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Abstract
Purpose of Review Older adults with hematologic malignancy are a growing demographic. Estimating risk of chemotherapy
toxicity based on age alone is an unreliable estimate of quality of life, functional capacity, or risk of treatment complications.
Recent Findings Dedicated geriatric assessment tools can aid the clinician in identifying geriatric syndromes such as frailty,
resulting in improved prognostication to decrease morbidity and mortality. Frailty is not synonymous with individual perfor-
mance status and is dynamic.
Summary Establishing the patient goals, values, and preferences is central to the consideration of malignant hematology decision
process. Careful considerations of available data on the patient’s prognosis based on estimated life expectancy, geriatric assess-
ment data, and age-specific cancer mortality, with and without treatment, can reconcile the risks and benefits. Assessments of
frailty can aid the clinical feasibility and burden of the treatment to the patient and family in the context of each patient’s unique
needs.

Keywords Hematologic malignancy . Frailty . Older adults . Geriatric assessment

Introduction

Aging adults with hematologic malignancy are a growing de-
mographic. The majority of hematologic malignancies are di-
agnosed in the older adult [1] Few clinical trials are dedicated
to aging adults specifically, resulting in limited data to gauge
risk of chemotherapy toxicity or tolerability in older adults
with hematologic malignancy. Clinical trial enrollment for
aging adults with blood cancer is estimated to be 11% for
adults > 75 years old and 85% of all clinical trial participants
are less than 65 years of age [2•]. Without supporting data,
clinicians are left to estimate the risk for chemotherapy toxic-
ity based on clinical factors such as age, comorbidities, and
performance status. Yet these metrics alone are not a reliable

estimate of life expectancy, functional capacity, or risk of
treatment complications [3, 4]. Moreover, aging is heteroge-
neous and health status cannot be summarized by chronologic
age alone. One of the greatest challenges in caring for older
adults with hematologic malignancy is to individualize thera-
py, balancing treatment efficacy with tolerability. As such,
many oncologists have sought to work within the disciplines
of oncology and geriatrics to optimize care for aging adults
with cancer. Consequently, many tools and assessments from
the discipline of geriatrics are being incorporated into routine
oncology care. Here we provide an overview of our current
understanding of frailty in older adults with hematological
malignancy, as it applies to therapeutic decision, emerging
therapies and outcomes for frailty in hematology.

Frailty in Geriatric Population

While there is a lack of consensus on the definition of frailty,
most experts agree that frailty is measurable and is a clinical
representation of the underlying dysregulation across multiple
physiologic systems [5]. This dysregulation causes a decrease
in the capacity to adapt and results in increased vulnerability
to minimal stressors in older adults. Frailty is a result of age-
related physiological changes and is a state of diminishing
reserve that can be exacerbated by diseases such as blood
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cancer. The physiological systems implicated in frailty include
increase in inflammatory markers, decrease in hormones
needed to maintain muscle mass and strength, and increase
clotting activity, among others [6–9]. Frailty status is classi-
fied into three categories: non-frail (fit), pre-frail, and frail.
The pre-frail state signifies high risk of progression to a frail
state. Importantly, frailty is dynamic, and the progression from
fit, pre-frail, to frail is not always linear and is potentially
reversible and amendable to interventions [10]. The clinical
consequences of frailty include falls, worsening mobility, dis-
ability, hospitalizations, and death [11]

Clinical management of frailty should focus on several
notable factors: (1) prevention, delay, or reduction in severity
of frailty and (2) minimize the consequences of adverse out-
comes in frail older adults [12]. A comprehensive Geriatric
Assessment (GA) is a multidisciplinary in-depth evaluation
that can assess risk of morbidity and mortality in cancer pa-
tients and identify geriatric syndromes in an aging population
[13, 14] [15]. Frailty is a geriatric syndrome and is consid-
ered the most common marker of adverse outcomes [11],
[16]. Components of a GA may include the following do-
mains of health: (1) medical: evaluation of comorbidity,
polypharmacy, sensory loss, and nutritional status; (2) men-
tal health: evaluation of cognition, depression, anxiety, and
delirium; (3) functional status: assessment of activities of
daily living (ADL), instrumental activities of daily living
(IADL), mobility (physical performance), and falls; and (4)
social: evaluation of environment, resources, and social
support/network. Comprehensive geriatric assessments
(CGAs) can improve health outcomes for frail older adults
because it addresses abnormalities of multiple systems and
the multifactorial etiologies that contribute to the frailty
syndrome [10, 17–20].

