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Abstract

Age is one of the most important risk factors for the development of breast cancer. Nearly

a third of all breast cancer cases occur in older women (aged =70 years), with most cases

being oestrogen receptor-positive (ER+). Such tumours are often indolent and unlikely to be the
ultimate cause of death for older women, particularly when considering other comorbidities. This
Review focuses on unique clinical considerations for screening, detection, and treatment regimens
for older women who develop ER+ breast cancers—specifically, we focus on recent trends for
de-implementation of screening, staging, surgery, and adjuvant therapies along the continuum
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of care. Additionally, we also review emerging basic and translational research that will further
uncover the unique underlying biology of these tumours, which develop in the context of systemic
age-related inflammation and changing hormone profiles. With prevailing trends of clinical de-
implementation, new insights into mechanistic biology might provide an opportunity for precision
medicine approaches to treat patients with well tolerated, low-toxicity agents to extend patients’
lives with a higher quality of life, prevent tumour recurrences, and reduce cancer-related burdens.

Introduction

Breast cancer, as with most cancers arising in adults, is an age-related disease. Age is one

of the most important risk factors, with nearly a third of all breast cancer cases diagnosed

in patients older than 70 years and a peak incidence occurring between the ages of 60 and

80 years in White people, and between 40 and 50 years in Black, Asian, and Hispanic
people.1=3 The vast majority of these cancers are oestrogen receptor-positive (ER+), and the
proportion of ER+ tumours relative to other subtypes increases with age.~8 Consistent with
the favourable receptor status, these tumours grow slowly and are often less aggressive than
tumours in younger patients, suggesting that tumorigenesis in these patients might largely be
due to chronic exposure to tumour-promoting stimuli.>’

Clinical management of older patients with early-stage ER+ breast cancer is challenging.®
Older patients typically develop tumours in the context of age-related inflammation,® which
might require different treatment considerations. Older patients typically have a greater
degree of multimorbidity and polypharmacy burden than their younger counterparts (figure
1).10 As the International Society of Geriatric Oncology (SIOG) suggests, these patients

are a heterogenous population, which warrants clinical use of validated comprehensive
geriatric assessments. These assessments might reveal additional functional impairments,
cognitive problems, nutritional issues, psychological distress, insufficient social support or
engagement, and the presence of geriatric syndromes (figure 2).11-13 Further complicating
optimal treatment strategies is the fact that older patients are often excluded in randomised
controlled trials and have fewer treatment guidelines that are tailored to them than do
younger patients with cancer.12-14 For example, one report showed that women who
enrolled in clinical trials for breast cancer were nearly 8 years younger than the median age
for individuals with the disease.12 Another report showed that only 24% of patients enrolled
in oncology drug-approving trials were older than 70 years.13 Moreover, standard clinical
trial endpoints, such as survival outcomes, are often less meaningful for older patients with
cancer, for whom quality of life, treatment tolerability, and effects of treatment on functional
measures might be more relevant. These challenges leave older patients particularly
vulnerable to the risks of both overtreatment and undertreatment.11:15 Overtreatment can
lead to diminished quality of life, financial burdens, and a cascade of low-value care;
however, undertreating these patients might lead to an increased risk of tumour recurrence.
These considerations make comprehensive geriatric assessments for these patients even
more imperative; such multidomain assessments can help clinicians identify medical,
psychosocial, and functional issues that are not readily detectable with routine evaluation.16
Despite being time-consuming, these validated tools can be a strong asset when devising

a treatment plan, especially one in which omission of certain interventions is considered.
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When formulating care plans, clinicians should have discussions with patients and caregivers
about goals for care and end of life.1’

To improve treatment for older patients with ER+ breast cancer, there has been a strong
push to better understand the appropriate care regimen for the unique underlying biology of
the tumours. De-escalation of some interventions has come to the forefront of discussions
regarding cancer care for many older patients. In fact, there is currently a strong call

for de-implementation of low-value care interventions,18-20 which are those healthcare
services that are considered not to have a clinically meaningful benefit but do have a
potential risk of adverse events.2! Omitting low-value care might reduce unnecessary
interventions and treatment-related toxic effects, and might prevent diminished quality of
life.22 An example relevant for older patients with ER+ breast cancer includes the Society
of Surgical Oncology’s adoption of the American Board of Internal Medicine’s Choosing
Wisely guidelines, which recommend against the use of sentinel lymph node biopsy (SLNB)
for patients older than 70 years with ER+, clinically node-negative breast cancer.23 The
comprehensive updated policies from the European Society of Breast Cancer Specialists
(EUSOMA) and SIOG provide the latest clinical recommendations about the management
of breast cancer in older patients. These recommendations provide a strong foundation for
the treatment of older women with breast cancer, but they do not acknowledge some of the
unique aspects of ER+ breast cancer or options to omit care because of favourable disease
prognosis.24

In this Review, we expand on the aforementioned recommendations and outline the

evidence and gaps in knowledge of current clinical de-implementation strategies across the
spectrum, from screening to treatment in older women (=70 years) with ER+ breast cancer,
including axillary staging, breast-conserving surgical procedures, and adjuvant therapies
(figure 3; panel). Furthermore, we review emerging areas of molecular medicine that provide
insight into novel treatments for older patients, including those targeting cancer-promoting
inflammation.

