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QUESTION ASKED: Can a tablet-based Geriatric As-
sessment (GA) that provides real-time results be in-
corporated into clinical workflow for routine use in
patients with multiple myeloma (MM)?

SUMMARY ANSWER: Successful enrollment and
completion of 165 GAs indicates feasibility of using
a tablet-based modified GA in clinic for older adults
with MM. High satisfaction was reported by patients
who generally completed the survey unassisted. Pro-
viders reported that a brief review of the GA results
influenced their treatment recommendations for most
patients, including a treatment change for many pa-
tients, particularly in the intermediate fit group, where
it can sometimes be particularly challenging to select
the most appropriate treatment and balance efficacy
with toxicity.

WHATWE DID:We enrolled 165 patients with MM aged
. 65 years from 4 sites to complete a tablet-based
survey prior to seeing the provider for a treatment
decision-making visit. Survey results were displayed
on a dashboard during the visit and included fit/frailty
status along with pertinent clinical data. Providers
reviewed the results, discussed treatment options with
the patient, and selected treatment. Outcome data
were collected at 3 months after the visit.

WHAT WE FOUND: Limited patient time required for
survey completion (mean, 7.71 minutes) and provider
time for results review (mean, 3.2 minutes) show GA
can be easily incorporated into clinical workflow. Real-
time GA results indicating fit/frailty status influenced
treatment decisions; providers chose more aggressive
treatments for fit patients and milder treatments for
frail patients. Patients had a lower rate of toxicity than
reported elsewhere.

BIAS, CONFOUNDING FACTORS: The study involved 4
geographically diverse sites and included the whole
spectrum of patients withMM, with some patients early
in their disease course coming to a transplant center to
discuss the role of autologous stem-cell transplant and
others in later stages with relapsed and/or refractory
disease. The GA was not necessarily performed at
diagnosis, so it may not reflect the patient’s baseline
health; rather, it could reflect toxicity from prior ther-
apy. Since the patients enrolled in this study were not
prospectively followed on a therapeutic clinical trial,
retrospective determination of toxicity may result in
underestimation of the frequency of toxicity.

REAL-LIFE IMPLICATIONS: As the cancer population
ages, systematic GA can be an important tool for pro-
viders to determine a patient’s best treatment option.
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abstract

PURPOSEGeriatric assessment (GA) results predict toxicity/survival in older adults, yet GA is not routinely used in
care for patients with multiple myeloma (MM). We tested a tablet-based modified GA (mGA) providing real-time
results to clinicians.

METHODS One hundred sixty-five patients with MM aged $ 65 years facing a treatment decision from 4 sites
completed a tablet-based mGA with Katz Activities of Daily Living (ADL), Lawton Instrumental ADL, Charlson
Comorbidity Index, and variables from the Cancer and Aging Research Group’s Chemotherapy Toxicity Cal-
culator. Providers reviewed the assessment results at the treatment visit.

RESULTS Patients were white (72%; n = 86), mean age was 72 years (range, 65-85 years), and averaged
7.71 minutes (range, 2-17 minutes) for survey completion. Providers averaged 3.2 minutes (range, 1-10
minutes) to review mGA results. Using International Myeloma Working Group frailty score, patients were fit
(39%; n = 64), intermediate fit (33%; n = 55), or frail (28%; n = 46). Providers selected more aggressive
treatments in 16.3% of patients and decreased treatment intensity in 34% of patients; treatment intensification
was more common for fit patients and milder treatments for frail patients (x2 = 20.02; P , .0001). Transplant
eligibility significantly correlated with fit status and transplant ineligibility with frail status (P = .004). Outcomes on
144 patients 3 months post study visit showed 19.4% (n = 28) had grade $ 3 hematologic toxicities, 38.9%
(n = 56) had dose modifications, and 18% (n = 26) had early therapy cessation.

CONCLUSION Limited patient time required for survey completion and provider time for results review show mGA
can be easily incorporated into clinical workflow. Real-time mGA results indicating fit/frailty status influenced
treatment decisions.