Frailty Distinct from Comorbidity
and Disability

Comorbidity and disability are often correlated with frailty but
these concepts are distinct [21]. Comorbidity is defined as the
concurrent presence of two or more chronic diseases in an
individual. Chronic diseases contribute to the development
of frailty and perhaps worsen the underlying decrease in re-
serve if not adequately managed. Disability is defined as dif-
ficulty or dependency in ADL. Disability may exacerbate co-
morbidity and frailty [21]. Geriatric syndromes (e.g., osteopo-
rosis, dementia, delirium) are common health conditions in the
geriatric population and can also drive the development of the
frailty syndrome [12]. There is a complex interaction between
age-related physiological changes, comorbidity, and geriatric
syndromes such as frailty, blood cancer, and treatments. There
is heterogeneity in the aging process resulting in variable loss
of reserve in multiple health domains. The likelihood of

multiple chronic health conditions (comorbidity), geriatric
syndromes, specifically frailty, increases with age and is
compounded by unique psychosocial needs in the aging pop-
ulation. Geriatric assessment consists of validated tools to
evaluate the physiologic reserve across multiple health do-
mains affected by aging including social support and re-
sources. Importantly, optimizing care for older adults with
blood cancer is not dependent on a single factor such as age,
disease, or frailty but rather dependent on the intersection of
many common health-related factors (Fig. 1).

Identification of Frailty in Clinical Practice

Frailty occurs in 15–25% of community-dwelling older adults
(≥ 65 years and older) [22]. Clinicians caring for older adults
recognize frailty as an important marker of poor outcomes.
The integration of frailty measurements and clinical algo-
rithms in subspecialty practice is evolving [23•]. There are
two major conceptual operationalizations of frailty with pro-
posed clinical measurement tools: frailty phenotype also
known as Fried’s frailty or Cardiovascular Health Study def-
inition [11] and the Frailty Index [24]. Fried and colleagues
used data from the Cardiovascular Health Study to define
frailty as a distinct clinical syndrome characterized by unex-
plained weight loss, low physical activity, weak grip, slow

Nutrition

Psychosocial 
Status

Polypharmacy Socio-demographics

Comorbidity
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Fig. 1 Complex interaction between age-related physiological changes,
comorbidity, geriatric syndromes such as frailty, and hematologic
malignancy. Here we demonstrate overlapping geriatric domains of
nutrition, polypharmacy, socio-demographics, comorbidity, functional
status, psychosocial status, and geriatric syndromes
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gait, and self-reported exhaustion [11]. Individuals with three
or more of these characteristics are considered frail, those with
one or two characteristics are considered pre-frail, and those
with none of thementioned characteristics are considered non-
frail [11]. Rockwood and colleagues proposed to look at
health deficits and developed the Frailty Index based on
CGA data (24). The index is calculated by counting the num-
ber of health deficits including comorbidity, disability, cogni-
tive impairment, psychosocial risk factors, and other geriatric
syndromes. The Frailty Index represents the number of defi-
cits over the total number of deficits considered. This model
predicts outcomes with greater precision due to inclusion of
factors that likely contribute to poor outcomes such as comor-
bidity and disability [25, 26]. There are a number of other
screening tools available to help clinicians identify those in
need of further assessment including Fatigue, Resistance,
Ambulation, Illnesses, Loss of Weight (FRAIL) [27],
Groningen Frailty Indicator [28], and the Clinical Frailty
Scale [29]. Frailty assessments are commonplace in older
adults; however, it is necessary to denote that frailty is preva-
lent in childhood cancer survivors and associated with an in-
creased risk of mortality in young hematopoietic cell trans-
plant populations [30, 31].

