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Cancer care at the extremes of life, in the young and the old, is characterized by 
unique issues associated with pediatrics and geriatric medicine, accentuated by 
the special vulnerabilities of these groups. In response to these needs, the field of 
pediatric oncology has been well honed to deal with the special problems associated 
with juvenile cancer patients. While most adult oncologists consider themselves well 
prepared to deal with older cancer patients, the current expansion of the geriatric 
population – their variable levels of fitness, frailty and vulnerability, the fact that 
cancer is primarily a disease of older adults, the significant expansion of agents and 
approaches to treat cancer, as well as their resultant toxicities and complications – 
has led to the development of specialized geriatric oncologists. Moreover, the special 
characteristics and needs of these patients have led to the evolution of new guidelines 
for evaluation, management and the conduct of research in older patients with cancer.
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Practice points

•	 Based on the enclosed discussion, we recommend the following approach for the 
evaluation of all older patients with cancer:

 – All cancer patients, ≥65 years of age, should undergo a screening assessment for age-
dependent functional impairment using screening tools, such as the G8, VES-13 or their 
combined use for even greater sensitivity.

 – Patients with abnormal screening tests should have a comprehensive geriatric 
assessment (CGA) performed by trained professionals.

 – The request for a CGA should indicate the type of malignancy and therapeutic 
considerations, such as surgery, radiation and/or chemotherapy. In the case of 
chemotherapy, contemplated agents should be identified so that potential interactions 
can be evaluated.

 – Results of the CGA and consultation should be shared with primary care physicians, 
and surgeons, specific tumor-focused oncologists and other specialists involved in case 
management.

 – Trained professionals should use results of CGA and other diagnostic tests to discuss 
with patients and caregivers, prognosis, recommended therapies, alternatives, 
likelihood of response, probability of adverse effects, suggestions for prehabilitation 
and remedial recommendations, as well as plans for social arrangements and 
rehabilitation.

 – The CGA should be repeated periodically during therapy and follow-up to detect new 
onset of remediable changes, especially those that can facilitate completion of therapy.

 – The CGA should be repeated at yearly intervals after completion of therapy to follow 
resolution of problems and/or development of late-onset adverse effects.
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Introduction
Cancer incidence rises exponentially in the final decades 
of life such that 60% of newly diagnosed malignancies 
and 70% of cancer deaths occur in patients over 65 
years of age [1–4]. The age-adjusted cancer incidence 
rate is tenfold greater in the population over 65 years 
and the age-adjusted cancer mortality rate is 16-fold 
greater in the population over 65 years, compared with 
those under 65 years [1–4]. While these statistics clearly 
indicate the need for geriatric considerations in caring 
for most cancer patients, the situation is magnified by 
expansion of the elderly population such that in the 
USA, the number of patients older than 65 is expected 
to increase from 35 million in 2000 to 88.5 million 
by 2050, at which time many of these patients will be 
older than age 85 years [5,6]. In fact, based on the antic-
ipated increase in the number of older individuals with 
cancer and the expansion of the population over 65 [7], 
plans are already underway to prepare for an ‘epidemic 
of cancer in the aging population’ [8].

At the same time, there has also been an explosion 
in understanding the metabolic and molecular altera-
tions associated with cancer. Many of these serve as 
targets for the vastly expanded armamentarium of 
agents and procedures available for treatment. These 
include multiple new cytotoxics, targeted thereapeu-
tics and immunotherapeutics, each with its own 
mechanism(s) of action, adverse effects and possible 
long-term toxicities. Many of the new cancer thera-
peutic agents, such as imatinib and ibrutinib, may be 
chronically administered on a life-long basis [9–11]. In 
addition, the pharmacology and pharmacokinetics of 
these new agents may be significantly affected by the 
vast array of agents now employed to treat many of 
the conditions associated with aging [12,13]. Moreover, 
approaches to therapy that were previously adminis-
tered to young patients only, such as hematopoietic 
stem cell transplant (HCT), are now being offered to 
patients in the geriatric age range [14–18].

As a result of these advances, there is a compelling 
need to better understand the clinical, molecular and 
physiologic effects of cancer in the elderly, as well as 
the factors that determine therapeutic response, toxic-
ity and tolerance in the elderly patient with cancer [19–
25]. It is also necessary to determine how unique geri-
atric conditions and/or comorbidities may predispose 
to effects of chemotherapy leading to specific toxicities 
such as peripheral neuropathies, heart failure or post-
chemotherapy cognitive impairment (chemobrain). 
Of even greater significance is the need to identify 
prognostic factors in the elderly that may be predic-
tive of short-term mortality. Thus, it is important to 
distinguish between chronologic age, physiologic age 
and associated geriatric conditions and comorbidities 

to more effectively decide when and with what to treat 
older cancer patients. In planning treatment for the 
older patient with cancer, it is also critical to determine 
how the patient’s status may be improved, to define 
what remedial measures might be instituted and to 
identify appropriate social support arrangements that 
may improve opportunities for better outcomes [19–25].

