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Abstract

Background—*railty has been suggested as a construct for oncologists to consider in treating
older cancer patients. Therefore we assessed the potential of creating a Deficit Accumulation
Frailty Index (DAFI) from a largely self-administered comprehensive geriatric assessment (CGA).

PATIENTS AND METHODS—Five hundred patients age 65 and older received a CGA prior to
receiving chemotherapy. A DAFI was constructed resulting in a 51 item scale and cut points for
robust/non frail (0.0< 0.2), pre-frail (0.2<0.35) and frail (=0.35) were examined.

RESULTS—Two Hundred and Fifty patients (50%) were non-frail, 197 (39%) pre-frail, 52 (11%)
frail. Older patients (80+), lower education, living alone, and higher stage were associated with
pre-frail/frail. Pre-frail/frail patient were more likely to have grade 3+ toxicity, but not to have
dose delay or reduction, and were more likely to discontinue drug and be hospitalized. The
association with grade 3+ toxicity was attenuated by controlling for a toxicity risk calculator but
the other outcomes were not.

CONCLUSION—A Deficit Accumulation Frailty Index can be constructed from a CGA in older
cancer patients and can indicate the frailty status of the population. The frailty status so
determined is associated both with outcomes likely due to chemotherapy toxicity as well as those
likely due to age related physiologic and functional deficits and thus can be useful in the overall
assessment of the patient.

Keywords
Frailty; Cancer; Geriatric; Comprehensive Geriatric Assessment; Deficit Accumulation Index

Introduction

A recent IOM Report emphasized that the increasing incidence of cancer in the United
States, largely a product of the increased incidence of cancer with aging and the rapidly
aging demographic of the country, is one of our major challenges in achieving quality cancer
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care.(1,2) The thirteen percent of people over the age of 65 comprise over fifty-three percent
of new cancer incidence and almost seventy percent of cancer deaths.(1) Moreover, such
older people constitute a very heterogeneous population with people of similar age varying
widely in health status, functional status, expected survival, and quality of life.(3) Frailty has
been suggested as a framework for understanding when a health state of vulnerability exists
for an older individual.(4) This may be of value as oncologists contemplate treatment for
older cancer patients, as a way to determine where on the spectrum a patient lies, to facilitate
planning management approaches.

Geriatricians have long used a Comprehensive Geriatric Assessment (CGA) as a way to
gather data to best characterize older individuals,(6) and in recent years this approach has
been applied to older cancer patients.(7,8) We have previously reported the use of a largely
self-administered CGA instrument, shown its feasibility and utility in the setting of cancer
clinical trials, and demonstrated that information from this assessment can allow for
prediction of chemotherapy toxicity.(9,10,11) Rockwood and colleagues have shown that a
Frailty Index based on a deficits accumulation principle (i.e. using information from a
substantial number of indicators of a person’s health) can be calculated from information in
a CGA in non-cancer patients, and used to predict subsequent events such as length of stay,
functional status and mortality.(12,13)

Since such an index could provide a summary measure of vulnerability in cancer patients
undergoing treatment, in this study, we sought to demonstrate the feasibility of calculating a
Deficit Accumulation Frailty Index from information collected in a study administering
CGA to 500 older cancer patients prior to the start of a new chemotherapy regimen, (11) We
then determined whether frailty status determined by the index is associated with direct
chemotherapy-related as well as more traditional geriatric outcomes, such as
hospitalizations.

The study population and CGA measure have been previously described.(11) In brief, the
study “Determining the Utility of an Assessment Tool for older Adults with Cancer”
enrolled patient recruited from outpatient oncology practices, from seven participating
institutions. Patients were eligible if they were =65 years of age, had a diagnosis of cancer
regardless of type, were scheduled to receive a new chemotherapy regimen, and were
English speaking. Out of 500 patients enrolled, 56% were female, 29% had lung, 27%
gastrointestinal, 17% gynecological, 11% breast, and 10% genitourinary cancers, 61% had
stage IV or extensive disease. Geriatric Assessment was performed prior to the initiation of
chemotherapy and consisted of measures evaluating the domains of functional status,
comorbidity, cognition, psychological state, social activity, social support, and nutrition.