JCO Oncol Pract 16:e92-e99. © 2019 by American Society of Clinical Oncology

INTRODUCTION

The global population is rapidly growing, and the
number of people . 80 years old is expected to
quadruple between 2000 and 2050.1,2 According to
the International Myeloma Working Group (IMWG),
. 60% of multiple myeloma (MM) diagnoses and
nearly 75% of deaths occur in patients . 65 years of
age.1 Some studies have shown that older patients
typically have inferior prognosis3 and experience more
toxicity, especially with multidrug combinations. With
improvements in treatment, outcomes in myeloma are
improving overall; recently, older adults are enjoying
the greatest gains in improving survival, with the 4-year
survival rate more than doubling from 24% between
2004 and 2007 to 56% between 2014 and 2017.
However, much work remains to be done.4 Historical

treatment approaches for older adults with MM have
included dose reductions or avoidance of treatment on
the basis of age and performance status alone, despite
the poor predictive value of these variables for patient
outcomes. Recent studies conclude that, although
chronological age is an important consideration when
making treatment decisions for hematologic malig-
nancies, functional status is more predictive of treat-
ment outcomes.5,6 Thus, it is important to factor
variables beyond age into treatment of the population
of older adult patients with MM, including functional
and physical performance and comorbidity.7-10

The Comprehensive Geriatric Assessment (CGA) is
a global health evaluation of older adults that extends
beyond a disease-focused evaluation to identify un-
recognized issues amenable to interventions that may
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prevent future problems.6 The CGA has been used to
predict toxicity and survival in patients using the domains of
comorbidities, function, cognition, polypharmacy, social
support, and depression and/or psychological distress.
Although most of the studies are in patients with solid
tumors and not those with hematologic malignancies, there
is evidence to support the use of the CGA to predict risk for
adverse events and prognosis.5

A modified Geriatric Assessment (mGA) tool that used age,
functional status as determined by assessment of activities
of daily living (ADLs) and instrumental activities of daily
living (IADLs), plus comorbidity status was used to develop
the IMWG Frailty Index (FI). Frailty is a state of cumulative
decline in many physiological systems that results in the
diminished resistance to stressors.1 The FI categorizes
patients into groups of fit, intermediate fit, and frail.1,5 The
IMWG FI is predictive of treatment toxicity and survival in
older adults with myeloma,5,8 but the feasibility of in-
corporating the index into clinical practice or its impact on
treatment decision making is unknown.

METHODS

This was a multi-institutional prospective single-arm pilot
intervention study. The primary study aims were to evaluate
the feasibility, usability and acceptability (from the patient
and provider perspective) of a tablet-based mGA and to
evaluate physician use of and perceived utility of the mGA
to facilitate treatment decision making. Secondary aims
included exploring the relationship between frailty and
treatment outcomes. The protocol was approved by the
institutional review board at each of the four academic
cancer centers. Eligible patients were aged$ 65 years with
a diagnosis of myeloma who were possibly needing
a treatment change. Patients who did not speak English
were excluded. After informed consent, patients completed
a tablet-based mGA in clinic just prior to meeting with the
oncology provider.

The mGA used in this study includes all assessments
necessary to calculate the FI retrospectively validated by
Palumbo et al5 (age, ADL, IADL, and comorbidity), all
gathered within the Carevive Systems (North Miami, FL)
platform by patient self-report. These measures are scored
within the platform to derive an FI category of fit, intermediate
fit, or frail using the methods outlined in Palumbo et al.5 This
FI category, along with summary scores and clinically sig-
nificant data from each of the 4 components that compose
the FI (age, ADL, IADL, and Charlson Comorbidity Index), are
displayed to the physician on a dashboard within the
Carevive Electronic Patient Reported Outcomes (ePRO)
platform prior to the patient’s scheduled clinical visit at which
treatment decision making was discussed (Appendix Fig A1,
online only). The tools are the Katz Activities of Daily Living
and the Lawton Instrumental Activities of Daily Living
questionnaires, a patient self-report version of the Charlson
Comorbidity Index, and selected questions from the Cancer

and Aging Research Group’s Chemotherapy Toxicity
Calculator.11 These select measures were carefully chosen
based on expert faculty review and guided by literature, as
these tools assess domains that have been shown to be
most predictive of treatment outcomes (survival and
toxicity).

