical care. Reasons might be comorbidities, limited compliance with clinical guidelines, and insufficient evidence for 
guideline recommendations. In the present review, the evidence for the clinical benefit of chemotherapy (CHT) in the popu-
lation of elderly women with breast cancer was examined.
Methods  A systematic review of relevant literature in English identifying studies published from January 2000 to April 2023 
was conducted. The analysis included studies on the application of CHT, effects on survival, and toxicities. We searched 
PubMed databases for relevant publications. In total, 24 studies were included in the present review.
Results  The benefit of CHT in elderly patients was inconsistent. Results of this review indicate evidence for the benefit of 
CHT in healthy elderly patients with high-risk breast cancer (BC) and specific subtypes such as triple-negative or HER2-
positive BC. Data from studies on pathological complete response rates (pCR) or surgical downstaging rates after neoadjuvant 
chemotherapy (NACT) in different age groups are controversial.
Conclusion  Results from studies on the effects of CHT in elderly patients are insufficient to draw differentiated conclusions 
due to heterogeneity of the definition for “elderly” patients, the application of different drugs and dosages. Patients with 
high-risk BC may benefit from CHT.

Keywords  Elderly patients · Adjuvant chemotherapy · Neoadjuvant chemotherapy · Breast cancer

Introduction

Breast cancer (BC) is the most common cancer affecting 
women older than 65 years. Demographic changes will lead 
to a larger population of elderly individuals with cancer [1]. 
Average life expectancy is currently almost 16 years for a 
70- year-old woman and almost 7 years for a 85-year-old 
woman [2]. From 2010 to 2030, the percentage of cancer 
diagnosed in older adults will increase from 61 to 70% [3]. 
In addition, cancer patients are living longer. Therefore, the 
proportion of cancer survivors aged over 65 years will signif-
icantly increase over the next years [4]. In 2020, the 5-year 
overall survival (OS) rate was 88% for women with BC. 
Since the end of the 1990s, BC mortality rates have been 
falling steadily, especially among women between 60 and 
69 years [5]. Older adults might be particularly vulnerable 
to suboptimal oncological care due to comorbidities, lack 
of adherence to clinical guidelines, and poor evidence due 
to underrepresentation of this subgroup in clinical trials [1]. 
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This underlines the importance of research on cancer and 
aging. Regarding cancer treatment, especially CHT elderly 
patients often have a rather skeptical attitude. Some of the 
main reasons might be the underestimated life expectancy, 
the belief in a more favorable biologic behavior of cancer in 
elderly, a less favorable response to CHT, and fear of toxicity 
[6]. However, there is a significant lack of information on 
the safety and efficacy of cancer treatment for the growing 
numbers of older patients with cancer [7]. This becomes 
even more important since the biology of certain cancers 
may change with aging. Therefore, specific studies of the 
efficacy of treatment in dependence of age are necessary.

Regarding the application of CHT in elderly patients with 
BC, there are three main factors that have to be taken into 
consideration: (a) the effect of CHT on disease-free and 
overall survival, (b) the effect of different CHT regimens, 
and (c) toxicity and effects of treatment on quality of life. 
In this review, we analyzed the most relevant evidence for 
these questions.

Materials and methods

A systematic search of literature was performed using Pub-
Med databases identifying studies published in English 
language from January 2000 to April 2023. Studies were 
eligible for inclusion if they evaluated whether and to what 
extent elderly patients were treated with adjuvant or NACT. 
The following key words were used: “elderly patients”, 
“adjuvant chemotherapy”, “neoadjuvant chemotherapy”, or 
“breast cancer”.

For this review, we included different types of com-
parative studies, including randomized-controlled trials 
(RCTs), propensity score-matched analyses, retrospective 
studies, reviews, and meta‐analyses. Different definitions of 
“elderly” (older than 55, 65, 70 or 75 years) were accepted. 
BC stages ranged from 0 to III. Different CHT regimens 
according to current guideline recommendations were 
applied. After entering the keywords described above, 198 
publications were identified. A selection process based on 
STROBE criteria was performed. Irrelevant records which 
did not deal with the topics “age” and/or “chemotherapy” 
were excluded, as well as studies that did not specifically 
analyze elderly patients or included only small cohorts of 
elderly patients. We found five studies analyzing the appli-
cation of neoadjuvant CHT (NACT). The remaining trials 
analyzed the application of adjuvant CHT (ACT) in elderly 
patients or did not specify whether the therapy was adjuvant 
or neoadjuvant. Twenty-four publications analyzed the effect 
of CHT in elderly patients and were assessed for eligibil-
ity. Three systematic reviews, three meta‐analyses, six ran-
domized-controlled trials (RCTs), two propensity-matched 
analysis, and twelve retrospective studies were included. The 

24 selected studies were published between 2000 and 2023 
with cohorts from 302 to 1,201,252 patients. Patients with 
breast cancer (BC) stages I–III and an indication for CHT 
were included in all studies. The distribution of the applied 
regimens of CHT differed between studies as well as the 
definition of “elderly (Table 1, see below). The following 
information was extracted from the studies (Table 1): author, 
year of publication, study design, publishing journal, sam-
ple size (n), outcomes of interest, neoadjuvant and adjuvant 
CHT, weaknesses of the trials, regimens of CHT applied.