The DAFI was constructed using the methods previously published for construction of an
index from a CGA.(12-14) A 51-item scale was constructed by using individual items
representing the various domains noted above. These items included assessment of activities
of daily living, instrumental activities of daily living, level of physical activity, frequency of
falls, number of medications, level of social activity and social support, disease status and
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basic laboratory values. Variables were selected because they are associated with health
status, generally increase with age, are not universal in older age, and cover a range of
systems (14). The full list of items utilized is shown in Table 1, as well as the responses for
what was considered a “positive” (i.e., marker of frailty) result. Most items involved binary
answers and were coded as “0” if the adverse condition was absent and “1” if present. For
those items with graded response (up to 3) e.g. not limited, limited a little, limited a lot, the
absence of the condition was scored “0,” the intermediate “1,” and the most adverse “2.”.
(Figure 1 legend — calculation of the Frailty Index). The potential score ranges from 0 to 1.0.
The frailty index per patient is calculated by summing across each item’s non-missing scores
divided by the sum of total possible scores across all non-missing items. If a patient
completes all items, the denominator total is 78 points (Figure 1). The frailty index ranges
from 0.0 to 1.0, where 0.0 corresponds to no frailty deficits detected. The items utilized for
the construction of our scale were very similar to the items used from the CGA administered
to general geriatrics patients reported by Song, et al with a greater than 86% overlap in
items.(15) Cutpoints for the levels of frailty were utilized as per previous reports which have
shown these or similar cut points to be associated with outcomes including mortality. (15—
17) Our cutpoints were as follows: Robust/Non-frail: 0.0 < 0.2; Pre-frail: 0.2 < 0.35; Frail: =
0.35. When we fit logistic regression to each outcome using the frailty index as the
independent predictor, the Youden optimal cutpoint was comparable to the cutpoint between
non-frail and prefrail, thus validating this as a reasonable cutpoint for comparisons.

Patients were followed from the beginning until the end of their course of chemotherapy
with significant toxicity (grade 3 [severe], grade 4 [life-threatening], grade 5 [treatment-
related death] by the National Cancer Institute Common Toxicity Criteria for Adverse
Events [NCI-CTCAE] version 3.0), dose reductions, dose delays, treatment discontinuation,
and hospitalizations captured at each clinical encounter.

Statistical Analysis

Chi-square tests were used to compare across categorized frailty index (robust/not frail, pre-
frail, frail) for age (as categorical 65-69, 70-74, 75-79, 80-84, 85-91), sex (female, male),
race (White vs, others), education (<=high school, college, graduate school), marital status
(married, widowed, single/separated/divorced), living with companion (alone, with
someone), employment (retired/homemaker/unemployed, the rest), cancer type (lung, Gl,
breast/GYN, GU/others), cancer stage (I/11, 111, V). Multinomial logistic regression was
used to examine each variable univariately, and stepwise selection using entry and retention
p value 0.10 was used to determine final factors associated with prefrailty and frailty in this
population. All statistical tests were two-sided and p-values less than 0.05 were considered
statistically significant.

For the five outcomes (grade 3+ toxicity (no/yes), dose reduction (no/yes), dose delays (no/
yes), discontinuation of chemotherapy due to toxicity (no/yes), and hospitalization due to
toxicity (no/yes), relative risks and 95% confidence intervals for categorized frailty index
were calculated using a Poisson regression model with robust error variances.(18) In order to
determine if the frailty status contributed information above and beyond that of the toxicity
risk calculator previously reported from this cohort, we also adjusted the association of
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frailty with outcomes, by risk group as determined by the calculator.(11) Data were analyzed
using SAS 9.3 (SAS Institute, Cary, NC). Bonferroni correction was used to correct for
multiple testing for these five outcomes. All statistical tests were two-sided and p values less
than 0.01 were considered statistically significant.

This study was approved by the Institutional Review Board of the City of Hope
Comprehensive Cancer Center.

