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Abstract

Despite substantial improvements in the outcomes of patients with cancer over the past two
decades, older adults (aged =65 years) with cancer are a rapidly increasing population and
continue to have worse outcomes than their younger counterparts. Managing cancer in this
population can be challenging because of competing health-related and ageing-related conditions
that can influence treatment decision-making and affect outcomes. Geriatric screening tools and
comprehensive geriatric assessment can help to identify patients who are most at risk of poor
outcomes from cancer treatment and to better allocate treatment for these patients. The use of
evidence-based management strategies to optimize geriatric conditions can improve
communication and satisfaction between physicians, patients and caregivers as well as clinical
outcomes in this population. Clinical trials are currently underway to further determine the effect
of geriatric assessment combined with management interventions on cancer outcomes, as well as
the predictive value of geriatric assessment in context of treatment with contemporary systemic
therapies, such as immunotherapies and targeted therapies. In this Review, we summarize the
unique challenges of treating older adults with cancer and describe current guidelines as well as
investigational studies underway to improve the outcomes of these patients.
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The number of adults aged =65 years with cancer is rapidly growing; these individuals continue to
have worse outcomes than younger adults with cancer. The authors of this Review summarize the
unique challenges of treating older adults with cancer owing to competing health-related and
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ageing-related conditions, and describe describe current guidelines as well as investigational
studies underway to improve the outcomes of these patients.

Introduction

The average global life expectancy is predicted to increase to approximately 80 years by
2040.1 Cancer is an ageing-related disease, and thus its prevalence will also increase with
the ageing of the population. Older adults with cancer are a unique, heterogeneous
population: they often have multiple competing health and ageing-related conditions, as well
as distinct preferences that influence treatment decision-making and affect cancer outcomes.
Tools are available to guide treatment decision-making and supportive care for older
patients, although important knowledge gaps remain regarding how best to manage these
patients. In this Review, we discuss the epidemiology of cancer in older adults and
disparities in the care of this population, and describe how ageing-related conditions affect
cancer-specific outcomes, how geriatric assessment can assist in treatment decision-making
and management strategies for geriatric syndromes, including addressing caregiver needs.
We also discuss limitations of current guidelines and highlight clinical trials assessing unmet
needs in this population.

Epidemiology

By 2030, 70% of all cancers will be diagnosed in older adults (a term that in this article
refers to individuals aged =65 years, unless indicated otherwise). Currently, 70% of lung
cancers, 59% of colorectal cancers and 59% of prostate cancers are diagnosed in individuals
in this age group?3. Adults aged =85 years account for 8% of all new cancer diagnoses and
17% of cancer-related deaths*. Furthermore, owing to advances in cancer diagnosis and
treatment, the number of cancer survivors is growing (FIG. 1). The majority of cancer
survivors (64%) are older adults, and this percentage is projected to increase to 73% by
2040, with the group of individuals aged >85 years being the fastest growing among cancer
survivors*°.,

Despite remarkable scientific progress in cancer control, diagnosis and treatment over the
past two decades, these advances have not been equally distributed®; disparities according to
age, sex and ethnicity remain’-8. Using data from nine registries in the Surveillance,
Epidemiology and End Results (SEER) database, Zeng et al compared cancer-specific death
for patients diagnosed with cancer between 1994-2009 and showed that patients aged 50-64
years compared with those aged =65 years had greater improvements in survival from
colorectal, breast, prostate, lung and liver cancer®. The hazard ratios for cancer-specific
death during years 2005-2009 compared with 1990-1994 in patients aged 50-64 years
versus those aged 75-85 years were: 0.57 (95% CI 0.55-0.60) versus 0.88 (95% CI 0.84—
0.92) for colorectal cancer; 0.48 (95% CI 0.45-0.51) versus 0.88 (85% CI 0.82-0.95) for
breast cancer; 0.67 (95% CI 0.63-0.71) versus 0.76 (95% CI 0.69-0.84) for liver cancer;
0.95 (95% CI 0.73-0.77) versus 0.84 (95% CI 0.81-0.86) for lung cancer; and 0.32 (95% CI
0.30-0.36) versus 0.65 (95% CI 0.61-0.70) for prostate cancer. Compared with adults aged
65-84 years, those aged =85 years are diagnosed at later stages, are less likely to receive
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guideline-concordant care (including surgery) and often receive treatment deemed
inadequate?. For example, the percentage of patients with breast cancer aged =85 years who
received surgery in 2019 was estimated to be 65% compared with 89% of patients aged 65—
84 years.

Further inequities emerge when evaluating cancer incidence and mortality on a global scale.
LMICs in regions such as Africa, India and Latin America, where almost 400 million older
adults live, have the highest cancer incidence and mortality when compared to other regions,
such as North America and Europel®11, In the USA, cancer incidence and mortality also
vary by ethnicity: among older adults, the overall incidence of cancer, as well as that of late-
stage or unstaged disease, is higher in those of African-American or other black ethnic
backgrounds than in white individuals!2. In addition, older black individuals have lower 5-
year relative survival rates for all cancers combined compared with older white individuals
(59.9% versus 54.5%)12.

Cancer disparities, combined with the limited participation of older adults and/or individuals
from ethnic minorities in clinical trials, leave patients in these groups vulnerable to
suboptimal cancer treatment and an increased risk of poor outcomes. Ludmir et al.13
identified significant ageing-related disparities in an analysis of 302 randomized clinical
trials, with the median age of participants in these trials being 6.5 years younger than the
median age of the general population (£<0.001). Similarly, in an analysis of 34,957 patients
involved in 69 phase Il or 11l Canadian Cancer Trials Group studies, Hernandez-Torres et al.
found that in Canada, only 40.8% of patients aged =65 years and 12% of patients aged =75
years were enrolled in clinical trials compared with 56.1% of patients diagnosed with cancer
(30% aged =75 years; £<0.001)14. Factors contributing to ageing-related disparities in
oncology clinical trial participation include the specification of upper age limits in the
inclusion criteria of clinical trials, restrictive exclusion criteria on the basis of factors such as
comorbidities, organ function and functional status, and the uncertainty of oncologists
regarding treatment-related adverse events (TRAES) in older adults'4-16, The inequity in
clinical trial participation is more profound in ethnic minorities, and this gap has been
steadily widening over the past decadel’-1° Greater emphasis must be placed on ensuring the
appropriate representation of ages, sexes and/or gender and ethnicities of participants in
clinical trials to help to improve our knowledge of how to appropriately treat every patient.
The paucity of studies outside of high-income countries further demonstrates the need for
global research initiatives for older adults in lower middle-income countries (LMICs) that
consider the unique needs of patients in those areas!?.

Ageing-related conditions in cancer

Prevalence in older adults with cancer

Among older adults with cancer, substantial heterogeneity exists in overall health status and
functional status (so-called ‘physiological age’), even among those of similar chronological
age. Older age is associated with an increased prevalence of chronic illnesses (or
comorbidities), ageing-related conditions (or geriatric syndromes) and frailty.
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Comorbidities are defined as additional medical conditions in the context of an index illness
(such as cancer), whereas multimorbidity refers to the simultaneous occurrence of several
medical conditions, functional limitations and/or geriatric syndromes in one personZ’.
Comorbidities are highly prevalent in individuals with cancer and their prevalence increases
with age?!. In the USA, 80% of older adults with cancer have a chronic condition, such as
heart disease, stroke or chronic lower respiratory disease, and 50% have more than two
chronic conditions?2. In older adults with cancer, the prevalence of comorbidities is similar
to that in older adults without cancer, but seems to differ among patients with different
cancer types’:2324, For example, patients with lung or colorectal cancer have a higher
prevalence of comorbidities (52.9% and 40.7%, respectively) than patients with breast or
prostate cancer (32.2% and 30.5%, respectively), for whom the prevalence is similar to that
in individuals without cancer (31.8%)7:24. These differences might be attributable to risk
factors, such as smoking or various lifestyle habits, which contribute to the risk of both
cancer and other chronic conditions.

Geriatric syndromes do not fit into discreet disease categories and are caused by several
underlying factors involving multiple organ systems to cause “accumulated effects of
impairments in multiple domains”23 that make older adults “vulnerable to additional insults
or challenges”2® (TABLE 1). Geriatric syndromes are more prevalent in older adults with a
history of cancer than in younger adults with cancer and in older adults without cancer. In a
study of Medicare beneficiaries (7= 12,480), the percentage of older adults reporting at least
one geriatric syndrome was higher among those with cancer than in those without cancer
(60.3% versus 53.2%; P<0.001). In particular, older adults with cancer had a statistically
significant higher prevalence of hearing impairment, incontinence, osteoporosis, depression
and falls (all £<0.023)26. Polypharmacy, which increases in association with comorbidities,
is also highly prevalent in older adults with cancer. A pharmacist-led retrospective analysis
of older adults with cancer (7= 248) found a high prevalence of polypharmacy (5-10
medications), excessive polypharmacy (>10 medications) and inappropriate use of
medications (40%, 38% and 21%, respectively); patients were receiving a mean number of
9.2 medications?’. The prevalence of polypharmacy varies across studies and geographic
regions (35-96%) but the prevalence of inappropriate used of medications is similar28-31, On
the basis of SEER—Medicare data, cognitive impairment is present in 4—-7% of patients with
cancer, although this value is probably an under-estimate owing to the lack of data capture in
insurance claims, and because mild cognitive impairment is usually not accounted for in
these claims32. Indeed, in a study published in 201933, 39.2% of 3,140 older adults with
cancer who had a Mini Mental Status Exam (MMSE) prior to starting cancer treatment
screened positive for cognitive impairment (score <24, indicating at least mild dementia).
Sensory impairments, such as vision and hearing loss, occur in almost one-third of older
patients with cancer34. In a prospective cohort study of malnutrition using the Mini-
Nutritional Assessment (MNA) in community-dwelling adults aged =70 years prior to
initiating cancer treatment3®, 43.5% of patients were classified as being at risk of
malnutrition (MNA score 17-23.5), and 20.7% met criteria for malnutrition (MNA score 0—
16). Older adults with cancer experience changes in body composition leading to decreases
in bone mass, muscle mass and strength, and increased adiposity3¢:37. On the basis of
femoral neck bone mineral density, the US National Osteoporosis Foundation estimates that
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10.3% of adults aged =50 years in the USA (>10 million people) have osteoporosis, 43.9%
(>30 million people) have low bone mass and one-third of older women suffer a
fracture38:39, In a cross-sectional study of men with prostate cancer (7= 390, mean age of 68
years), 35.4% of hormone-naive patients had osteoporosis®C. Sarcopenia, characterized by
the loss of muscle mass and strength, is believed to occur in 15-50% of older adults with
cancer®l,

Frailty is a geriatric syndrome that encompasses the most extreme disparity between
chronological and physiological age; as a result, it remains multidimensional, dynamic, and
is affected by both physical and psychosocial risk factors#2. No consensus definition of
frailty exists, and it is measured in different ways. A common definition used in geriatrics is
the Fried physical phenotype of frailty*3, which defines frailty as fulfilling three out of five
criteria including unintentional weight loss, exhaustion, slow walking speed, a low level of
physical activity and/or weakness. This measure has not been validated in older adults with
cancer and its use in geriatric oncology has been limited. The Balducci criteria were
developed to specifically identify older adults with cancer who are frail and unlikely to
withstand and benefit from oncology treatments deemed aggressive*4. The criteria include
dependency on a carer for activities of daily living (ADLS) and instrumental activities of
daily living (IADLs), =3 comorbid conditions, the presence of geriatric syndromes or age
>85 years. Observational studies have revealed that older adults with cancer classified as
“frail’ using the Balducci criteria tend to be at higher risk of death across various cancers,
such as colorectal cancer and diffuse large B cell lymphoma?#>-47.