Clinical trends in de-implementation in low-risk breast cancer in older

women

Screening

The US Preventative Services Task Force guidelines do not recommend screening beyond
the age of 74 years because of the scarcity of evidence from randomised controlled trials

on the benefits of screening mammaography in this older population. With the exception

of the Swedish Two-County trial that invited women to screen every 33 months up to the
age of 74 years, randomised controlled trials to date have not included women older than

70 years.28 However, there are compelling data on screening in older women from the
American College of Radiology’s National Mammography Database that show reductions in
false positives and increases in both cancer detection rates and the positive predictive value
of biopsies done at increased ages, even beyond the age of 90 years.29 Mammographically
detected cancers in women aged 75 years or older were much more likely to be diagnosed at
a lower stage in several studies: only 12% of those assessed were node-positive at diagnosis
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compared with 38% of those clinically detected in the series of Malmgren and colleagues,3°
and 11% of older women with screen-detected cancers had axillary metastases, as reported
by Destounis and colleagues.3!

There is an approximately 10-year delay in observing any benefit in breast cancer mortality
from screening mammography.32 Instead of using 74 years of age as a screening termination
target, national guidelines suggest stopping screening when the patient is no longer in good
health (Society of Breast Imaging, National Comprehensive Cancer Network, and American
Society of Breast Surgeons) or has a life expectancy of less than 10 years (American Cancer
Society).33 Even the healthiest quartile of women older than 85 years has less than 10 years
of life expectancy.3* An analysis of outcomes in women older than 65 years found that,

even after correcting for prognostic index and potential confounders, breast cancer screening
was associated with reduced all-cause mortality.3> This screening benefit was attenuated

but persisted in women with reduced cognition. The authors of this analysis suggest that
current algorithms might misclassify individuals as having a low life expectancy, resulting in
cessation of screening that is inappropriately premature. Similar to these national guidelines,
EUSOMA-SIOG recommend stopping screening after 75 years of age.?4

Taken together, a detailed geriatric and life expectancy assessment in conjunction with
patient preferences should guide decision making for continued screening. Clinicians should
make every effort to rely on validated measures to estimate remaining life expectancy (eg,
ePrognosis) and the potential benefits of continued screening. Screening after the age of

74 years can be effectively stopped, as per multiple society guidelines including the recent
EUSOMA-SIOG recommendations.

Genetic screening

About 5-10% of breast cancers are related to a genetic predisposition. The possibility

of a genetic predisposition in older patients should be considered, particularly when the
personal and family history is suggestive of a cancer predisposition. In women diagnosed

at age 65 years or older, the prevalence of risk genes has been estimated to be about 4—
6%.36-38 Although the prevalence of pathogenic variants in BRCA1 and BRCAZ2 decreases
in those older than 40 years, the prevalence of pathogenic variants in A7TM, CHEK?Z, and
PALB2remains constant among patients aged 40-85 years.39 Older patients have a higher
proportion of pathogenic variants in moderate-risk predisposition genes for hereditary breast
cancer than do younger patients.3” Thus, genetic testing in older patients with breast cancer
should be considered when appropriately based on personal and family history.40

Although the identification of a pathogenic variant in a breast cancer predisposition gene
has implications for family members, its impact on subsequent cancer risk and medical
management for older patients with breast cancer is less clear. Among individuals with

a pathogenic variant in BRCA1 and BRCAZ, women aged 71-80 years with a previous
breast cancer diagnosis have an elevated breast cancer incidence of about 10 per 1000
person-years; however, there are no data specifically on the risk of developing a second
primary breast cancer for those diagnosed with the first breast cancer at age 70 years or
older.4142 Compounding the sparse data on cancer risk in older patients is the scarcity of
evidence on the benefits of enhanced surveillance and risk-reducing strategies. Although
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intensive surveillance has the potential to lead to early detection,3® the effect on survival
outcomes in older people is largely unknown. Furthermore, although there is an increased
risk of developing a second breast cancer in patients with a pathogenic variant in BRCAZ or
BRCAZ, contralateral risk-reducing mastectomy is unlikely to confer a survival benefit.43:44
There is currently no consensus nor are there standard guidelines on the management of
older patients with a genetic breast cancer predisposition, and studies in this population are
scarce. In a small retrospective cohort study of women older than 75 years with a pathogenic
variant in BRCAI or BRCAZ, most patients elected to have no screening or screening with
various schedules of mammography with or without MRI, whereas few patients elected

to have risk-reducing mastectomy.#> Genetic testing for BRCAI and BRCAZ2 might have
implications for therapy, especially given the availability of poly ADP-ribose polymerase
(PARP) inhibitors. However, with few older women included in the initial clinical trials,
specific treatment tolerability with PARP inhibitors is currently less defined in older

patients than in younger patients.48 Consistent with EUSOMA-SIOG recommendations,
older women carrying pathological variants can be offered PARP inhibitors if their disease is
progressive.