The comprehensive geriatric assessment
The comprehensive geriatric assessment (CGA) has 
been developed as a multidisciplinary framework to 
evaluate the impact of age-associated physiologic fac-
tors, in contrast with chronologic age, that may affect 
health and disease in older adults. Here, we discuss 
application of the CGA to evaluate the issues out-
lined above in older patients with cancer. The CGA, 
as applied to cancer patients, is the coordinated use of 
a group of validated geriatric assessment tools, which, 
when used together, provide: a multidimensional 
evaluation of an older individual’s ability to tolerate 
and respond to therapy; the probability of impending 
early death; the likelihood that the patient will develop 
and/or recover from adverse effects of therapy; and the 
identity of risk factors where remedial steps may be 
taken to potentially improve outcomes [19–25].

As suggested, the CGA is not a single specific test, 
but consists of a number of validated instruments that 
can be most effectively used to evaluate impact and 
needs in a series of domains, including functional sta-
tus, cognition, comorbidities, polypharmacy, psycho-
social function, social support and nutritional status, 
all shown to affect outcome in older individuals and 
specifically in older patients with cancer. While the 
CGA continues to evolve, to be modified and to be 
improved both in its content and its ability to evaluate 
specific situations, a relatively standardized format has 
gained general acceptance [26].

When administered by a trained, experienced pro-
fessional, a CGA does not provide a single score, but 
rather a descriptive analysis and scaling of multiple 
factors that have been shown to impact outcomes, 
especially adverse effects in older patients. By evalu-
ating the multiple distinctive factors that may influ-
ence the ability of an older patient to cope physically, 
psychologically and sociologically with cancer and its 
potential therapeutic interventions, the CGA provides 
the clinician with a much more useful guide than 
the single parameter of chronological age alone. This 
is especially important since individuals of identical 
chronological age may have vastly different physi-
ologic reserves and different results on the CGA. Even 
among patients with increased risk factors, there may 
be fundamental differences such as cardiovascular ver-
sus cognitive, leading to different toxicities. Likewise, 
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comorbidities such as osteoarthritis or congestive heart 
failure are expected to have drastically different effects 
on outcomes. Moreover, the CGA provides the basis 
for implementation and research on remedial strategies 
to improve outcomes, as well as for stratifying patients 
on clinical trials to evaluate new procedural and/or 
therapeutic initiatives.

When used by a skilled clinician, experienced in 
dealing with elderly cancer patients along with tumor-
specific surgeons and oncologists, results of the CGA 
should be considered along with an understanding of 
the specific tumor, its stage, pathophysiology, prog-
nosis and expected effects of available therapeutics to 
realistically discuss with patients, their families and 
caregivers, the probable risks, benefits and rationale 
for therapeutic strategies and/or patient care. Results 
of the CGA and plans for therapeutic initiatives should 
be useful also to primary care physicians and specific 
tumor-oriented surgeons and oncologists in planning 
for shared care approaches as part of a multidisci-
plinary cancer team, as well as for palliative therapy 
and symptom management [27–29]. Moreover, in 
implementing these approaches it is clear that specific 
disease-oriented surgeons and oncologists will require 
greater training in utilizing the results of the CGA and 
availability of geriatricians and geriatric oncologists to 
assist in their interpretation and implementation. Of 
critical importance in this regard, is the consideration 
of both the patients and families risk aversion and risk 
taking philosophy, as well as their coping capacities, 
for which validated assessment tools are still in need 
of development. In addition, these parameters should 
be used to assess, in anticipatory fashion, the need for 
adjusting social arrangements. For example, the fam-
ily of a cancer patient, about to undergo chemotherapy 
with the potential for developing post-chemotherapy 
cognitive impairment would be well advised to make 
appropriate social arrangements to accommodate 
changes before complications occur.

Components of the CGA
The instruments generally employed in the CGA are 
outlined below. 

Functional status
Functional status is subdivided into an assessment 
of ability to perform activities of daily living (ADL); 
an assessment of instrumental activities of daily liv-
ing (IADL); an assessment of mobility using the Gait 
Speed or Timed Up and Go (TUG); an assessment 
of risk for falls; and an assessment of visual and audi-
tory acuity (Sufficiency). The ADL assessment evalu-
ates a patient’s ability to independently care for self by 
conducting basic activities such as bathing, dressing, 

maintaining continence, going to the toilet and feed-
ing [26,30]. The IADL tool was designed to assess the 
ability of the elderly patient to manage the diversity of 
activities required to maintain independence in com-
munity interactions and includes shopping, managing 
medications, housekeeping, preparing meals, laundry, 
transportation and managing finances [26,31–32]. These 
scales are useful for predicting adverse effects of ther-
apy, since low scores, indicating lack of independence, 
are associated with toxicity and reduced survival 
in older patients with cancer [26,33–35]. Importantly, 
results of the ADL and IADL assessment provide an 
important guide for arranging patient support activi-
ties. However, it should be noted that low ADL scores 
should not be considered an absolute contraindication 
to cancer therapy since some can be compensated for 
with appropriate support services, and more impor-
tantly, some may be reversible with treatment of the 
cancer [36].