Five hundred patients age 65 and older enrolled on this study (mean=73, SD=6.18): 35% of
patients were ages 65 to 69, 46% from 70 through 79, and 19% 80 and above. Lung and Gl
cancers were the most prevalent with Breast, GYN, GU malignancies, and others also
represented. The majority (61%) of patients had stage IV disease. Fifty—six percent of the
patients were females, 20% with graduate school education, 41% with college education,
61% were married, 79% were living with a companion and 85% of the patients were white.
(Table 2)

Two hundred and fifty (50%) of the patients were non-frail, 197 (39%) were pre-frail and 53
(11%) were frail. (Figure 1) The distribution of robust, pre-frail and frail did not differ by
gender, race, and employment. However, non-frail (robust) patients tended to be younger
than both pre-frail and frail patients. Compared to robust patients, pre-frail and frail patients
were more likely to have lower education; more likely to be widowed/single/separated/
divorced; more likely to be living alone, and with higher stage cancer. Stepwise multivariate
multinomial logistic regression of the demographic characteristics retained age, education,
living alone and cancer stage as significant variables associated with pre-frail and frail.
Older patients (age 80+), patients with lower than high school education, patients living
alone, and patients with higher stage (1) cancer were more likely to be in the pre-frail and
frail group (Table 3).

Table 4 shows the total number of outcome of events experienced by the study group. Both
direct chemotherapy-related and patient-related outcomes were common. The most common
was grade 3+ chemotherapy toxicity but hospitalizations and drug discontinuation occurred
in over 15% of the patients. Although univariately, frail patients were more likely to have
grade 3+ toxicity, after adjustment for toxicity risk group, the association became non-
significant. Pre-frail or frail status were not associated with dose delay or dose reduction.
Comparing frail and pre-frail to the robust group, frail patients were more likely to
discontinue their chemotherapy (RR=2.06, 95%CIl, 1.26-3.38, p=0.004) and more likely to
be hospitalized (RR=1.98, 95%CI 1.26-3.11, p=0.003) even after adjustment for toxicity
risk group.

Discussion

The increasing number of older patients with cancer seen by oncologists presents significant
challenges in decision-making and care planning. This is due to multiple factors including
comorbidities and functional status. Comprehensive Geriatric Assessment was developed in
part to address this issue allowing for the collection of information from a broad array of
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domains potentially impacting a patient’s health status. Though the individual components
of the CGA are needed to direct specific interventions, clinicians and investigators find
having a summary measure useful for stratification and outcome prediction (19). Here we
have demonstrated the feasibility of calculating a Deficit Accumulation Frailty Index derived
from a largely self-administered Comprehensive Geriatric Assessment to provide such a
measure and related it to relevant outcomes in older patients undergoing chemotherapy. To
our knowledge, this is the first time such an index has been evaluated in older adults with
cancer receiving chemotherapy. We show that both the states of pre-frailty and frailty are
associated with grade 3+ toxicity. This relationship was attenuated when we controlled for
toxicity risk as determined by the toxicity risk calculator previously reported by our group.
(11) On the other hand other adverse patient outcomes such as discontinuation of therapy
and subsequent hospitalization were associated with pre-frailty and frailty even after
controlling for the toxicity risk calculator. This suggests that the DAFI is sensitive to patient
related issues in addition to direct drug toxicity per se. Thus, the frailty index determined
from a CGA provides a summary measure which could prove useful to oncologists who are
increasingly seeking to use the concept of frailty to direct treatment decisions (20).
Moreover as the CGA becomes available electronically the DAFI-CGA could potentially be
calculated within the electronic health record with little effort from the clinician (21). While
we use all items available from the CGA to calculate the index, it is possible that an index
could be calculated from a more abbreviated CGA, but it would have to fulfill the criteria of
having at least 30 items to be valid as previously reported (12-14).

