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Key Points

• Geriatric vulnerabilities
are frequent among
older adults evaluated
for CAR-T therapy,
enabling risk
stratification before
therapy.

• Older adults with high
vulnerability uncovered
by GA experienced
high toxicity and poor
outcomes after CAR-T
therapy.
The optimal means of assessing candidacy of older adults (≥65 years) for chimeric antigen

receptor T-cell (CAR-T) therapy are unknown. We explored the role of a geriatric

assessment (GA)–guided multidisciplinary clinic (GA-MDC) in selecting and optimizing older

adults for CAR-T. Sixty-one patients were evaluated in a GA-MDC (median age, 73 years;

range, 58-83). A nonbinding recommendation (“proceed” or “decline”) regarding suitability

for CAR-T was provided for each patient based on GA results. Fifty-three patients ultimately

received CAR-T (proceed, n = 47; decline, n = 6). Among patients who received B-cell

maturation antigen (BCMA)–directed (n = 11) and CD19-directed CAR-T (n = 42), the median

overall survival (OS) was 14.2 months and 16.6 months, respectively. GA uncovered high

rates of geriatric impairment among patients proceeding to CAR-T therapy, with fewer

impairments in those recommended “proceed.” Patients recommended “proceed” had

shorter median length of stay (17 vs 31 days; P = .05) and lower rates of intensive care unit

admission (6% vs 50%; P = .01) than those recommended “decline.” In patients receiving

CD19- and BCMA–directed CAR-T therapy, a “proceed” recommendation was associated

with superior OS compared with “decline” (median, 16.6 vs 11.4 months [P = .02]; and

median, 16.4 vs 4.2 months [P = .03], respectively). When controlling for Karnofsky

performance status, C-reactive protein, and lactate dehydrogenase at time of

lymphodepletion, the GA-MDC treatment recommendation remained prognostic for OS

(hazard ratio, 3.26; P = .04). Patients optimized via the GA-MDC without serious

vulnerabilities achieved promising outcomes, whereas patients with high vulnerability

experienced high toxicity and poor outcomes after CAR-T therapy.

Introduction

The use of chimeric antigen receptor T-cell (CAR-T) therapy has demonstrated considerable success in
the treatment of an increasing number of relapsed/refractory (R/R) hematologic malignancies.1-5 The
malignancies most commonly treated with CAR-T therapy, multiple myeloma (MM) and diffuse large B-cell
lymphoma (DLBCL), are diseases of older adults, yet the median age of patients treated on the pivotal
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clinical trials leading to the approval of these agents skewed sub-
stantially younger.4-7 Nationally representative real-world experience
mimics this bias, with low uptake of CAR-T therapy in older patients,
particularly those aged ≥75 years.8 Concerns in applying CAR-T
therapy to this population include higher comorbid burden or
health limitations that may predispose to disproportionate toxicity or
inferior disease-free longevity. These biases may deprive older adults
from potentially effective therapy.9-12

Evidence to support the administration of CAR-T therapy in older
patients, largely defined as those aged ≥65 years, is mixed. Some
analyses have demonstrated higher rates of neurotoxicity and
possibly nonrelapse mortality (NRM) in this population.13-15 Never-
theless, these same analyses demonstrated comparable or even
improved response rates and progression-free survival (PFS) in older
patients compared with their younger counterparts.13-16 One barrier
to increased utilization of CAR-T therapy in older adults may be the
lack of clinical tools to reliably predict toxicity and prognosis.17-22

Candidacy for CAR-T therapy is ill-defined, particularly compared
with the candidacy for hematopoietic cell transplantation. As treat-
ment paradigms for R/R MM and DLBCL evolve to include CAR-T
therapy in earlier lines with simultaneous ongoing concern of prod-
uct scarcity, refining this definition and developing clinical tools to
predict outcomes will facilitate patient and treatment selection.
Validated metrics of assessing CAR-T candidacy are emerging, with
a particular focus on comorbidities, but the impact that frailty plays
on post–CAR-T outcomes is not well described.23

Frailty is an aging-related syndrome of diminished physiologic
reserve, resulting in an increased susceptibility to poor health
outcomes, and can be identified and quantified by the geriatric
assessment (GA). The GA goes beyond age, performance status,
and comorbidities to comprehensively assess health domains
including physical and functional status, cognition, polypharmacy,
nutrition, and social support.24,25 We have previously published the
results of our GA–guided multidisciplinary clinic (GA-MDC) before
hematopoietic cell transplantation, demonstrating the program’s
efficacy in guiding patient selection, intervening on geriatric vul-
nerabilities, and mitigating NRM.26,27

Herein, we report our experience implementing the GA-MDC in
older adults under consideration for CAR-T therapy. We describe
baseline geriatric frailties in this population and summarize post–
CAR-T therapy outcomes including toxicity, health care utilization,
and survival according to baseline results.