Results

Effect of CHT in elderly patients

Triple negative breast cancer

The effect of CHT in elderly patients was analyzed in nine 
studies. Of these, eight studies only analyzed triple-negative 
BC (TNBC) in elderly patients, the other four studies mostly 
analyzed high-risk BC (e.g., positive axillary lymph nodes). 
Williams et al. compared rates of downstaging by CHT in 
patients regarding breast-conserving-surgery (BCS) eligibil-
ity and avoidance of axillary lymph node dissection (ALND) 
between patients aged 50–69 and ≥70 years [8]. On the one 
hand, women older than 70 years were less likely to have 
lobular cancers, received less adriamycin and cyclophos-
phamide (AC)-based NACT and were less likely to complete 
the prescribed regimen. On the other hand, they experienced 
high rates of breast and axillary downstaging and nodal 
pCR. This suggests that in well-selected elderly patients, 
NACT is safe and has a substantial clinical benefit, with pCR 
as a surrogate parameter for survival. The main weakness 
of this study was the small cohort of elderly patients, with 
only 75 (11%) patients older than 70 years. Williams et al 
adjusted for Charlson Comorbidity Index finding no differ-
ence between age groups.

Qiusheng et al. analyzed data from 4610 elderly patients 
(70–90 years) with TNBC and compared patients receiving 
ACT with those who did not [9]. Data was extracted from 
the Surveillance, Epidemiology and End Results (SEER) 
database and covered 18 regions—approximately 34.6% of 
the U.S. population. Breast cancer specific survival (BCSS) 
and overall survival (OS) in the ACT group (n = 1989) and 
observation group (n = 2621) were compared. The percent-
age of patients receiving ACT vs. observation increased sig-
nificantly from 2010 to 2018 (estimated annual percentage 
change, 1.49%; 95%CI, 0.75–2.16%, P = 0.002). Inverse 
probability of treatment weighting (IPTW) was performed, 
a technique to adjust for confounding in observational stud-
ies using propensity scores. 5-year IPTW-adjusted rates of 
BCSS and OS and IPTW-adjusted Cox proportional hazards 
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regression analysis were better in the ACT group than in the 
observation group (BCSS: HR 0.77, 95%CI 0.62–0.94, P = 
0.012; OS: HR, 0.66, 95%CI, 0.57–0.78, P < 0.001). They 
found patients with lower tumor stages of T1a/b of any age 
would not benefit from AC (P> 0.050).

Crozier et al. performed a propensity-matched analysis 
with data from the National Cancer Database on 16062 
women older than 70 years with operable TNBC [10]. In 
total, the general 5-year OS was 62.3% (95% CI 59.7–64.4). 
Regarding subgroups, the 5-year OS for patients receiving 
CHT was 68.5% (95% CI 66.4–70.6), 61.1% (59.0–63.2) 
for patients recommended but not given CHT, and 53.7% 
(51.8–55.8) for patients for whom CHT was not recom-
mended or applied. Multivariable Cox regression analysis 
comparing patients who received CHT with those who did 
not (n = 1884) found improved OS with CHT (HR 0.69 
[95% CI 0.60–0.80]; P < 0.0001). This beneficial effect was 
independent of nodal status and comorbidity score and sup-
ports the consideration of applying CHT in patients older 
than 70 years with TNBC.

Janeva et al. analyzed data from 1130 patients older than 
70 years with primary early TNBC in a population-based 
registry study including the Swedish National Breast Can-
cer Registry, the Swedish Patient Registry, and the Swedish 
Cause of Death Registry [11]. A propensity score-matched 
model was used to examine outcomes after ACT such as 
5-year BC specific survival (BCSS) and 5-year OS, adjusted 
for confounders like comorbidities. The outcomes of three 
groups were compared: 368 patients (32.6%) received ACT, 
45 patients (4.0%) received NACT, and 717 patients (63.5%) 
did not receive CHT at all. In comparison with patients who 
did not receive CHT at all, 5-year BCSS was significantly 
improved in patients who received ACT (85% [95% CI 
81–89] vs. no ACT 68% [64–72]; P < 0.0001). The same 
observation was made for 5-year OS in patients treated with 
ACT in comparison with those who were not (75% (95% CI 
69–82) vs. 63% (57–71; P = 0.029)). This effect persisted 
even when adjusting for age and comorbidities. These results 
suggest the importance of considering ACT in older patients 
with TNBC. However, the cohort of patients who received 
NACT was too small to draw clear conclusions. In addition, 
there was no differentiated analysis for regimens and/or dos-
ages of CHT.

Elkin et al. assessed the relationship between ACT use 
and survival in a large, population-based cohort of patients 
with BC older than 66 years with HR-negative, non-meta-
static BC [12]. From a cohort of 5081 women with HR-neg-
ative BC, 1711 (34%) received ACT. Use of CHT decreased 
with increasing age and comorbidities and increased with 
year of diagnosis, tumor size, number of positive lymph 
nodes, and higher tumor grade. ACT was associated with 
a reduction of mortality by approximately 15% whether 
analyzed using propensity scores or standard multivariable 

methods. The greatest OS benefit was observed in patients 
with node-positive disease. This analysis suggests a survival 
benefit from ACT in older women with HR-negative BC. 
The benefit of CHT is stronger in patients who had positive 
lymph nodes or other high-risk disease characteristics.