Frailty in Hematological Malignancies

Oncologists are acutely aware of the impact of a cancer diag-
nosis on health status and well-being. This has been summa-
rized in clinical terms as performance status and quantified
dating back to the 1950s as the Karnofsky Performance
Status (KPS) or alternatively using the Eastern Cooperative
Oncology Group (ECOG) system. The system was developed
to estimate a patients’ tolerability of chemotherapy. The KPS
is embedded into numerous prognostication scoring systems
such as the International Prognostic Index for non-Hodgkin
Lymphoma [32] or for determining eligibility for allogeneic
transplant for myelodysplastic syndrome [33]. In reality, it is
unlikely that differences between KPS are clearly ac-
knowledged in routine oncology care. Moreover, frailty
is not synonymous with individual performance status.
Frailty, a distinct clinical syndrome, is both dynamic
and physiologic, whereas traditional oncology metrics
of performance status focus on functional status and
scales of disability. Recently, frailty has been described
in several cohort studies of older adults with hematolog-
ic malignancies (Table 1). In hematologic malignancy,
there is a movement towards recognizing the clinical
state of vulnerability and the role in treatment tolerance.
There is not one method for identifying frailty. Frailty
signifies a state of vulnerability to poor outcomes and
there is heterogeneity in measurement of frailty in he-
matologic malignancies, with most studies using a GA

to identify frailty. Individual GA domains can ascertain
risk for chemotherapy toxicity in the oncology setting
[34–36] and provide intervention targets to improve the
ability of patients to undergo treatment for their cancer.
Interventions to intervene and improve on frailty are
many and are personalized to the deficits identified on
the GA (Table 2). The interventions are designed to
improve quality of life and to optimize overall health
with aging. Deficits are variable in older adults and
can be localized to only one domain across domains.

GA are underutilized in hematologic malignancy. In
2014, a systematic review evaluated the use of a GA in
hematologic malignancy where a minimum of two GA
domains was included [37]. In summary, 18 publications
from 15 studies were identified and concluded that geri-
atric deficits were associated with a shorter overall sur-
vival. In most studies, age and performance status lost
their predictive value of mortality by multivariate analy-
sis, whereas comorbidity, physical function, and nutrition-
al status retained their predictive value. More recently,
many studies have reported outcomes of the predictive
value of GA domains in specific hematologic malignancy
populations (Table 1). Here we provide our current under-
standing of frailty in older adults with common hemato-
logical malignancies.

Multiple Myeloma

Multiple myeloma interest groups have sought to examine the
predictive ability of GA tools in clinical evaluation. The
International Myeloma Working Group (IMWG) used a sim-
plified GA tool based on age, comorbidities (Charlson
Comorbidity Index), ADL, and IADL for newly diagnosed
older adults with multiple myeloma [38•]. The IMWG score
was developed from patients registered on three prospective
myeloma trials (n = 889), which classified patients as fit
(score = 0, 39%), intermediately fit (score = 1, 31%), and frail
(score ≥ 2, 30%). The IMWG frailty score was predictive of
mortality, treatment discontinuation, and non-hematologic
toxicities independent of treatment type, cytogenetics, or
stage. Furthermore, other groups [39] have sought to examine
prognostic scores combining end organ function, performance
status, frailty, and age in older adults with multiple myeloma.
In multiple myeloma, the standard of care is autologous stem
cell transplant (ASCT). The challenge for the myeloma
community is standardizing the approach of fitness for
ASCT. Balancing the toxicity and efficacy of ASCT is of
particular relevance, given that transplant does not result
in a cure. Major limitations for understanding the role of
transplant in older adults are hindered by past clinical trial
designs based on age or vague descriptors of fitness for
transplant.
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Diffuse Large B Cell Lymphoma

Non-Hodgkin lymphoma (NHL) is a disease of older adults
with a median age of onset of 71 years [40, 41]. Evaluating
treatment intensity in the aging adult with NHL is a priority
given the possibility of curative intent chemotherapy. In the
most commonNHL, diffuse large B cell lymphoma (DLBCL)
full-dose treatment is associated with improved outcomes but
must be balanced by the tolerability and safety of the therapy
[42, 43]. Tucci et al. demonstrated that a GA utilizing age,
ADL, comorbidities, and geriatric syndromes was better than
clinical judgment in identifying patients fit for curative intent
chemotherapy [44]. Prospective studies in DLBCL confirm
unfit and frail patients who received palliative vs. curative
intent had similar outcomes [45]. Others have demonstrated
in older adults with both aggressive and indolent NHL that
geriatric factors such as malnutrition and frailty had predictive
value for treatment discontinuation and frailty and hemoglo-
bin were independent predictors of mortality [46].