Materials and methods

Patient population

The processes and mechanics of the University of Chicago GA-
MDC have previously been described.26 Beginning March 2015,
our center implemented a programmatic standard requiring
patients aged ≥70 years under consideration for CAR-T therapy be
seen in the GA-MDC before receiving therapy. This age threshold
was chosen based on the higher risk of mortality seen with trans-
plant recipients aged ≥70 years, and the expectation that this age
clinically reflected a threshold in which physicians may not offer
CAR-T due to concerns about tolerability.9 Patients aged
<70 years could be referred at the discretion of the treating
physician. The University of Chicago Institutional Review Board
3786 YATES et al
granted approval to retrospectively review patient data. The data
were maintained in a research electronic data capture clinical
database supported by the University of Chicago.

GA-MDC

As described previously, the University of Chicago GA-MDC uses
a modified cancer-specific GA.24,28,29 Measures for each domain
of the GA, including impairment thresholds, are summarized in
Table 1. All patients are aimed to be evaluated in GA-MDC clinic
within 2 to 6 weeks before the planned admission for CAR-T. The
GA-MDC consists of a single day, serial evaluation by a cellular
therapy physician, an advanced practice provider, an infectious
disease physician, a physical therapist, a dietician, a pharmacist,
and a social worker. Team members provide personalized optimi-
zation recommendations to the referring physician and to each
patient within each domain of the GA. A focus is placed both on (1)
optimizing the patient for the treatment plan (eg, recommendation
of a course of physical therapy for impaired physical function;
referral to a specialist for optimization of an active comorbidity;
dietician consultation to improve caloric intake in patients with
history of recent weight loss); and (2) optimizing the treatment plan
for the patient (eg, instating delirium precautions or more rigorous
monitoring for a patient perceived to be high risk for neurotoxicity
based on impaired cognitive testing or prior history of hospital-
acquired delirium). Finally, a nonbinding, summary recommenda-
tion regarding suitability for CAR-T therapy is provided to the
referring physician: “proceed” if the patient should proceed without
delay; “defer” if significant optimization is considered necessary
before CAR-T therapy; or “decline” if risk of therapy is deemed
unacceptable even with health optimization or if necessary condi-
tions are not in place (eg, lack of caregiver). The consensus
recommendation is generated based on the perceived risks and
benefits of the intervention as guided by results of the GA-MDC.
Patients may return to the GA-MDC as needed for re-evaluation;
recommendations from the initial GA-MDC visit were used for
this analysis. Determining whether patients were successfully
optimized was decided by a medical record review (conducted by
S.J.Y. and M.T.N.).

Covariates, toxicity, and response assessment

Baseline patient, disease, and treatment details were prospec-
tively collected at the time of GA-MDC evaluation and at the time
of leukapheresis. Data regarding toxicity and response assess-
ments were abstracted through medical record review. Short-
term outcomes included length of stay (LOS) of index hospitali-
zation; readmission to the hospital within 100 days of receipt of
CAR-T therapy; admission to the intensive care unit (ICU) during
index hospitalization; incidence and grade of cytokine release
syndrome (CRS) and immune effector cell–associated neurotox-
icity syndrome (ICANS) according to the American Society for
Transplantation and Cellular Therapy Consensus Criteria; need
for inpatient or outpatient rehabilitation after discharge; and
response to CAR-T therapy according to the Lugano criteria for
lymphoma and International Myeloma Working Group Uniform
Response criteria for MM.43-46 Date of last follow-up and survival
status were also collected. Patients were censored at the time of
relapse/progression after CAR-T therapy, or at the time of last
follow-up.
23 JULY 2024 • VOLUME 8, NUMBER 14



Table 1. GA components and impairment thresholds

Parameter Impairment threshold

Physical function

Timed up and go30 ≥13.5 s

Four-meter walk (gait speed)31 Men (height):

≤173 cm: ≤0.65 m/s

>173 cm: ≤0.76 m/s

Women (height):

≤159 cm: ≤0.65 m/s

>159 cm: ≤0.76 m/s

Six-minute walk32 <400 m

Grip strength33 Cutoff criterion for impairment stratified
by BMI and sex:

Men BMI Cutoff criterion

≤24 ≤29 kg

24.1-26 ≤30 kg

26.1-28 ≤30 kg

>28 ≤32 kg

Women BMI Cutoff criterion

≤23 ≤17 kg

23.1-26 ≤17.3 kg

26.1-29 ≤18 kg

>29 ≤21 kg

Functional status

OARS IADL34 <14

MOS physical health35 <100

Self-reported Karnofsky
performance status36

<80

Physician-reported Karnofsky
performance status37

<80

Cognition

BOMC38 ≥10
MOCA39 <23

Mental Health Index-1740 Scores ranged from 0 to 100.
Impairment threshold not defined.