Kaplan et  al. explored the mortality risk of elderly 
patients with TNBC compared to younger women related to 
treatment [13]. Data from 771 patients with primary TNBC 
were analyzed. Of all patients, 80% were younger than 65 
years (n = 612), 13% were between 65 and 74 years old (n 
= 100), and 7% were older than 75 years (n = 59). Older 
women presented more often with lower stages of BC (stage 
I: 31% patients older than 65 years, 48% older than 65–74 
years, 39% older than 75 years, P = 0.014). All three age 
groups had similar rates of radiotherapy (77%). However, 
older patients were less often treated with ACT (95% were 
younger than 65 years, 76% were between 65 and 74 years 
and 39% were older than 75 years: P < 0.001). Mean of 
follow-up was 7.34 years. Five-year disease specific survival 
(DSS) was equivalent across the three age groups (85% in 
patients younger than 65 years, 90% in patients with the age 
of 65–74 years and 83% in patients older than 70 years, P = 
0.322). In Cox regression analysis, age was not significantly 
associated with DSS. Contrary to the studies mentioned 
above, TNBC survival appears equivalent by age despite 
less aggressive treatment in elderly patients, although the 
cohort of elderly patients was small and no specific regimens 
were analyzed.

Liedtke explored the prognostic impact of age in 1732 
patients with primary TNBC from the Breast Medical 
Oncology Clinical Database, 5 subgroups with different ages 
were analyzed (younger than 30, 31–40, 41–50, 51–60, and 
older than 60 years) as well as the effect of age on DFS, 
distant disease-free (DDFS), and OS [14]. They found that 
increasing age at diagnosis was inversely correlated with 
tumor grade (P = 0.0001), likelihood of getting CHT (P 
= 0.0001); and positively correlated with favorable DFS 
(P = 0.0003), DDFS (P = 0.0001), and OS (P = 0.0001). 
The DFS and OS were also significantly shorter for younger 
patients. In multivariable analysis, tumor size, nodal stage, 
tumor grade, and age remained significant independent prog-
nostic variables. Clinical characteristics of TNBC differ by 
age group, with younger patients having poorer survival 
rates despite more aggressive systemic therapy. Patients 
who were diagnosed at age younger than 30 or 31–40 years 
received NACT (38 and 35 vs. 26 %) or ACT (65 and 61 
vs. 43 %) significantly more frequently than patients older 
than 60 (P = 0.0012 and P = 0.0001, respectively). Among 
the patients who received ACT, patients younger than 30 
years at diagnosis were significantly more likely to receive 
an AC-containing combination CHT compared to patients 
older than 60 years (44 vs. 29 %, P = 0.0001). Regarding the 
smaller group of patients receiving NACT, pCR rates after 
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NACT did not significantly vary across different age groups 
(P = 0.87). In older patients, better OS and DFS rates were 
reported despite less aggressive systemic therapies, which 
questions the role of pCR as a surrogate parameter for OS.

Kozak et al. identified patients with TNBC using the 
SEER database [15]. Patients older than70 years (n = 
4221) were less likely to receive CHT, radiation therapy (P 
< 0.0001) and had higher breast cancer specific mortality 
(BCSM) in general compared to younger women (12.8% 
at 3 years vs. 10.2% P < 0.0001) with a relative increase in 
mortality of 25%. There were no statistically significant dif-
ferences in BCSM in the subgroup of patients who received 
ACT (P = 0.10), the subgroup of patients with BC stage 
II showing the greatest relative and absolute benefit from 
adjuvant treatment. Younger patients appeared to have the 
greatest relative and absolute benefit from adjuvant CHT 
regarding BCSM. One hypothesis for this result is that 
women older than 70 years may have received less aggres-
sive CHT regimens and fewer CHT cycles compared to 
younger women. The regimens applied were not analyzed 
in this study.

Syed analyzed tumor characteristics and CHT effects in 
patients with early TNBC [16]. One hundred twenty-seven 
patients (22.1%) were older than 70 and three hundred forty-
two (18.9%) younger than 70 years. Older patients showed 
lower rates of Ki67 and CK 7/8 positivity and high rates of 
bcl2 and CK18 positivity compared to younger patients (P = 
0.05). There was no significant difference in long-term clini-
cal outcome between the two age groups, despite the fact 
that 47% of the younger patients received ACT, while none 
of the patients in the older cohort received such treatment. 
There was even a trend of slightly better survival among 
elderly patients (5-years BCSS of 73% in younger patients 
vs. 79% in elderly patients). EGFR, axillary stage, and tumor 
size showed prognostic significance in older women with 
TNBCs in univariate analysis. Although older patients did 
not receive CHT, they had similar outcomes, which appears 
to be related to certain biomarkers (in addition to ER/PgR/
HER2), e.g., Ki67, bcl2, and cytokeratins which have differ-
ent expression patterns influencing prognosis. Older patients 
had more low-grade tumors, reduced expression of Ki67, 
more frequent normal p53, and higher expression of Bcl2.