Several other methods of measuring frailty in older adults with various malignancies have
also been developed®®. The Carolina Frailty Index (CFI) was developed by Guerard et al 42
using a cancer-specific geriatric assessment on the basis of the principle of deficit
accumulation — that is, frailty increases in correlation with the number of health deficits.
The CFI was predictive of all-cause mortality in older adults with cancer, independent of
age, sex, cancer type, stage and number of comorbidities. Ferrat et al.>0 evaluated the
performance of four frailty classifications (Balducci, International Society of Geriatric
Oncology (SIOG) 1, SIOG2 and latent class analysis) in older adults with cancer. SIOG1,
developed by the SIOG Prostate Cancer Working Group, uses comorbidities, ADL and
IADL status and nutritional status, to classify patients as “fit’, “vulnerable’, “frail’ or ‘too
sick’, in order to determine best treatment options for older adults with prostate cancer®L.
SIOG2 is an update of SIOG1 in which the “too sick’ category was removed and only
patients with an abnormal result in the Geriatric 8 (G8) health status screening tool were
evaluated®2, Latent class analysis was derived statistically using the geriatric assessment to
classify older adults into four health profiles from ‘relatively healthy’ to ‘globally
impaired’®3. When these four classifications were compared, limited agreement was found
in how patients were categorized as ‘fit’, “vulnerable’ or “frail’. However, all four frailty
classifications had good discrimination performance for 1-year mortality (C-index =0.70)
and 6-month rate of unscheduled hospital admissions (C-index =0.70). Discrimination varied
by disease site, presence of metastatic disease and prognosis, suggesting that frailty
measures might need to be adjusted for tumour site and stage. On the basis of their analysis,
the authors suggest that definitions of frailty should include, at least, disability, number of
severe comorbidities and malnutrition.

Nat Rev Clin Oncol. Author manuscript; available in PMC 2021 February 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kadambi et al.

Page 6

The prevalence of frailty is 15.3% in older adults and >30% in adults aged =80 years, with
women, ethnic minorities and adults with lower income being most affected®*. However, the
prevalence of frailty in older adult with cancer ranges between 6-86% depending on the
definition used®®. Applying the Balducci frailty criteria in a study of older Medicare
beneficiaries (7= 12,480), Mobhile et al.2% found that the prevalence of frailty was
significantly higher among those with cancer than in those without cancer (79.6% versus
73.4%; P<0.001). Using the CFI, Guerard et al.#° found that, among 546 older adults with
cancer, 18% were ‘frail’ and 24% were “pre-frail’.

Effects on cancer-specific outcomes

The complex interplay between cancer, comorbidities, geriatric syndromes and frailty has
wide-ranging implications on cancer disease course and outcomes. Comorbidities increase
cancer burden and are competing causes of death in patients with cancer. Comorbidities have
been associated with poorer overall survival (OS) in adults with cancer in a study of 6,325
older individuals, and with worse cancer-specific survival in patients with lung or colon
cancer®6:57_ Williams et al.58 found that 60% of 539 older patients with cancer (with a mean
age of 72 years) reported a functional limitation related to comorbidity and that the risk of
death increased by 5% for each unit increase in comorbidity burden score.

Comorbidities affect decisions related to cancer screening and treatment. Conditions such as
diabetes, cognitive decline, psychiatric disorders and hip fractures have been associated with
a trend towards lower uptake of screening for breast, cervical and colorectal cancers®?:60,
Several studies suggest a complicated relationship between comorbidity and cancer stage at
diagnosis, with several individual comorbidities (such as diabetes and other endocrine
disorders, psychiatric disorders, and haematological disorders) and/or the severity of
comorbidities affecting a patient’s risk of being diagnosed with advanced-stage disease51:62,
In a study of 14,096 patients with prevalent solid tumours, dementia had the strongest
individual effect on the risk of having advanced-stage or unknown stage at diagnosis®3.
Comorbidities are also associated with decreased use of chemotherapy, and studies have
reported higher rates of grade 3—4 toxicities, mainly haematological, in patients with higher
numbers of comorbidities84:65. For example, in a study of 4,040 patients with colorectal
cancer, patients with =2 comorbidities had significantly higher odds of not receiving
chemotherapy than those with no comorbidities (OR 2.55, 95% CI 1.36-4.78) and patients
aged =75 years with >1 comorbidity had even greater odds of not receiving chemotherapy
compared with younger patients with no comorbidities (OR 23.2, 95% CI 10.3-52.5)%6. In
women with breast cancer aged =60 years, Zauderer et al.6” found a statistically significant
association between comorbidity and any grade 3—4 toxicity (OR 2.15; A= 0.04) and non-
haematological grade 3—4 toxicities (OR 2.97; £<0.01). Finally, comorbidities are
associated with an increased symptom burden and decreased physical and mental quality of
life (QOL) in vulnerable older adults with cancerS8,

Geriatric syndromes also influence cancer-related outcomes in older adults (TABLE 1).
These syndromes include cognitive impairment89.70, polypharmacy’?, malnutrition’2,
sarcopenia3’41, falls’3, depression’ and frailty. Notably, older adults with cancer are one of
the highest risk groups for suicide’®. Similarly, frailty has been shown to affect mortality and
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is a predictor of the risk of TRAES in older adults with cancer. Using the CFI, Guerard et al.
49 found that in older adults with cancer, estimated 5-year survival decreased from 72% in
‘robust’ patients to 58% in ‘pre-frail” patients and 34% in “frail’ patients. Frail patients had
>2-fold increased risk in all-cause mortality compared with robust patients*®. In a study
involving 50 adults with newly diagnosed advanced-stage non-small-cell lung cancer
(NSCLC), Ruiz et al.”® found that having =3 impairments in baseline frailty according to the
Fried Frailty Index was associated with higher risk of TRAES during the first cycle of
chemotherapy (OR 7.0, 95% CI 1.1-44.6). Frailty has also been shown to be associated with
decreased QOL in older adults with cancer. For example, in older women with breast cancer
undergoing treatment (17 = 63), pre-frail and frail patients reported worse physical function
and more fatigue, depression and sleep disturbance than robust wormen’”. Pooling data
across several studies, geriatric assessment tools can help to identify older patients with
cancer who have significantly higher risk of mortality, perioperative complications and
TRAES’S,

Geriatric assessment in decision-making

A geriatric assessment is a diagnostic process of evaluating an older adult’s comorbidities,
medications, physical and cognitive function, nutritional status, psychological state, and
social support. A comprehensive geriatric assessment (CGA) expands on this concept. This
multidimensional, multidisciplinary approach incorporates the geriatric assessment to
identify care needs in older adults, and involves developing and implementing interventions
to improve outcomes in vulnerable and frail older adults (TABLE 2)7°. Numerous studies in
the general geriatric population have evaluated the role of the CGA on improving outcomes
for community-dwelling older adults8%:81 as well as hospitalized patients2-84, On the basis
of this data, the use of CGA has been extrapolated to older adults with cancer®®.

The application of the geriatric assessment to older adults with cancer has led to validated
risk prediction models for TRAEs in older adults with cancer, such as the Cancer and Aging
Research Group (CARG) tool”3. The Chemotherapy Risk Assessment Scale for High-age
patients (CRASH) can also be helpful and seems to perform similarly to the CARG tool in
terms of discriminatory value’%86, The choice of a geriatric assessment tool to characterize
frailty or identify which older adults might be more susceptible to adverse events during
cancer treatment depends on several factors, including the time and resources available,
familiarity with the domains and measures used, and whether existing standardized protocols
already are in place. Moreover, inherent differences exist in the performance of a given tool
within specific cancer types, whether in isolation or in comparison with other tools87:88,

Performing the geriatric assessment can lead to clinically significant changes in treatment
plans for older adults with cancer. For example, in an analysis of 35 geriatric assessment-
driven cancer research studies, initial cancer treatment plans were subsequently modified in
28% of patients, and in most cases (7 of 8 studies which described differences in treatment
choice) lead to attenuation of overall treatment intensity8%:90, A positive effect on treatment
completion and on TRAEs and/or complications was observed in 75% and 55% of studies,
respectively. A later prospective study has corroborated that multidisciplinary geriatric
oncology team-based approach in cancer care can influence the cancer treatment decisions
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for older adults with cancer®l. The degree to which assessment-guided geriatric
interventions have been implemented varies across studies but seems to be more common in
those with a protocol-driven set of interventions or those incorporating formal geriatrics
consultations and/or team-based care8%0,

Incorporation of the geriatric assessment into cancer treatment decision-making remains
challenging, because this step can be considered time-consuming and resource intensive92.
Screening of older adults with cancer to identify those who are vulnerable or frail and might
be more susceptible to TRAES is an alternative approach that is less demanding in terms of
time and resources than performing a CGA on all older adults above a certain age threshold
(TABLE 3). Susceptible patients identified through such screening might benefit from a
subsequent CGA. The G8 screening tool and the Flemish version of the Triage Risk
Screening Tool (FTRST) have been shown to enable prediction of worse functional outcomes
and worse OS in older adults with cancer®394, In a systematic review published in 2019,
more than half of G8-based studies demonstrated an association between frailty (G8 score
<14) and worse OS%. The Vulnerable Elders Survey-13 (VES-13) is more commonly used
in the USA than in other countries, where it was initially found to predict disability and
unfavourable survival in community-dwelling older adults®. In older adults with cancer,
VES-13 has been demonstrated to correlate with toxicities or tolerance of cancer treatment
as well as OS, albeit in fewer geriatric oncology studies than the G8 screening tool?7-100,

Several geriatric evaluation screening tools and CGA formats exist and, importantly, no
single tool or approach is favoured by SIOG or ASC08%101 |n the latest update of the SIOG
position statement regarding such screening tools, any one is encouraged as an initial first
step for clinicians to help better identify at-risk older adults with cancer prior to starting
treatment192, We must emphasize that these tools do not replace a CGA, which will offer
further clinically important insights to inform decision-making on anticancer treatment. The
ASCO guidelines similarly do not recommend one screening tool over another (for example
G8 versus VES-13), but they do encourage clinicians to routinely incorporate geriatric
measures to assess baseline function and other geriatric domains, such as evaluating IADLs
and falls, in older patients with cancer receiving or considering chemotherapy?®°.

Management of ageing-related conditions

High-priority interventions for each geriatric assessment domain have been identified
through two Delphi consensus studies led by US-based and European-based panels103.104
(TABLE 2), and these results were incorporated into the 2018 ASCO Guidelines for
Geriatric Oncology®. A large, cluster-randomized, multisite study of community oncology
practices published in 2019 demonstrated that the use of CGA with management
recommendations improves communication about ageing-related issues as well as patient
and caregiver satisfaction195, Overall, 541 participants aged =70 years with advanced-stage
cancer who had impairment in one geriatric assessment domain were enrolled across the
USA,; 414 caregivers were also involved. Oncology practice sites were randomly allocated to
deliver the intervention (a tailored geriatric assessment summary with management
recommendations for each patient) or usual care (notification to oncologist only in situations
of depression or cognitive impairment). The primary outcome was satisfaction with
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communication about ageing-related concerns, evaluated with a modified Health Care
Climate Questionnaire (score range 0-28, with higher scores indicating greater satisfaction).
Compared with usual care, patients and caregivers in the intervention group were more
satisfied (difference in mean score of 1.09 points; 95% CI 0.05-2.13 points; £ = 0.04) and
patient satisfaction remained higher after 6 months of follow up (difference in mean score of
1.10 points). Conversations about concerns were more frequent during clinical encounters in
the intervention group0®,

Several smaller pilot studies have evaluated the feasibility of implementing geriatric
assessment with management recommendations in the oncology setting and explored various
models to deliver this type of care. A large-cohort, single-arm study of patients aged >70
years with cancer in Belgium evaluated a model of care where geriatric expertise was
available to patients as an inpatient or outpatient service and care remained under their
primary oncologist1%6. Overall, 710 patients were evaluable and a median of two geriatric
assessment management recommendations per patient were provided. However, only 35% of
all geriatric assessment management recommendations were acted upon, with the most
frequent being referrals to dietician, social work or psychologist services. A British
prospective study evaluated the effect on cancer-related outcomes (including TRAEs,
treatment changes and OS) of geriatric assessment with management interventions, delivered
directly by geriatricians, in 65 older adults with cancer versus standard oncology care in 70
patients107. Patients receiving geriatric assessment with management interventions were
more likely to complete cancer treatment (33.8% versus 11.4%; OR 4.14; P= 0.006) with
fewer treatment modifications (43.1% versus 68.6%; OR 0.34; £=0.006), although the
frequency of TRAEs were not different between both groups (43.8% versus 52.9%; P=
0.29).