Evaluation of mobility provides both an indication of 
ability to maintain independence, as well as an assess-
ment of overall function and fitness. The TUG test 
measures the time it takes for a patient to stand up from 
an armchair, walk 10 ft to a marker on the floor, turn, 
walk back to the chair and sit down [37]. Community-
dwelling elderly who perform normally in the TUG 
are usually independently mobile, whereas those with 
compromised performance in the TUG commonly 
have difficulties in ADLs and are at increased risk for 
falls potentially leading to fractures and other compli-
cating conditions [37,38]. Normal Gait speed, tested in a 
standardized manner, has also been shown to predict 
improved survival in older patients, whereas reduced 
gait speed has negative implications [39,40]. Reduction 
in gait speed has been associated with an elevated risk 
for mortality in older individuals [39,40]. While vision 
and hearing are not traditionally part of the CGA 
Functional Assessment, poor vision/total blindness 
or poor hearing/total deafness have been identified as 
 significant impediments to cancer therapy [41].

Cognitive function
The Mini Mental State (MMS) is a screening instru-
ment to evaluate cognitive difficulties in orientation, 
registration, attention, calculation, recall and language 
[42]. Since the MMS does not identify potential causes 
of disorders such as depression or dementia, abnor-
malities in the MMS should be pursued with neuro-
psychiatric consultation since dementia in the geriatric 
population is an independent prognostic factor for sur-
vival [43]. Moreover, patients with cancer and cognitive 
impairment are at risk for noncompliance and nonad-
herence to therapeutic regimens as well as for delirium 
[44] and early death [45].
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Comorbidities & geriatric syndromes
Not surprisingly, many older patients are likely to have 
a series of disorders and treatments that could poten-
tially affect tumor growth, therapeutic efficacy and 
tolerance. In a recent US Census Bureau survey, 36% 
of individuals ≥65 years of age had at least one chronic 
condition that would be classified as a comorbidity and 
many had three or more [6]. Of even greater concern, 
The American Association of Retired Persons estimates 
that more than 88% of older Americans, ≥65 years of 
age, have at least one chronic illness [46]. The Charlson 
Comorbidity Index provides a prospective approach 
to enumerate comorbid conditions, characterize their 
severity and estimate their impact on risk of death. 
Thus, increased numbers and severity of comorbid 
conditions adversely affects survival [26,47]. Comor-
bidities also are associated with functional difficulties 
in older long-term cancer survivors [48]. In addition 
to a quantitative estimate, it is important to consider 
unique effects of some comorbidities. For example, dia-
betes has been show to adversely affect recurrence and 
survival in patients with colon and breast cancer [26,49]. 
However, at the same time, some of these comorbidi-
ties provide the basis for supportive interventions such 
as diabetes control.

A number of geriatric syndromes, as opposed to 
distinct comorbidities, have been identified that can 
adversely affect disease progression and therapeutic 
tolerance. These include dementia, delirium, depres-
sion, distress, osteoporosis, falls, fatigue, frailty and 
urinary incontinence. These syndromes are important 
to identify both because of their deleterious effects in 
the older cancer patient and also because they may be 
remediable with therapeutic attention. Of particular 
note is the possibility that some neuropsychologic dis-
orders may be due to cytokine abnormalities associated 
with tumor progression, which may be improved with 
exercise and/or with tumor targeted therapy [50].

Polypharmacy
The use of increased and excessive numbers of pre-
scribed and nonprescribed medications, especially car-
diovascular, analgesic and psychotropic agents [51], as 
well as potentially inappropriate medications (PIM) 
used by the elderly, provides the basis for increased risk 
of drug interactions and adverse drug effects. Polyphar-
macy is defined as concurrent use of five or more drugs, 
while Beers Criteria provides a useful tool to determine 
inappropriate medication used by the elderly [52–54]. In 
a study of 500 older, aged ≥65, cancer patients about 
to receive ambulatory chemotherapy for solid tumors, 
participants were found to take a mean of 5 ± 4 daily 
medications and 29% of patients were identified as tak-
ing PIM. In another recent report of patients ≥65 years 

of age, presenting to a major cancer center, with newly 
diagnosed cancer, the use of polypharmacy was 80% 
and inappropriate medication use 41% [55]. Interest-
ingly, neither polypharmacy nor PIM was associated 
with grade 3–5 toxicity or risk of hospitalization dur-
ing chemotherapy [56]. Polypharmacy and inappropri-
ate medication use is, however, associated with poor 
performance status [55], increased risk of hip fracture 
[57] and increased mortality in older adults [58].

Problems associated with polypharmacy in the 
elderly may be further amplified by administration of 
chemotherapy along with agents employed to control 
side effects, especially those that may inhibit or induce 
CYP450. For example, agents that commonly affect 
CYP450 isoforms include proton pump inhibitors, 
tricyclic antidepressants and some antibiotics, which 
may alter pharmacokinetics, efficacy and toxicity of 
chemotherapeutic agents such as imatinib, irinotecan, 
paclitaxel and vinca alkaloids [12–13,59].