Hormone receptor (HR)‑positive, node‑positive 
and HER2‑positive breast cancer

Inwald et al. analyzed data from a population-based clinical 
cancer registry of 3463 BC patients [17]. The distribution 
of tumor biological subtypes was evaluated among patients 
aged 50–69 years and older than 70 years. Local and sys-
temic therapies in different subtypes as well as OS were ana-
lyzed. 2171 patients were younger than 70 years of age, 1292 
patients were older than 70 years of age. Distribution of BC 

subtypes was comparable in both groups. Treatment varied 
considerably with less systemic therapies in all subtypes in 
patients older than70 years. In patients with luminal A BC, 
best OS was seen in patients receiving endocrine therapy 
(ET) or CHT plus ET in patients younger than 70 years. In 
patients older than 70 years, best OS was seen in CHT plus 
ET (7-year OS of 95.2%), whereas patients receiving only 
ET had a 7-year OS of 73.9%. Also, in elderly patients with 
luminal B tumors, adjuvant therapy (endocrine treatment 
± CHT) improved outcomes. The authors concluded that 
despite similar tumor biology, elderly patients are under-
treated regarding systemic therapies compared to younger 
patients leading to reduced OS. Biology of tumors did not 
significantly differ among elderly and younger patients. In 
all subtypes, OS was lower in elderly patients compared to 
younger patients. However, the effect of chemotherapy in 
elderly patients lowering their cancer-related OS was similar 
as in younger patients.

Pagani et al. also compared the efficacy of chemoendo-
crine treatment with that of endocrine treatment alone for 
postmenopausal with highly endocrine-responsive BC [18]. 
In the International Breast Cancer Study Group (IBCSG) 
Trials VII and 12-93, 893 postmenopausal women with 
node-positive, estrogen receptor (ER)-positive or ER-nega-
tive, operable BC were randomized to receive either CHT or 
endocrine therapy or combined chemoendocrine treatment. 
Adding CHT reduced the relative risk of a disease-related 
event by 19% (P = 0.02) compared with ET alone. This sig-
nificant improvement in DFS by CHT was attenuated show-
ing little effect of CHT for tumors with high levels of ER 
expression (P = 0.07), or for the cohort with one positive 
node (P = 0.03).

Inal et al. analyzed 191 patients older than 70 years with 
hormone-receptor-positive and node-positive BC regarding 
the efficacy of adjuvant endocrine therapy (ET) vs. ACT 
with ET [19]. 30-month DFS rates were 50.0% in the ET 
arm and 49.0% in the CT/ET arm (P = 0.79). The 30-month 
OS rates were 86% in the ET arm and 96.0% in the CT/
ET arm (P = 0.08). Cox proportional hazard model showed 
that only surgery was an independent prognostic factor for 
survival (P = 0.047), while tumor size showed a strong trend 
for statistical significance (P = 0.051). The addition of CT to 
ET in older patients showed no significant impact on DFS 
and OS in this study. However, neither applied dosages nor 
regimens were analyzed in this study.

Effect of different CHT regimens

Albain et al. examined the effect of ACT containing cyclo-
phosphamide, doxorubicin, and 5-fluorouracil (CAF) in a 
randomized phase III trial on 1477 postmenopausal women 
with hormone-receptor-positive, node-positive BC on dis-
ease-free survival (DFS) [20]. DFS was the primary, OS and 
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toxicity were defined as secondary end points. The group 
receiving CAF and tamoxifen had better DFS compared to 
the group receiving tamoxifen alone (HR 0.76 (95% CI 0.64, 
0.91), P = 0.002). Ten-year DFS for CAF-T and tamoxifen 
alone were 60% and 48%. The main weakness of this study 
was that only CHT regimen CAF was used and only 190 
patients (13%) were older than 70 years. The unadjusted 
HRs for DFS in these subgroups suggest that the efficacy of 
CHT varies in dependence of nodal status and age. Patients 
with more than four positive nodes had greater benefit than 
patients with one to three positive nodes. Patients younger 
than 65 years might have had a greater degree of benefit 
than older patients (test for interaction P = 0.13, adjusted 
for prognostic factors). However, this was only shown in 
results of subgroup analysis unadjusted for other covariates. 
No comorbidities or geriatric assessments were taken into 
account.

Citron et al. explored ACT in 2.005 patients with node-
positive BC to compare sequential doxorubicin, paclitaxel, 
and cyclophosphamide with concurrent doxorubicin and 
cyclophosphamide followed by paclitaxel for DFS and OS to 
determine whether the dose density of the agents improves 
DFS and OS and to compare toxicities [21]. Dose-dense 
treatment improved DFS (RR 0.74; P 0.010) and OS (RR 
0.69; P 0.013). Four-year DFS was 82% for dose-dense regi-
mens and 75% for the others. There was no difference in 
either DFS or OS between the concurrent and sequential 
schedules. There was no interaction between density and 
sequence. Dose density improved clinical outcomes sig-
nificantly, and sequential CHT is as effective as concurrent 
CHT. The main weakness of this study was the small cohort 
of elderly with 298 patients being 60–69 years old and only 
50 patients older than 70 years (3%). Although there seemed 
to be a benefit of dose density in all analyzed groups regard-
less of age and menopausal status, no stratified analysis was 
performed for age.

