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Abstract

Breast cancer is a disease of aging, and the incidence of breast cancer is projected to increase
dramatically as the global population ages. The majority of breast cancers that occur in older
adults are hormone-receptor positive, HER2-negative phenotypes, with favorable tumor biology;
yet, because of underrepresentation in clinical trials, less evidence is available to guide the
complex care for this population. Providing care for older patients with metastatic breast cancer,
with coexisting medical conditions, increased risk of treatment toxicity, and frailty, remains a
clinical challenge in oncology. This review provides an overview of the current evidence from
clinical trials and subanalyses of older adults with hormone receptor-positive, HER2-negative
metastatic breast cancer. We highlight data on the safety and efficacy of oral therapies including,
endocrine therapy alone or in combination with CDK 4/6 inhibitors, PI3K inhibitors, or mTOR
inhibitors, noting the significant underrepresentation of older and frail adults in these studies. We
also discuss current and future directions in research for this special population, highlighting
significant knowledge gaps, including the need to improve long-term adherence to hormonal and
targeted therapy, prospective clinical trials that capture clinical and biological aging endpoints, and
the need for a multidisciplinary approach with integration of geriatric and oncology principles.
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Introduction

Breast cancer is the second most common cause of death from cancer in women [1], with
metastatic breast cancer accounting for a large portion of breast cancer-related morbidity and
mortality [1,2]. About 6% of women have metastatic breast cancer when they are first
diagnosed [2], and more than 150,000 women are living with metastatic breast cancer [1, 3].
Aging remains one of the single greatest risk factors for breast cancer, and as the global
population ages, the number of older adults with breast cancer is expected to rise
dramatically worldwide [4]. Nearly 80% of breast cancers that occur in older adults have
hormone-receptor positive, HER2-negative histologies, with more indolent features and
favorable tumor biology compared with those that arise in younger women [5-7].

Despite this, older age in itself is associated with early mortality in patients presenting with
metastatic disease [8-11] and breast cancer outcomes for older patients are inferior
compared to younger post-menopausal women [1, 11, 12]. One of the major contributors for
this disparity is that older adults are often undertreated or receive non-standard care as a
result of concerns for multi-morbidity, treatment toxicity, and frailty [13-15]. However,
aging is heterogeneous, and how to individualize treatment around patients’ functional or
biological age remains a clinical challenge [16]. Moreover, age-related changes influence
anti-neoplastic drug distribution, metabolism, and excretion which may contribute to
changes in treatment tolerance between older and younger patients [17-21]. Yet, older adults
remain vastly underrepresented in cancer clinical trials that establish standard care treatment
dosing, safety, and efficacy [22, 23]. In addition, few studies have investigated how
accumulation of cellular and molecular damage associated with anti-neoplastic drags may
accelerate or accentuate the rate of aging compared with expected aging in the absence of
cancer, and there is limited data on the long-term and late-emerging effects of cancer
therapies on aging. [18, 24, 25].

In this review, we highlight several major issues related to management of hormone
receptor-positive, HER2-negative, metastatic breast cancer in older patients. We describe
current knowledge gaps related to drug safety and efficacy, postulate the potential impact of
therapies on the aging process, and underscore limitations of the current evidence and need
for more research related to anti-neoplastic drug therapy in older adults.

Endocrine therapy

There have been multiple trials evaluating the efficacy of aromatase inhibitors compared to
tamoxifen in postmenopausal women with hormone receptor-positive, HER2-negative
metastatic breast cancer [26-28]. These trials have shown superiority of anastrozole,
letrozole, and exemestane when compared to tamoxifen in this setting. However, although
aromatase inhibitors are commonly used in clinical practice for older adults based on this
data, most of the data is heavily weighted towards younger postmenopausal females. The
average age of patients included in these trials ranges from 63 to 67 and nearly 90% of these
patients have an Eastern Cooperative Oncology Group (ECOG) performance status (PS)
rated as 0-1.

Drugs Aging. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hill et al.

Page 3

Fulvestrant alone has been shown to be a safe and effective endocrine therapy for older
adults in the first and second line metastatic setting, and it may be more efficacious than
aromatase inhibitors. Fulvestrant improved the time to progression compared to anastrozole
in the first line setting with comparable overall response rate and clinical benefit rate [29,
30]. Fulvestrant is also an effective therapy after progression on an aromatase inhibitor [31,
32]. However, the patients included in these trials had an average age from 64-68 and were
heavily weighted towards younger postmenopausal women with good performance status.
One systematic review reported improved progression free survival (PFS) with fulvestrant
500 mg compared to an aromatase inhibitor and a subgroup analysis of patients 65 and older
had a greater PFS benefit [33]. In postmenopausal women, fulvestrant 500 mg has
demonstrated increased efficacy compared to the initially approved dose of 250 mg [34].