The tool used for collection of patient-reported and clinical
variables composing the mGA is the Carevive ePRO plat-
form. This ePRO platform collects both ePRO and clinical
data, which are processed by a rules engine that enables
display of results back to clinicians in a dynamic summary.
The mGA was used both as a method of determining frailty
status of patients and to give a more global picture of the
patients’ functional and medical status, consistent with
goals of GA. Using the IMWG frailty model, a summary
score was displayed, along with selected other GA and
clinical data, to oncology providers at the beginning of the
clinical visit (Appendix Fig A1).

Patient participants completed postintervention question-
naires designed to evaluate the feasibility, usability, and
acceptability. Providers completed postintervention mea-
sures to evaluate feasibility of the intervention as well as
provider report of treatment recommendation made for
each patient, whether the mGA results influenced treat-
ment decisions for each patient, and use/utility (treatment
decision-making questionnaire after each intervention visit)
of the mGA-based intervention, using questions adapted
from Cox et al,12 Berry et al,13 and Mullen et al.14 Provider
usability/acceptability were assessed following completion
of patient enrollment.

Three months after completion of the mGA, data on patient
treatment and toxicities were extracted from medical
records by research team members at the individual
institutions. Grade 3-5 Common Terminology Criteria for
Adverse Events (CTCAE) toxicities were extracted; dose
modification and treatment discontinuation were noted.

As a pilot study, the sample size was based on clinical
considerations, including the number of potentially eligible
patients at the participating sites during the study period
rather than formal power calculations. All analyses were
conducted using SPSS version 25 (Armonk, NY).15 Analyses
consisted of standard descriptive statistics appropriate for
the level of measurement: percentages for categorical var-
iables and means, standard deviation (SD), and range for
continuous variables. Tests of association were conducted
with bivariate cross tabs using the x2 test of association.

RESULTS

From 2016-2018, 4 sites enrolled 165 patients. Most
participants were white (75.6%; n = 127) andmale (56.0%;
n = 93); mean age was 72.3 years (SD, 6.46 years; range
65-95 years; Table 1).

The average time for patients to compete the survey was
7.71 minutes (range, 2-17 minutes), and the average time

JCO Oncology Practice e93

Geriatric Assessment in Multiple Myeloma Treatment Decisions

Downloaded from ascopubs.org by The University of Arizona on April 2, 2021 from 150.135.165.090
Copyright © 2021 American Society of Clinical Oncology. All rights reserved. 



for providers to review the results was 3.2 minutes (range,
1-10 minutes). Patient satisfaction with the program was
reported using 0-4 Likert scales: 82% of patients were
satisfied with the program overall (mean 6 SD, 3.19 6
0.84); 90% believed it was easy to use (mean6 SD, 3.436
0.76) and 90% believed others can easily use the program
(mean 6 SD, 3.30 6 0.69). Only 17% required assistance
with completing the surveys; however, this was only
assessed for the first 30 subjects.

On the basis of IMWG criteria, patients were fit (39%;
n = 64), intermediate fit (33%; n = 55), or frail (28%; n =
46). More than two-thirds (69.1%) of providers (n = 17)

agreed/strongly agreed that the mGA influenced the
treatment recommendations for the patient. Providers se-
lected treatments that weremore aggressive (increased dose
or dose intensity) for the fit patients, whereas frail patients
received milder treatments evidenced by a reduced number
of agents, regimens with less toxicity, or a different route of
administration (x2 = 20.02; P , .0001). There was also
a significant association between patients considered to be
transplant eligible with fit status and patients considered not
transplant eligible with frail status (P = .004; Table 2). There
was a trend toward frail patients having more dose modifi-
cations during the 3-month follow-up period (P = .09;