Chronic Lymphocytic Leukemia

In chronic lymphocytic leukemia (CLL), many novel therapies
and studies have been targeted specifically for older adults.
Half of all patients diagnosed with CLL are 70 years and older.
Many frontline strategies are available for older adults with
CLL and several studies have focused on understanding the
impact of end organ function and comorbidities on therapeutic
outcomes. As an example, prognostic factors in older adults
with CLL (median age 70) identified that two or more comor-
bidities were associated with inferior PFS and OS [47]. The
CLL9 trial implemented a comprehensive GA prior to
fludarabine treatment to identify risk of treatment toxicity.
Functional deficits using the objective Timed Up and Go
(TUG) and screening tests for dementia (DEMTECT) were
associated with inferior survival [48]. Advances in care for
older adults for CLL are a result of dedicated clinical trials
for older adults with comorbidities leading to a better under-
standing of treatment tolerance and response [49]. Furthermore
clinical trials designed for aging adults with CLL led to the
approval of ground-breaking treatments, such as ibrutinib [50].

Acute Myelogenous Leukemia

Older adults with acute myelogenous leukemia (AML) are
among the most vulnerable patient population with the most
diagnoses and deaths in those aged 65 years and older [51].
Older AML patients are more likely to have high risk cytoge-
netic features and overall poor outcomes [52, 53].Moreover, the
undertreatment (or no treatment) of older adults with AML is
highly prevalent, where 60% of older adults in real-world anal-
ysis do not receive any therapy [54]. The goal of therapy for
older adults with AML may be highly variable (curative vs.T
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palliative). Geriatric assessments in AML have identified that
patients who receive traditional cytotoxic chemotherapy with
impaired functional performance and/or cognitive impairments
have inferior overall survival [55] Real-world analysis has dem-
onstrated improved earlymortalitywith intensive treatment over
palliative treatment, independent of age or performance status at
diagnosis [56]. Emerging personalized therapy for AML based
onmolecular abnormalities combinedwith physiologic agemay
transform our approach to older adults with AML.

Hematopoietic Cell Transplant

Increasingly, many older adults are undergoing autologous and
allogeneic hematopoietic cell transplant (HCT). Older adults
account for 39% of patients 60 years and older who undergo
HCT, compared to < 10% during the years 1999–2005. HCT is
associated with a serious toll on health status in older adults
with hematologic malignancies and understanding goals of
care is imperative for the patient–physician relationship.

The proportion of allogeneic HCT recipients ≥ 70 years in-
creased from 0.1 to 3.85% from 2000 to 2013 due to lower-
intensity conditioning regimens and more accurate human leu-
kocyte antigen typing [57]. Two-year overall survival signifi-
cantly improved from 26% in 2000–2007 to 39% in 2008–
2013. Similarly, 2-year progression-free survival improved
from 22 to 32% [57]. However, the 2-year transplant-related

mortality and complications such as graft-versus-host disease
remain unchanged thus highlighting the need to improve patient
selection and improvement in the transplant process to mini-
mize toxicity and morbidity for older patients [57].

The prevalence of frailty among young adult HCT survi-
vors (8.4%) approaches that as seen in the older general pop-
ulation (10%) [58]. The prevalence of frailty and pre-frailty is
28 and 51%, respectively, in adults over age 50 prior to re-
ceiving allogeneic HCT [59]. In 203 patients with median age
of 58 years who underwent allogeneic HCT, limitations in
IADL (HR 2.38; P < 0.001), slow gait speed (HR 1.80; P =
0.01), and low mental health by short-form-36 mental compo-
nent (HR 1.67; P = 0.01) pre-HCTwere associated with worse
survival [60]. Allogeneic HCT patients are faced with many
limitations that can have a negative impact of resuming im-
portant life activities post-HCT. Patients’ goal in the first year
after allogeneic HCT is to regain physical, mental, and social
function so they can participate in normal life. Addressing the
impairment in these domains presents an opportunity for the
healthcare team to maximize the benefit of HCT [61].