Adherence to endocrine therapy remains a problem, with unique challenges in the older
adult population. Although most work on adherence has been done in the adjuvant setting,
these studies have shown that the majority of patients with breast cancer receiving endocrine
treatment (up to 90%) experience an adverse event including hot flashes, nausea, arthralgias,
fatigue, mood changes, and fractures with endocrine therapy [27, 35]. Due to the high
percentage of patients who experience side effects from these medications, adherence can be
a challenge, especially with oral endocrine agents. In the adjuvant setting, postmenopausal
women were estimated to be only 69% compliant with aromatase inhibitors [36]. In a
broader analysis from a systematic review of adherence to recommended treatment for
various cancers in an older adult population, adherence rates ranged from 52%-100% [37].
Further investigation is needed to understand the causes of nonadherence and potential
remedies. In our practice, if there is concern that an older adult may struggle with adherence,
perhaps due to dementia or other functional limitations, we consider using fulvestrant, which
is administered in the clinic, rather than an oral aromatase inhibitor.

3. CDKA4/6 inhibitors

Cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors reduce proliferation of breast cancer
cell lines by preventing progression from the G1 to S cell cycle phase [38-40]. With the
development of the CDK4/6 inhibitors, palbociclib, ribociclib, and abemaciclib, the
treatment landscape of hormone receptor-positive, HER2-negative metastatic breast cancer
has dramatically changed. In combination with endocrine therapy, all three agents have
improved PFS in the first line metastatic setting when compared to an aromatase inhibitor
(Al) [41-44] or fulvestrant alone [45-48]. Furthermore, both ribociclib and abemaciclib
combined with endocrine therapy have shown an improvement in overall survival (OS) when
compared to endocrine therapy alone [49, 50], and we await further data on survival for
palbociclib. While the three CDKA4/6 inhibitors appear to be similar in terms of efficacy [51],
there are significant differences in terms of toxicity, which may be especially relevant for
oncologists who use these agents in the geriatric population. Palbociclib commonly causes
neutropenia, leukopenia, fatigue, and nausea with up to 56% of patients experiencing grade
3 or greater neutropenia [41, 42, 38]. Ribociclib also frequently causes neutropenia (grade 3
or higher in 49.7%) but in contrast to the other CDK4/6 inhibitors, it carries an increased
risk of QTC prolongation, requiring ECG monitoring [43, 39]. Abemaciclib causes less
neutropenia but more diarrhea, with 81% of patients experiencing any grade of diarrhea and
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27% experiencing grade 3 or higher [44, 40]. Most trials evaluating the CDK4/6 inhibitors
are heavily weighted towards younger postmenopausal women in good health, and despite
adverse events that may be more limiting for older adults, there is no detailed toxicity report
for the older adult population [52]. In fact, in all of the above mentioned studies, only 8-11%
of study participants were age 75 or older and all participants had an ECOG PS of 0-1 (Table
1).

Abemaciclib deserves additional mention since abemaciclib monotherapy is approved for
the treatment of hormone receptor-positive, HER2-negative metastatic breast cancer after
progression through hormonal therapy and chemotherapy. Abemaciclib has shown promise
in this heavily pretreated population with a median PFS of 6 months and median OS of 17.7
months (Table 2) [53]. However, these patients were relatively young with an average age of
58 and fairly healthy with an ECOG PS of 0-1 (Table 1). Only 32% were over the age of 64.

Aside from the small sample of older adults in the above mentioned pivotal studies, Howie
and colleagues performed a retrospective pooled analysis of patients age 70 or older from
the PALOMA-2 (palbociclib), MONALEESA-2 (ribociclib), and MONARCH-3
(abemaciclib) trials [54]. Across these three trials, approximately 25% of study participants
were age 70 or greater (n=456) and approximately 10% of study participants were age 75 or
greater (n=198). Older adults did benefit from a CDK4/6 inhibitor plus an Al with a median
PFS improvement from 13.7 months to 31.1 months with the combination compared to an
Al alone in patients age 75 or greater. Older adults had greater toxicity with the
combination. The dose reduction rate in patients 75 or older was 81.6% and the CDK4/6
inhibitor discontinuation rate was 32% compared to 71% and 12% in patients younger than
75 years, respectively. Patients age 75 or older reported greater diarrhea and fatigue relative
to younger patients. In the group age 70 or greater, 56% of patients needed two or more dose
reductions, generally due to neutropenia, diarrhea, kidney injury, and fatigue.