TABLE 1. Patient Demographics and Clinical Characteristics

Demographic or Characteristic
Fit

(n = 64; 39%)
Intermediate Fit
(n = 55; 33%)

Frail
(n = 46; 28%)

Total
(N = 165)

Sex

Male 29 (45) 33 (60) 29 (63) 91 (55)

Female 35 (55) 22 (40) 17 (37) 74 (45)

Race

White 44 (69) 46 (84) 33 (72) 123 (75)

Black 7 (11) 4 (7) 5 (11) 16 (10)

Other 8 (13) 4 (7) 7 (15) 19 (11)

Did not answer 5 (7) 1 (2) 1 (2) 7 (4)

Ethnicity

Hispanic 8 (13) 8 (15) 6 (13) 22 (13)

Non-Hispanic 55 (86) 47 (85) 40 (87) 142 (86)

Did not answer 1 (1) 0 (0) 0 (0) 1 (1)

Age, years

65-74 61 (95) 45 (82) 10 (22) 116 (70)

75-84 3 (5) 10 (18) 27 (59) 40 (24)

. 84 0 (0) 0 (0) 9 (19) 9 (6)

Falls in past 6 months

Yes 5 (7) 8 (15) 17 (37) 30 (18)

No 59 (93) 47 (85) 29 (63) 135 (82)

Health interference with walking one block

Not at all 47 (73) 33 (60) 14 (30) 94 (57)

A little 9 (14) 12 (22) 9 (20) 30 (18)

A lot 8 (13) 10 (18) 23 (50) 41 (25)

Peripheral neuropathy

Yes 34 (54) 29 (53) 26 (57) 89 (54)

No 29 (45) 25 (45) 19 (41) 73 (44)

Did not answer 1 (1) 1 (2) 1 (2) 3 (2)

Hearing

Excellent 34 (54) 23 (42) 8 (17) 65 (39)

Good 23 (36) 22 (40) 23 (50) 68 (41)

Fair 6 (9) 6 (11) 11 (24) 23 (14)

Poor 1 (1) 4 (8) 4 (9) 9 (6)

NOTE. Data presented as No. (column percentage).
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Table 3). Table 4 illustrates the variability in treatment
regimens used. Providers reported that the mGA information
with the greatest impact on their treatment decisions was: fit/
frailty status or the rationale for the summary score (67%;
n = 100), creatinine clearance (17%; n = 25), peripheral
neuropathy (6%; n = 9), and falls (3%; n = 4).

Outcome follow-up at 3 months on 144 available patients
indicated 38.9% (n = 56) of patients had a dose modifi-
cation after the initial assessment, and 18% (n = 26)
discontinued therapy earlier than planned; 19.4% (n = 28)
had a CTCAE grade 3-5 hematologic toxicity, and 22%
(n = 31) had a grade 3-5 nonhematologic toxicity, most
commonly fatigue. Rates of toxicity were similar between
patients considered fit, intermediate fit, or frail.

DISCUSSION

Successful enrollment and completion of 165 mGAs in-
dicates feasibility of using a tablet-based mGA in clinic for
older adults with MM. High satisfaction was reported by
patients, who generally completed the survey unassisted in
an average of 7 minutes. Providers reported that a brief
review of the GA results influenced their treatment rec-
ommendations for the majority of patients, including
a treatment change for many patients, particularly in the
intermediate fit group, where it can sometimes be partic-
ularly challenging to select the most appropriate treatment
and balance efficacy with toxicity.