Axillary staging and breast surgery

The rationale for axillary surgery in breast cancer has evolved from the therapeutic benefit of
locoregional clearance, to diagnostic staging to guide decision making on adjuvant therapy.
SLNB has largely replaced axillary lymph node dissection as the standard of care for women
with clinical NO disease.4”48 Recent evidence has led to refining the diagnostic utility of
SLNB, especially in older women.4%-51 The Society of Surgical Oncology advocates for
omission of SLNB in women aged 70 years or older with early-stage ER+, HER2- breast
cancer.23 A large cohort study of more than 3000 older women, aged 70 years and older,

at a single health-care system revealed that performing SLNB in this subgroup provided

no outcome advantages with respect to locoregional recurrence or breast cancer-specific
survival.19 Some recommendations, such as those from EUSOMA-SIOG, state that SLNB
should only be omitted for frail patients with low-volume, luminal A-like tumours.24
However, emerging evidence posits that SLNB omission can be extended to many more
patients: even omitting SLNB in the setting of higher-grade or higher-stage disease did

not affect disease-free or locoregional recurrence-free survival. Even in the absence of a
randomised trial, omission of SLNB from routine care is possible as: (1) there is limited
diagnostic utility from the procedure; (2) with a clinically node-negative axilla, only some
of these patients will actually have a pathologically positive node; and (3) in older women
with early-stage disease, omitting SLNB will have a small absolute increase in recurrences
without a detriment to their disease-free survival.10

Breast-conserving surgical procedures remain the standard of care for older patients with
operable breast cancer, but there is a paucity of data regarding de-escalation of surgical
procedures. These procedures are generally well tolerated and have a very low risk for
perioperative mortality.52°3 Despite these outcomes, older women are known to be at
increased risk of morbidity and mortality, such as postoperative neurocognitive dysfunction,
because of the risks of both operation and anaesthesia, especially if they have preoperative
functional or cognitive impairment.>4-56 Additionally, depending on the extent of the
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operation and whether a patient needs to use the dominant arm for an assistive device, their
dependency might be increased for days or weeks. In some cases, the decision to operate

is challenged by the patient’s or family’s understanding, indecisiveness, or uncertainty
about the patient’s ability to tolerate surgery. As it currently stands, most guidelines and
recommendations, including those by EUSOMA-SIOG, posit that surgery should only be
avoided for frail patients deemed non-surgical candidates because of multiple comorbidities,
opting instead for treatment with primary endocrine therapy.>’-59 A Cochrane review of
seven randomised trials comparing surgical excision either with or without tamoxifen versus
primary tamoxifen therapy alone in patients aged 70 years and older found that primary
tamoxifen therapy was associated with inferior local disease control compared with excision
alone, but it was non-inferior for overall survival.2> Similarly, the Bridging the Age Gap
working group showed that primary endocrine therapy did not confer inferior breast cancer-
specific survival in older women when compared with breast-conserving surgery.®0

With this evidence, patients with low-risk ER+ disease are increasingly opting to forego
surgery altogether in favour of primary endocrine therapy, as they correctly do not perceive
their breast cancer to be a life-threatening ailment.61 Given the risk of postoperative
cognitive and functional limitations and the low risk of breast cancer progression, surgical
omission with primary endocrine therapy and regular follow-up could be a reasonable
alternative treatment strategy for patients with ER+ disease. Prospective studies in this area
are warranted, especially as the duration of tumour control with endocrine therapy alone
might be limited to less than 5 years.62 If patients are anticipated to survive for longer than
5 years, then a surgical approach is favoured and should be discussed with the patient and
caregivers. Clinicians can also use decision support interventions to further inform older
women and their caregivers of the benefits and risks of surgical and endocrine treatment
options.83

As our knowledge of optimal treatments for individual subtypes of breast cancer continues
to improve, it is probable that de-escalation of breast cancer surgical procedures will be

a possibility in selected patients, either by offering surgical procedures with lower risk of
morbidity or no procedure at all. Development of surgical decision aids for both clinicians
and their older patients might allow for more streamlined and individualised care in this
patient population, which takes into consideration both clinical benefit and patient values.