Smaller, randomized pilot studies have also been conducted to evaluate the feasibly of
delivering geriatric assessment with management recommendations and the preliminary
effect of these interventions on cancer outcomes. A single-institution randomized trial
involving 71 patients with advanced-stage solid tumours tested an algorithm-based model
for implementing geriatric assessment-guided management recommendations198, A trained
coordinator conducted and scored the geriatric assessment with predetermined impairment
cutoffs, and subsequently used an algorithm to provide geriatric assessment-guided
management recommendations to the primary oncology team for implementation. Of the 37
patients randomly allocated to the intervention group, 34 (92%) had a geriatric assessment
completed and recommendations were provided to the oncology team within the targeted
time frame (1 week from the assessment), demonstrating the feasibility of this model of
care. In total, 409 geriatric management recommendations were provided, of which only
35% were ultimately implemented by the primary oncology team. This result further
suggests that additional support might be required to optimize the implementation of
geriatric assessment-guided management recommendations, as opposed to sole reliance on
the primary oncology team. A second randomized pilot study, conducted in Canada, also
evaluated the feasibility of a programme of geriatric assessment-guided management and its
effects on QOL and cancer therapy modification in older adults aged =70 years with stage
I1-1V gastrointestinal, genitourinary or breast cancer who were receiving chemotherapy10°.
One group of patients had a baseline geriatric assessment and subsequently received
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predefined evidenced-based geriatric assessment-guided interventions deemed necessary by
the study team; priorities of the older adults and their caregivers were incorporated into these
recommendations. The control group received standard oncology care. This model was
deemed feasible: 64% of patients approached were enrolled, 86% of whom remained on the
study. The primary outcome was measured with the EORTC core QOL Questionnaire, with
a change of =10 points indicating an important clinical change. Geriatric assessment with
management intervention improved QOL, with greater benefit in patients who survived >6
months. In these patients, the median change in baseline QOL score after 3 months of
intervention was —2.78 points versus —9.75 points in the control group. This type of
intervention has also been evaluated in a randomized trial in the pre-operative setting to
determine its effect on post-operative complications!10. In this triall19, 122 older patients
scheduled for elective colorectal surgery were randomly allocated to receive geriatric
assessment with management or usual care. After adjusting for prespecified prognostic
factors, the geriatric assessment-guided management intervention was significantly
associated with a reduction in the total number of post-operative complications (OR 0.33,
95% CI 0.11-0.95).

Finding of several additional randomized controlled trials have further elucidated the effect
of geriatric-assessment-guided management interventions on care outcomes of older adults
with cancer. Corre and colleagues!!! evaluated the utility of integrating the geriatric
assessment into cancer therapy decision-making for older adults with NSCLC. In this
multicentre study, 494 patients aged =70 years with stage IV NSCLC were randomly
assigned to receive geriatric assessment-guided treatment options (carboplatin-based doublet
for fit patients, docetaxel for vulnerable patients and best supportive care for frail patients)
or usual care (carboplatin-based doublet if performance status <1 and age <75 years or
docetaxel if performance status of 2 and age >75 years). OS was equivalent in both arms
(6.5 months versus 6.1 months in the usual care and intervention arm, respectively), despite
nearly a quarter of frail patients in the intervention arm receiving best supportive care only.
Significantly fewer patients in the intervention arm had TRAEs (85.6% versus 93.4%; P=
0.015) and treatment failure as a result of toxicities (4.8% versus 11.8%; P = 0.007)111,
These findings suggest that geriatric assessment can better allocate the appropriate therapy
for individual patients, without compromising survival outcomes and, thus, future
therapeutic trials for older adults should incorporate geriatric assessment!12, Three
randomized control trials were presented at the 2020 ASCO Annual Meeting demonstrating
the benefit of a geriatric assessment-guided intervention on TRAEs. A large, multicentre
study (NCT02054741) conducted by Mohile et al. showed that, compared with the usual
care arm, providing geriatric assessment summary and intervention recommendations for
patients with advanced-stage solid tumors or lymphomas and starting a new treatment
reduced the percentage of patients with grade 3-5 adverse events (71% versus 50%). The
relative risk of grade 3-5 TRAEs for intervention versus usual care was 0.74 (95% CI 0.63—
0.87; P=10.0002), mostly owing to the occurrence of non-haematological toxicities (RR
0.73; 95% CI 0.53-1.0; £<0.05). No significant differences were observed in OS (71%
versus 74%; P=0.03)113, Similarly, Li et al. found that, compared with standard of care,
geriatric assessment-guided interventions reduced TRAES by 9.9% (95% CI 1.6-18.2%)114,
Soo et al. additionally found that these interventions led to a lower frequence of early
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treatment discontinuation, reduced unplanned hospitalizations and improved QOL115,
Multicentre studies are underway to determine models of geriatric assessment-guided
management interventions delivered by a geriatrician with nurse follow up (NCT02704832,
NCT03154671)116117 These studies are all relevant because they use different models of
care that are informed by specific health care systems and populations, and utilize outcomes
important to older adults.

Caregiver assessment and interventions

Prevalence and roles

Owing to the presence of comorbidities and/or physical, cognitive and functional
impairments, older adults with cancer often require supportive care. In the USA, 63% of
home care to older adults with cancer is provided by informal caregivers, who are often
family members, female and unpaidl18-120, With the increase in the ageing population of
patients with cancer and the improvement of oncology treatments, the number of informal
caregivers is also expected to increase. Informal caregivers provide an average of 32 hours of
care per week. These caregivers have crucial roles in treatment decision-making, patient
advocacy and end-of-life care. They provide nursing care with limited training, including
managing cancer symptoms and TRAEs, while also assisting with self-care household tasks
and providing emotional support. In comparison with non-cancer caregivers, cancer
caregivers provide significantly more help with ADLs and IADLS19,

Caregiver burden

Caregivers of older adults with cancer also tend to be older (63-66 years on average), ~40%
have comorbidities and they are more likely to report their health as fair to poor121.122,
Given the care that is required by older adults with cancer, caregivers experience substantial
physical and emotional challenges that can lead to caregiver burden!?L, In comparison with
non-caregivers of the same age, caregivers of older adults with cancer are more likely to
experience deterioration in physical health and to have poor health-related behaviours
(including decreased exercise, sleep and poor eating habits), and are less likely to engage in
preventative carel23-126_|n addition, caregivers are more likely to report symptoms of
anxiety and depression, with 19% reporting moderate-to-severe anxiety and 24% reporting
moderate-to-severe depression in a study of caregivers of older adults with cancer!2’, Patient
characteristics that lead to greater anxiety and depression in caregivers include poor Eastern
Cooperative Oncology Group (ECOG) performance status, solid tumours (as opposed to
haematological malignancies), requiring assistance with ADLs and/or IADLS, having greater
symptom burden and having greater emotional distress120:128.129 Caregiver characteristics
associated with increased psychological symptoms were younger age, being a spouse, poor
health status, lower social support and having poor coping skills (FIG. 2).

In a study of older adults with cancer!20, 75% of their caregivers reported some degree of
burden. In a study of 392 older spousal caregivers, Schulz et al.124 found that those who
reported physical and mental strain from caregiving had a 63% greater 4-year mortality risk
than non-caregivers. In 2019, data from two studies have demonstrated that worse QOL in
caregivers is associated with poor patient performance status, higher number of impairments
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in the patient’s geriatric assessment, caregiver depression and less social support122:130,
Caregiver burden, in turn, is associated with increased all-cause mortality in patients, as well

as an increased risk of hospitalization and more intensive and/or inappropriate end-of life
carel31,132,

Caregiver interventions

While researchers have clearly established that caregivers of older adults with cancer are at
high risk for a heavy caregiver burden and negative physical and psychological outcomes,
testing of interventions in this specific population is scarce. As previously discussed, in one
study evaluating a geriatric assessment intervention for older adults with advanced-stage
cancer and one geriatric assessment domain impairment, caregivers of these patients
reported higher levels of satisfaction with treatment and communication with the oncologist
than those of patients assigned to receive usual care1%. Data from interventions involving
caregivers of adults of all ages with cancer are available133-136 but whether the findings
from these studies can be applied to older caregivers of older persons with cancer is not
known137:138_|n a systematic review of 22 psychosocial intervention studies involving
caregivers, the mean age of caregivers ranged from 39-61 years, suggesting that older
caregivers are underrepresented in such research!33. One potential promising area is focused
on testing the effectiveness of existing caregiver interventions in caregivers of older adults
with cancer, either as originally developed or tailored to the specific needs of this
population. In a systematic review of a wide range of interventions (categorized as cognitive
behavioural, complementary or alternative medicine, family or couples, interpersonal,
problem solving or skill building, psychoeducational, subspecialty palliative care, and
supportive therapy), the authors concluded that “structured, goal-oriented, and time-limited
interventions that are integrative appear to be the most feasible and to offer the greatest
benefit”121, In a Cochrane Review that included 19 trials of psychosocial interventions for
caregivers of patients with cancer'39, the authors stated that differences across studies
prevented drawing conclusions and identified a need for rigorous trials that are adequately
powered and examine a wide range of robust, validated and reliable caregiver outcome
measures.

Interventions that are provided to both the patient and the caregiver might be of particular
benefit because the patient’s health is related to the QOL and emotional status of their
caregiver!40. Including caregivers and older patients in the design of the interventions might
improve their acceptability and feasibilityl4. Selecting interventions that include a needs
assessment and that target the priority areas identified by individuals (such as problem-
solving therapy or skills training) could be a particularly effective approach, given that the
needs of patients and caregivers are widespread and varied.

Future clinical and research directions

The current guidelines in geriatric oncology have several limitations, and these gaps should
guide future clinical and research directions for older patients with cancer and their
caregivers8°101.102 First guidelines are primarily focused on older adults receiving
chemotherapy owing to the lack of robust data from geriatric assessment of those receiving
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other systemic therapies (such as immune-checkpoint inhibitors (ICIs) and targeted
therapies). Nonetheless, studies evaluating the predictive value of geriatric assessment for
other treatment modalities are emerging42143, In a real-world evaluation of ICls in 75 older
patients aged =70 years with advanced-stage NSCLC, IClIs were generally well tolerated and
rates of immune-related adverse events (irAEs) were similar to those reported in landmark
trials (37% of patients experiencing any grade irAEs and 8% of patients experiencing grade
=3 irAEs). However, these patients had a higher rate of treatment discontinuation owing to
TRAES (16% versus 3-10% in landmark trials), and had high rate of hospitalization during
ICI treatment (72%)142. In 28 patients aged =65 years with solid tumours receiving ICls who
underwent a geriatric assessment, Welaya et al. found a high prevalence of impairments
(75% had =1 impairment) and patients with IADL impairments received fewer cycles of
ICIs (median 2 versus 7 cycles; 2= 0.02)143. Second, guidelines do not specify how
frequently the geriatric assessment should be performed®-101, Currently, the benefits
associated with performing these tools longitudinally are unclear#4. Third, while guidelines
recommend specific geriatric assessment domains and tools, they do not provide practical
information on who should be performing these assessments or how the geriatric assessment
can be done.