Recent studies showed that older HCT survivors are more
vulnerable to cognitive impairment [62, 63]. Specifically, at
3 years post-HCT, reduced-intensity HCT recipients’ scores de-
clined significantly (P < 0.003) for executive function, verbal
fluency, and working memory compared to non-cancer controls
[63]. The ability to manage a complex medication regimen,

Table 2 Interventions for geriatric syndromes

Domains Common tools Interventions

Function ADL, IADL
TUG, 4 m walk, SPPB, functional gait assessment,

5 times sit to stand, fall risk assessment, handgrip

Physical therapy, occupational therapy, aquatic therapy, durable
medical equipment, falls education, home-safety evaluations
(e.g., grab bars), medications for chemotherapy-induced neuropathy,
compression stockings for chemotherapy-induced lower extremity
edema, driver rehabilitation

Social support
and function

Illness-specific subscales of social support (ISSS),
MOS-SSS, MOS-SAS

Personal medical alert devices, medication assistance for financial
restrictions, implement advance directives, arrange for
transportation for medical appointments, home health care
arrangements (nursing, home health aid) evaluation of elder
mistreatment, respite needs, partnership with local aging agencies
for community resources (e.g., silver sneakers, eldercare)

Cognition Mini-mental state examination, MOCA, BOMC,
DemTect, mini-COG, SLUMS, clock-drawing test

Medications for memory loss, if hearing loss: hearing aids for
improved sensorium, identification of chemotherapy-induced
cognitive impairment and longitudinal assessment

Psychologic GDS
Mental health inventory
Mini GDS

Medications for anxiety, depression, coping and support, sleep
recommendations, referral for psychology or psychiatry input

Nutritional status Mini-nutritional assessment, anthropometrics Dental evaluation for dentures, medications for appetite stimulants,
improved medication control of nausea, calorie/protein/fluid
recommendations

Polypharmacy Beers criteria for potentially inappropriate
medications, > 5 medications

Deprescribe, discontinue supplements/herbal remedies, provide
education on drug-drug duplicates and interactions, provide safe
alternatives for drugs that should be avoided in older adults,
pillbox use, and reconciliation

MOS-SSS,Medical Outcome Survey-Social Support Survey;MOS-SAS,Medical Outcome Survey-Specific Adherence Scale;MOCA,Montreal Cognitive
Assessment; BOMC, Blessed Orientation-Memory-Concentration; SLUMS, Saint Louis University Mental Status; GDS, Geriatric Depression Scale
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enjoy a hobby, and return to prior social roles is more difficult
with cognitive impairment [64]. Given that allogeneic HCTsur-
vivors are at risk for accelerated aging, high burden ofmorbidity,
and high prevalence of frailty and subclinical neurocognitive
disorders such as mild cognitive impairment, screening for cog-
nitive impairment is imperative to avoid further neurotoxicity
that can lead to disability and loss of independence.

Autologous HCT is increasingly being implemented for
older adults where 44% of patients who receive autologous
HCTare > 60 years of age [65]. The number 1 indication is for
multiple myeloma, a disease with rising incidence in older
adults. Recently, several studies have sought to examine frail-
ty and GA metrics in older adults undergoing autologous
HCT. Recovery from autologous HCT in myeloma is related
to functional performance status either by objective measures
such as the short physical performance battery or IADL [66,
67]. Autologous transplant is also indicated in patients with
lymphoma. Sun et al. retrospectively evaluated 170 patients
with a median age of 72, 2-year PFS was 58% (95% [CI], 48–
67%), and overall survival was 65% (95% CI, 55–74%) [68].
Interestingly, comorbidity scores were not predictive of NRM
(7%NRM) further confirming the complexity and interdepen-
dence of a host of patient and disease factors on outcome.
Implementing standardized metrics of the GA, including frail-
ty, can identify individuals who are at greater risk for morbid-
ity following autologous HCT.

Decision-Making for Older Adults
with Hematologic Malignancy

Establishing the patient and family treatment goals (i.e., life
prolongation, cure of disease, or symptom management),
values, and preferences (i.e., functional independence, quality
of life) is central to the consideration of malignant hematology
decision process. This is followed by careful considerations of
available data on the patient’s prognosis based on estimated
remaining life expectancy and age-specific cancer mortality
with and without treatment. Finally, together with patient
and family, the physician should help reconcile the treatment
options risks and benefits with patient’s treatment goals,