Pathological determination of risk of recurrence

Although many luminal tumours in older women are considered low risk, identifying
tumours that have an increased risk of recurrence is still a priority. Multigene

commercial assays (OncotypeDX, MammaPrint, and others) are frequently used for such
identification, but these assays are expensive and might not be required if pathological

and immunohistological data are carefully evaluated. Data indicate that older women are
both less likely to be tested with the 21-gene recurrence score assay (Oncotype DX;
Genomic Health, Redwood City, CA, USA) and are less likely to have a high-risk recurrence
score than are younger patients with ER+ cancers.54-66 Furthermore, older patients, when
tested, are treated less frequently with adjuvant chemotherapy than are younger patients:
only 3:6% of women aged 70 years or older with a recurrence score between 11 and 25
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and 38:-1% of women aged 70 years or older with a recurrence score of more than 25
receive adjuvant chemotherapy (compared with 8-6% and 74-0%, respectively, of patients
aged 50-70 years).57 Older patients might also not receive as much benefit from adjuvant
chemotherapy, even in the high-risk recurrence score group.%®

An alternative, less expensive, and readily available approach to the recurrence score assay
is to use the Magee Equations (Department of Pathology, University of Pittsburgh Medical
Center, Pittsburgh, PA, USA), a multivariable model derived from routine pathological and
semiquantitative immunohistological data.59.70 The Magee Equations have been validated to
estimate recurrence score with a fair degree of accuracy and have also been shown to have

a strong chemopredictive value.”%-"2 A decision algorithm (Magee Decision Algorithm) has
been described using Magee Equations data and mitosis scores to safely forgo molecular
testing in 70% of cases sent for recurrence score testing.”374 Evaluating the same dataset,
we looked at the performance of the Magee Decision Algorithm in older patients (=70
years).”3 The dataset contained 350 older patients, of which 244 (70%) were classified,
using the Magee Decision Algorithm, as: low-risk recurrence and not requiring oncotype
testing. Of these 244 patients, 232 (95%) were accurately predicted recurrence score.’3
These results in older patients are similar to the overall results previously published,
suggesting that the Magee Decision Algorithm can be used in older patients for clinical
decision making. The use of the Magee Decision Algorithm in routine practice is cost-
effective and provides tremendous healthcare value. For every 100 clinical requests for
OncotypeDX tests, routine use of the Magee Decision Algorithm for triaging translates to
cost savings of about US$300 000 without any negative impact on patient care.’3

Radiation therapy

The Cancer and Leukemia Group B (CALGB) 93430 and Postoperative Radiotherapy in
Minimum-Risk Elderly Il (PRIME 11)1 studies support omission of adjuvant radiation
therapy in older women with early-stage ER+ breast cancer. Addition of adjuvant radiation
therapy significantly reduced the risk of locoregional recurrence (from 10-12% to 1-2%) but
no differences were observed in distant metastases or overall survival. On the basis of these
results, the National Comprehensive Cancer Network adopted anti-oestrogen therapy alone
as an option for women aged 70 years or older with ER+, T1 disease.4® However, high rates
of radiation therapy use are still observed, although there is high variability according to
geographical region.10:7> Results from the Bridging the Age Gap group show that radiation
therapy use in the adjuvant setting is largely determined by patient age and the clinician’s
observed risk of recurrence and, interestingly, less driven by geriatric assessment.”® Overall,
radiation therapy was well tolerated by older women, with only a transient decrease in
quality of life. Even with tolerability, adjuvant radiation therapy can safely be de-escalated
in older women in this setting; higher-grade or higher-stage tumours in the setting of cNO
disease do not increase the risk of recurrence.10

When these trials were designed in 2000-10, the duration of radiation therapy was 3-6
weeks, which caused both direct and indirect financial and physical burden to women
undergoing treatment. Currently, many randomised trials have shown that shorter five-
fraction treatments are equivalent in efficacy. The 10-year results from the UK FAST trial26
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and 5-year results from the UK FAST-Forward trial?’ have confirmed that five-fraction
treatments are equivalent in efficacy to 3-week courses of radiation therapy. A prospective
randomised study comparing five-fraction accelerated partial breast irradiation to 30-fraction
whole-breast radiation therapy showed no difference in ipsilateral breast tumour recurrence
but significantly greater reductions in acute and late toxic effects for accelerated partial
breast irradiation.”® These radiation therapy regimens might be especially appealing moving
forwards as adjuvant therapies for older patients for additional reassurance of local control.

Another important factor in determining adjuvant treatment strategies is compliance with
therapy, which is about 50% for aromatase inhibitors on account of side-effects and the
impact on quality of life.”’~79 Population-based studies also show that, in this patient
population, there is no difference in secondary breast cancer events when comparing
aromatase inhibitors to radiation therapy alone, corroborating the fact that risk of distant
metastases and breast cancer mortality is low in this population.8%:81 Studies investigating
therapeutic interventions should now also focus on patient-related quality of life, which was
not examined in either the CALGB 9343 trial or the PRIME Il trial. There is one ongoing
study (EUROPA) that is designed to compare endocrine therapy alone with accelerated
partial breast irradiation for women aged 70 years or older with early-stage breast cancer.
The endpoints of this study are patient-reported outcomes, time to locoregional recurrence,
distant metastases, and survival.82 Additionally, ongoing clinical trials should further aid
decision making in this area, including PRIMETIME (ISRCTN41579286), PRECISION
(NCT02653755), LUMINA (NCT01791829), and NATURAL (NCT03646955). Until more
data are available, decisions about any adjuvant treatment in this population should consider
all factors, including efficacy, effect on quality of life, comorbidities, direct and indirect
costs, and patient preference.