The uptake and implementation of geriatric assessment in clinical practice is low!4° because
health-care professionals often perceive it to be time-consuming and resource
intensivel46.147 Gulasingam et al.1*6 identified barriers to use of the G8 tool and selected
four mechanisms to facilitate change: conducting local consensus discussions, identifying
and preparing a champion, using educational materials, and preparing patients to be active
participants. In order to promote uptake of the geriatric assessment, several practice models
have also been implemented: (1) consultative geriatric assessment, whereby patients are
referred to a geriatric oncology clinic led by a geriatric oncologist, geriatrician or nurse
practitioner; (2) having a geriatric oncologist as the primary oncologist who can perform a
geriatric assessment and provide treatment; (3) co-management between an oncologist and a
geriatric oncology health-care professional; and (4) integration of nursing clinicians to guide
geriatric management in clinical carel48-150, Advances in technology have led to an increase
in the use of electronic medical records and mobile health tools to facilitate the
administration and delivery of geriatric assessment-guided interventions®1-153, For
example, the Electronic Rapid Fitness Assessment (eRFA) was developed to efficiently
capture data across multiple geriatric assessment domains as part of preoperative evaluation
of older cancer patients by having patients complete an online assessment on an electronic
tablet and have the data available for clinician review!4. The median time to complete the
eRFA (11 minutes) is considerably shorter than the time to complete a paper-version of the
complete geriatric assessment (30 minutes), and has been shown to be feasible and effective
in identifying geriatric assessment impairments!>4. Shahrokni et al. subsequently developed
the Memorial Sloan Kettering-Frailty Index (MSK-FI) which uses the eRFA to assess frailty
in older cancer patients undergoing surgery®®. They demonstrated that, in cancer patients
aged =75 years who were undergoing surgery, each 1-point increase in the MSK-FI
(indicating greater frailty), was associated with longer lengths of stay (0.58 days, 95% ClI
0.22-0.95 days; £=0.002), higher odds of intensive care unit admission (OR 1.28, 95% ClI
1.04-1.58; P=0.02), and increased 12-month risk of death (5% for a score of 0 versus 20%
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for scores =4; P=0.005). The eRFA has also been successfully implemented in older
patients undergoing haematopoietic cell transplantation!®8. Finally, a pilot study has shown
that delivery of geriatric assessment-guided interventions (such as monitoring of medication
in patients screened positive for polypharmacy) is feasible and acceptable among older
adults with cancer1®3,

Incorporating a geriatric assessment in clinical trials is feasible and such assessments are
being incorporated in an increasing number of trials (Supplementary Table 1). Geriatric
assessment has been included in single-centre observation and treatment trials, as well as in
national cooperative group clinical trials1®’. In the CALGB 360401 study, 93 older patients
who were already enrolled on cooperative group clinical trials completed an adapted
geriatric assessment. This process was quick, easy to complete, and a large majority of
patients found it satisfactory!®8. This study met the prespecified end point, which was
feasibility of geriatric assessment implementation (completed before receiving treatment by
70% of patients enrolled), and laid the basis for the use of geriatric assessment in subsequent
cooperative trials, including the Alliance A041202 study%9, a multi-site study investigating
the use of ibrutinib in 547 older adults with chronic lymphocytic leukemia. Although
geriatric assessment was not the primary end point of Alliance A041202, virtually all
individuals (95%) assigned to undergo one completed them160.

Cancer clinical trials often prioritize end points such as OS and progression-free survival
(PFS). While such outcomes are important, older patients also prioritize physical function,
cognition and QOL 161162 \which are often not captured in clinical trials. In response to this
need, an increasing number of studies involving older adults with cancer have started to
incorporate geriatric assessment and patient-reported outcomes (Supplementary Table
2)159.163,164 For example, in the FOCUS? trial, Seymour et al.16% developed and used a
novel composite measure of clinical benefit, tolerability, QOL and patient values, the Overall
Treatment Utility (OTU), to determine the benefit of chemotherapy in frail and older adults
with colorectal cancer. The authors assessed the benefit of treatment (response rate (RR),
PFS, OS, QOL, and OTU) with 80% reduced-dose chemotherapy with either fluorouracil or
capecitabine with or without the addition of oxaliplatin. Good OTU indicated no clinical
and/or radiologic disease progression and no major negative effects of treatment (toxicity or
patient acceptability); intermediate OTU indicated disease progression without negative
effects of treatment or negative effects of treatment without disease progression; and poor
OTU indicated disease progression and major negative treatment effects16%. When
comparing groups with good and intermediate and poor OTU, better OTU was strongly
associated with improved PFS and OS and enabled better discrimination between different
chemotherapy regimens than PFS and OS alone. The addition of oxaliplatin to fluorouracil
or capecitabine showed a significantly increased response rate (RR 35% versus 13%; P
<0.0001) but did not significantly improve PFS or OS, and the increased toxicity negatively
affected QOL. However, the addition of oxaliplatin was significantly associated with good
OTU (47% versus 36%; P = 0.003) suggesting overall benefit with oxaliplatin. In
comparison, no benefit was found with capecitabine over fluorouracil: the OTU score was
not superior, no differences in RR, PFS, OS or QOL were found and TRAES were more
frequent. The analysis of baseline patient characteristics, including geriatric assessment data,
was feasible and enabled predictors of favourable OTU to be determined165. The OTU has
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subsequently been shown to be a beneficial measure in other clinical trials, namely the phase
I1 321GO and the phase 111 GO2 studies designed to optimize chemotherapy for frail and
older adults with advanced-stage gastroesophageal cancer66:167 In addition to providing
relevant and practical outcome data in older adults, access to clinical studies and their
publications will help to boost awareness and implementation of the geriatric assessment in
daily practicel68,

While current guidelines provide recommendations on how to conduct the geriatric
assessment and which relevant tools and assessments can be used®, implementation in daily
oncology practice remains poor owing in part to limited practice or institutional availability
and resources. The geriatric assessment needs to be integrated into clinical trials involving
older adults in order to define the standards of care for this population. We advocate for the
education of geriatric and oncology care providers, including at the fellowship level. In
addition, novel and practical study designs utilizing the geriatric assessment might facilitate
implementation and warrant further exploration.

Conclusions

Older adults with cancer are a growing population with unique needs and challenges. Tools
for geriatric screening and geriatric assessment can assist in identifying patients who are
most at risk of poor outcomes from oncology treatment. Geriatric assessment has been
shown to affect treatment decision-making and improve communication with older adults
and their caregivers as well as their satisfaction with care. Several larger, multicentre studies
are underway to determine the effects of geriatric assessment-guided management
intervention on other cancer-related outcomes, such as survival, TRAESs or QOL. Improving
enrolment of older adults in therapeutic trials and promoting novel trial designs that
incorporate outcomes important to older adults will help to improve the disparity in care and
outcomes in older adults with cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

The work of K.P.L. is supported by the National Cancer Institute (NIH K99 CA237744) and a Wilmot Research
Fellowship Award. The work of A.M. is supported by the National Institute of Aging (NIA) grant K76 AG064394.
The work of S.G.M. is supported in part by an NIH R01 CA177592 and an NIH K24 AG056589 award.

References

1. Foreman KJ et al. Forecasting life expectancy, years of life lost, and all-cause and cause-specific
mortality for 250 causes of death: reference and alternative scenarios for 2016-40 for 195 countries
and territories. Lancet 392, 2052-2090, doi:10.1016/S0140-6736(18)31694-5 (2018). [PubMed:
30340847]

2. White MC et al. Age and cancer risk: a potentially modifiable relationship. Am J Prev Med 46, S7-
15, doi:10.1016/j.amepre.2013.10.029 (2014). [PubMed: 24512933]

Nat Rev Clin Oncol. Author manuscript; available in PMC 2021 February 02.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kadambi et al.

14.

15.

16.

17.

18.

19.

20.

21.
22.

Page 16

. https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-

facts-and-figures/2019/cancer-facts-and-figures-2019.pdf, A. C. S. Cancer Facts & Figures 2019.
CA: A Cancer Journal for Clinicians (2019).

. DeSantis CE et al. Cancer statistics for adults aged 85 years and older, 2019. CA: A Cancer Journal

for Clinicians 69, 452-467, doi:10.3322/caac.21577 (2019). [PubMed: 31390062]

. Bluethmann SM, Mariotto AB & Rowland JH Anticipating the "Silver Tsunami": Prevalence

Trajectories and Comorbidity Burden among Older Cancer Survivors in the United States. Cancer
Epidem Biomar 25, 1029-1036, doi:10.1158/1055-9965.Epi-16-0133 (2016).

. Siegel RL et al. An assessment of progress in cancer control. CA Cancer J Clin 68, 329-339,

doi:10.3322/caac.21460 (2018). [PubMed: 30191964]

. Edwards BK et al. Annual Report to the Nation on the status of cancer, 1975-2010, featuring

prevalence of comorbidity and impact on survival among persons with lung, colorectal, breast, or
prostate cancer. Cancer 120, 1290-1314, doi:10.1002/cncr.28509 (2014). [PubMed: 24343171]

. Jemal A et al. Annual report to the nation on the status of cancer, 1975-2005, featuring trends in

lung cancer, tobacco use, and tobacco control. J Natl Cancer Inst 100, 1672-1694, doi:10.1093/jnci/
djn389 (2008). [PubMed: 19033571]

. Zeng C et al. Disparities by Race, Age, and Sex in the Improvement of Survival for Major Cancers:

Results From the National Cancer Institute Surveillance, Epidemiology, and End Results (SEER)
Program in the United States, 1990 to 2010. JAMA Oncol 1, 88-96, doi:10.1001/
jamaoncol.2014.161 (2015). [PubMed: 26182310]

10. Ashing KT & Soto-Perez-de-Celis E Disparities within a disparity: Global health and health equity

in geriatric oncology. J Geriatr Oncol, doi:10.1016/j.jgo.2019.06.007 (2019).

. Soto-Perez-de-Celis E et al. Global geriatric oncology: Achievements and challenges. J Geriatr
Oncol 8, 374-386, doi:10.1016/j.jg0.2017.06.001 (2017). [PubMed: 28642040]

. Krok-Schoen JL, Fisher JL, Baltic RD & Paskett ED White-Black Differences in Cancer Incidence,
Stage at Diagnosis, and Survival Among Older Adults. J Aging Health 30, 863-881,
doi:10.1177/0898264317696777 (2018). [PubMed: 28553811]

. Ludmir EB et al. Factors Associated With Age Disparities Among Cancer Clinical Trial
Participants. JAMA Oncol, doi:10.1001/jamaoncol.2019.2055 (2019).

Hernandez-Torres C, Cheung WY, Kong S, O'Callaghan CJ & Hsu T Accrual of older adults to
cancer clinical trials led by the Canadian cancer trials group — Is trial design a barrier? Journal of
Geriatric Oncology 11, 455-462, doi:10.1016/j.jg0.2019.08.004 (2020). [PubMed: 31473189]

Ludmir EB et al. Decreasing incidence of upper age restriction enrollment criteria among cancer
clinical trials. J Geriatr Oncol, doi:10.1016/j.jgo.2019.11.001 (2019).

Sedrak MS et al. Barriers to clinical trial enrollment of older adults with cancer: A qualitative study
of the perceptions of community and academic oncologists. J Geriatr Oncol, doi:10.1016/
j.jg0.2019.07.017 (2019).

Duma N et al. Representation of Minorities and Women in Oncology Clinical Trials: Review of the
Past 14 Years. J Oncol Pract 14, e1l-e10, doi:10.1200/JOP.2017.025288 (2018). [PubMed:
29099678]

Murthy VH, Krumholz HM & Gross CP Participation in cancer clinical trials: race-, sex-, and age-
based disparities. JAMA 291, 2720-2726, doi:10.1001/jama.291.22.2720 (2004). [PubMed:
15187053]

Wissing MD et al. Under-representation of racial minorities in prostate cancer studies submitted to
the US Food and Drug Administration to support potential marketing approval, 1993-2013. Cancer
120, 3025-3032, doi:10.1002/cncr.28809 (2014). [PubMed: 24965506]

Warner DF et al. Complex multimorbidity and health outcomes in older adult cancer survivors.
Fam Med Community Health 5, 129-138, doi:10.15212/FMCH.2017.0127 (2017). [PubMed:
30956969]

(ed Centers for Disease Control and Prevention) (2011).

Williams GR et al. Comorbidity in older adults with cancer. J Geriatr Oncol 7, 249-257,
doi:10.1016/j.jg0.2015.12.002 (2016). [PubMed: 26725537]

23. Services, C. f. M. a. M. (https://www.cms.gov/research-statistics-data-and-systems/statistics-

trends-and-reports/chronic-conditions/downloads/2012chartbook.pdf., 2012).