Furthermore, older adults had a similar decline in quality of life regardless of treatment with
the combination or an aromatase inhibitor alone. An exploratory analysis found that patients
aged 75 or greater had a more rapid decline in mobility, self-care, and functionality
regardless of treatment arm. This analysis suggests that CDK4/6 inhibitors markedly
improve PFS in this population and that toxicity is manageable with dose reductions [54].
However, this analysis has several limitations. First, it is a retrospective design, and
prospective studies are needed. Second, the differential toxicity profiles of the CDK4/6
inhibitors examined makes it challenging to pool data on specific adverse events, and the
authors were unable to pool data from additional studies of CDK4/6 inhibitors due to
heterogeneity of patient populations and study design. Third, the current studies do not
capture endpoints that may be most meaningful for older adults, such as function or
cognition [54]. Many oncologists have reservations concerning the use of CDK4/6 inhibitors
in the geriatric population [55].

Ongoing studies evaluating CDK4/6 inhibitors in the geriatric oncology population include a
phase Il study evaluating palbociclib plus letrozole or fulvestrant in patients age 70 or older
with hormone receptor-positive, HER2-negative metastatic breast cancer (NCT03633331).
This trial will provide prospective data in older adults with metastatic, hormone receptor-
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positive breast cancer, allowing insight into the experience of older patients, which has
historically been lacking in our traditional clinical trials. Given that CDK4/6 inhibitors are
oral therapies, older adults who may have cognitive impairment or limited social support
may face challenges with adherence. Finally, CDK4/6 inhibitors, by inducing cell cycle
arrest, may promote a state of cellular senescence, which is a hallmark of aging [56]. This
may not just apply to the tumor itself, but also to normal healthy tissue, possibly
contributing to accelerated aging commonly seen in patients receiving anticancer therapy,
and providing an opportunity to learn more about the aging process from studying this class
of drug [57]. Further studies are warranted to understand the effect of CDK4/6 inhibitors on
the biology of aging.

4. PI3K Inhibitors

The phosphatidylinositol 3-kinase (PI3K) pathway is a frequently altered growth factor
receptor signaling pathway in breast cancer with P/IK3CA mutations observed in
approximately 40% of patients with hormone receptor-positive, HER2-negative breast
cancer [58-61]. Alpelisib, an orally bioavailable a-specific PI3K inhibitor, was recently
approved by the FDA to be used in combination with fulvestrant for the treatment of
hormone receptor-positive, HER2-negative advanced breast cancer that has progressed or
relapsed during or after endocrine therapy in postmenopausal women. This approval is based
on the findings of the SOLAR-1 trial which demonstrated that alpelisib with fulvestrant
significantly prolonged PFS and improved overall response in patients with PIK3CA-
mutated, hormone receptor-positive, HER2-negative advanced breast cancer when compared
to fulvestrant alone [62]. The median PFS of patients treated with alpelisib was 11 months
compared to the placebo group with 5.7 months (Table 2). The most common adverse events
amongst patients within the treatment group were hyperglycemia (63.7%), diarrhea (57.7%),
nausea (44.7%), loss of appetite (35.6%), and rash (35.6%) [63]. The most common grade 3
or 4 adverse events were hyperglycemia (36.6%), rash (9.9%), maculopapular rash (8.8%),
and diarrhea (6.7%). Notably, 25% of patients in the alpelisib group had to permanently
discontinue treatment due to adverse events with hyperglycemia being the most common
reason for early discontinuation.

There is limited prospective data on the safety and efficacy of alpelisib in older adults. This
is because the average age of patients enrolled in this study was 62, and a vast majority had
an ECOG PS of 0-1 (Table 1). Furthermore, it was noted that within the treatment group the
incidence rate of grade 3 or 4 hyperglycemia was 44% in patients greater than 65 years of
age relative to 32% in patients younger than 65 years of age [64]. Given that older patients
are at a higher risk of developing hyperglycemia, and diabetes mellitus is a disease
associated with aging [65], providers administering this medication must closely monitor
their patient’s blood glucose, titrate their dose as needed, and manage any hyperglycemia
with metformin, insulin sensitizers, or insulin as recommended [64]. This pivotal trial,
SOLAR-1, showed no observable differences in the effectiveness of alpelisib on patients
greater than 65 years of age compared to younger patients, however, there was a limited
number (n= 34 of 284) of patients who received alpelisib greater than 75 years of age to
determine any significant differences in safety or efficacy.
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Other PI3K inhibitors, such as buparlisib, have been investigated but had a poor safety
profile and thus were not pursued further, highlighting the challenge of tolerability of these
agents, which could be especially problematic in a geriatric population [66]. Oncologists
understandably have reservations in their use and we need more prospective data to
understand how to safely utilize PI3K inhibitors in older adults. As with all oral therapies
prescribed to older adults, adherence concerns regarding PI3K inhibitors are relevant.
Finally, PI3K inhibitors, by reducing phosphorylation of downstream targets such as AKT,
may affect cellular nutrient sensing, and deregulated nutrient sensing is a complex metabolic
hallmark of aging [56], highlighting the potential of this drug class to impact the aging
process [57].