Adjuvant endocrine therapy

Standard-of-care guidelines advocate for adjuvant endocrine therapy for a duration of at
least 5 years,83 even though there is a low risk of recurrence after definitive management

of early-stage ER+ breast cancer. Despite the high utilisation of endocrine therapy in older
patients, multiple studies suggest non-adherence increases with increasing age, possibly
owing to the susceptibility of older patients to systemic toxicity.848% In accordance with
EUSOMA-SIOG, a crucial condition preceding the use of endocrine therapy should be a
discussion about adherence to treatment and close monitoring of side-effects that might
preclude long-term use.24 Interestingly, locoregional recurrence is reported to increase

with endocrine therapy discontinuation,8® but discontinuation was not associated with a
concomitant effect on overall survival or progression-free survival 8485 In the CALGB 9343
trial of breast-conserving surgical procedures with subsequent radiation, older patients who
adhered to endocrine therapy had lower cancer recurrence and higher overall survival, but
equivalent cancer-specific mortality, than did older patients who did not adhere to endocrine
therapy.86

Given the potential effects on quality of life, omission of endocrine therapy was studied
in the older population, with findings that adjuvant endocrine therapy was associated with
improved overall survival; however, there was no significant interaction with age.8” A
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further study reported improved overall survival with the use of endocrine therapy, although
stage | patients accounted for only 42.3% of the cases.88 However, multiple studies suggest
that outcomes do not improve with endocrine therapy if it is combined with adjuvant
radiation.8? In a study of older patients with pT1NO tumours after breast-conserving surgery,
5-year local recurrence rates were 1-5% for patients receiving radiation alone and 4-2%

for patients receiving endocrine therapy alone, compared with 0-8% for patients receiving
both.%0 In a similar patient population using data from the Surveillance, Epidemiology,

and End Results and Medicare linked database, patients who received endocrine therapy
alone had a higher risk of a second breast cancer event than those receiving combined
endocrine therapy and radiation therapy (hazard ratio 2-20, p=0-008), whereas patients
receiving radiation therapy alone were not at a higher risk of a second breast cancer event.8!
Additionally, data from a population-based study in a Danish cohort showed that, although
the effect of adjuvant endocrine therapy is quite pronounced for younger patients, older
women with small tumours (<10 mm) might not actually benefit from endocrine therapy.9!
For these women, even with omission of endocrine therapy, their survival is similar to
age-matched women without cancer in the general population.

Collectively, these studies suggest that omission of endocrine therapy is an acceptable
approach in older patients with low-risk early-stage ER+ breast cancer, with the caveat
that adjuvant radiation should be completed as per indication status after breast-conserving
procedures.

When should clinicians escalate therapy?

Although most ER+ tumours diagnosed in older women are considered low risk according
to both clinical examinations (ie, breast examination or ultrasound) and gene expression
profiling, some situations might warrant additional therapy. Conflicting evidence about the
role of adjuvant chemotherapy for older patients precludes clear conclusions of efficacy. For
ER+, node-positive disease, a study using the US National Cancer Database found that, after
adjustment for confounding factors, receipt of chemotherapy was associated with improved
survival (hazard ratio 0-67).92 Notably, there were no geriatric assessments of patients,
making real-world application of these data difficult. However, in a study from the Bridging
the Age Gap group, chemotherapy was not associated with survival benefits in patients

with ER+ disease.%3 Luminal B-like tumours might also warrant escalation of therapy with
either adjuvant chemotherapy or targeted agents (CDK4 or CDK® inhibitors) in combination
with endocrine therapy, but clinicians should exert caution with the use of multidrug
chemotherapy regimens in older women.24 Due to toxic effects, dose modifications might be
warranted earlier in treatment courses in older women.

After active treatment, there might be long-term sequelae, with which patients must

then contend, including physical, functional, and psychosocial effects that can lead to
patients requiring help with basic or instrumental daily activities. Although the impact

of chemotherapy on quality of life could be transient,%* these implications might be less
acceptable for older patients with fewer years of life remaining than for younger patients. It
is the task of the medical oncologist and care team to minimise and prevent cancer morbidity
and to ensure that cancer therapies help more than they harm. This evaluation should ideally
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occur at each clinic visit, as health status can change drastically for the better or the worse
over short periods.

Notably, the Cancer and Aging Research Group-Breast Cancer score was validated to predict
grade 3-5 chemotherapy toxicity in older adults with early-stage breast cancer.®> Among

the eight predictors of toxicity, limited mobility and insufficient social support were both
identified as important parameters. These findings further highlight that, in the setting of
escalating therapy to include chemotherapy, clinicians should consider a comprehensive
geriatric assessment before starting treatment.

Translational science: insights to guide new therapies

With the push for changes to the clinical approach for management of ER+ breast cancer in
older patients, emerging evidence from preclinical studies might also inform new treatment
strategies. Age-related alterations to hormones and hormone receptor biology, along with the
persistence of a chronic inflammatory state, can all contribute to the development of cancer.