Nat Rev Clin Oncol. Author manuscript; available in PMC 2021 February 02.


https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/chronic-conditions/downloads/2012chartbook.pdf
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/chronic-conditions/downloads/2012chartbook.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kadambi et al.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 17

Cho H, Mariotto AB, Mann BS, Klabunde CN & Feuer EJ Assessing non-cancer-related health
status of US cancer patients: other-cause survival and comorbidity prevalence. American journal of
epidemiology 178, 339-349, doi:10.1093/aje/kws580 (2013). [PubMed: 23825168]

Tinetti ME, Inouye SK, Gill TM & Doucette JT Shared risk factors for falls, incontinence, and
functional dependence. Unifying the approach to geriatric syndromes. Jama 273, 1348-1353
(1995). [PubMed: 7715059]

Mohile SG et al. Association of cancer with geriatric syndromes in older Medicare beneficiaries. J
Clin Oncol 29, 1458-1464, doi:10.1200/JC0.2010.31.6695 (2011). [PubMed: 21402608]

Nightingale G, Hajjar E, Swartz K, Andrel-Sendecki J & Chapman A Evaluation of a pharmacist-
led medication assessment used to identify prevalence of and associations with polypharmacy and
potentially inappropriate medication use among ambulatory senior adults with cancer. J Clin Oncol
33, 1453-1459, doi:10.1200/jc0.2014.58.7550 (2015). [PubMed: 25800766]

Lees J & Chan A Polypharmacy in elderly patients with cancer: clinical implications and
management. The Lancet Oncology 12, 1249-1257, doi:10.1016/S1470-2045(11)70040-7 (2011).
[PubMed: 21741307]

Caillet P et al. Comprehensive Geriatric Assessment in the Decision-Making Process in Elderly
Patients With Cancer: ELCAPA Study. Journal of Clinical Oncology 29, 3636—3642, doi:10.1200/
j0.2010.31.0664 (2011). [PubMed: 21709194]

Jargensen TL & Herrstedt J The influence of polypharmacy, potentially inappropriate medications,
and drug interactions on treatment completion and prognosis in older patients with ovarian cancer.
Journal of Geriatric Oncology 11, 593-602, doi:10.1016/j.jgo.2019.12.005 (2020). [PubMed:
31883969]

Alkan A et al. Severe drug interactions and potentially inappropriate medication usage in elderly
cancer patients. Supportive Care in Cancer 25, 229-236, doi:10.1007/s00520-016-3409-6 (2017).
[PubMed: 27619388]

Magnuson A, Mohile S & Janelsins M Cognition and Cognitive Impairment in Older Adults with
Cancer. Curr Geriatr Rep 5, 213-219, doi:10.1007/s13670-016-0182-9 (2016). [PubMed:
27547701]

Boulahssass R et al. The Desire to Better Understand Older Adults with Solid Tumors to Improve
Management: Assessment and Guided Interventions-The French PACA EST Cohort Experience.
Cancers (Basel) 11, 192, doi:10.3390/cancers11020192 (2019).

Soto-Perez-de-Celis E et al. Association between patient-reported hearing and visual impairments
and functional, psychological, and cognitive status among older adults with cancer. Cancer 124,
3249-3256, doi:10.1002/cncr.31540 (2018). [PubMed: 29797664]

Paillaud E et al. Geriatric syndromes increased the nutritional risk in elderly cancer patients
independently from tumour site and metastatic status. The ELCAPA-05 cohort study. Clinical
nutrition (Edinburgh, Scotland) 33, 330-335, doi:10.1016/j.clnu.2013.05.014 (2014).

Inglis JE & llich JZ The Microbiome and Osteosarcopenic Obesity in Older Individuals in Long-
Term Care Facilities. Current osteoporosis reports 13, 358-362, doi:10.1007/s11914-015-0287-7
(2015). [PubMed: 26272433]

Dunne RF et al. Cachexia and Sarcopenia in Older Adults with Cancer: A Comprehensive Review.
Cancers (Basel) 11, 1861, doi:10.3390/cancers11121861 (2019).

Wright NC et al. The recent prevalence of osteoporosis and low bone mass in the United States
based on bone mineral density at the femoral neck or lumbar spine. Journal of bone and mineral
research : the official journal of the American Society for Bone and Mineral Research 29, 2520—
2526, doi:10.1002/jbmr.2269 (2014).

Morley JE Hormones and Sarcopenia. Current pharmaceutical design 23, 4484-4492,
doi:10.2174/1381612823666161123150032 (2017). [PubMed: 27881060]

Morote J et al. Prevalence of osteoporosis during long-term androgen deprivation therapy in
patients with prostate cancer. Urology 69, 500-504, doi:10.1016/j.urology.2006.11.002 (2007).
[PubMed: 17382153]

Williams GR, Rier HN, McDonald A & Shachar SS Sarcopenia & aging in cancer. Journal of
Geriatric Oncology 10, 374-377, d0i:10.1016/j.jg0.2018.10.009 (2019). [PubMed: 30343999]

Nat Rev Clin Oncol. Author manuscript; available in PMC 2021 February 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kadambi et al.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59

60.

61

Page 18

Hoogendijk EO et al. Frailty: implications for clinical practice and public health. Lancet 394,
1365-1375, doi:10.1016/S0140-6736(19)31786-6 (2019). [PubMed: 31609228]

Rodriguez-Manas L et al. Searching for an operational definition of frailty: a Delphi method based
consensus statement: the frailty operative definition-consensus conference project. J Gerontol A
Biol Sci Med Sci 68, 62-67, doi:10.1093/gerona/gls119 (2013). [PubMed: 22511289]

Balducci L & Yates J General guidelines for the management of older patients with cancer.
Oncology (Williston Park) 14, 221-227 (2000). [PubMed: 11195414]

Basso U et al. Management of Frail and Not-Frail elderly cancer patients in a hospital-based
geriatric oncology program. Critical Reviews in Oncology/Hematology 66, 163-170, doi:10.1016/
j.critrevonc.2007.12.006 (2008). [PubMed: 18243726]

Ommundsen N et al. Frailty is an independent predictor of survival in older patients with colorectal
cancer. Oncologist 19, 1268-1275, doi:10.1634/theoncologist.2014-0237 (2014). [PubMed:
25355846]

Tucci A et al. A comprehensive geriatric assessment is more effective than clinical judgment to
identify elderly diffuse large cell lymphoma patients who benefit from aggressive therapy. Cancer
115, 4547-4553, doi:10.1002/cncr.24490 (2009). [PubMed: 19562776]

Puts MTE et al. Use of Geriatric Assessment for Older Adults in the Oncology Setting: A
Systematic Review. JNCI: Journal of the National Cancer Institute 104, 1134-1164, doi:10.1093/
jnci/djs285 (2012).

Guerard EJ et al. Frailty Index Developed From a Cancer-Specific Geriatric Assessment and the
Association With Mortality Among Older Adults With Cancer. J Natl Compr Canc Netw 15, 894—
902, doi:10.6004/jnccn.2017.0122 (2017). [PubMed: 28687577]

Ferrat E et al. Performance of Four Frailty Classifications in Older Patients With Cancer:
Prospective Elderly Cancer Patients Cohort Study. J Clin Oncol 35, 766—777, doi:10.1200/
JC0.2016.69.3143 (2017). [PubMed: 28095145]

Droz J-P et al. Management of prostate cancer in older men: recommendations of a working group
of the International Society of Geriatric Oncology. BJU International 106, 462—-469, doi:10.1111/
j.1464-410X.2010.09334.x (2010). [PubMed: 20346033]

Boyle HJ et al. Updated recommendations of the International Society of Geriatric Oncology on
prostate cancer management in older patients. Eur J Cancer 116, 116-136, doi:10.1016/
j.ejca.2019.04.031 (2019). [PubMed: 31195356]

Ferrat E et al. Four Distinct Health Profiles in Older Patients With Cancer: Latent Class Analysis of
the Prospective ELCAPA Cohort. The Journals of Gerontology: Series A 71, 1653-1660,
doi:10.1093/gerona/glw052 (2016).

Bandeen-Roche K et al. Frailty in Older Adults: A Nationally Representative Profile in the United
States. J Gerontol A Biol Sci Med Sci 70, 1427-1434, doi:10.1093/gerona/glv133 (2015).
[PubMed: 26297656]

Handforth C, Clegg A & Young C The prevalence and outcomes of frailty in older cancer patients:
a systematic review. Ann Oncol 26, 1091-1101 (2015). [PubMed: 25403592]

Jorgensen TL, Hallas J, Friis S & Herrstedt J Comorbidity in elderly cancer patients in relation to
overall and cancer-specific mortality. Br J Cancer 106, 1353-1360, doi:10.1038/bjc.2012.46
(2012). [PubMed: 22353805]

Pule ML, Buckley E, Niyonsenga T & Roder D The effects of comorbidity on colorectal cancer
mortality in an Australian cancer population. Scientific Reports 9, 8580, doi:10.1038/
$41598-019-44969-8 (2019). [PubMed: 31189947]

Williams GR et al. Patient-Reported Comorbidity and Survival in Older Adults with Cancer. The
oncologist 23, 433-439, doi:10.1634/theoncologist.2017-0404 (2018). [PubMed: 29242282]

. Heflin MT, Oddone EZ, Pieper CF, Burchett BM & Cohen HJ The effect of comorbid illness on

receipt of cancer screening by older people. Journal of the American Geriatrics Society 50, 1651~
1658 (2002). [PubMed: 12366618]

McBean AM & Yu X The underuse of screening services among elderly women with diabetes.
Diabetes care 30, 14661472, doi:10.2337/dc06-2233 (2007). [PubMed: 17351285]

. Fleming ST, Pursley HG, Newman B, Pavlov D & Chen K Comorbidity as a predictor of stage of

illness for patients with breast cancer. Medical care 43, 132-140 (2005). [PubMed: 15655426]

Nat Rev Clin Oncol. Author manuscript; available in PMC 2021 February 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kadambi et al.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Page 19

Yasmeen S et al. Risk of advanced-stage breast cancer among older women with comorbidities.
Cancer epidemiology, biomarkers & prevention : a publication of the American Association for
Cancer Research, cosponsored by the American Society of Preventive Oncology 21, 1510-1519,
doi:10.1158/1055-9965.epi-12-0320 (2012).

Gurney J, Sarfati D & Stanley J The impact of patient comorbidity on cancer stage at diagnosis. Br
J Cancer 113, 1375-1380, doi:10.1038/bjc.2015.355 (2015). [PubMed: 26461060]

Sarfati D, Koczwara B & Jackson C The impact of comorbidity on cancer and its treatment. CA: A
Cancer Journal for Clinicians 66, 337-350, doi:10.3322/caac.21342 (2016). [PubMed: 26891458]

Lee L, Cheung WY, Atkinson E & Krzyzanowska MK Impact of comorbidity on chemotherapy use
and outcomes in solid tumors: a systematic review. J Clin Oncol 29, 106-117, doi:10.1200/
j€0.2010.31.3049 (2011). [PubMed: 21098314]

Walter V et al. Decreasing Use of Chemotherapy in Older Patients With Stage 111 Colon Cancer
Irrespective of Comorbidities. 17, 1089, doi:10.6004/jnccn.2019.7287 (2019).

