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patients ≥ 70 years receiving everolimus + exemestane. 
Adverse event rates were similar in age-stratified subsets.
Conclusions ET + CDK4/6 or mTOR inhibitors are likely 
safe and effective in older patients with HR+, HER2− 
advanced breast cancer.
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Introduction

Endocrine therapies are the standard first-line treatment for 
hormone receptor-positive (HR+), human epidermal growth 
factor receptor 2-negative (HER2−) advanced breast cancer 
[1, 2]. Evidence from Phase 3 trials shows that the combina-
tion of endocrine therapy and targeted agents, such as the 
mammalian target of rapamycin (mTOR) inhibitor everoli-
mus and the cyclin-dependent kinases 4 and 6 (CDK4/6) 
inhibitors palbociclib, ribociclib, and abemaciclib, prolongs 
progression-free survival (PFS) compared with endocrine 
monotherapy in patients with metastatic HR+/HER2− breast 
cancer in the first- or second-line setting [3–6].

Although more than 40% of new breast cancer cases are 
diagnosed in patients aged ≥ 65 years [7], patients in this 
age group who have cancer are frequently underrepresented 
in oncology clinical trials [8]. One meta-analysis of Alli-
ance for Clinical Trials in Oncology breast cancer trials 
from 1985 to 2012 showed that < 20% of enrolled patients 
were ≥ 65 years of age [9]. The reasons for underrepresenta-
tion of older patients in clinical trials are multifactorial and 
often occur because of enrollment criteria that exclude older 
patients, poorer performance status, patient and provider 
preferences, and a higher incidence of comorbidities and 
prescriptions with unknown interactions with study agents 
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Purpose Prospective information regarding the tolerability 
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age-stratified patient cohorts (≥ 65 vs. < 65 years in most 
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Results We identified 19 studies reporting 10 clinical trials. 
Efficacy was similar in age-stratified subsets. There was a 
reduced disease progression risk for ET + everolimus, palbo-
ciclib, or ribociclib versus ET alone. In the first-line setting, 
median progression-free survival (mPFS) in older patients 
was 8.5, 26.2 months, and not reached with letrozole + tem-
sirolimus, palbociclib, and ribociclib, respectively, and in 
younger patients was 9.0, 18.8 months, and not reached, 
respectively. In the second-line setting, older patients had 
mPFS of 6.8 and 9.9 months with everolimus + exemestane 
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Tolerability was worse for combination therapy versus 
monotherapy. No age-related differences in discontinu-
ations were observed for CDK4/6 inhibitors, although a 
higher rate of treatment discontinuation was observed for 
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[8]. Thus, the benefits and risks of combination treatment 
with endocrine and targeted therapies are not well under-
stood but are important to examine given the widespread 
use of novel therapeutics in clinical practice and the fact 
that the vast majority of breast cancers in older patients are 
HR+ [10].

To address the gap in prospective evidence, we reviewed 
the available literature reporting age-stratified PFS and 
safety data from randomized trials comparing endocrine 
monotherapy versus endocrine therapy in combination with 
targeted therapy in patients with HR+/HER2− advanced 
breast cancer.

Methods

We conducted a systematic search of PubMed using key-
words to identify randomized trials reporting PFS or 
disease-free survival in patients with advanced or meta-
static breast cancer treated with endocrine therapies in 
combination with targeted agents. The specific search 
terms for endocrine and targeted agents were anastrozole, 
exemestane, letrozole, palbociclib, ribociclib, abemaciclib, 
tamoxifen, fulvestrant, goserelin, leuprolide, everolimus, 
toremifene, Fareston, raloxifene, megestrol, BKM120, 
buparlisib, BYL719, GDC0941, everolimus, temsirolimus, 

entinostat, bevacizumab, and Avastin. The search was con-
ducted on June 28, 2017. No restriction was placed on the 
article publication date. Only English-language articles 
were included.