The multicenter, randomized phase III study of Perrone 
et al. investigated whether weekly docetaxel is more effec-
tive than standard CHT (CMF) in patients aged 65–79 years 
[22]. A geriatric assessment was carried out and the qual-
ity of life (QoL) was assessed. Two hundred ninety-nine 
patients were randomized. They received CMF (n = 152) or 
docetaxel (n = 147). After 70-month median follow-up, 109 
DFS events were observed. Unadjusted hazard ratio (HR) of 
DFS for docetaxel vs. CMF was 1.21 [95% confidence inter-
val (CI) 0.83–1.76, P = 0.32]; DFS estimate at 5 years was 
0.69 with CMF and 0.65 with docetaxel. HR of death was 
1.34 (95% CI 0.80–2.22, P = 0.26). There was no interac-
tion between treatment arms and geriatric scales measuring 
patients’ ability or comorbidities. One death was attributed 
to CMF and two to docetaxel. Increasing age, impairment 
in instrumental daily living activities, number of comorbidi-
ties and docetaxel treatment were independently associated 

with severe non-hematological toxicity. QoL was worse with 
docetaxel for nausea–vomiting, appetite loss, diarrhea, body 
image, future perspective, side effects treatment, and hair 
loss items. In conclusion, a weekly dosage of docetaxel is 
not more effective than standard CMF as adjuvant treatment 
of older women with BC and worsens QoL and toxicity.

Crivellari et al. analyzed data from the International 
Breast Cancer Study Group Trial VII [23]. Postmenopau-
sal patients with early, node-positive BC were randomized 
to receive either tamoxifen alone (306 patients) or tamox-
ifen plus three consecutive cycles of classical CMF (302 
patients). Among the 299 patients who received at least one 
dose of CMF, women aged 65 years or older (n = 76) had 
higher grades of toxicity compared with women younger 
than 65 years (n = 223) (P = 0.004). Older patients also 
received less than the planed CMF dose compared with 
younger postmenopausal women (P = 0.0008). The subjec-
tive burdens of treatment were similar for younger and older 
patients based on quality-of-life measures (performance sta-
tus, coping, physical well-being, mood and appetite). For 
older patients, the 5-year DFS rates were 63% for CMF 
plus tamoxifen and 61% for tamoxifen alone (hazards ratio 
[HR], 1.00; 95% confidence interval [CI], 0.65 to 1.52; P = 
0.99). For younger patients, the corresponding 5-year DFS 
rates were 61% and 53% (HR, 0.70; 95% CI, 0.53 to 0.91; 
P = 0.008), but the test for heterogeneity of CMF effect 
according to age group was not statistically significant. The 
reduced effectiveness of CMF among older women could not 
be attributed to dose reductions according to dose received. 
In conclusion, the tolerability and effectiveness of CMF 
were both reduced for older patients compared with younger 
ones who received tamoxifen for 5 years.

The ICE II group explored different CHT regimens in 
patients older than 65 years with BC, who were randomized 
to receive four cycles of adjuvant epirubicin and cyclophos-
phamide (EC) or six cycles of CMF vs. six cycles of nab-
paclitaxel and capecitabine (nPX) [24]. Primary endpoints 
were treatment discontinuations and overall frequency of 
adverse events. Thirteen of one hundred ninety-eight patients 
(6.6%) discontinued EC/CMF and sixty-nine of one hundred 
ninety-three patients (35.8%) discontinued nPX (P < 0.001) 
with one and five deaths observed during treatment. Grade 
3 to 5 adverse events were more frequent among patients 
treated with EC/CMF (90.9%) than among those treated 
with nPX (64.8%) (P < 0.001), with hematological toxici-
ties being more frequent with EC/CMF (88.4% vs. 22.3%; P 
< 0.001), but non-hematological toxicities (hand-foot syn-
drome, diarrhea, mucositis, fatigue, sensory neuropathy, 
thromboembolisms, and metabolic disorders) being more 
frequent with nPX (58.5% vs. 18.7%; P < 0.001). None of 
the geriatric scores (Charlson comorbidity index, Vulnerable 
Elders Survey [VES-13], Instrumental Activities of Daily 
Living [IADL], and G8) independently predicted grade 3 to 
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5 toxic events or treatment discontinuations. No differences 
in survival between the treatment groups were observed 
after 22.8 months. Compared with EC/CMF, treatment 
with nPX led to more treatment discontinuations and non-
hematological toxicities in elderly patients with moderate or 
high-risk breast cancer. This trial stopped after phase 2 and 
did not proceed to phase 3 to adequately assess survival in 
both treatment arms. Thus, a statement about effectivity of 
the regimen is not possible. In conclusion, non-frail elderly 
patients with moderate or high-risk BC could be treated with 
taxane-based polychemotherapy. However, toxicities lead to 
lowered dosage and this sums up with higher risk of death 
during treatment, lowering potential survival benefits among 
elderly.