Zauderer M, Patil S & Hurria A Feasibility and toxicity of dose-dense adjuvant chemotherapy in
older women with breast cancer. Breast Cancer Research and Treatment 117, 205-210,
doi:10.1007/s10549-008-0116-0 (2009). [PubMed: 18622739]

Smith AW et al. Cancer, comorbidities, and health-related quality of life of older adults. Health
care financing review 29, 41-56 (2008). [PubMed: 18773613]

Aparicio T et al. Geriatric factors predict chemotherapy feasibility: ancillary results of FFCD
2001-02 phase 11 study in first-line chemotherapy for metastatic colorectal cancer in elderly
patients. J Clin Oncol 31, 1464-1470, doi:10.1200/jc0.2012.42.9894 (2013). [PubMed: 23460711]
Extermann M et al. Predicting the risk of chemotherapy toxicity in older patients: the
Chemotherapy Risk Assessment Scale for High-Age Patients (CRASH) score. Cancer 118, 3377—
3386, doi:10.1002/cncr.26646 (2012). [PubMed: 22072065]

Mohamed MR et al. Associations of Polypharmacy and Inappropriate Medications with Adverse
Outcomes in Older Adults with Cancer: A Systematic Review and Meta-Analysis. Oncologist,
doi:10.1634/theoncologist.2019-0406 (2019).

Zhang X et al. Malnutrition and overall survival in older adults with cancer: A systematic review
and meta-analysis. Journal of Geriatric Oncology 10, 874-883, doi:10.1016/j.jg0.2019.03.002
(2019). [PubMed: 30917937]

Hurria A et al. Validation of a Prediction Tool for Chemotherapy Toxicity in Older Adults With
Cancer. J Clin Oncol 34, 2366-2371, d0i:10.1200/jc0.2015.65.4327 (2016). [PubMed: 27185838]

Saracino RM, Weinberger MI, Roth AJ, Hurria A & Nelson CJ Assessing depression in a geriatric
cancer population. Psychooncology 26, 1484-1490, doi:10.1002/pon.4160 (2017). [PubMed:
27195436]

Erlangsen A, Stenager E & Conwell Y Physical diseases as predictors of suicide in older adults: a
nationwide, register-based cohort study. Social Psychiatry and Psychiatric Epidemiology 50,
1427-1439, doi:10.1007/s00127-015-1051-0 (2015). [PubMed: 25835959]

Ruiz J et al. Frailty assessment predicts toxicity during first cycle chemotherapy for advanced lung
cancer regardless of chronologic age. Journal of Geriatric Oncology 10, 48-54, doi:10.1016/
j.Jg0.2018.06.007 (2019). [PubMed: 30005982]

Williams GR et al. Frailty and health-related quality of life in older women with breast cancer.
Support Care Cancer 27, 2693-2698, doi:10.1007/s00520-018-4558-6 (2019). [PubMed:
30484012]

Handforth C et al. The prevalence and outcomes of frailty in older cancer patients: a systematic
review. Ann Oncol 26, 1091-1101, doi:10.1093/annonc/mdu540 (2015). [PubMed: 25403592]

Puts MTE & Alibhai SMH Fighting back against the dilution of the Comprehensive Geriatric
Assessment. J Geriatr Oncol 9, 3-5, doi:10.1016/j.jgo.2017.08.009 (2018). [PubMed: 28867559]

Frese T, Deutsch T, Keyser M & Sandholzer H In-home preventive comprehensive geriatric
assessment (CGA) reduces mortality--a randomized controlled trial. Arch Gerontol Geriatr 55,
639-644, doi:10.1016/j.archger.2012.06.012 (2012). [PubMed: 22790107]

Stott DJ et al. Comprehensive geriatric assessment and home-based rehabilitation for elderly

people with a history of recurrent non-elective hospital admissions. Age Ageing 35, 487-491,
doi:10.1093/ageing/afl049 (2006). [PubMed: 16772361]

Nat Rev Clin Oncol. Author manuscript; available in PMC 2021 February 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kadambi et al.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

93.

94.

95.

96.

97.

98.

99.

Page 20

Nikolaus T, Specht-Leible N, Bach M, Oster P & Schlierf G A randomized trial of comprehensive
geriatric assessment and home intervention in the care of hospitalized patients. Age Ageing 28,
543-550 (1999). [PubMed: 10604506]

Cohen HJ et al. A controlled trial of inpatient and outpatient geriatric evaluation and management.
The New England journal of medicine 346, 905-912, doi:10.1056/NEJMsa010285 (2002).
[PubMed: 11907291]

Ellis G, Whitehead MA, O'Neill D, Langhorne P & Robinson D Comprehensive geriatric
assessment for older adults admitted to hospital. Cochrane Database Syst Rev, CD006211,
d0i:10.1002/14651858.CD006211.pub2 (2011). [PubMed: 21735403]

Mohile SG et al. Practical Assessment and Management of Vulnerabilities in Older Patients
Receiving Chemotherapy: ASCO Guideline for Geriatric Oncology. J Clin Oncol 36, 2326-2347,
doi:10.1200/JC0.2018.78.8687 (2018). [PubMed: 29782209]

Zhang J, Liao X, Feng J, Yin T & Liang Y Prospective comparison of the value of CRASH and
CARG toxicity scores in predicting chemotherapy toxicity in geriatric oncology. Oncol Lett 18,
4947-4955, doi:10.3892/01.2019.10840 (2019). [PubMed: 31612006]

Isaacs A, Fiala M, Tuchman S & Wildes TM A comparison of three different approaches to
defining frailty in older patients with multiple myeloma. J Geriatr Oncol, doi:10.1016/
j.jg0.2019.07.004 (2019).

Molina-Garrido MJ & Guillen-Ponce C Comparison of two frailty screening tools in older women
with early breast cancer. Crit Rev Oncol Hematol 79, 51-64, doi:10.1016/j.critrevonc.2010.06.004
(2011). [PubMed: 20663685]

Hamaker ME et al. The effect of a geriatric evaluation on treatment decisions and outcome for
older cancer patients - A systematic review. J Geriatr Oncol 9, 430-440, doi:10.1016/
j.jg0.2018.03.014 (2018). [PubMed: 29631898]

Hamaker ME, Prins M & van Huis LH Update in geriatrics: What geriatric oncology can learn
from general geriatric research. J Geriatr Oncol 9, 393-397, doi:10.1016/j.jg0.2018.01.005 (2018).
[PubMed: 29396236]

Festen S et al. How to incorporate geriatric assessment in clinical decision-making for older
patients with cancer. An implementation study. J Geriatr Oncol, doi:10.1016/j.jg0.2019.04.006
(2019).

Hamaker ME, Wildes TM & Rostoft S Time to Stop Saying Geriatric Assessment Is Too Time
Consuming. Journal of Clinical Oncology 35, 2871-2874, d0i:10.1200/JC0.2017.72.8170 (2017).
[PubMed: 28628364]

Soubeyran P et al. Screening for vulnerability in older cancer patients: the ONCODAGE
Prospective Multicenter Cohort Study. PLoS One 9, 115060, doi:10.1371/journal.pone.0115060
(2014). [PubMed: 25503576]

Kenis C et al. Performance of two geriatric screening tools in older patients with cancer. J Clin
Oncol 32, 19-26, doi:10.1200/JC0.2013.51.1345 (2014). [PubMed: 24276775]

van Walree IC et al. A systematic review on the association of the G8 with geriatric assessment,
prognosis and course of treatment in older patients with cancer. Journal of Geriatric Oncology 10,
847-858, doi:10.1016/j.jg0.2019.04.016 (2019). [PubMed: 31078444]

Saliba D et al. The Vulnerable Elders Survey: a tool for identifying vulnerable older people in the
community. Journal of the American Geriatrics Society 49, 1691-1699, doi:10.1046/
j.1532-5415.2001.49281.x (2001). [PubMed: 11844005]

Antonio M et al. Geriatric assessment may help decision-making in elderly patients with
inoperable, locally advanced non-small-cell lung cancer. Br J Cancer 118, 639-647, doi:10.1038/
bjc.2017.455 (2018). [PubMed: 29381689]

Luciani A et al. Estimating the risk of chemotherapy toxicity in older patients with cancer: The role
of the Vulnerable Elders Survey-13 (VES-13). J Geriatr Oncol 6, 272-279, doi:10.1016/
J.jg0.2015.02.005 (2015). [PubMed: 26088748]

Biganzoli L et al. Screening for Frailty in Older Patients With Early-Stage Solid Tumors: A
Prospective Longitudinal Evaluation of Three Different Geriatric Tools. J Gerontol A Biol Sci Med
Sci 72, 922-928, doi:10.1093/gerona/glw234 (2017). [PubMed: 28158486]

Nat Rev Clin Oncol. Author manuscript; available in PMC 2021 February 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kadambi et al.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116

Page 21

Augschoell J, Kemmler G, Hamaker ME & Stauder R PPT and VES-13 in elderly patients with
cancer: evaluation in multidimensional geriatric assessment and prediction of survival. J Geriatr
Oncol 5, 415-421, doi:10.1016/j.jgo.2014.08.005 (2014). [PubMed: 25242575]

Wildiers H et al. International Society of Geriatric Oncology consensus on geriatric assessment in
older patients with cancer. J Clin Oncol 32, 2595-2603, d0i:10.1200/JC0O.2013.54.8347 (2014).
[PubMed: 25071125]

Decoster L et al. Screening tools for multidimensional health problems warranting a geriatric
assessment in older cancer patients: an update on SIOG recommendations. Ann Oncol 26, 288—
300, doi:10.1093/annonc/mdu210 (2015). [PubMed: 24936581]

Mohile SG et al. Geriatric Assessment-Guided Care Processes for Older Adults: A Delphi
Consensus of Geriatric Oncology Experts. J Natl Compr Canc Netw 13, 1120-1130 (2015).
[PubMed: 26358796]

O'Donovan A, Mohile SG & Leech M Expert consensus panel guidelines on geriatric assessment
in oncology. Eur J Cancer Care (Engl) 24, 574-589, doi:10.1111/ecc.12302 (2015). [PubMed:
25757457]

Mohile SG et al. Communication With Older Patients With Cancer Using Geriatric Assessment:
A Cluster-Randomized Clinical Trial From the National Cancer Institute Community Oncology
Research Program. JAMA Oncology, 1-9, doi:10.1001/jamaoncol.2019.4728 (2019).

Baitar A et al. Implementation of geriatric assessment-based recommendations in older patients
with cancer: A multicentre prospective study. J Geriatr Oncol 6, 401-410, doi:10.1016/
j.jg0.2015.07.005 (2015). [PubMed: 26296908]

Kalsi T et al. The impact of comprehensive geriatric assessment interventions on tolerance to
chemotherapy in older people. Br J Cancer 112, 1435-1444, doi:10.1038/bjc.2015.120 (2015).
[PubMed: 25871332]

Magnuson A et al. Geriatric assessment with management intervention in older adults with
cancer: a randomized pilot study. Supportive care in cancer : official journal of the Multinational
Association of Supportive Care in Cancer 26, 605-613, doi:10.1007/s00520-017-3874-6 (2018).
[PubMed: 28914366]

Puts MTE et al. A randomized phase Il trial of geriatric assessment and management for older
cancer patients. Support Care Cancer 26, 109-117, doi:10.1007/s00520-017-3820-7 (2018).
[PubMed: 28741175]

Ommundsen N et al. Preoperative geriatric assessment and tailored interventions in frail older
patients with colorectal cancer: a randomized controlled trial. Colorectal Disease 20, 16-25,
doi:10.1111/codi.13785 (2018).

Corre R et al. Use of a Comprehensive Geriatric Assessment for the Management of Elderly
Patients With Advanced Non-Small-Cell Lung Cancer: The Phase 111 Randomized ESOGIA-
GFPC-GECP 08-02 Study. J Clin Oncol 34, 1476-1483, doi:10.1200/JC0.2015.63.5839 (2016).
[PubMed: 26884557]

Gajra A et al. Comprehensive Geriatric Assessment-Guided Therapy Does Improve Outcomes of
Older Patients With Advanced Lung Cancer. J Clin Oncol, doi:10.1200/JC0.2016.67.5926
(2016).

Mohile Supriya Gupta, M. MR, Culakova Eva, Xu Huiwen, Loh Kah Poh, Magnuson Allison,
Flannery Marie Anne, Ramsdale Erika E., Dunne Richard Francis, Gilmore Nikesha, Obrecht
Spencer, Patil Amita, Plumb Sandy, Lowenstein Lisa M, Janelsins Michelle Christine, Mustian
Karen Michelle, Hopkins Judith O., Berenberg Jeffrey L., Gaur Rakesh, Dale William. In 2020
ASCO Virtual Scientific Program.