Our study involved 4 geographically diverse sites and in-
cluded the whole spectrum of patients with myeloma, with
some patients early in their disease course coming to
a transplant center to discuss the role of autologous stem-cell
transplant and others in later stages with relapsed and/or
refractory disease. Our study showed that a modified
comprehensive geriatric assessment was feasible in a busy
clinic workflow and associated with high patient satisfaction.
However, the GAwas not necessarily performed at diagnosis,
so it may not reflect the patient’s baseline health; rather, it
could reflect toxicity from prior therapy. Since the patients
enrolled in this study were not prospectively followed in
a therapeutic clinical trial, retrospective determination of

toxicity may result in underestimation of the frequency of
toxicity. This may be especially important for the subset of
patients undergoing autologous stem-cell transplant evalu-
ation. Another important limitation of the study was not
categorizing the purpose of the visit at the time of study entry
(ie, whether the visit was to primarily discuss treatment
options at the time of relapse, such as adding another agent
or completely switching therapy to improve response; to
consider modification of treatment due to toxicity or quality of
life considerations; or to discuss the role of autologous stem-
cell transplant or clinical trial eligibility). The population
studied was not ethnically diverse, with predominantly white
patients. Although the majority of providers reported that GA
influenced their decision making, some of the information
provided in the assessment may have reinforced or sup-
ported best clinical practice rather than modification on the
basis of GA results. For example, 17% of clinicians reported
creatinine clearance was the most useful piece of in-
formation gleaned from GA. One could argue that that
chemotherapy changes were not made in those cases truly
because of the more holistic information that GA provided
but rather because of the clinician reading the results and
being reminded that the glomerular filtration rate is low
despite the normal creatinine, whichmay not have otherwise
been flagged in modern electronic medical records.

The IMWG Palumbo et al5 study formed the basis of our
study, and they did not describe how long the GA took to
complete. Furthermore, they acknowledged that GA is a time-
consuming procedure. However, the comprehensive geriatric
assessment, as performed by a multidisciplinary team led by
a geriatrician, must be distinguished from assessment of
geriatric domains, as was done in this study.16,17 In our study,
patients took an average of just under 8 minutes to complete
the mGA survey, with a high satisfaction rate. Other studies
have shown that the GA takes 22 to 27 minutes, although
these typically included assessment of more domains, such
as psychosocial health and cognition, than those selected for
our study.18-21 Our study found 36% fit, 33% intermediate fit,
and 28% frail. This frailty distribution is similar to the Palumbo
et al5 IMWG study, but our study, although considerably
smaller, reflects a population of patients with both newly

TABLE 2. Transplant Eligibility and Modified GA

Eligibility Total (N = 165) Fit (n = 70)
Intermediate Fit

(n = 57) Frail (n = 38)

Yes 52 (31.5) 30 (42.9) 19 (33.3) 3 (7.9)

Sent for transplant evaluation as a result of GA 4 2 1 1

No 82 (49.7) 29 (41.4) 25 (43.9) 28 (73.7)

Undecided 31 (18.8) 11 (15.7) 13 (22.8) 7 (18.4)

Sent for transplant evaluation as a result of GA 2 0 2 0

NOTE. There was a significant correlation of patients considered to be transplant eligible with fit/frailty status and patients considered not
transplant eligible with frail status (P , .001). Providers answered this after seeing individual GA results. Data presented as No. (%), where
percentage represents the proportion out of the total in that column (eg, 7.89% of all frail patients were considered eligible for transplant).

Abbreviation: GA, geriatric assessment.
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diagnosed and relapsed MM, versus the study by Palumbo
et al5 which had a selected group of newly diagnosed patients
enrolled in therapeutic clinical trials.

The American Society of Clinical Oncology recently pub-
lished guidelines recommending geriatric assessment be
performed in older adults with cancer.22 Despite its known
predictive and prognostic significance, it is commonly
stated that GA is too difficult to add to an already stressed
clinic workflow. Yet, almost 70% of the time providers
across 4 geographically diverse sites believed that GA
influenced treatment recommendations and reinforced
their clinical impression. In our study, the mGA may have
identified areas of potential impairment that alerted the
clinician and provided a general impression of an older
adult’s overall health status even before they met with the
physician. This may have provided the physician with an
opportunity to focus additionally on areas of concern in
a single dashboard.