The results of the literature search were manually 
filtered to include only Phase 2 or Phase 3 trials com-
paring endocrine monotherapy versus combination of 
endocrine plus targeted therapies in patients with HR+/
HER2− advanced breast cancer that reported efficacy 
and safety in a subset of older patients. The age cutoff 
for older patients differed across the identified studies but 
was ≥ 65 years of age in most publications (age-group 
comparisons for each identified study are described in 
Table 1). We also manually searched for relevant abstracts 
from the annual meetings for the American Society of 
Clinical Oncology (ASCO), European Cancer Con-
gress (ECCO), European Society for Medical Oncology 
(ESMO), Miami Breast Cancer Conference (MBCC), 
and San Antonio Breast Cancer Symposium (SABCS) 
published from January 1, 2015, through June 28, 2017, 
using the search terms and criteria described above. Data 
extracted from the selected publications included demo-
graphics, PFS, and safety in age-stratified patient subsets. 
No statistical testing was performed given the differences 
in patient populations, lines of therapy, and age cutoffs 
provided in each study.

Table 1  Summary of studies included in the analysis [4–6, 11–22]

HER2− human epidermal growth factor receptor 2-negative, NR not reported
a For treatment in the advanced setting
b Older patients were aged ≥ 65 years unless otherwise noted
c Prior treatment was allowed in the adjuvant setting only
d An additional 38% of patients had an unknown HER2 status
e Population was age stratified into ≥ median age and < median age. There were 102 patients in the exemestane-alone group, with a median age 
of 63 years. There were 106 patients in the exemestane + abiraterone group, with a median age of 64 years
f Median age in both treatment groups was 65 years, with 694 patients included in the analysis

ClinicalTrials.gov ID Study phase Study treatment Proportion 
HER2−

Line of  treatmenta Older patients, no. (%)b

NCT00863655 (BOLERO-2) 3 Exemestane ± everolimus 100 Second line ≥ 65 years: 275 (38.0)
≥ 70 years: 164 (22.7)

NCT01958021 (MONALEESA-2) 3 Letrozole ± ribociclib 100 First line 295 (44.2)
NCT02107703 (MONARCH 2) 3 Fulvestrant ± abemaciclib 100 Second  linec 245 (36.6)
NCT00721409 (PALOMA-1/TRIO-18) 2 Letrozole ± palbociclib 100 First line 76 (46.1)
NCT01740427 (PALOMA-2) 3 Letrozole ± palbociclib 100 First line 262 (39.3)
NCT01942135 (PALOMA-3) 3 Fulvestrant ± palbociclib 100 Second line 129 (24.8)
NCT00253422 (SOFEA) 3 Fulvestrant ± anastrozole 55d Second line 218 (46.0)
NCT01381874 2 Exemestane ± abiraterone NR Second line NRe

NCT00075764 3 Fulvestrant ± anastrozole 90.5 First line NRf

NCT00083993 3 Letrozole ± temsirolimus 44 First line >65 years: 458 (41.2)
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Results

The literature search identified 551 publications, which were 
manually filtered to 19. The reasons for exclusion included 
publication did not report a Phase 2 or Phase 3 study; study 
design did not include endocrine monotherapy versus endo-
crine therapy in combination with targeted therapy; there 
was no older patient subset analysis; and participants were 
HER2+. The 19 identified publications were reports of 10 
clinical trials (some trials had multiple secondary publica-
tions identified in the search; Fig. 1), 5 of which investigated 
first-line combination treatment, with the other 5 investigat-
ing second-line combination treatment. These publications 
included 8 Phase 3 and 2 Phase 2 trials of endocrine therapy 
combined with CDK4/6 inhibitors (n = 5; PALOMA-1, -2, 
and -3; MONALEESA-2; and MONARCH 2), estrogen 
synthesis inhibitors [n = 2; SOFEA and NCT00075764 
(unnamed)], mTOR inhibitors [n  =  2; BOLERO-2 and 
NCT00083993 (unnamed)], and an androgen synthesis 
inhibitor [n = 1; NCT01381874 (unnamed); Table 1] [4–6, 
11–22]. Among the trials reporting baseline characteristics 
stratified by age, 24.8–46.1% of patients within an individ-
ual trial were aged ≥ 65 years. In the 2013 report of the 
BOLERO-2 trial from Pritchard et al., which used 70 years 
of age as the cutoff for older patients, 22.7% of patients were 
aged ≥ 70 years [17].

Patient characteristics

Three publications reported baseline characteristics 
according to the age-based subsets [BOLERO-2 (≥  70 
vs. < 70 years), PALOMA-1 (≥ 65 vs. < 65 years), and 
MONALEESA-2 (≥ 65 vs. < 65 years)], showing simi-
lar baseline disease characteristics in older and younger 
patients. In these studies, the proportions of patients with 
an Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0 and 1 ranged from 51 to 56% and 39 to 
47% in older patients, respectively, and from 55 to 68% and 
32 to 45% in younger patients [12, 17, 19]. The percentage 

of patients with < 3 metastatic sites ranged from 63 to 65% 
in older patients and 49 to 69% in younger patients [17, 19]. 
Across all 3 studies, the proportions of patients with visceral 
disease sites (older, 49–72%; younger 40–59%) were higher 
than those with bone-only sites (older, 12–23%; younger, 
7–24%) [12, 17, 19].