Psychological status
Emotional disorders in the elderly, particularly depres-
sion, which is estimated to be present in 5–20% of the 
elderly, may interfere with acceptance or adherence to 
therapeutic strategies, management of side effects and 
personal care. The Geriatric Depression Scale (GDS) 
is a multiquestion, self-rating instrument, validated in 
the aged, and capable of distinguishing the mildly and 
severely depressed from normal [60,61]. As with MMS, 
patients with abnormalities in the GDS should be 
referred for neuropsychiatric evaluation.

Social support
Compared with patients in socially supportive rela-
tions, social isolation and the perception of loneliness 
increases the risk for mortality, especially in the elderly 
[62,63]. Thus, interpersonal relations and support ser-
vices are important to assess in older patients with 
cancer both to identify the need for companionship 
and to plan supportive care. The Medical Outcomes 
Study (MOS) Social Support Survey provides a multi-
dimensional tool to evaluate emotional/informational, 
tangible, effective and positive social interactions. Ade-
quacy of the MOS Social Support Survey correlates 
with improved functioning and wellbeing, whereas low 
scores indicate the need for support services to improve 
health outcomes [64].

Nutritional status
The Mini Nutritional Assessment is a validated 
approach to assess nutritional deficiency and/or mal-
nutrition, which is a common problem occurring in 
15–60% of elderly patients due to disease, poor eating 
habits or inadequate social support systems [65]. Nutri-
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tional deficiency/malnutrition may be particularly 
problematic in the elderly where it can lead to sarco-
penia, frailty, functional decline and death. The MNA 
components include an assessment of height, weight, 
weight loss, questions regarding lifestyle and medica-
tion, assessment of dietary adequacy and food intake, 
and self-perception of health and nutrition. Low scores 
in the MNA are useful to identify patients at risk for 
weight loss or development of low serum albumin. 
These results should be used to plan and institute 
corrective nutritional interventions [65].

Summary CGA components
The multidimensional assessment plan outlined above 
is comprehensive and provides multiple indicators to 
determine prognosis, risks and benefits associated with 
cancer in the elderly, as well as the basis for initiating 
interventions to improve outcomes. It is certainly more 
objective and reproducible than unstructured physi-
cian estimates. For example, in a comparison of phy-
sician impression to CGA evaluation in 200 patients, 
≥70 years of age, with a variety of hematologic and 
non-hematologic malignancies, the CGA was found to 
be most effective at identifying patients as fit, vulner-
able or frail [66]. As reported below, the CGA and in 
some cases, use of selected elements, has been validated 
in a number of clinical settings, to predict adverse 
events and/or early mortality in older patients with or 
without malignancy

Applications of CGA
Application of CGA to estimate survival
In a study of frail, chronically ill patients, ≥70 years of 
age, who qualified for nursing home placement, risk for 
1-year and 3-year mortality was associated with male 
gender, progressive increase in age, ADL dependence 
in toileting, dressing and comorbidities, especially 
cancer, congestive heart failure, chronic obstructive 
pulmonary disease and renal failure or insufficiency 
[67]. More specific to cancer, Walter et al. [68] developed 
and validated an assessment tool for predicting 1-year 
mortality in patients ≥70 years of age hospitalized on 
a general medical service at major teaching or regional 
medical centers. Among 3163 patients, 1-year mortal-
ity was associated with male gender, dependence at 
discharge for assistance with ADL, comorbid condi-
tions, particularly congestive heart failure and cancer, 
with advanced disease being worse than localized, and 
bloodwork showing creatinine greater than 3.0 mg/dl 
or low albumin, less than 3.0 g/dl. In another report 
of 348 patients, ≥70 years of age, undergoing che-
motherapy for a variety of malignancies, risk of early 
death, within 6 months of starting chemotherapy, was 
associated with advanced disease, poor nutritional 

 status indicated by low MNA score, male gender, and 
impaired mobility, indicated by slow TUG test. In the 
multivariate analysis, early death was not predicted 
by ECOG performance status or geriatric evaluation 
of factors including ADL, IADL, MMS or Geriatric 
Depression Scale. Interestingly, the planned adminis-
tration of reduced versus standard dose chemotherapy 
was not associated with early death [69].

Application of CGA in specific malignancies
Solid tumors
Addressing survival with specific malignancies, a study 
of 566 patients, ≥75 years of age, with advanced non-
small-cell lung cancer (NSCLC), median survival 
was 30 weeks. Multivariate assessment for prognostic 
factors associated with shortened survival included 
reduced quality of life, measured by EORTC QLQ-
C30 and abnormal IADL, as well as reduced perfor-
mance status and number of metastatic sites. Nei-
ther baseline ADL nor Charleson comorbidity index 
added to the prognostic value of the assessment [33]. 
In another study of patients, ≥70 years of age, with 
NSCLC undergoing treatment with carboplatin–gem-
citabine or carboplatin–paclitaxel, results of the CGA 
were associated with development of neuropsychiatric 
toxicity, ability to tolerate full dose chemotherapy and 
overall survival, however, they did not correlate with 
quality of life [70].