A meta-analysis performed by the Early Breast Cancer 
Trialists’ Collaborative Group (EBCTCG) that compared 
different polyCHT regimens for early BC analyzed the long-
term outcome in 100.000 women from 123 randomized trials 
and found that patients benefit from the addition of taxane to 
anthracycline (AC)-based regimens in terms of risk of recur-
rence and BC mortality (RR 0.86, SE 0.04, two-sided signif-
icance (P = 0.0005) [25]. Both taxane and AC based, as well 
as higher cumulative-dosage AC-based regimens reduced 
BC mortality about 33%. This effect was largely independ-
ent of age, stage, grading and ER status. Chemoendocrine 
therapy both in pre- and postmenopausal women produced 
a greater proportional reduction in BC mortality than endo-
crine therapy alone. However, the apparent lack of relevance 
of age and ER status to proportional risk reduction is partly 
influenced by the type of regimen used. For instance, nearly 
half the evidence for older women with ER-positive disease 
came from a single trial (SWOG881411) of CAF in 1500 
postmenopausal women with tamoxifen-treated ER-positive 
disease. This trial demonstrated that CHT significantly low-
ers BC mortality in this key patient group, adding benefits 
to effective endocrine therapy.

The absolute benefits at 10 or 15 years appear to be about 
three times as great for younger than for older women, and 
to be somewhat greater for recurrence than for mortality.

Another meta-analysis of the EBCTCG-group com-
pared NACT with the same ACT among 4756 women 
with early BC in 10 different randomized trials between 
1983 and 2002 [26]. They found that more than two thirds 
(1349 [69%] of 1947) of the patients with NACT had a 
complete or partial clinical response. The risk of local 
recurrence in 15 years was 21.4% for NACT vs. 15.9% for 
ACT, whereas no significant difference between NACT 
and ACT was found for distant recurrence (15-year risk 
38.2% for NACT vs. 38.0% for ACT), as well as for BC 
mortality (34.4% vs. 33.7%; 1.06 [0.95–1.18]; P = 0.31) or 
death from any cause (40.9% vs. 41.2%; 1.04 [0.94–1.15]; 
P = 0.45). Age, nodal status, and planned local therapy 
did not affect the effect of CHT. Most of the CHT was 

AC-based (3838 [81%] of 4756 women). Therefore, it is 
not possible to evaluate the effects of other regimens.

The third meta-analysis performed by EBCTCG 
explored the effects of ACT and endocrine therapy for 
early BC on recurrence and 15-year survival rates analysis 
including 194 randomized trials [27]. Older regimens such 
as CMF, FAC or FEC were analyzed, whereas taxanes, 
trastuzumab, or modern aromatase inhibitors were not 
used. They found that 6 months of AC-based polyCHT 
reduces the annual BC death rate by about 38% in women 
younger than 50 years and by about 20% in older women 
aged 50–69 years, irrespective of the use of tamoxifen, 
the ER status, nodal status, or other tumor characteristics. 
Such regimens were significantly more effective than CHT 
with CMF. However, only few women older than 70 years 
were included in these trials (4.3% of the total cohort) 
and an even smaller number was treated with AC (1.42%). 
Due to the small number of elderly patients, the results are 
not reliably informative regarding a survival benefit in the 
subgroup of elderly patients.

Based on the EBCTCG trials, age and the benefit of ACT 
on relapse risk and mortality reduction were inversely asso-
ciated, but it must be taken into account that the group of 
“elderly” represented less than 4% of the total postmenopau-
sal population in that analysis. In the NSABP B-07 study, 
patients were divided by age with a cut-off of 50 years of 
age. Menopausal status was not considered and only few 
patients were older than 60 years. The Southwest Oncology 
Group (SWOG) trial investigated the regimens of melpha-
lan or the combination of cyclophosphamide, fluorouracil, 
methotrexate, vincristine, and prednisone (CMFVP)and the 
comparison of tamoxifen vs. CMFVP in two different trials 
and the International Breast Cancer Study Group investi-
gated CMF, regimens which are currently not applied any 
more. Patients older than 70 years were clearly underrepre-
sented in these trials, the proportion of elderly patients in 
trials was lower than the real prevalence. That is the reason 
why the main weakness of this study is the heterogeneous 
data on regimens and dosages of the studies reviewed and 
the different definitions of “elderly”.

The review of Balducci et al. on the role of age in the 
treatment of BC, a benefit of ACT in women with hormone-
receptor-negative BC was described, especially in HER2-
positive tumors and of those regimens containing AC [28]. 
The authors recommend assessing the benefits and risks of 
ACT individually according to tumor-related factors such as 
stage, but also patient-related factors such as life expectancy 
and comorbidities.

Ring et al. also refer to the EBCTCG when analyzing 
four studies regarding the effects of CHT in older patients 
[29]. The benefit for women older than 70 years receiving 
CHT was similar in comparison to younger postmenopau-
sal women, but this result was again not significant as the 
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cohorts of older patients in the trials were too small, as 
stated above.

Two trials (ACTION and CASA) were supposed to ana-
lyze the benefits of ACT in women older than 70 and 65 
years, respectively, with hormone-receptor-negative and/or 
high-risk hormone-receptor-positive tumors. Unfortunately, 
both trials were closed early due to poor recruitment.

The Cancer and Leukemia Group B (CALGB) 49,907 
trial hypothesized that ACT is beneficial for older women 
and compared two treatment arms: CMF or AC vs. capecit-
abine. Of the total cohort of 633 patients, 61% were older 
than 70 years. Patients randomized to capecitabine were 
2.4 times more likely to experience a relapse-free survival 
event and 2.1 times more likely to die than those receiving 
standard CHT.