Li D (eds Sun Can-Lan Kim Heeyoung Chung Vincent Koczywas Marianna Fakih Marwan Chao
Joseph Chien Leana Charles Kemeberly Hughes Simone Fernandes Dos Santos Trent Monica
Roberts Elsa De Celis Enrique Soto Perez Jayani Reena Katheria Vani Moreno Jeanine Kelly
Cynthia Sedrak Mina S. Hurria Arti Dale William Li Daneng et al.) (American Society of
Clinical Oncology).

Soo W-K (eds King Madeleine Pope Alun Parente Phillip Darzins Peteris Davis lan D. Soo Wee-
Kheng et al.) (American Society of Clinical Oncology).

(US National Library of Medicine, ClinicalTrials.gov, 2019).

Nat Rev Clin Oncol. Author manuscript; available in PMC 2021 February 02.


http://ClinicalTrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kadambi et al.

117

118.

119.

120.

121.

122.

123.

124.

125.

126.
127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

Page 22

. (US National Library of Medicine, ClinicalTrials.gov, 2018).

National Academies of Sciences, E. & Medicine. Families Caring for an Aging America. (The
National Academies Press, 2016).

Cancer Caregiving in the U.S. An Intense, Episodic, and Challenging Care Experience. (2016).
<http://www.caregiving.org/wp-content/uploads/2016/06/
CancerCaregivingReport_FINAL_June-17-2016.pdf>.

Hsu T et al. Factors associated with high burden in caregivers of older adults with cancer. Cancer
120, 2927-2935, doi:10.1002/cncr.28765 (2014). [PubMed: 24898093]

Jayani R & Hurria A Caregivers of older adults with cancer. Semin Oncol Nurs 28, 221-225,
doi:10.1016/j.soncn.2012.09.004 (2012). [PubMed: 23107179]

Kehoe LA et al. Quality of Life of Caregivers of Older Patients with Advanced Cancer. Journal of
the American Geriatrics Society 67, 969-977, doi:10.1111/jgs.15862 (2019). [PubMed:
30924548]

Navaie-Waliser M et al. When the caregiver needs care: the plight of vulnerable caregivers. Am J
Public Health 92, 409-413 (2002). [PubMed: 11867321]

Schulz R & Beach SR Caregiving as a risk factor for mortality: the Caregiver Health Effects
Study. Jama 282, 2215-2219 (1999). [PubMed: 10605972]

Beesley VL, Price MA & Webb PM Luoss of lifestyle: health behaviour and weight changes after
becoming a caregiver of a family member diagnosed with ovarian cancer. Support Care Cancer
19, 1949-1956, doi:10.1007/s00520-010-1035-2 (2011). [PubMed: 21125296]

Caregiving E i. c. w. t. N. A. f. Study of Caregivers in Decline (2006).

Jones SM et al. Depression and quality of life before and after breast cancer diagnosis in older
women from the Women's Health Initiative. Journal of cancer survivorship : research and practice
9, 620-629, doi:10.1007/s11764-015-0438-y (2015). [PubMed: 25708515]

Rhee YS et al. Depression in family caregivers of cancer patients: the feeling of burden as a
predictor of depression. J Clin Oncol 26, 5890-5895, doi:10.1200/jc0.2007.15.3957 (2008).
[PubMed: 19029423]

Ge L & Mordiffi SZ Factors Associated With Higher Caregiver Burden Among Family
Caregivers of Elderly Cancer Patients: A Systematic Review. Cancer nursing 40, 471-478,
doi:10.1097/ncc.0000000000000445 (2017). [PubMed: 29045247]

Hsu T et al. Understanding Caregiver Quality of Life in Caregivers of Hospitalized Older Adults
With Cancer. Journal of the American Geriatrics Society, doi:10.1111/jgs.15841 (2019).
Kuzuya M et al. Impact of Caregiver Burden on Adverse Health Outcomes in Community-
Dwelling Dependent Older Care Recipients. The American Journal of Geriatric Psychiatry 19,
382-391, doi:10.1097/JGP.0b013e3181e9h98d (2011). [PubMed: 20808120]

Tsai C-F et al. Depression of Family Caregivers Is Associated with Disagreements on Life-
Sustaining Preferences for Treating Patients with Dementia. PLOS ONE 10, e0133711,
doi:10.1371/journal.pone.0133711 (2015). [PubMed: 26230958]

Fu F, Zhao H, Tong F & Chi | A Systematic Review of Psychosocial Interventions to Cancer
Caregivers. Frontiers in psychology 8, 834, doi:10.3389/fpsyg.2017.00834 (2017). [PubMed:
28596746]

Applebaum AJ & Breitbart W Care for the cancer caregiver: a systematic review. Palliative &
supportive care 11, 231-252, doi:10.1017/s1478951512000594 (2013). [PubMed: 23046977]

Waldron EA, Janke EA, Bechtel CF, Ramirez M & Cohen A A systematic review of psychosocial
interventions to improve cancer caregiver quality of life. Psychooncology 22, 1200-1207,
doi:10.1002/pon.3118 (2013). [PubMed: 22729992]

Ugalde A et al. A systematic review of cancer caregiver interventions: Appraising the potential
for implementation of evidence into practice. Psychooncology 28, 687-701, doi:10.1002/
pon.5018 (2019). [PubMed: 30716183]

Nipp RD et al. Differential effects of early palliative care based on the age and sex of patients
with advanced cancer from a randomized controlled trial. Palliative medicine, 269216317751893,
doi:10.1177/0269216317751893 (2018).

Nat Rev Clin Oncol. Author manuscript; available in PMC 2021 February 02.


http://ClinicalTrials.gov
http://www.caregiving.org/wp-content/uploads/2016/06/CancerCaregivingReport_FINAL_June-17-2016.pdf
http://www.caregiving.org/wp-content/uploads/2016/06/CancerCaregivingReport_FINAL_June-17-2016.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kadambi et al.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

Page 23

Nipp RD et al. Age and Gender Moderate the Impact of Early Palliative Care in Metastatic Non-
Small Cell Lung Cancer. Oncologist 21, 119-126, doi:10.1634/theoncologist.2015-0232 (2016).
[PubMed: 26621041]

Treanor CJ et al. Psychosocial interventions for informal caregivers of people living with cancer.
Cochrane Database Syst Rev 6, Cd009912, doi:10.1002/14651858.CD009912.pub2 (2019).
[PubMed: 31204791]

Kehoe LA et al. Quality of Life of Caregivers of Older Patients with Advanced Cancer. J Am
Geriatr Soc 67, 969-977, do0i:10.1111/jgs.15862 (2019). [PubMed: 30924548]

Gilmore NJ et al. Engaging older patients with cancer and their caregivers as partners in cancer
research. Cancer 125, 4124-4133, doi:10.1002/cncr.32402 (2019). [PubMed: 31420878]

Muchnik E et al. Immune Checkpoint Inhibitors in Real-World Treatment of Older Adults with
Non-Small Cell Lung Cancer. Journal of the American Geriatrics Society 67, 905-912,
doi:10.1111/jgs.15750 (2019). [PubMed: 30698276]

Welaya K et al. Geriatric assessment and treatment outcomes in older adults with cancer receiving
immune checkpoint inhibitors. J Geriatr Oncol, doi:10.1016/j.jgo.2019.05.021 (2019).

Hurria A et al. Cognitive Function of Older Patients Receiving Adjuvant Chemotherapy for Breast
Cancer: A Pilot Prospective Longitudinal Study. Journal of the American Geriatrics Society 54,
925-931, doi:10.1111/j.1532-5415.2006.00732.x (2006). [PubMed: 16776787]

Mohile SG et al. Community Oncologists' Decision-Making for Treatment of Older Patients With
Cancer. J Natl Compr Canc Netw 16, 301-309, doi:10.6004/jnccn.2017.7047 (2018). [PubMed:
29523669]

Gulasingam P et al. Using Implementation Science to Promote the Use of the G8 Screening Tool
in Geriatric Oncology. Journal of the American Geriatrics Society 67, 898-904, doi:10.1111/
jgs.15920 (2019). [PubMed: 30957225]

Kenis C et al. Implementation of geriatric assessment in older patients with cancer: Facilitators
and barriers. Journal of Geriatric Oncology 5, S55-S56, d0i:10.1016/j.jgo.2014.09.094 (2014).

Magnuson A, Dale W & Mohile S Models of Care in Geriatric Oncology. Curr Geriatr Rep 3,
182-189, doi:10.1007/s13670-014-0095-4 (2014). [PubMed: 25587518]

Nightingale G et al. Integrating Nurses and Allied Health Professionals in the care of older adults
with cancer: A report from the International Society of Geriatric Oncology Nursing and Allied
Health Interest Group. J Geriatr Oncol, doi:10.1016/j.jgo0.2019.06.012 (2019).

Burhenn PS et al. Geriatric assessment in daily oncology practice for nurses and allied health care
professionals: Opinion paper of the Nursing and Allied Health Interest Group of the International
Society of Geriatric Oncology (SIOG). J Geriatr Oncol 7, 315-324, doi:10.1016/
j.jg0.2016.02.006 (2016). [PubMed: 26961585]

Shahrokni A et al. Electronic Rapid Fitness Assessment: A Novel Tool for Preoperative
Evaluation of the Geriatric Oncology Patient. J Natl Compr Canc Netw 15, 172-179,
doi:10.6004/jncen.2017.0018 (2017). [PubMed: 28188187]

Hurria A et al. Reliability, Validity, and Feasibility of a Computer-Based Geriatric Assessment for
Older Adults With Cancer. J Oncol Pract 12, e1025-e1034, doi:10.1200/JOP.2016.013136
(2016). [PubMed: 27624950]

Loh KP et al. Novel mHealth App to Deliver Geriatric Assessment-Driven Interventions for Older
Adults With Cancer: Pilot Feasibility and Usability Study. JMIR Cancer 4, 10296,
doi:10.2196/10296 (2018). [PubMed: 30373733]

Shahrokni A et al. Electronic Rapid Fitness Assessment: A Novel Tool for Preoperative
Evaluation of the Geriatric Oncology Patient. Journal of the National Comprehensive Cancer
Network : INCCN 15, 172-179, doi:10.6004/jnccn.2017.0018 (2017). [PubMed: 28188187]

Shahrokni A et al. Development and Evaluation of a New Frailty Index for Older Surgical
Patients With Cancer. JAMA Network Open 2, 193545-e193545, doi:10.1001/
jamanetworkopen.2019.3545 (2019). [PubMed: 31074814]

Lin RJ et al. Feasibility of a patient-reported, electronic geriatric assessment tool in hematopoietic

cell transplantation — a single institution pilot study. Leukemia & Lymphoma 60, 3308-3311,
doi:10.1080/10428194.2019.1630621 (2019). [PubMed: 31226901]

Nat Rev Clin Oncol. Author manuscript; available in PMC 2021 February 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kadambi et al.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169

170.

171.

172.

173.

174.

Page 24

DuMontier C et al. Arti Hurria and the progress in integrating the geriatric assessment into
oncology: Young International Society of Geriatric Oncology review paper. Journal of Geriatric
Oncology 11, 203-211, doi:10.1016/j.jg0.2019.08.005 (2020). [PubMed: 31451439]

Hurria A et al. Implementing a geriatric assessment in cooperative group clinical cancer trials:
CALGB 360401. J Clin Oncol 29, 1290-1296, doi:10.1200/JC0.2010.30.6985 (2011). [PubMed:
21357782]

Woyach JA et al. Ibrutinib Regimens versus Chemoimmunotherapy in Older Patients with
Untreated CLL. The New England journal of medicine 379, 2517-2528, doi:10.1056/
NEJMo0a1812836 (2018). [PubMed: 30501481]

Alliance Cancer in the Older Adult, C. et al. Arti Hurria MD: A tribute to her shining legacy in
the Alliance for Clinical Trials in Oncology. J Geriatr Oncol, doi:10.1016/j.jgo.2019.05.011
(2019).