Efficacy in age‑stratified subgroups

Median PFS stratified by age was reported for patients treated 
in the first-line setting in PALOMA-1, MONALEESA-2, 
and the Phase 3 trial of letrozole ± temsirolimus (> 65 
vs. ≤ 65 years) [12, 19, 21]. Responses to treatment were 
similar in older and younger patients (Fig. 2). Among older 
patients treated in the first-line setting, median PFS was 
10.1–18.4 months with letrozole monotherapy across stud-
ies and 8.5 months, 26.2 months, and not reached (with 
15.3 months median follow-up) with letrozole + temsiroli-
mus, palbociclib, and ribociclib, respectively [5, 12, 19, 21]. 
In younger patients, median PFS with endocrine monother-
apy was 5.6–13.0 months across studies and was 9.0 months, 
18.8 months, and not reached with letrozole + temsirolimus, 
palbociclib, and ribociclib, respectively. Progression-free 
survival benefits were also observed with second-line com-
bination treatment for both older and younger patients in 
BOLERO-2 and PALOMA-3 (≥ 65 vs. < 65 years) [11, 
17]. In older patients, median PFS was 1.5 and 3.9 months 
with endocrine monotherapy and 6.8 and 9.9 months with 
everolimus + exemestane and palbociclib + fulvestrant, 
respectively. In the younger patient subsets, median PFS was 
4.0 and 5.6 months with endocrine monotherapy and 8.1 
and 9.5 months with everolimus + exemestane and palboci-
clib + fulvestrant, respectively. Overall, patients experienced 
improved PFS with combination therapy, although no clear 
benefit was observed for patients treated with letrozole in 
combination with temsirolimus [21].

The relative efficacy of endocrine monotherapy and com-
bination therapy with targeted agents is shown in a forest 
plot for PFS across trials in Fig. 3. Hazard ratios indicate 

Fig. 1  Design of the systematic 
literature search. DFS disease-
free survival, HER2− human 
epidermal growth factor recep-
tor 2-negative, PFS progression-
free survival
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Fig. 2  Median progression-
free survival with endocrine 
monotherapy versus combina-
tion therapy stratified by age 
[11–13, 17, 19, 21]. NR not 
reached. aPatients ≥ 65 years 
old were classified as older. 
bPatients ≥ 65 years old 
were classified as older. 
cPatients ≥ 70 years old were 
classified as older. dProgression-
free survival in PALOMA-3 
was reported by subgroup 
analysis that stratified patients 
as pre/perimenopausal versus 
postmenopausal

Fig. 3  Forest plot of efficacy of combination therapy versus mono-
therapy stratified by age [4, 6, 11–17, 19–21, 23] CI confidence inter-
val. aUpdated efficacy data from MONALEESA-2 with an additional 
11  months of follow-up reported a hazard ratio of 0.658 (95% CI 
0.466–0.392) in patients ≥ 65 years of age and 0.518 (95% CI 0.392–

0.684) in patients < 65 years of age. bPrior treatment was allowed in 
the adjuvant setting only. cThe median age for the exemestane + abi-
raterone treatment arm was 64 years. The median age for the exemes-
tane-alone treatment arm was 63 years
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reduced risk of disease progression in both younger and 
older patients receiving endocrine therapy in combination 
with everolimus, palbociclib, ribociclib, or abemaciclib 
compared with those receiving endocrine monotherapy [4, 
11–13, 15, 17, 19, 20, 23]. In the Phase 3 trial of letro-
zole ±  temsirolimus, a reduced risk of progression was 
observed for combination treatment in younger patients but 
not in older patients [21]. No improvement in the risk of pro-
gression was seen for combination treatment versus endo-
crine monotherapy in trials of fulvestrant ± anastrozole or 
exemestane ± abiraterone [14–16]. Overall, younger patients 
tended to have a greater or as good a benefit with combina-
tion treatment as with monotherapy relative to older patients.