5. mTOR Inhibitors

In hormone receptor-positive breast cancer, activation of the mammalian target of rapamycin
(mTOR) pathway is associated with resistance to endocrine therapy and a worse prognosis
[67-70]. The oral therapy, everolimus, is a mTOR inhibitor with anti-proliferative and anti-
angiogenic properties [71]. Everolimus plus exemestane is an effective treatment for
hormone receptor-positive, HER2-negative metastatic breast cancer and there is evidence
that it is effective in an elderly population as well. The BOLERO-2 randomized controlled
trial evaluated everolimus plus exemestane versus exemestane alone in postmenopausal
women after progression on an aromatase inhibitor and demonstrated improved PFS from
3.2 months to 7.8 months (Table 2) [72, 73]. However, the patient population was weighted
more towards younger postmenopausal women with the average age of patients in this trial
being 61-62 years old [72]. Pritchard and colleagues did a retrospective analysis of patients
age 65 or older on the BOLERO-2 trial, including 275 patients age 65 or older and 164
patients age 70 or older [74]. PFS improved in both age groups (HR 0.59 and 0.45
respectively). However, adverse events, such as stomatitis, infection, rash, pneumonitis, and
hyperglycemia, were common, and 67% of patients in both age groups required dose
reductions. Approximately 15% of patients in both age groups required more than one dose
reduction. In 71 patients age 75 or older, the most common adverse events were stomatitis
(49%), fatigue (48%), anorexia (41%), diarrhea (38%), nausea (38%), dyspnea (34%), rash
(34%), weight loss (31%), and anemia (28%). The most common grade 3 or 4 adverse
events in patients age 75 or older were fatigue (14%), stomatitis (10%), dyspnea (10%), and
anemia (10%). The authors concluded that everolimus plus exemestane is an effective
treatment in the elderly but there are frequent adverse events requiring dose reductions [74].

Furthermore, everolimus plus fulvestrant has demonstrated improved PFS when compared to
fulvestrant alone after treatment with an aromatase inhibitor. However, while the average age
in this study was 65-66, all patients were ECOG PS 0-1 (Table 1) [75]. In summary, there is
evidence supporting the use of mTOR inhibitors in combination with endocrine therapy for
older patients with hormone receptor-positive, HER2-negative disease, however, older adults
may struggle with adherence and require more frequent monitoring for dose adjustments and
responses. More investigation may be needed to explore the appropriate dosing of mTOR
inhibitors in this population; these agents are an excellent example of potential clinical
limitations set by pursuing the maximum tolerated dose rather than minimum effective dose
during drug development [76]. Finally, mTOR inhibitors, like PI3K inhibitors, can affect
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deregulated nutrient sensing, which is a hallmark of aging. Inhibition of mTOR can lead to
aspects of the aging phenotype, potentially accelerating aging, but can also increase
longevity in mammalian models, making it an interesting area of investigation in cancer and
aging [56, 57].

6. Chemotherapy

Chemotherapy is an important treatment modality for older adults and should especially be
considered in specific clinical scenarios such as the presence of life-threatening or rapidly
progressive visceral disease [77] or in the setting of endocrine refractory metastatic disease
[78]. Capecitabine has been shown to be effective in older adults with metastatic breast
cancer both in the first line [79] and after prior anthracyclines [80]. However, the standard
dose of 1250 mg/m? often cannot be tolerated in patients, regardless of age [81]. Older
adults especially have greater risk of toxicity with capecitabine 1250 mg/m2, with 30% of
patients requiring dose reductions [82]. Since capecitabine 1000 mg/m? leads to dose
reductions in only 5% of patients, this dose is now commonly used and often considered the
standard of care practice in the U.S. [82, 83].