Frailty in a sense is a summary measure of the impacts of aging and disease on a patient’s
health status and has been shown to represent a state of vulnerability and risk for adverse
outcomes.(4) Two major approaches to the categorization of frailty have evolved over the
years.(4) One is a phenotype measure developed initially by the Johns Hopkins group, which
relies on specific items to be present in order to characterize the frailty state. The Deficit
Accumulation Index approach popularized by Rockwood and colleagues, and others, takes
the approach that if one collects information on a substantial number of varying aspects of
one’s health status, a determination of the fraction of those items incurred by a given patient
creates a scalable Frailty Index.(4,12,14) Such an index has been shown in many studies to
identify degrees of frailty which then correlate with a variety of health outcomes, with
mortality the most frequently reported.(4,13,16,17) Thus, the spectrum of the DAFI scores
reflects the biological age of individuals taking into account physiologic as well as disease
related changes. At the lower end of the scale, it reflects a state of robustness and potential
resilience while at the upper end it reflects a state of frailty and vulnerability.

The deficit accumulation approach can be applied to any dataset as long as it contains
enough varied items. Song et. al have determined that if one has at least 30 items a Frailty
Index can be calculated.(15) Moreover a number of studies have shown that regardless of
which items are included, there is a remarkable similarity of the points at which pre-frailty
and frailty appear.(4,22,23) The Frailty Index was initially operationalized from a CGA by
Jones et al and a standard procedure for creating a Frailty Index as described by Searle et al
in 2008 (12,14), and shown to predict the risk of death, length of stay, and discharge to long
term care in hospitalized older patients.(13)
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A formal Deficit Accumulation Frailty Index has not previously been applied to older cancer
patients receiving chemotherapy.(19) We previously reported that an index derived from data
other than a CGA can predict initiation or non-initiation of adjuvant hormonal therapy in
older women with breast cancer.(16) The frailty distribution of the subjects reported here
showed fewer patients in the robust category and more in the pre-frail and frail categories
than in that study, perhaps reflecting the presence of more active disease or later stage in our
cohort. The frequency of frailty and pre-frailty in our older cancer patients is similar to, but
slightly lower than, that reported for community dwelling older adults.(15,24) This may
reflect a selection bias in choosing the healthiest appearing patients for treatment since our
level of frailty is substantially lower than that reported for hospitalized older patients
(13,24). It thus appears that this approach can provide important summary information for
clinicians as they ponder difficult choices. The DAFI-CGA was associated with direct
chemotherapy toxicity related outcomes such as grade 3+ toxicity. This association was
attenuated after controlling for the risk stratification scheme previously developed from this
CGA data, specifically for the purpose of chemotherapy toxicity identification.(11) However
the DAFI-CGA was independently associated with discontinuation of therapy, perhaps
because discontinuation may relate to issues other than grade 3+ toxicity per se. This could
include an inability to tolerate lower levels of toxicity or how the patient reacts to or
tolerates a given level of toxicity. For a more frail person that threshold may be lower for
both the patient and physician, resulting in discontinuation. Moreover, the DAFI-CGA was
strongly associated with what might be called a more general geriatric phenomenon (i.e.
hospitalization). Thus the DAFI-CGA as a single measure is associated with both direct
chemotherapy and other important outcomes of treatment. Outcomes, such as treatment
discontinuation or hospitalizations, may be related to an accumulation of physiologic and
functional deficits, which are distinct from the factors associated with chemotherapy toxicity
risk. The determination that a patient is frail or pre-frail might target such patients as
needing more assistance and/or perhaps pre-chemotherapy treatment directed at these
declines such as attention to comorbidities, exercise, and physical therapy to avoid falls.

Limitations to this study include that: it reports only grade 3+ toxicity, while as indicated
above lower levels of toxicity may be of importance to older patients; our subjects included
those with various tumor types and stages of disease; and laboratory abnormalities were not
included in the index and possibility might further enhance its utility.