Applying a CGA and quality of life assessment before 
and after a cautiously modified dose regimen of cyclo-
phosphamide, vincristine and prednisone for treat-
ment of diffuse large B-cell lymphoma (DLBCL) and 
peripheral T-cell non-Hodgkin’s Lymphoma in frail, 
elderly patients, ≥70 years of age, Soubeyran et al. [71] 
demonstrated an association of abnormal CGA, par-
ticularly impaired ADL and IADL with early death. 
However, since survival of older patients with dif-
fuse large cell lymphoma (DLCL) has been improved 
by more aggressive chemoimmunotherapy regimens 
containing cyclophosphamide, hydroxydaunomycin, 
vincristine and prednisone (CHOP) with added ritux-
imab [72,73], there is a critical need to distinguish which 
elderly patients are likely to benefit from full dose 
chemotherapy and which are likely to show decline. 
Accordingly, in a series of patients with DLCL, ≥65 
years of age, treated with chemoimmunotherapy, CGA 
was shown to be more effective than clinical judgment 
for predicting response,  progression-free survival and 
overall survival [74].

CGA has been recommended to guide clinical deci-
sions for managing a variety of issues in older patients 
with breast cancer. In an approach to evaluation of 
older women with breast cancer, Mandelblatt et al. 
showed that evaluation of burden of illness, includ-
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ing life expectancy, self-rated health and physical 
function, and number of chronic conditions affected 
decisions regarding surgical treatment and subsequent 
chemotherapy [75]. Use of the CGA and assessment 
of quality of life has also been suggested to identify 
older women with breast cancer who should undergo 
surgery compared with those who might derive opti-
mal benefits, while minimizing adverse effects, from 
alternative approaches including primary endocrine 
therapy and/or primary radiotherapy [76].

In older women, ≥65 years of age, undergoing first-
line palliative chemotherapy for metastatic breast 
cancer, a pretreatment study of CGA abnormalities 
found that increasing numbers of comorbidities cou-
pled with increasing age and diminished performance 
status was associated with grade 3/4 chemotoxicity. 
Polypharmacy was also independently predictive of 
grade 3/4 chemotoxicity [77]. Using a detailed battery 
of neuropsychiatric tests in a series of 164 breast can-
cer patients, ≥60 years of age and matched controls, 
executive function was lower in patients compared 
with controls. Cognitive impairment was not associ-
ated with disease compared with controls, but was 
more common in older patients and those with greater 
comorbidity, especially diabetes and cardiovascular 
disease [78].

It has also been suggested that the CGA be used 
to provide an objective determination for use of adju-
vant therapy in older patients with breast cancer. For 
example, in a survey of breast cancer oncologists at 
two major US Cancer Centers, Hurria et al. showed 
that both the use and type of adjuvant chemotherapy 
for hypothetical breast cancer patients, ≥70 years of 
age, was widely variable but generally decreased with 
increase in age or decreased functional status [79]. The 
study clearly demonstrated the potential usefulness of 
the CGA to objectively stratify patients for trials of 
adjuvant therapy, to determine whether or not a patient 
would tolerate adjuvant therapy and to determine 
which patients might be remediated to improve their 
risk/benefit ratio. In a small series of 15 women, ≥70 
years of age, with early-stage breast cancer, Extermann 
et al. showed that 3-month follow-up with CGAs were 
useful in detecting and providing the basis for reme-
diation and/or resolution of new-onset or previously 
missed geriatric conditions, psychosocial risks, nutri-
tional disorders and inappropriate medications that 
contributed to improved treatment and prognosis [80].

The CGA was used to distinguish fit from vulner-
able patients among a group of head and neck cancer 
patients, ≥65 years of age at two Belgian Medical Cen-
ter, prior to undergoing curative therapy with radia-
tion ± cisplatin. Vulnerable patients compared with 
fit, showed a statistically nonsignificant trend towards 

greater toxicity. Moreover, all patients who died during 
therapy had been identified as vulnerable [81].

Hematologic malignancies
Klepin et al. developed a modified CGA that could be 
administered at the bedside to evaluate older patients 
with AML about to undergo induction chemotherapy 
[82]. In these AML patients >60 years of age, the modi-
fied geriatric assessment was predictive of shorter over-
all survival [83]. The authors suggested use of geriatric 
assessment for stratification of AML patients being 
entered onto AML clinical therapeutic trials.

In a series of 166 patients, ≥50 years of age, prepar-
ing for allogeneic HCT, the CGA was found to be 
more successful than other instruments in identifying 
undetected vulnerabilities, particularly comorbidities 
and reduced mental health. Results of tumor response 
and toxicity were not provided, however, the report 
suggested using the CGA to evaluate prognostic and 
therapeutic potential in HCT [84].

Application of CGA to predict outcomes
While the CGA has been extensively studied to evalu-
ate factors affecting toxicity and survival, its use to 
evaluate response to therapeutic regimens has been 
more limited. However, as noted above, CGA was 
shown to be more effective than physician judgment 
in predicting response, progression free survival and 
overall survival in older patients administered che-
moimmunotherapy for DLCL [74]. In another study, 
a prospective evaluation of patients, >70 years of age, 
with advanced ovarian cancer, treated with six cycles 
of carboplatin and cyclophosphamide, components of 
the multivariate CGA along with performance status, 
successfully predicted tolerance as demonstrated by 
absence of severe toxicity and efficacy as determined 
by lack of tumor progression [85].