Toxicity of CHT in elderly patients

There are several studies analyzing the effect of different 
CHT regimens that also explored different toxicity profiles 
in elderly patients. Muss et al. compared toxicity of ACT 
in older and younger patients with node-positive BC and 
analyzed relapse-free and OS in three randomized trials 
[30]. Data from three trials were included: the Cancer and 
Leukemia Group B (CALGB) 8541, a trial that compared 
cyclophosphamide, doxorubicin, and fluorouracil in three 
different dose schedules; CALGB 9344, a trial that com-
pared cyclophosphamide and doxorubicin with or with-
out paclitaxel and CALGB 9741, a trial that compared the 
application of cyclophosphamide, doxorubicin, and pacli-
taxel every 2 vs. every 3 weeks. High-grade toxicities were 
compared among age groups. 3% of patients were older than 
70 years, 7% of patients (n = 458) were aged older than 65 
years, 38% were 51–64 years and 55% were younger than 
50 years. 24 deaths (0.4%) were related to treatment; 7 of 
them in elderly patients (older than 65 years). In multivari-
ate analyses, elderly patients were significantly more likely 
to have grade 4 hematologic toxicity, discontinue treatment 
because of toxicity or to die of acute myeloid leukemia or 
myelodysplastic syndrome. There were no significant differ-
ences in non-hematologic toxicity. Whereas older patients 
showed higher rates of hematologic toxicity and treatment-
related deaths than younger patients, there was no increase 
in non-hematologic toxicity.

Fargeot et al. identified 338 women older than 65 years 
with axillary lymph node involvement with WHO perfor-
mance status > 2; normal hematologic, hepatic, and renal 
functions; and no cardiac dysfunction [31]. Patients were 
randomly assigned to receive tamoxifen for 3 years or epi-
rubicin for six cycles plus tamoxifen for 3 years. Anthracy-
cline-based CHT and endocrine therapy improved survival 
in this cohort of elderly patients relative to tamoxifen alone 
(DFS rates were 69.3% and 72.6% respectively, 6-year OS 

was 79.1% and 79.8% respectively). The acute toxicity was 
mild: grade 2 neutropenia in 5.9%, grade 2 anemia in 2.0%, 
grade 3 nausea or vomiting in 4.6%, and grade 3 alopecia in 
7.2%. Five cases (in five patients) of decreased left ventricu-
lar ejection fraction occurred after CHT. One patient died as 
a result of dysrhythmia related to carcinomatous lymphangi-
tis. No secondary leukemia occurred. This study highlights 
the importance of CHT in terms of DFS. Moreover, this 
regimen seems to be safe for hematologic, non-hematologic, 
and cardiac toxicities.

Discussion

While the subpopulation of elderly patients is increas-
ing worldwide and represents a significant part of cancer 
patients and survivors, it is clearly underrepresented in most 
trials [1, 28, 32–34]. According to Qiusheng et al., the per-
centage of patients receiving AC vs. observation increased 
significantly from 2010 to 2018 [9]. The benefit of cytotoxic 
CHT in elderly patients is still controversial due to limited 
evidence from RCTs. However, even when elderly patients 
are included in clinical trials, they often do not address end 
points concerning elderly patients, such as preservation 
of body function, cognition, and independence [35]. Data 
from studies conducted in postmenopausal women are often 
extrapolated to the elderly population. The American Soci-
ety of Clinical Oncology (ASCO) developed recommenda-
tions to improve the evidence for treating elderly patients 
with cancer. They encourage examining the effects of medi-
cal treatments in older adults in clinical trials [7]. The main 
challenges for evaluating the effectiveness of CHT in elderly 
cancer patients are small cohorts of patients in most RCTs 
due to bias-associated poorer recruitment and heterogene-
ity of treatment regimens in different studies. Furthermore, 
the definition of “elderly” range between 55 and 80 years 
in different trials. In older studies, “elderly” was defined 
as patients aged 55–69 years, with only a small number of 
participants older than 69 years. Therefore, the potential 
benefits of CHT remain uncertain in this age group. Fur-
thermore, older studies lacked quantitative immunohisto-
chemistry data, which could have helped in predicting risk 
and chemosensitivity.

This review suggests that there is evidence for the benefit 
of ACT and NACT in high-risk BC. Although some studies 
are suggesting that older patients have less aggressive tumor 
biology, others found no difference between subgroups of 
different ages when comparing overall pCR and surgical 
downstaging rates post NACT [16]. In specific subgroups 
such as TNBC, there were higher pCR rates in younger 
patients. In addition, downstaging to BCS eligibility was 
similar across age groups after NACT [36, 37]. Even authors 
who claimed that elderly women had lower overall rates of 
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pCR demonstrated that this effect was not discernible in 
specific subgroups such as in patients with HER2-positive 
tumors [38, 39]. The multivariable logistic regression analy-
sis in this study showed correlation between young age, clin-
ical stage T4, invasive ductal cancer and poor differentiated 
BC with higher pCR rates. The pCR rate was significantly 
lower in elderly patients with HR + /HER2 − and TNBC. 
However, it was not possible to differentiate between lumi-
nal A and luminal B tumors. Nevertheless, similar pCR rates 
in elderly patients with HER2 + BC show that there might 
be other reasons for differences in response rates than age. 
Although pCR is used as a primary end point in many trials, 
it lacks formal validation as a surrogate end point for DFS 
and OS in patients with BC after NACT [40].