One of the hallmarks of ageing is an increase in systemic low-grade chronic inflammation,
with one of the contributors being an increase in cells with a senescence-associated
secretory phenotype (SASP).96-98 persistent inflammation leads to a release of damage-
associated molecular patterns, which are associated with increased secretion of multiple
inflammatory cytokines.® Although local inflammation can promote both pro-tumour and
anti-tumour immune functioning, in the context of ageing, the inflammatory secretome is a
major contributor to tumour development, leading to both a functional decline in immune
surveillance (immunosuppressive microenvironment) and altered signalling within epithelial
cells (figure 4).99.100

Ageing, hormones, and hormone receptor biology

There is a well established link between age, transcriptomic changes to £S5/ and

altered hormone concentrations. When comparing pre-menopausal and post-menopausal
patients with ER+ breast cancer, £5R1 was identified as the most differentially expressed
and methylated gene.101.102 Aged breast cancers have hypomethylated £SRZ, leading to
increased expression of the gene and ER protein.

Age also changes the disposition of both circulating oestrogens and intra-tumoural
oestrogens. In pre-menopausal women, the main oestrogen source for breast tissue is
circulating oestradiol, which is secreted by the ovaries. However, in post-menopausal
women, ovarian oestradiol is drastically reduced and the main form of unconjugated
oestrogen in the plasma is oestrone, which is typically produced by aromatisation of
androstenedione in a variety of peripheral tissues. Thus, an outstanding question remains

as to how oestradiol still drives ER+ tumours in older women, in whom concentrations

of circulating oestrone are greater than oestradiol. The prevailing model emanates from
seminal work by Lenning and Dowsett indicating that, in post-menopausal women, oestrone
undergoes equilibration with breast tissue and is further converted to oestradiol in the breast
microenvironment by an isoform of the 17p-hydroxysteroid dehydrogenase enzyme.103.104
This work suggests that local breast production of oestradiol does largely not contribute
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to tumour development, and the potential for oestrone itself to drive tumorigenesis is
probably low given that oestrone is a much weaker ligand for the ER.105106 However,
further work has found that oestrone is pro-inflammatory in the context of pre-existing
inflammation, whereas oestradiol opposed these inflammatory properties.197 Notably, this
study did not consider possible oestrone-to-oestradiol conversion and had sparse data on
potentially physiologically relevant cytokines. Further validation is warranted, and studying
how different ratios of oestrone to oestradiol might synergise with inflammation to drive
tumour formation remains pertinent.

Ageing, inflammation, and inflammaging

Systemic chronic inflammation is a hallmark feature of ageing and is often called
inflammaging.%6:108 Evolutionarily, inflammation is a beneficial process used in the acute
setting to transiently activate immune compartments to respond to a harmful threat; however,
with age, the immune system becomes less able to deal with acute threats and it becomes
chronically activated. Chronic inflammation supports the development of newly emergent
tumours, causing them to behave as wounds that do not heal—continuous production of
cytokines, chemokines, and growth factors within the tissue microenvironment fosters both
tumour survival and host immune dysfunction and immunosuppression. %109

In the breast, age-related remodelling of both the epithelium and stromal cell compartments
occurs. A single-cell sequencing analysis of young and aged mammary tissue from mice
revealed that multiple cell types contribute to local breast inflammation through the
upregulation of cytokine gene expression, including myoepithelial cells, macrophages, and
endothelial cells.}10 Additional evidence suggests that much of the contribution of the
pro-inflammatory microenvironment is related to the SASP, which is largely driven by

aged fibroblasts.111 However, it appears that breast myoepithelial cells might be a key

driver of inflammation and microenvironment remodelling, influencing not only the immune
contexture but also neighbouring luminal epithelial cells.110.112

Establishing which cytokines (with a focus on chemokines) from systemic chronic
inflammation functionally contribute to breast cancer development remains important.
Finding reliable biomarkers that consistently mark age-related chronic inflammation has
proved to be challenging. Plasma samples from patients with luminal breast cancer show
age-related increases in interleukin (IL)-6, IL-8, and C-X-C motif chemokine 10 (CXCL10),
but whether this reflects normal tissue ageing or is a result of tumour pathogenesis is
unknown.113

The increase in systemic chronic inflammation is accompanied by concurrent changes

in the proportions of immune cells and the function of the immune system. Decreased
responsiveness of the adaptive immune system is an important feature of ageing.114 Notably,
ageing is associated with the development of a subpopulation of GZMK+ CD8 T cells,
which express markers of exhaustion, are pro-inflammatory, and secrete cytokines with a
SASP. Additionally, the spectrum of T cells shifts to a predominantly memory T-cell pool,
which leads to decreases in the T-cell receptor repertoire.115 In turn, these cells contribute to
age-associated dysfunction of the immune system. In the breast, functional shifts in immune
cell proportions occur, with increased bone marrow-derived macrophages, which propagate
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pro-tumour inflammation.119 Myeloid-derived suppressor cells are age-associated and might
also be important: their long-term presence in tissues can impair waste clearance, disturb
tissue proteostasis, and suppress the host immune response.116 However, their precise role in
breast cancer pathogenesis, especially in older women, remains unclear.