Tolerability and safety in age‑stratified subgroups

Among the 10 trials that analyzed older subgroups, age-
stratified safety data were published for BOLERO-2, 
MONALEESA-2, and the PALOMA trials. Overall, com-
bination treatment led to substantially higher rates of dose 
interruptions/reductions and permanent treatment dis-
continuation due to adverse events (AEs) compared with 
monotherapy [12, 17, 19]. The tolerability of combina-
tion therapy for older patients versus younger patients 
varied. In the everolimus + exemestane treatment arm in 
BOLERO-2, similar rates of everolimus dose interruptions/
reductions were observed in both age subsets (≥ 70 years, 
66.9%; < 70 years, 66.8%) [17]. However, in this trial, 
everolimus + exemestane therapy led to a higher rate of AE-
related discontinuations in the subset of patients ≥ 70 years 
old (17.4%) versus those < 70 years old (6.3%). In com-
parison, reports from studies of CDK4/6 inhibitors in 
combination with endocrine therapy show similar rates of 
dose interruptions/reductions and treatment discontinua-
tions in older and younger patient subsets. In PALOMA-1/
TRIO-18, 38% of patients ≥ 65 years of age and 39% of 
patients < 65 years of age receiving endocrine + palboci-
clib combination treatment had AE-related dose reductions; 
16 and 13% of patients, respectively, discontinued study 
treatment because of AEs [12]. In MONALEESA-2, 71% 
of patients ≥ 65 years of age and 66% < 65 years of age 
treated with ribociclib + endocrine therapy had AE-related 
dose interruptions, 53 and 49% had dose reductions, and 9 
and 7% had a permanent treatment discontinuation, respec-
tively [19].

Common AEs (incidence ≥ 35% in either the older or the 
younger population for the respective study) associated with 
combination therapy are shown in Table 2. In BOLERO-2, 
patients ≥ 70 years of age treated with everolimus + exemes-
tane reported a higher incidence of decreased appetite (36 
vs. 29%) and a lower incidence of stomatitis (49 vs. 62%) 
and rash (31 vs. 42%) compared with younger patients [17]. 
In the MONALEESA-2 trial of ribociclib + letrozole, older 

patients had higher rates of diarrhea (41 vs. 30%) and vom-
iting (35 vs. 25%) compared with younger patients [19]. In 
PALOMA-1, older patients treated with palbociclib + letro-
zole reported higher rates of neutropenia (81 vs. 70%), leu-
kopenia (54 vs. 35%), fatigue (46 vs. 37%), and anemia (43 
vs. 28%) compared with younger patients [12].

Discussion

Understanding how to optimally manage cancer in older 
patients is increasingly important as the population ages 
and the prevalence of breast cancer among older patients 
increases [24]. By 2030, an estimated 57% increase in the 
number of patients ≥ 65 years of age with breast cancer 
is expected [24]. Furthermore, because most breast can-
cers in older patients are HR+ , understanding the efficacy 
and safety of available endocrine therapy–based treatment 
options for older patients with breast cancer is crucial for 

Table 2  Common adverse events associated with combination ther-
apy in age-stratified patient subgroups [12, 17–19]

AE adverse event, NR not reported
a Older patients were ≥ 65 years of age in MONALEESA-2 and PAL-
OMA-1; ≥ 70 years of age in BOLERO-2; and ≥ 75 years of age in 
the pooled analysis of the PALOMA-1, -2, and -3 trials

All-cause AEs 
in ≥ 35% of patients in 
either arm

Older  patientsa Younger patients

All grade Grade 3/4 All grade Grade 3/4

BOLERO-2,  %
 Stomatitis 49 8 62 8
 Rash 31 2 42 1
 Fatigue 38 10 37 3
 Decreased appetite 36 3 29 1
 Diarrhea 36 2 34 3

MONALEESA-2, no. (%)
 Neutropenia 111 (74) NR 137 (75) NR
 Nausea 80 (53) NR 92 (50) NR
 Diarrhea 61 (41) NR 56 (30) NR
 Fatigue 55 (37) NR 67 (36) NR
 Vomiting 53 (35) NR 45 (25) NR

PALOMA-1/TRIO-18, no. (%)
 Neutropenia 30 (81) 21 (57) 32 (70) 24 (52)
 Leukopenia 20 (54) 11 (30) 16 (35) 5 (11)
 Fatigue 17 (46) 4 (11) 17 (37) 0
 Anemia 16 (43) 1 (3) 13 (28) 4 (9)