Other uses for the CGA
The CGA has also been evaluated as a preoperative 
assessment tool for inpatients undergoing cancer sur-
gery. Of 175 patients, ≥70 years of age, undergoing 
abdominal surgery for colorectal cancer, preoperative 
CGA, which classified patients as fit, intermediate or 
frail, was significantly associated with severe postop-
erative morbidity including pulmonary, cardiac, anas-
tomatic leakages, delirium and need for reoperation 
[86]. In another study of 111 patients, ≥65 years of age, 
undergoing either laparoscopic or open abdominal sur-
gery for cancer, preoperative CGA was predictive for 
prolonged hospital stay or the need to be discharged 
to a skilled nursing facility. However, there was no 
association with morbidity or mortality within 90 days 
or need for readmission within 30 days. Prolonged 
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hospital stay was associated with weight loss ≥10%, 
polypharmacy ≥5 daily oral medications and distant 
disease. Weight loss ≥10% and Eastern Cooperative 
Oncology Group performance score ≥2 were asso-
ciated with need for nursing facility admission [87]. 
Interestingly, on the basis of these findings the authors 
recommended preoperative use of the CGA in geriatric 
oncologic patients for prehabilitation to improve post-
operative course and for planning needs for extended 
postoperative care [87].

Prehabilitation & rehabilitation in the older 
cancer patient
The practice of prehabilitation therapy has been ben-
eficially employed in areas such as orthopedic and 
cardiovascular surgery [88] and has more recently been 
applied to cancer care, especially in older patients 
[89,90]. Cancer prehabilitation is defined as the care that 
occurs between the time of cancer diagnosis and the 
beginning of acute treatment [88–90], which on average 
may be expected to be approximately 4 weeks. Preha-
bilitation may also take place during administration 
of neoadjuvant therapy, in the period before surgery 
in diseases such as breast cancer. Based on CGA find-
ings and associated diagnostic tests to identify specific 
impairments, a prehabilitation program should consist 
of a multimodal approach incorporating both physical 
and psychological interventions to improve a patient’s 
health, to reduce the incidence of current and antici-
pated future impairments, to potentially reduce costs 
and to improve long-term outcomes [89,90].

Obvious targets for improvement in a prehabilita-
tion program include nutritional status [91] including 
improving protein balance, vitamin D deficiency and 
hyperglycemia, the latter associated with diabetes. Spe-
cific attention should be focused on improving anemia 
by correcting nutritional deficiencies of iron, folic acid 
and B12 or by transfusion when necessary [92]. Phar-
macological interventions to improve heart failure 
should be initiated promptly and exercise programs 
to increase cardiovascular fitness, in both the preha-
bilitative and rehabilitative periods, should be imple-
mented [93]. Introduction of aerobic and/or resistance 
exercise training in prehabilitative programs, has been 
shown to reduce fatigue and improve functional capac-
ity in breast cancer patients [94]. Prehabilitation using 
inspiratory muscle training in older, although not spe-
cifically cancer patients, reduced risk of post-surgical 
pulmonary complications including atelectasis [93]. 
Another study found improved cardiovascular fitness 
in patients undergoing preoperative exercise training 
prior to pulmonary resection for lung cancer [95].

Using a multimodal program including nutrition 
counseling, protein supplementation, anxiety reduc-

tion and a moderate aerobic exercise program coupled 
with resistance training resulted in improved postop-
erative walking capacity, emotional status and greater 
functional exercise capacity in the post-operative 
recovery period [96].

There is obviously a need for high quality clini-
cal trials to evaluate the risk benefit ratios of these 
and other suggested prehabilitative interventions, 
including the risk of the approximately 4 week period 
required to conduct prehabilitative programs before 
initiating definitive therapy and, the possibility of 
adverse effects being associated directly with the inter-
ventions themselves. In addition to effects on short 
term outcomes, benefits need to be assessed on long 
term outcomes, including response to therapy, remis-
sion duration as well as cancer specific and all-cause 
mortality. Research is needed also to more fully evalu-
ate the potential of prehabilitative programs to reverse 
frailty [97] and prevent functional decline [98,99].

In another approach to investigate older cancer 
patients for postsurgical outcomes, a modified CGA 
extended by including the American Society of Anes-
thesiologists surgical risk assessment and the Brief 
Fatigue Index were combined to form the Preoperative 
Assessment in Cancer in the Elderly (PACE). Studying 
460 older patients undergoing surgery for breast can-
cer, gastrointestinal cancer and genitourinary cancer 
showed that PACE abnormalities were associated with 
50% increase in rates of postoperative complications 
[100].

As noted above, repeated CGAs have been recom-
mended to identify risks where appropriate remedial 
interventions may allow for continuation of care and 
provide the basis for improving treatment and progno-
sis [80]. In a meta-analysis of 28 trials analyzing 4959 
subjects, the CGA was shown to be effective at identi-
fying patients who benefited from Geriatric Evaluation 
and Management Unit programs to reduce morbid-
ity and improve physical and cognitive function and 
survival [101].