The EBCTCG overviews include older studies find-
ing that the gain of CHT decreased with age in contrast to 
tamoxifen. However, only few women older than 70 years 
entered the CHT trials (4.3%) [41]. The reduced efficacy of 
CHT with increasing age might be associated with shorter 
expected life span, reductions in delivered dose, and pos-
sible differences in tumor biology resulting in reduced che-
mosensitivity [42, 43]. Furthermore, older regimens were 
examined (e.g., CAF or CMF) which are not applied any 
more. Therefore, the reduced response to CHT in elderly 
patients has to be assessed with caution. In contrast, possible 
benefits of CHT may be reasonably extrapolated to elderly 
women with high-risk node-positive BC [6, 44]. In com-
parison to TNBC, women with hormone-receptor-positive 
tumors have a smaller benefit from ACT, as demonstrated 
in the overview conducted by the CALGB [45]. They found 
higher treatment-related mortality in elderly patients. This 
points out the importance of investigating the benefit of CHT 
on elderly women with high-risk, hormone-positive BC in 
comparison to other alternatives (e.g., CDK-4/6-inhibitors, 
endocrine therapies) that are currently employed. Crivel-
lari et al. also explored the question on treatment burdens, 
impairing quality of life. They found that the burdens of 
treatment were similar for younger and older patients based 
on quality-of-life measures (performance status, coping, 
physical well-being, mood, and appetite) [23]. Four CALGB 
trials on ACT found treatment-related mortality to be related 
to age: 0.2% in patients younger than 50, 0.7% in patients 
between 51 and 64 and 1.5% in patients older than 65 years. 
Age was also a significant risk factor for congestive cardiac 
failure in patients receiving ACT [29]. Though older patients 
showed higher rates of hematologic toxicity and treatment-
related deaths than younger patients, there was no increase 
in non-hematologic toxicity [29]. Notably, quality of life was 
not addressed in most studies. Autonomy, functional status, 
and patient preference is key in the advisement of elderly 
patients and there is an enormous need to address the end 
point of QoL and functional status during and after BC treat-
ment in future trials.

A study on the effect of NACT on pCR in a real-world 
setting showed lower pCR rates among the elderly. When 
response rates were compared and analyzed by subtypes, 
this difference seemed to be significant only for women 
with triple-negative tumors. Older women had lower 
rates of pCR but had comparable outcomes after NACT 
compared to those of younger women. Some recent real-
world-setting trials included only patients older than70 
years with TNBC and found a significant improvement 
in 5-year BCSS and 5-year OS in patients who received 
ACT in comparison with patients who did not receive 
CHT even when adjusting for age and comorbidities [11]. 
Crozier et al. reinforced this consideration, demonstrating 
improved OS with CHT in patients older than 70 years 
with TNBC regardless of nodal status and comorbidity 
score [10].

Regarding specific regimens, the studies analyzed in this 
review addressed the question of effectiveness of different 
CHT regimens and agents like AC-T, CMF, CAF, CEF, 
epirubicin alone [31], the comparison of AC and CMF [6, 
18], EC or CMF vs. T and capecitabine [24]. The majority 
of studies did not evaluate the applied regimens [7, 9–12, 
15–17, 28, 44, 46–49]. This heterogeneity leads to more dif-
ficulties when comparing studies and the efficacy, especially 
in elderly patients. The role of anthracyclines was specifi-
cally addressed in a French multicenter trial [31] showing the 
6-year DFS was only slightly improved by CHT when added 
to endocrine therapy and no significant impact of anthracy-
clines could be detected on OS. According to Balducci et al., 
a survival benefit of ACT in women older than 70 years is 
detected when the risk of relapse is more than 10% and in 
women older than 80 years when the risk of relapse is more 
than 20% [28]. The CALGB 49907-trial showed that there 
is a benefit of treating patients aged over 65 years with a 
good performance status with standard polyCHT compared 
with single agent capecitabine CHT. An unplanned subset 
analysis in this trial showed that the major benefit for stand-
ard CHT was observed in patients with hormone-receptor-
negative tumors [29]. It is more difficult to assess whether 
there is a benefit in patients with node-negative BC or high 
ER expression. Besides life expectancy and tolerability of 
CHT, other tumor-related parameters should be considered 
(tumor size, HER2 status, grading) [36].

One of the major limitations of this review is the hetero-
geneity in the definition of “elderly” patients in different 
studies, with age limits varying between 55 and 80 years. 
In some trials, no differentiation in subgroups was made 
according to steroid hormone expression levels and HER2 
status. Another main problem is that trials were performed 
in different periods, 7 of these after 2015 [8–11, 15, 17, 46] 
and 20 before 2015 [6, 7, 12–14, 16, 18–20, 25, 26, 28, 31, 
44, 47–49], which leads to the application of different agents 
and different dosages.
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In conclusion, the use of adjuvant CHT in elderly patients 
with BC should be individualized, taking into account the 
estimated absolute benefit, life expectancy, and treatment 
tolerance. Tools for decision making such as genomic tests 
are available now and can help predicting risks for relapse, 
which can be taken into account in future studies. Geriatric 
assessment as well as patient involvement with assessment 
of quality of life may help in treatment decision. This review 
demonstrates the urgent need to improve the evidence for the 
appropriate treatment of elderly patients with BC.
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