Nevertheless the DAFI CGA appears to have clinically useful potential since it provides a
summary indicator of vulnerabilities in older individuals which likely is the aggregate result
of a decrease in reserve capacity of a number of systems.(1,4). Moreover, since the self-
administered CGA has been shown to be feasible (less than 30 minutes, of which all but 5
minutes are patient self-reported) (9,10) and is now being used more widely in clinical trials
and in practice (25,26), using a DAFI-CGA may be a good way to stratify patients for
studies and potentially even to select patients who may require targeted geriatrics
interventions to enhance the outcomes from the specific therapy. Since we know that
hospitalizations are often predictive of subsequent poor outcomes including mortality, the
determination of the DAFI-CGA may assist oncologists in identifying patients at risk for
such events and alerting them to seek further assistance, e.g. geriatrics consultation, in the
care of such individuals.(24) Of course, validation of the DAFI-CGA approach in an
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independent cohort, and prospective trials of its relationship to these and other outcomes will

needed to fully establish its role.
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DAFI =

Actual Deficit Score

Potential Deficit Score
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15
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=FI .19

Figurel.

Calculation of the Frailty Index. The potential score ranges from 0 to 1.0

Cancer. Author manuscript; available in PMC 2017 December 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Cohen et al.

Distribution of DAFI

80
80 - —

70
59

51 49 51

50 | — | 48

Count

30 -

20 1 14

10
0
0 T
& WY O Y P e‘f,qf‘:\‘, Q?’Q?;c’ 0"’;’65\" Q?Q;‘E, QP“’Q!& Qﬁq"-"é) Qf")

Q° Q QO o Q
Deficit Accumulation Frailty Index (DAFI1)

Page 11

Figure 2.
Distribution of Frailty Scores in the CARG cohort
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Table 1
Geriatric Assessment Items for Frailty Index

Item | Item No Frailty (+0) +1 Frailty Risk +2 Frailty Risk

Demographics
1 Marital Status Married All others (single, divorced,

separated)
Instrumental Activities of Daily Living
2 Telephone Without help Need at least some help
3 Travel Without help Need at least some help
4 Shopping Without help Need at least some help
5 Prepare meals Without help Need at least some help
6 Housework Without help Need at least some help
7 Take medicines Without help Need at least some help
8 Handle money Without help Need at least some help
Activitiesof Daily Living
9 Lifting groceries Not limited Limited a little/Limited a lot
10 Climbing 1 flight of stairs Not limited Limited a little/Limited a lot
11 Bending kneeling Not limited Limited a little/Limited a lot
12 Walking >1 blocks Not limited Limited a little Limited a lot
13 Walking 1 block Not limited Limited a little Limited a lot
14 Bathing/dressing Not limited Limited a little Limited a lot
Patient-Rated KPS
15 | Normal activity | Normal/minor sympt (100-90) | Effort/some symptoms (80) | Unable/disabled (<70)
No. of Falls

16 | Falls [ o1 tan | 2+ fatis |

Polyphar macy
17 | Meds taken daily | <5 | >=5 |

Comorbidity
18 Other cancer/leuk Present: No Present: Yes If great deal of impact
19 Arthritis Present: No Present: Yes If great deal of impact
20 Glaucoma Present: No Present: Yes If great deal of impact
21 Emphysem/bronch Present: No Present: Yes If great deal of impact
22 High blood press Present: No Present: Yes If great deal of impact
23 Heart Disease Present: No Present: Yes If great deal of impact
24 Circulation trouble Present: No Present: Yes If great deal of impact
25 Diabetes Present: No Present: Yes If great deal of impact
26 Stomach Gl Present: No Present: Yes If great deal of impact
27 Osteoporosis Present: No Present: Yes If great deal of impact
28 Liver/kidney Present: No Present: Yes If great deal of impact
29 Stroke Present: No Present: Yes If great deal of impact
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Item | Item No Frailty (+0) +1 Frailty Risk +2 Frailty Risk
30 Depression Present: No Present: Yes If great deal of impact
31 Eyesight Excellent Good Fair/Poor/Blind If great deal of impact
32 Hearing Excellent Good Fair/Poor/Blind If great deal of impact
Nutritional Status
33 Weight loss No Yes (=5%)
Psychosocial Status
34 HADS: Depression score <11 >=11
35 HADS: Anxiety score <11 >=11
36 HADS Total Score <15 215

37 Social activity over the past 4

No interference in activities

Some interference in activities

Always interference in

past 6 months

weeks (most of the time to a little of the activities (All of the time)
time)
38 Change in social activity over | At least as active Less active