With increasing success of cancer therapy and more 
targeted therapies capable of controlling as opposed to 
curing cancer, there in an increasing need for rehabili-
tation programs for patients with either curable malig-
nancies or those with the potential for prolonged sur-
vival. Balduci and Fossa suggested use of the CGA to 
identify older cancer patients that could benefit from 
rehabilitation programs to prevent long-term com-
plications of cancer therapy and prolong functional 
independence [102].

Adaptability & change in the CGA
The CGA has been easy to administer in the USA and 
in multiple countries, including Belgium, England, 



756 Clin. Pract. (2014) 11(6) future science group

Review    Owusu & Berger

France, Japan, Italy, Norway and The Netherlands 
[24,33,77,81,86,100,103]. In a further demonstration of its 
versatility and cultural adaptability, the CGA was 
administered in Mandarin to a group of 803 cancer 
patients, ≥65 years of age, at nine Beijing area hos-
pitals, where it was found useful to identify patients 
requiring assistance with IADL and those with 
comorbidities or problems with physical and cognitive 
functioning [104]. In another Asian study, conducted 
in Singapore, the CGA was shown to predict overall 
survival in a series of cancer patients, ≥70 years of age, 
with a variety of solid tumors [105].

Although the CGA is useful in guiding care and 
reducing risks in elderly cancer patients, it is, however, 
time consuming to administer and evaluate. Ongoing 
efforts are consequently targeted at: development of 
screening tests that can be used to rapidly distinguish 
between patients who would benefit from a full CGA 
versus those that could go directly to therapeutic 
interventions; and development of specific tools to 
predict selected toxicities and/or benefits, for exam-
ple, those that might develop  post-chemotherapy cog-
nitive impairment [78].

Based on a chart review of 500 elderly patients, 
≥70 years of age, seen at a major US Cancer Center, 
H. Lee Moffitt Cancer Center, to identify questions 
selected to provide the greatest likelihood of abnor-
mality in each of the CGA seven domains, Overcash 
et al. developed an abbreviated CGA of 17 questions 
[106]. On the basis that it was highly correlated with 
the CGA, the abbreviated CGA was recommended as 
a useful screening tool to identify older cancer patients 
who might benefit from administration of the entire 
CGA [106]. Hurria et al. developed a brief, modified 
version of the CGA to evaluate older patients with 
cancer in seven domains including functional status, 
comorbidities, cognition, psychological status, social 
functioning, social support and nutritional status. 
This comprehensive Cancer-Specific Geriatric Assess-
ment (CSGA) could be mostly self-administered, 
provided an overall numerical rating, and was well 
accepted by patients who were able to complete the 
assessment in a mean time of 27 min (range 8–45 
min) [107]. In a series of 500 cancer patients, ≥65 years 
of age, the CSGA in combination with sociodemo-
graphic, tumor/treatment variables and laboratory 
tests was predictive for grade 3–5 toxicities [108]. In 
contrast with the predictability of chemotherapy tox-
icity with CSGA score, there was no correlation of 
toxicity with physician-determined Karnofsky Index 
of Performance Status (KPS) based risk group.

The Vulnerable Elders Survey (VES-13) was devel-
oped and validated as a 13 question self-administered 
tool to predict functional decline and mortality among 

older patients [109–111]. Although it has been success-
fully applied to evaluation of oncology patients, and 
is recommended for screening patients to identify 
those who might benefit from a full CGA, the VES-
13 is not a familiar evaluation tool for most oncolo-
gists. However, in a recent comparison of the VES-13 
with two commonly used oncology evaluation tools, 
the Eastern Cooperative Oncology Group Perfor-
mance Status (ECOG-PS) and the KPS, Owusu et al. 
showed that both were equally discriminant with the 
VES-13 to identify older cancer patients who would 
potentially benefit from a full CGA [41]. They recom-
mended that a full CGA, be administered to older 
cancer patients with VES-13 ≥3, ECOG-PS ≥1 or 
KPS ≤80%.

In another approach to develop a rapid screening 
test to identify older cancer patients that might ben-
efit from a thorough CGA, the G8 geriatric screen-
ing tool was developed with seven questions derived 
from the Mini Nutritional Assessment and included 
age as the eighth consideration. One question each 
in the G8 focused on food intake, weight loss, BMI, 
mobility, neuropsychological status, number of medi-
cations, self-perception of health status and age <80, 
80–85 and >85 years. The G8 provides a numeri-
cal score, from 0 (heavily impaired) to 17 (not at all 
impaired). Among 364 older patients with a variety 
of advanced solid tumors, although none with breast 
cancer, 82% showed an impaired G8. The G8, with a 
cutoff for being at risk of ≤14, was recommended as a 
screening test to identify patients who might benefit 
from a full CGA [112].