A comprehensive GA predicts toxicity and survival in older
patients with MM.5 We did not find a statistically significant
association between frailty status and toxicity in our cohort,
although the small number of retrospectively captured

adverse events may have limited our analyses. Potential
explanations for the overall low rate of toxicity and similar
rates of toxicity across subgroups could include adjustment
of the regimen on the basis of frailty and overall health,
enabling clinicians to choose the most appropriate thera-
peutic intensity level for each patient, resulting in less
toxicity in frail patients than one would perhaps expect.
Another potential explanation for this finding is that patients
were treated in standard care, which allows more flexible,
proactive, ongoing dose adjustment for low-grade toxicity
than do clinical trial protocols, in which dose adjustment is
typically reactive subsequent to higher-grade toxicity.

This study demonstrates feasibility of a tablet-based mGA
across the spectrum of patients with MM in a real-world
setting with newly diagnosed myeloma and relapsed dis-
ease and challenges the notion that GA is too time con-
suming to be feasible.23 Future research should involve
longitudinal follow-up to determine whether these GA-
induced treatment modifications led to better treatment
tolerability, resulting in lower treatment discontinuation
rates and, ultimately, improved myeloma control and
survival in this important population.

TABLE 3. Treatment Selections and Modified GA Results

Treatment Selection

Total Fit Intermediate Fit Frail

Patients
(N = 165)

Responses
(n = 103)

Patients
(n = 64)

Responses
(n = 39)

Patients
(n = 55)

Responses
(n = 25)

Patients
(n = 46)

Responses
(n = 39)

Decrease in treatment intensity* 57 (34.5) 13 (20.3) 15 (27.3) 29 (63.0)

Reduce No. of agents 23 (22.3) 6 (15.4) 6 (24.0) 11 (28.2)

Reduce dose/dose intensity 34 (33.0) 9 (23.1) 8 (32.0) 17 (43.6)

Change route of administration 9 (8.7) 3 (7.7) 1 (4.0) 5 (12.0)

Omit agents 6 (5.8) 0 (0.0) 3 (12.0) 4 (10.3)

Increase in treatment intensity* 27 (16.3) 18 (28.1) 8 (14.5) 1 (2.2)

Increase dose/dose intensity 16 (15.5) 13 (33.3) 3 (12.0) 0 (0.0)

More aggressive regimen 9 (8.7) 9 (15.4) 2 (8.0) 1 (2.6)

Sent for transplant evaluation 6 (5.8) 6 (5.1) 2 (8.0) 1 (2.6)

GA results did not influence treatment decision at this visit 64 (38.8) 24 (37.5) 26 (47.3) 14 (30.4)

Missing 17 (10.3) 9 (14.1) 6 (10.9) 2 (4.3)

*NOTE. Data presented as No. (%). Providers could select more than one answer.
Abbreviation: GA, geriatric assessment.

TABLE 4. Treatment Regimens
Regimens Fit (n = 50) Intermediate Fit (n = 49) Frail (n = 44) Total* (n = 143)

IMID + PI combination 17 10 6 33

IMID 6 dexamethasone 9 14 12 35

PI 6 dexamethasone 9 7 7 23

MoAB-containing regimen 11 7 11 29

Other 4 11 8 23

Total 50 49 44 143

Abbreviations: IMID, immunomodulatory imide drug; MoAB, monoclonal antibody; PI, proteasome inhibitor.
*Twenty-two patients were not receiving treatment at the time of the study intervention. They were excluded from the toxicity analysis.
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APPENDIX

FIG A1. Dashboard. (1) Katz Activities of Daily Living; (2) Lawton Instrumental Activities of Daily Living; (3)
Charlson Comorbidity Index; (4) hearing; (5) health interference with function; (6) falls; (7) peripheral neuropathy.
Creatinine clearance is displayed on another dashboard. ADL, activities of daily living; GA, geriatric assessment;
IADL, instrumental activities of daily living.
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