Fried TR, Bradley EH, Towle VR & Allore H Understanding the treatment preferences of
seriously ill patients. The New England journal of medicine 346, 1061-1066, doi:10.1056/
NEJMsa012528 (2002). [PubMed: 11932474]

Loh KP et al. Willingness to bear adversity and beliefs about the curability of advanced cancer.
Journal of Clinical Oncology 36, 20-20, doi:10.1200/JC0.2018.36.34_suppl.20 (2018).

Walter RB et al. Intergroup LEAP trial (S1612): A randomized phase 2/3 platform trial to test
novel therapeutics in medically less fit older adults with acute myeloid leukemia. American
journal of hematology 93, E49-e52, doi:10.1002/ajh.24980 (2018). [PubMed: 29164656]

Muss HB et al. Adjuvant chemotherapy in older women with early-stage breast cancer. The New
England journal of medicine 360, 2055-2065, doi:10.1056/NEJM0a0810266 (2009). [PubMed:
19439741]

Seymour MT et al. Chemotherapy options in elderly and frail patients with metastatic colorectal
cancer (MRC FOCUS?2): an open-label, randomised factorial trial. Lancet 377, 1749-1759,
doi:10.1016/s0140-6736(11)60399-1 (2011). [PubMed: 21570111]

Hall PS et al. Optimizing chemotherapy for frail and elderly patients (pts) with advanced
gastroesophageal cancer (aGOAC): The GO2 phase Il trial. Journal of Clinical Oncology 37,
4006-4006, doi:10.1200/JC0.2019.37.15_suppl.4006 (2019).

Hall PS et al. A randomised phase Il trial and feasibility study of palliative chemotherapy in frail
or elderly patients with advanced gastroesophageal cancer (321GO). British journal of cancer
116, 472-478, doi:10.1038/bjc.2016.442 (2017). [PubMed: 28095397]

BrintzenhofeSzoc K et al. The underreporting of phase 111 chemo-therapeutic clinical trial data of
older patients with cancer: A systematic review. J Geriatr Oncol, doi:10.1016/j.jgo0.2019.12.007
(2020).

. Wildes TM et al. Systematic review of falls in older adults with cancer. J Geriatr Oncol 6, 70-83,
doi:10.1016/j.jg0.2014.10.003 (2015). [PubMed: 25454770]

Klepin HD et al. Geriatric assessment among older adults receiving intensive therapy for acute
myeloid leukemia: Report of CALGB 361006 (Alliance). J Geriatr Oncol 11, 107-113,
doi:10.1016/j.jg0.2019.10.002 (2020). [PubMed: 31668825]

Spina M et al. Modulated chemotherapy according to modified comprehensive geriatric
assessment in 100 consecutive elderly patients with diffuse large B-cell lymphoma. The
oncologist 17, 838-846, doi:10.1634/theoncologist.2011-0417 (2012). [PubMed: 22610154]
Hamaker ME et al. Baseline comprehensive geriatric assessment is associated with toxicity and
survival in elderly metastatic breast cancer patients receiving single-agent chemotherapy: results
from the OMEGA study of the Dutch breast cancer trialists' group. Breast (Edinburgh, Scotland)
23, 81-87, d0i:10.1016/j.breast.2013.11.004 (2014).

Aparicio T et al. Bevacizumab+chemotherapy versus chemotherapy alone in elderly patients with
untreated metastatic colorectal cancer: a randomized phase 11 trial-PRODIGE 20 study results.
Ann Oncol 29, 133-138, doi:10.1093/annonc/mdx529 (2018). [PubMed: 29045659]

Falandry C et al. EWOC-1: A randomized trial to evaluate the feasibility of three different first-
line chemotherapy regimens for vulnerable elderly women with ovarian cancer (OC): A GCIG-
ENGOT-GINECO study. Journal of Clinical Oncology 37, 5508-5508, doi:10.1200/
JC0.2019.37.15_suppl.5508 (2019).

Nat Rev Clin Oncol. Author manuscript; available in PMC 2021 February 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kadambi et al.

Page 25

Key points

Cancer is a disease of ageing; older adults (aged =65 years) account for the
majority of new cancer diagnoses and the majority of cancer survivors.

In comparison with older adults without cancer, those with cancer have an
increased prevalence of comorbidities and ageing-related conditions that
substantially affect cancer diagnosis, treatment and outcomes.

A comprehensive geriatric assessment is a multidimensional,
multidisciplinary approach used to evaluate health and functional status in
older adults, identify patients at increased risk of poor outcomes from cancer
treatment, and guide decision-making and management recommendations.

Management of geriatric conditions in older adults with cancer might improve
their outcomes; to achieve such advances, further therapeutic trials utilizing
the geriatric assessment and novel trial designs incorporating outcomes
important to this population are required.
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Figure 1: Increasing Number of Older Survivors of Cancer

*Adapted from: Bluethmann SM, Mariotto AB, Rowland JH. Anticipating the "Silver
Tsunami': Prevalence Trajectories and Comorbidity Burden among Older Cancer Survivors
in the United States. Cancer Epidemiology Biomarkers & Prevention.

2016;25(7):1029-1036.
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Geriatric syndromes in older adults (aged =65 years) with cancer
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Ageing-related condition

Prevalence

Effects of condition

Polypharmacy (>5 prescribed medications)

40%%7

Adverse events owing to drug-drug interactions
Increased risk of TRAEs

Non-adherence to medication

Increased risk of falls

Functional decline

Increased hospitalization rate

Increased risk of mortality

Cognitive impairment

3-4% (SEER-Medicare data)3?
39% (patients with MMSE score <24)33

Increased risk of TRAES

Increased discontinuation of chemotherapy
Increased incidence of delirium

Increased risk of hospitalization

Sensory (hearing and visual) impairments

30934

Functional, psychological and cognitive deficits
Increased risk of TRAES

Malnutrition

13% (patients with non-GI cancer)3®
29% (patients with GI cancer)3®

Increased risk of TRAES
Functional decline
Reduced QOL

Increased mortality

Depression

26%2°

Increased mortality

Increased risk of hospitalization
Increased symptom burden
Poor adherence to treatment
Functional deficits

Decreased QOL

Sarcopenia

12.5-57.7%°%7

Increased risk of TRAES
Increased risk of hospitalization
Increased risk of death

Falls

13-50%'69

Increased risk of severe TRAES

Frailty

18%49

Perioperative complications
Increased risk of TRAEs
Increased risk of death

Gl, gastrointestinal; MMSE, Mini Mental Status Exam; QOL, quality of life; SEER, Surveillance, Epidemiology, and Ends Results; TRAE,

treatment-related adverse event.
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Geriatric assessment domains, tools and intervention recommendations8®

orientation, attention, and memory

Domain Tools Description Intervention recommendations

ADL Self-reported dependence on others for Modify treatment choice or intensity
any task necessary to independently care Referral to social work and home health services
for oneself, including eating, bathing and
mobility

Function

IADL Self-reported dependence on others for
any task necessary for living
independently, including driving,
shopping and finances

SPPB A three-part test of lower body function Evaluate for other risk factors for falls, such as
that includes a timed walk, repeated chair | polypharmacy or sensory impairment

Physical stands and standing balance Physical therapy and/or occupational therapy referral for
f - - — strength and balance training, and home exercise
performance Fall history Self-reported history of falls within the programmes
past 6 months Home safety evaluation
Fall counselling education

Mini-Cog A test to screen for cognitive problems Referral to a specialist for more comprehensive
that includes a word recall and clock cognitive assessment
drawing Assess decision-making capacity

Cognition — Identify health-care proxy and involve in decision-
BOMC A six-item measure that evaluates making

Medication review to minimize medications associated
with a higher risk of delirium
Delirium risk counselling for patient and caregivers

Comorbidities

Chart review

Robust review of chronic medical
conditions through routine history

Involve primary care physician in co-management of
comorbidities
Consider referral to geriatrician

Polypharmacy

Medication
review

Review all prescription and
nonprescription medications (including
over-the-counter medications and herbal
or supplementary agents)

Beers criteria

A list that identifies potentially
inappropriate medications that should be
avoided in older adults

Brown bag medication review (patients bring all their
medications and supplements to medical appointments
for clinician review)

Assess medication adherence

Review medications for duplications and potentially
inappropriate medications for older adults
De-prescribe potentially inappropriate medications
Involve pharmacist

Mini Nutritional
Assessment

A six-item screening measure to
determine nutritional impairments and
patients at risk of malnutrition

GDS Self-reported 15-item screening tool for Referral to psychosocial services
depression in older adults Pharmacological therapy

GAD-7 Self-reported 15-item measure used to

Psychological screen for and determine the severity of
status generalized anxiety disorder

Distress A self-reported measure to screen for

Thermometer psychological distress in patients with
cancer

Unintentional Measures unintentional weight loss Referral to nutritionist or dietician

weight loss within the last 6 months Recommend support with grocery delivery and meal

Nutrition preparation

Social support

MOS-SS survey

A self-reported measure of 19-items that
assesses four social domains: emotional
support, tangible support, affectionate
support and medical outcomes

Medical Social
Support Section
(subscale of
OARS)

Self-reported measure of the number of
support individuals involved in the
patient’s medical care and the degree of
involvement of the support individuals

Modify treatment or dose intensity
Referral to social work and home health services
Transportation assistance
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ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; BOMC, Blessed Orientation Memory Concentration Test; GAD-7,
Generalized Anxiety Disorder 7; GDS, Geriatric Depression Scale; MOS-SS, Medical Outcomes Survey Social Support survey; OARS, Older
Americans Resources and Services; SPPB, Short Physical Performance Battery.
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Table 31
Geriatric screening tools102
Geriatric assessment Items Score range
domain
G8: score range 0-17; score <14 indicates impairment
Nutrition Decreased food intake over the past 3 months 0, severe decrease

1, moderate decrease
2, no decrease

Weight loss over the past 3 months

0, weight loss >3 kg

1, does not know

2, weight loss between 1-3 kg
3, no weight loss

BMI 0, BMI <19
1, BMI 19-21
2, BMI 21-22
3, BMI 223
Functional status and Mobility 0, bed bound or chair bound
mobility 1, able to get out of bed or chair but does not go out
2, goes out
Cognition and mood Neuropsychological problems 0, severe depression or dementia
1, mild depression or dementia
2, no neuropsychological problems
Polypharmacy Taking =3 prescription medications 0, yes
1, no
Self-reported health status In comparison with other people of the same age, how 0, not as good
does the patient compare his or her health status? 0.5, does not know
1, just as good
2, better
Age - 0 >85 years
180-85 years
2,<80
fTRST: score range 0-6; score =1 indicates impairment
Cognition Presence of cognitive impairment (disorientation, 0, no
dementia or delirium) 2, yes
Social support Lives alone, or no caregiver is available, willing or able 0, no
1, yes
Functional status and Has difficulty with walking or transfers or history of falls | 0, no
mobility in the past 6 months 1, yes
Hospitalization History of hospitalization in the past 3 months 0, no
1, yes
Polypharmacy Taking =5 medications 0, no
1, yes

VES-13: score range 0-10; score =3 indicates vulnerable

arm above shoulder, walking a quarter of a mile, doing
heavy housework

Needs assistance with: shopping for personal items,
managing money, walking across the room (use of cane
or walker is accepted), doing light housework, bathing or

showering

Age - 1, 75-84 years
3, 285 years
Self-reported health In comparison with other people of the same age, how 0, excellent, very good or good
does the patient compare his or her health status? 1, fair or poor
Functional status and Considerable difficulty with: stooping, crouching or 1 point for each item, maximum of 2 points
mobility kneeling, lifting or carrying 10 Ibs, reaching or extending | 4, one or more items

Nat Rev Clin Oncol. Author manuscript; available in PMC 2021 February 02.



1duosnuepy Joyiny 1duosnue Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Kadambi et al.

fTRST, Flemish version of the Triage Risk Screening Tool; G8, Geriatric 8 health screening tool; VES-13, Vulnerable Elders Survey-13.
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