A task force convened by the International Society 
of Geriatric Oncology (SIOG) conducted a system-
atic review of 17 different screening tests to determine 
which was more prognostic of an impaired CGA in 
older cancer patients. Overall, the task force iden-
tified the G8 screening test as showing the highest 
sensitivity and specificity for predicting impaired 
CGA. The G8 was predictive also for functional 
decline. Although the G8 was prognostic for CGA 
abnormalities, the task force stressed the importance 
of follow up with the full CGA to develop strategies 
for improvement of outcomes [113]. At least two stud-
ies have shown that the combined use of the G8 and 
VES-13 provided a significant increase in sensitivity 
for identifying patients in need of a full CGA [71,114].

Conclusion & future perspective
In addition to using the CGA in routine evaluation 
and planning strategies for older patients with cancer, 
we suggest that use of the CGA be implemented in 
all clinical trials for patients with cancer, ≥65 years 
of age. Thus, as suggested, all older cancer patients 
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should have a CGA and results should be analyzed 
relative to morbidity, mortality and outcomes [108]. 
Moreover, consideration needs to be given to morpho-
metric assessment of bone density, muscle mass and 
obesity using MRI and physiologic assessment of pul-
monary and cardiovascular status using pulmonary 
function and stress testing, since each of these con-
ditions can impact outcomes in older patients with 
cancer. To further define the potential usefulness 
of the CGA and associated tests in decision-making 
regarding selection of therapeutic agents and strate-
gies for treating cancer in the elderly, we suggest that 
results of the CGA be used to randomize older cancer 
patients with impact evaluated on clinical outcomes 
including tumor response, progression-free survival 
and overall survival.

The CGA has been demonstrated to be superior 
to best ‘guestimate’, even by experienced clinicians, 
when used to evaluate the older cancer patient for 
functional status as compared with chronological 
age [74] . It is clearly useful for determining risk of 
adverse effects associated with tumors and/or their 
treatments. With more use to stratify patients enter-
ing into clinical trials, the CGA will become even 
more useful for determining likelihood of success for 
therapeutic regimens. While it is unlikely that any 
laboratory test will ever replace clinical assessment to 
determine general aspects of physiologic factors and 
frailty, psychosocial or cognitive functions, it is rea-
sonable to speculate that future development of objec-
tive biomarkers, as recently reviewed [115], will provide 
more precise indicators of overall and specific systems 
as well as indicators of targets for specific therapeu-
tic strategies. Although a detailed discussion of such 
objective assessments is beyond the scope of this arti-
cle, a few possibilities are worth noting as potential 
biomarkers. For example, biomarkers such as periph-
eral blood leukocyte telomere length and telomerase 
activity [116] and p16INK4a [117–121] might be useful to 
quantitatively assess senescence status and reserve 
capacity compared with chronological age.

Components of DNA repair pathways and DNA 
damage response, reactive oxidative stress and defense 
systems and Sir2 protein status could also be used for 
predicting response and risk of adverse effects from 
chemotherapy, radiation therapy and other stresses 
[122–125]. Signal metabolites and peptides such as cir-
culating levels of the C-terminal fragment of Agrin 
[126] in association with elevated C-reactive protein 
and IL-6 [127] along with imaging studies to quantitate 
sarcopenia and cachexia would be useful to evaluate 
need for and results of therapeutic strategies [127,128]. 
Circulating cytokines including C-reactive protein, 
TNF-α, IL-1β, IL-6 and PAI-1 may be associated with 

increased risk for mortality in older patients [129,130]. In 
a recent report of older men with anxiety and depres-
sion, associated with androgen deprivation therapy 
for prostate cancer, an exercise regimen was shown 
to improve quality of life in association with changes 
in inflammatory cytokines, suggesting the possibility 
that assessment of circulating cytokines might provide 
an indication and target for remediation of psycho-
logical disturbances in older cancer patients [50,131]. 
The potential biomarkers noted in this paragraph and 
others, including myokines [132] will require consider-
able investigation before they are validated for clinical 
use. Nonetheless, this research is clearly justified as we 
prepare for the epidemic of  cancer accompanying the 
graying of the population [8].

Since the incidence of cancer increases with age 
and the geriatric population continues to expand, it 
is critical to develop strategies, procedures and pro-
fessional personnel to provide optimal care for older 
patients with cancer. An important component of this 
care is to distinguish chronologic from functional age 
and to evaluate physiologic reserves, risk of treatment 
complications, probability that the older patient can 
cope with and recover from their primary disease and 
therapeutic interventions, probability of survival and 
to identify remediable conditions that could improve 
therapeutic tolerability, quality of life and overall sur-
vival. Although the CGA tool continues to be devel-
oped and will be further strengthened by the addition 
of objective tests as outlined above, it has matured 
and has been validated to a sufficient degree to recom-
mend its routine application for older patients with 
cancer. Screening tests, such as the G8 and/or VES-
13 should be administered to all cancer patients, aged 
≥65 years. Those found to be at risk in the screen-
ing test, should be further evaluated with a full CGA 
and the results used by health professionals, patients, 
families and caregivers to develop specific strategies 
for medical care, and social and psychological support 
to improve cancer outcomes for older adults.
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