Conclusions and future studies

Screening for breast cancer should continue as long as life expectancy exceeds 10 years;
accuracy of screening mammography increases with age. Treatment strategies are evolving
for older patients with early-stage breast cancer, with interventions and therapies that
optimise patient preferences and quality of life. As evidence emerges showing that de-
implementation strategies might be feasible for these older patients, ongoing discussions
with the patient should remain a crucial aspect of care delivery. Patients might have wide-
ranging reasons for utilising or omitting certain therapies, but communication strategies

that focus on emphasising favourable prognoses and the low risk of both recurrences and
cancer-related adverse events might help to guide patients’ decision-making.11” Clinicians
treating older patients with early-stage ER+ breast cancer must consider the competing
interests of quantity and quality of life. Depending on the patient, treatment might be
foregone or adjusted to meet their specific goals of care. Therefore, clinicians should strive
to provide better and more personalised care for older patients with early-stage ER+ early
breast cancer than is currently provided, while considering the interaction of the influence of
ageing on the patient (by taking into account comprehensive geriatric assessments, treatment
toxicity prediction tools, quality of life, and life expectancy) and the distinct tumour biology.

Basic science research has the potential to add well tolerated, low-toxicity, pharmacological
agents to treatment regimens and de-implement more invasive or toxic interventions.
Evidence points to an age-related chronic inflammatory environment in the breast that

can be pro-tumorigenic. Further studies exploring the crosstalk between oestrogen-driven
signalling and inflammation should be a primary focus to better understand how and

why ER+ breast cancers develop in older patients. A deeper understanding of cancer-
promoting inflammation might also yield new therapeutic strategies, including the use

of anti-inflammatories, to supplement ER-targeting therapies and allow for less invasive
treatment and a better quality of life than are possible with current strategies. Many of

the existing anti-inflammatories, such as metformin, aspirin, and statins, are well tolerated
agents with low risks of adverse effects.109 Prospective studies are warranted to test whether
these agents would be suitable chemopreventive agents, as aspirin has in some settings been
shown to be a chemopreventive agent for colorectal cancer, or whether they might serve as
complementary treatments.
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Panel: Considerations and recommendations for screening and treatment
for oestrogen receptor-positive (ER+) breast cancer in older patients

Screening (imaging and genetics)
1. Screening imaging
. Can continue for as long as life expectancy is more than 10 years;

however, even the healthiest women are unlikely to have a life
expectancy of more than 10 years beyond the age of 85 years

. Need to strongly consider comorbidities and competing causes of
mortality, although current algorithms might misclassify women as
having a low life expectancy, with resultant cessation of screening
that is inappropriately premature

. Can stop screening with MRI in women older than 75 years at high
risk
2. Genetic testing
. Testing is always possible to help family members
. There is very little role for screening with MRI or risk-reducing

mastectomies in those older than 75 years, even in the face of a
pathogenic mutation

Surgery
. Per Choosing Wisely guidelines and emerging evidence,? it is recommended
to not routinely perform sentinel lymph node biopsy in those aged 70 years or
older with early-stage, clinically node-negative, ER+ tumours
. Breast-conserving surgery remains the standard of care but can be replaced

with primary endocrine therapy for older patients who are frail and unfit for
surgery or who prefer not to undergo surgery

- Omission of breast-conserving surgery might result in inferior local
disease control but has been shown to be non-inferior to primary
tamoxifen alone with respect to overall survival®®

- Patient preference should be a strong consideration, as primary
endocrine therapy with close observation can be a feasible strategy

- Functional impairments, cognitive or psychosocial distress,
nutritional deficiencies, and insufficient social support or
engagement might also prompt omission of surgery

Radiation oncology

. Omission of radiation therapy can be strongly considered for patients
with clinically node-negative, ER+ disease in accordance with the National
Comprehensive Cancer Network guidelines if the patients are given adjuvant
endocrine therapy
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. Accelerated partial breast irradiation might be a feasible short-course
alternative to full cycles of radiation therapy, given the results of the FAST
and FAST-Forward trials; 2627 this option might be especially appealing for
older patients with ER+ disease

Medical oncology

. Adjuvant endocrine therapy remains the standard of care for patients with
early-stage ER+ disease

. For patients for whom compliance to endocrine therapy might be an issue
or for patients who desire not to take adjuvant endocrine therapy due to side-
effects, radiation therapy in the adjuvant setting might be a feasible alternative
for disease control

Genomic testing

. The Magee Decision Algorithm can be used as a triaging method to decide
whether or not to send for OncotypeDx recurrence score

. Results from a study indicate that more than 70% of older patients with
ER+ disease do not need OncotypeDx testing; thus, there is no need to order
genomic testing on patients with a Magee score of less than 18 or patients
with a score of 18-25 with mitosis score of 1