values, and preferences. GA can also inform cancer manage-
ment decision by assessing clinical feasibility (tolerance) and
burden of the treatment to the patient and family in the context
of each patient unique psychosocial needs. Once shared deci-
sion is made regarding a treatment, implementation of appro-
priate supportive care with the goal to maintain health, func-
tion, and quality of life is crucial in older adults. The
Multinational Association for Supportive Care in Cancer de-
fines supportive care in cancer as: “supportive care in cancer is
the prevention and management of the adverse effects of can-
cer and its treatment. This includes management of physical
and psychological symptoms and side effects across the con-
tinuum of the cancer experience from diagnosis through treat-
ment to post-treatment care. Supportive care aims to improve
the quality of rehabilitation, secondary cancer prevention, sur-
vivorship, and end-of-life care” [69]. A hematologic malig-
nancy diagnosis abruptly changes health status. In many
cases, by treating the underlying illness, patients can and do
improve allowing for potential treatment or transplant options
that were not considered at diagnosis. Supportive care man-
agement will vary within the continuum of the disease.

Here we propose an integrated geriatric supportive care
strategy starting at the time of diagnosis and throughout the
continuum of care (Fig. 2). Treatment for hematological ma-
lignancies can worsen underlying chronic health conditions
and may potentiate functional dependence and geriatric syn-
dromes such as depression, malnutrition, and falls. Supportive
care management of older patients with hematologic malig-
nancies needs an approach that systematically assesses health
status, functional abilities, and evaluation of geriatric syn-
dromes unique to the individual. There is an opportunity to
intervene with supportive care strategies at all time points
along the cancer care continuum using validated GA tools.
There is a need for a proactive approach to partner with ger-
iatricians, palliative care, primary care physicians, physical
therapy, occupational therapy, dieticians, and social work to
leverage their expertise to improve outcomes for older adults.
Finally, active participation and engagement of patients and
family to increase self-efficacy in self-management of their
health and decision-making is important to execute such a
program.

Key components:
• Supportive care plans adapted to patient’s needs 

and preemptive referral to specialized care based 

on risk.

• Screening and implementation of interventions 

across survivorship continuum using GA tools.

• Active participation and engagement of patients 

and family/caregivers. 

Key elements of interventions:
• Education and support for physical activity 

• Nutrition optimization

• Minimize polypharmacy

• Address geriatric syndromes (depression, falls)

• Manage comorbidities

Fig. 2 An integrated geriatric
supportive care strategy

150 Curr Hematol Malig Rep (2018) 13:143–154



Conclusions

Identifying frailty in patients with hematologic malignancy is
relevant to both optimize best therapy and quality of life in older
adults. Barriers to incorporate frailty metrics into best clinical
practice are multifactorial. Older adults in general, including
those with hematologic malignancy [70], are under enrolled
and understudied in clinical trials [2•]. Requiring aspects of
frailty in clinical trial design are necessary to advance the care
of aging adults. Moreover, including translational science in the
biology of aging, or geroscience, is important to the field of
geriatric hematology/oncology research [71]. The need for as-
sessments of physiologic age is increasingly necessary in the era
of cellular therapy and intensive treatment such as transplant.
These efforts to advance the biology of aging with geriatric
research will improve the disease course and ideally mitigate
treatment toxicity. The reviewed literature demonstrates the in-
terdependence of health factors on treatment outcomes with ag-
ing. No single individual factor will determine health outcomes
with aging, rather identifying patients who are vulnerable to
toxicity and intervening on those factors can improve outcomes.
In summary, the following key concepts can help guide the
clinician when addressing frailty in hematologic malignancy.

& Aging is heterogeneous and health status cannot be sum-
marized by chronologic age alone.

& Frailty is dynamic. A hematologic malignancy diagnosis
abruptly changes health status. In many cases, by treating
the underlying illness patients can and do improve
allowing for potential treatment or transplant options that
were not considered at diagnosis.

& A Geriatric Assessment is an established tool to identify
frailty and assess for etiologies contributing to the frailty
syndrome.

& Objective measures of health status using geriatric assess-
ments partnered with subjective measures are better than
clinical judgment alone.

& Partner with geriatricians or specialized care teams dedi-
cated to aging adults to optimize health factors with aging.

& Preserving quality of life is meaningful in the older adults.
Shared decision-making is made to establish goals and
expectations regarding prognosis. Implementation of ap-
propriate supportive care with the goal to maintain health,
function, and quality of life is crucial in older adults.
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