39 Comparison of social activity Same or less limited vs peers More limited vs peers
level to others their age
Social Support
40 Confined to bed Someone all the time Someone sometime No one
41 Take to MD Someone all the time Someone sometime No one
42 Prepare meals Someone all the time Someone sometime No one
43 Daily chores Someone all the time Someone sometime No one
Health-Care Professional Questionnaire
Functional Status
44 MD-Rated KPS 90-100 80 0-70
45 Time to up and go <13 >=13
Cognition
46 | cognvemory | 0109 [ =u
Nutritional Status
a7 | Bmi | 185-24.99 [ <1850r>=25
Labs
48 Creatinine clearance 260 mL/min 30-59 mL/min <30 mL/min
49 Hemoglobin Normal Abnormal [<12 g/dl (female), <13
g/dl (male)]
50 Albumin Normal Abnormal (< 3.5)
51 LFT Normal Abnormal
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Factors associated with pre-frail and frail

Table 3

OR (95%Cl) for

Robust Pre-Frail Frail
Age
65-79 1.00
80+ 2.68(1.58-4.54) | 2.78(1.31-5.93)
0.0003 0.008
Education
College/graduate school 1.00
<=High school 1.48(0.99-2.22) | 2.38(1.28-4.43)
0.06 0.006
Living alone
No 1.00
Yes 2.34(1.43-3.82) | 2.47(1.20-5.08)
Caner Stage 0.0007 0.01
1/ 1.00
v 2.09(1.39-3.15) | 3.11(1.54-6.29)

0.0004

0.002
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The associations between Pre-frail/Frail and grade 3+ toxicity, dose reduction, dose delay, discontinuation and

hospitalization

Table 4

Outcomes Robust Pre-Frail Frail
250 (50%) | 197 (39%) 53 (11%)
N (col%) N (col%) N (col%)
Toxicity Grade 3+
No 124 (50%) | 93 (47%) 17 (32%)
Yes 126 (50%) | 104 (53%) 36 (68%)
Univariate RR (95%I) | 1.00 1.04 (0.87-1.25) | 1.34 (1.08-1.68)
Univariate P value 0.61 0.009
Adjusted RR 0.85 (0.71-1.02) | 0.96 (0.75-1.21)
Adjusted P value 0.09 0.71
Dose Reductions
No 173 (69%) | 139 (71%) 35 (66%)
Yes 77 (31%) | 58 (29%) 18 (34%)
Univariate RR (95%I) | 1.00 0.96 (0.72-1.27) | 1.10(0.73-1.68)

Univariate P value

0.65

0.68

Adjusted RR

0.81 (0.61-1.09)

0.88 (0.57-1.34)

Adjusted P value

0.16

0.54

Dose Delays
No 180 (72%) | 127 (64%) 38 (72%)
Yes 70 (28%) | 70 (36%) 15 (28%)
Univariate RR (95%l) | 1.00 1.27 (0.97-1.67) | 1.01 (0.63-1.62)
Univariate P value 0.09 0.96
Adjusted RR 1.02 (0.76-1.35) | 0.72 (0.45-1.16)
Adjusted P value 0.91 0.18
Discontinuation
No 209 (84%) | 152 (77%) 33 (62%)
Yes 41 (16%) | 45 (23%) 20 (38%)
Univariate RR (95%I) | 1.00 1.39 (0.95-2.04) | 2.30 (1.47-3.59)
Univariate P value 0.09 0.0002
Adjusted RR 1.28 (0.86-1.91) | 2.06 (1.26-3.38)
Adjusted P value 0.23 0.004
Hospitalization
No 206 (82%) | 149 (76%) 29 (55%)
Yes 44 (18%) | 48 (24%) 24 (45%)
Univariate RR (95%I) | 1.00 1.38 (0.96-1.99) | 2.68 (1.81-3.96)

Univariate P value

0.08

<0.001

Adjusted RR

1.20 (0.82-1.76)

1.98 (1.26-3.11)
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Outcomes Robust Pre-Frail Frail
Adjusted P value 0.36 0.003

Adjusted RR: adjusted for risk group (low middle high). *36 patients with missing risk group were not included.
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