. Consider sending assay if patient has node-positive disease, has a Magee
score of more than 25, has a Magee score of 18-25 with a mitosis score of
more than 1, or is particularly fit, in whom systemic chemotherapy would be
considered

Survivorship, quality-of-life considerations, and comprehensive geriatric assessment

. In general, for older women, breast cancer outcomes are better if a geriatric
assessment is completed before treatment initiation than if it is completed
after

. Geriatric assessments that might be useful include the Comprehensive

Geriatric Assessment, ePrognosis, PREDICT, and Cancer and Aging
Research Group-Breast Cancer (CARG-BC) models; these assessments, along
with patient preferences, should be incorporated as early as possible (ideally,
into initial surgical consultation) to facilitate the identification of patients
requiring further referral to a geriatric oncology clinic
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Search strategy and selection criteria

We used both MeSH terms (controlled language) and free-text terms and did searches

on PubMed and Google Scholar for articles in English. The search query included
“estrogen receptor positive breast cancer” AND “elderly” OR “older women”. More
specific search combinations for treatments were then used, including the aforementioned
terms and additional items; for example, “radiotherapy” OR “radiation therapy” was

used to find articles related to considerations for radiation therapy. For searches related

to basic science research, we searched using “elderly breast cancer” OR “aging and
breast cancer” AND “inflammation” OR “inflammaging” OR “hormones” OR “hormone
biology.” All searches were from inception of the database to May 31, 2021.
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Figure 1: Challenges with treating older patients with ER+ breast cancer
(A) One measure of age-related systemic inflammation is the neutrophil-to-lymphocyte

ratio, which is measured routinely during blood analysis at check-ups and which increases
with age. This age-related systemic inflammation is also seen in patients with breast

cancer, for whom the neutrophil-to-lymphocyte ratio also increases with age. p<0-0001
when comparing patients younger than 70 years diagnosed with ER+ breast cancer (n=2701)
and patients aged 70 years or older diagnosed with ER+ breast cancer (n=1182). (B) Older
patients with ER+ breast cancer have more comorbidities than their younger counterparts as
measured by the mean modified Charlson-Deyo score. p<0-0001 when comparing patients
younger than 70 years diagnosed with ER+ breast cancer (n=3426) and patients aged

70 years or older diagnosed with ER+ breast cancer (n=1652). (C) Older patients with
cancer are often prescribed multiple medications that might complicate or interact with
treatments for their primary cancer. p<0.0001 when comparing patients younger than 70
years diagnosed with ER+ breast cancer (n=3426) and patients aged 70 years or older
diagnosed with ER+ breast cancer (n=1652). Data shown in this figure are derived from the
University of Pittsburgh Medical Center electronic medical record and cancer registry. For
additional details, see the methods in Carleton et al.10 ER=oestrogen receptor.
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Need for comprehensive gerlatric assessment

Age disparity in clinical trial enrolment

7-76years—in breast cancer clinical 24%—in an analysis by the US Food
trials, women enrolled are 7-76 years and Drug Administration, only 24%
younger than the median age for of patients enrolled in trials supporting
peoplewith the disease, excluding drug approvals in oncology were
many older patients 70years or older
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Figure 2: The need for comprehensive geriatric assessment
Although comorbidities and polypharmacy can be challenges, older women are also

typically excluded from clinical trials. Thus, all women older than 70 years of age
diagnosed with breast cancer should receive a comprehensive geriatric assessment, which
might reveal additional insights that could influence therapeutic decision making. These

can include additional functional impairments, cognitive or psychosocial distress, nutritional
deficiencies, and a lack of social support or engagement.
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Cancer survivorship and optimising quality of life

Adjuvant therapies
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Figure 3: Considerations for treating older patients along a continuum of care
Options for de-implementation might occur at multiple times along the spectrum of care.

Guidelines recommending against routine use of sentinel lymph node biopsy and radiation
therapy are well established. Emerging evidence to omit upfront surgery and adjuvant
endocrine therapy could also be options depending on a clinician’s assessment of the patient
and the patient’s preferences. ER=oestrogen receptor.
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Figure 4: A systems biology view of the aged breast microenvironment
In the aged breast microenvironment, multiple cell types might contribute to the

development of ER+ breast cancer. Fibroblasts might secrete pro-inflammatory, senescence-
associated molecules; adipocytes might also take on a senescent phenotype; the adaptive
immune system has a decreased responsiveness, and the myoepithelial cells might

also secrete pro-inflammatory molecules. In turn, changes to the local oestrogen

disposition might compound the age-associated inflammatory environment, leading to breast
tumorigenesis. It is unclear whether or not systemic circulatory levels of inflammation

and oestrogens are reflective of local changes. Dashed arrows show speculative

links. CXCL10=C-X-C motif chemokine 10. ER=0estrogen receptor. IL=interleukin.
SASP=senescence-associated secretory phenotype.
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