PALOMA pooled analysis, no. (%)
 Neutropenia 75 (90) 61 (73) NR NR
 Infections 50 (60) 6 (7) NR NR
 Leukopenia 46 (55) 28 (34) NR NR
 Anemia 36 (43) 7 (8) NR NR
 Fatigue 31 (37) 6 (7) NR NR



612 Breast Cancer Res Treat (2018) 167:607–614

1 3

addressing the therapeutic needs of this growing population. 
In this review, we evaluated the results of available clinical 
trials investigating combinations of endocrine therapies and 
targeted therapies in patients with HR+ , HER2− advanced 
breast cancer with data analyzed in age-stratified subsets 
[4–6, 11–22]. Overall, there were similar durations of PFS 
and reductions in progression risk in older and younger 
patient populations in the reviewed studies [4, 11–13, 15, 
17, 19, 20, 23]. Across ages, the greatest reductions in dis-
ease progression risk were seen for treatment with CDK4/6 
inhibitors (i.e., palbociclib, ribociclib, and abemaciclib) and 
mTOR inhibitors in combination with endocrine therapies 
versus endocrine monotherapy [4, 12, 17, 19, 20], and treat-
ment with letrozole + CDK4/6 inhibitors provided the long-
est duration of PFS relative to endocrine monotherapy [4, 
12, 19, 20].

Although it is reassuring that the benefits of combina-
tion therapy were observed regardless of age in BOLERO-2; 
PALOMA-1, -2, and -3; MONALEESA-2; and MONARCH 
2, we acknowledge that these older patient subsets may not 
be fully representative of older breast cancer patients in the 
general population, as patients with poor performance status 
or significant comorbidities (both more commonly seen with 
increasing age) were excluded from enrollment [25, 26]. For 
example, the reviewed trials required ECOG performance 
status < 2 or < 3 and excluded patients with comorbidities 
such as gastrointestinal or cardiac dysfunction or history of 
malignancies within the past 3–5 years [4, 6, 12, 27–32]. As 
such, the safety and efficacy of combination treatment with 
endocrine therapies + CDK4/6 inhibitors or mTOR inhibi-
tors in older patients with poor performance status or serious 
comorbidities is unknown, although the reviewed results do 
support the efficacy of these agents regardless of age and 
should help promote comfort with their use in practice.

In the 3 identified trials that reviewed the tolerability of 
combination treatment versus endocrine monotherapy in 
older and younger patients, tolerability varied according 
to treatments received [12, 17, 19]. As expected, endocrine 
monotherapy was better tolerated than the combination treat-
ments in both age subsets. Reassuringly, the rates of com-
mon AEs associated with the addition of CDK4/6 or mTOR 
inhibition were also similar for older and younger patients. 
However, it is of note that everolimus-treated older patients 
were more likely to discontinue study therapy for AEs com-
pared with younger patients, suggesting different thresholds 
for treatment cessation according to age. Additional efficacy/
safety information in older patients with metastatic disease 
will likely be available from the ongoing MONALEESA-3 
and COMPLEEMENT-1 trials of ribociclib + endocrine 
therapy (fulvestrant and letrozole, respectively) [33, 34]. 
However, additional trials, such as smaller studies specifi-
cally for older populations, may be needed to understand the 
optimal management of breast cancer in older patients with 

comorbidities or poor functional status. The current need 
for more prospective data on optimal treatment of advanced 
breast cancer in older patients requires a commitment to 
their enrollment in clinical trials with novel therapeutic regi-
mens. One potential strategy to address this challenge is to 
mandate extensions of trials that have proven efficacy and 
tolerability to subsets of populations who are not well repre-
sented in initial clinical trial populations (e.g., older patients 
and underrepresented minority groups). This strategy will 
require policy changes on a national level, with many calls 
to action already underway to support such efforts [35]. It is 
only through robust evidence-based approaches that we can 
fully understand how to tailor treatment across subgroups 
and clinical situations.

Despite the limitations of the available data, including 
limited numbers of older patients across studies and a lack of 
statistical comparisons for toxicity, the results of the identi-
fied trials in this review suggest that combination treatment 
with endocrine therapy + CDK4/6 or mTOR inhibitors is 
safe and effective for patients with HR+, HER2− advanced 
breast cancer regardless of age and should be considered for 
all patients when clinically appropriate.
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