Taxanes are another commonly utilized chemotherapy class for older adults. Taxanes are
generally considered as effective in older adults compared to younger adults, but they are
associated with greater toxicity, likely due to decreased clearance of the drug [84, 85, 78].
Docetaxel is associated with greater grade 3 or 4 fatigue in patients 65 and older [86],
paclitaxel is associated with more leukopenia, peripheral neuropathy, and cardiotoxicity with
age [87, 88], and while nab paclitaxel has not shown increased toxicity with age in breast
cancer, less than 2% of patients studied were 75 years or older [89, 90]. Numerous other
chemotherapeutic agents are available and can be considered for use in older adults,
weighing their individual toxicity profiles. Finally, chemotherapy classically is thought to
create genomic instability leading to cell death, and genomic instability is a hallmark of
aging [56]. A future area to explore may be how these agents accelerate aging, providing
insights into the mechanisms and process of aging [56, 57].

7. Special Considerations in Older Patients

Treating older adults with metastatic breast cancer requires additional and often unique
considerations in contrast to treating a younger population. It is helpful to use tools, such as
ePrognosis, to estimate a patient’s lifespan [91, 15, 92, 93] to inform a discussion on risks
and benefits of therapeutic options. Furthermore, patient comorbidities and geriatric-specific
domains need to be taken into account to better understand functional age as opposed to
chronological age. A comprehensive geriatric assessment, which consists of an evaluation of
functional status, co-morbid medical conditions, cognitive function, nutritional status, social
support, and psychological state, and a review of medications, has been shown to be
beneficial in predicting toxicity and survival in older adults [94]. ASCO guidelines now
recommend that older patients receiving chemotherapy should have a geriatric assessment
[15]. This assessment can help identify opportunities for interventions that may improve
patient function and ability to tolerate treatment. Furthermore, including a geriatric
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assessment in oncology clinical visits improves provider-patient communication about
aging-related concerns [95].

Similar to principals often utilized in a general breast cancer patient population, older adults
may benefit more from a single chemotherapeutic agent at a time rather than multi-agent
chemotherapy. If adherence to therapy is a concern, perhaps because a patient struggles to
remember or struggles to physically open bottles and does not have a caregiver, then an
intravenous or injectable therapy may be preferred. Given the many facets of care of the
older adult, a multidisciplinary approach, perhaps including a geriatrician, palliative care
physician, or primary care physician, in addition to the oncologist and pharmacist, is ideal
[95]. More data is needed to advise us on the optimal ways to approach treatment of
metastatic, hormone receptor-positive breast cancer in the older adult population.
Furthermore, endpoints that are more pertinent to older adults, such as functional outcomes
or degree of impairment in addition to the traditional PFS and OS may provide the most
relevant information to inform improvements in clinical practice.

8. Conclusions

The treatment landscape of metastatic breast cancer has evolved over time with many new
oral treatment options being integrated into standard care, including endocrine therapy, with
or without concurrent treatment with a CDK4/6 inhibitor, PI3K inhibitors, and mTOR
inhibitors. For older women with hormone receptor-positive, HER2-negative metastatic
breast cancer, these oral treatment options are promising, but prospective data in this
particular patient population would aid in optimal dosing strategies and toxicity
management. Endocrine therapy has been shown to be safe, tolerable, and effective in older
adults. CDK4/6 inhibitors in combination with endocrine therapy appear to have excellent
efficacy in terms of prolonging PFS in older adults (median PFS of 31.1 months) [54], but
more data in older adults is needed to aid in optimal toxicity management and dosing and to
understand best sequencing of endocrine and targeted therapy agents. PI13K inhibitors
require cautious use in an older adult population due to a greater incidence of
hyperglycemia. mTOR inhibitors are efficacious in older adults but require frequent dose
reductions due to poor tolerability. Chemotherapy is considered safe and effective in older
adults, but clearance may be lower requiring added attention to dosing. When treating older
adults, it is important to balance efficacy of treatment with potential side effects in
consideration of quality of life. Issues that factor into the risk/benefit discussion are more
numerous and complex, and a multidisciplinary approach with a geriatric perspective can be
particularly helpful. Finally, we enthusiastically encourage the inclusion of older adults in
clinical trials, which not only present novel treatment options, but may also fill gaps in our
knowledge to guide the complex clinical decision-making required in the care of the older
adult.
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Key Points

Endocrine therapy is a safe, tolerable and effective treatment in older patients
with hormone-receptor positive, HER2-negative metastatic breast cancer.

CDKA4/6 inhibitors, PI3K inhibitors, and mTOR inhibitors in combination
with endocrine therapy are promising for the treatment of older adults, but
prospective data is limited.

There is a need to explore ways to improve adherence to hormonal and
targeted therapy in older patients, which may be different than interventions
designed for younger patients.

Chemotherapy is considered safe and effective in older adults but may require
added attention to dosing in this vulnerable population.

Treating older adults requires a multidisciplinary approach that integrates
geriatric and oncology principles.
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