Nutrition

Percent unintentional weight
loss in last 6 mo41

No weight loss vs 0.1-4.9 vs ≥5%

Body mass index <18.5 kg/m2

Prognostic Nutritional Index41,42,* <44

Biomarkers

Albumin <3.5 g/dL

Ferritin NA

CRP NA

Older adult candidates for CAR-T therapy undergo the above battery of evaluations to
inform the recommendation by the GA-MDC.
BMI, body mass index; BOMC, Blessed Orientation Memory Concentration test; MOS,

Medical Outcomes Study; NA, not applicable; OARS IADL, Older Americans Resources and
Services Instrumental Activities of Daily Living.
*Prognostic nutritional index is calculated as 10 × serum albumin [g/dL] + (0.005 ×

lymphocytes/μL) and is unitless.
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Statistical analyses

Comparisons of baseline variables (Table 2) were done between
(1) receipt of CAR-T and (2) GA-MDC recommendation decision
using Fisher exact tests for categorical measures and Wilcoxon
tests for continuous measures. Overall survival (OS) and PFS
estimates were calculated using Kaplan-Meier methods. The log-
rank statistic was used to compare the differences in OS and
PFS between GA-MDC recommendation groups. Additional sub-
group survival and comparisons were done by CAR-T therapy
product and by GA-MDC component measures. In multivariable
analyses for OS, we controlled for physician–reported Karnofsky
performance status, C-reactive protein (CRP), and lactate dehy-
drogenase (LDH) at the time of lymphodepleting therapy because
these markers have been associated with negative clinical and
functional outcomes after CAR-T therapy in some patient
cohorts.47,41 All analyses were performed using SAS statistical
software (version 9.4, Cary NC).

The University of Chicago Institutional Review Board granted
approval to retrospectively review patient data.

Results

Patients

From December 2017 to April 2022, 61 patients with a median
age of 73 years (range, 58-83) were evaluated in the GA-MDC
before CAR-T therapy. Fifty-eight patients aged ≥70 years
received CAR-T therapy at our institution during this time, 50 of
whom attended the GA-MDC (86%). The reason for missed eval-
uations could not be identified through medical record review. All
patients received CAR-T therapy inpatient.

The most common disease indications for referral were R/R
DLBCL (n = 36) and MM (n = 14) (Table 2). The median number of
prior lines of therapy was 2 (range, 2-3) among patients with
DLBCL, and 6 (range, 4-11) among patients with MM. At the time
of GA-MDC evaluation, 22 of 36 patients (67%) with DLBCL had
high-risk disease as demonstrated by an International Prognostic
Index score of ≥3, and 10 of 14 patients (71%) with MM had
Revised International Staging System stage ≥2 disease.

Among the 61 patients evaluated in the GA-MDC, 48 were rec-
ommended to proceed with CAR-T therapy (“proceed”), 44 of
whom received CAR-T therapy (Figure 1). Eight patients were
recommended for deferral until further optimization (“defer”), 7 of
whom received CAR-T therapy. Among these 7 patients, 2 had
successfully completed optimization recommendations that
constituted the initial barrier. Five patients were recommended
against proceeding with CAR-T therapy (“decline”), 2 of whom
received CAR-T therapy against MDC recommendation.

Among the 36 patients with DLBCL evaluated in the GA-MDC, 28
patients were recommended “proceed,” all of whom received
CAR-T therapy at a median of 29 days (range, 8-74) from GA-MDC
evaluation. Six patients were recommended “defer,” 5 of whom
received CAR-T therapy at a median of 33 days from GA-MDC
evaluation (range, 14-119). Two patients were recommended
GERIATRIC ASSESSMENT–GUIDED CLINIC FOR CAR-T 3787



Table 2. Demographics, disease characteristics, and recommendation decision in older adult candidates for CAR-T evaluated by the GA-MDC

All patients

(N = 61)

GA-MDC recommendation

P
value

Receipt of CAR-T therapy

P
valueProceed (n = 48)

Decline/defer

(n = 13)

CAR-T

Recipients

(n = 53)

CAR-T

Nonrecipients

(n = 8)

Age, median (range) 73 (58-83) 73 (65-83) 70 (58-83) .22 73 (63-83) 72 (58-83) .13

Sex, n (%)

Male 38 (62.3) 31 (64.6) 7 (53.8) .53 31 (58.5) 7 (87.5) .24

Female 23 (37.7) 17 (35.4) 6 (46.2) 22 (41.5) 1 (12.5)

Diagnosis, n (%)

DLBCL 36 (59.0) 28 (58.3) 8 (61.5) .89 33 (62.3) 3 (37.5) .10

MM 14 (22.9) 10 (23.0) 4 (30.8) 11 (20.8) 3 (37.5)

Mantle cell lymphoma 4 (6.6) 4 (8.3) 0 (0) 4 (7.6) 0 (0)

Follicular lymphoma 1 (1.6) 1 (2.1) 0 (0) 1 (1.9) 0 (0)

Chronic lymphocytic lymphoma 5 (8.2) 4 (8.3) 1 (7.7) 4 (7.6) 1 (12.5)

B-cell lymphoblastic lymphoma 1 (1.6) 1 (2.1) 0 (0) 0 (0) 1 (12.5)

CAR-T product, n (%)

CD19-directed 47 (77.0) 38 (79.2) 9 (69.2) .47 42 (79.3) 25 (62.5) .36

BCMA-directed 14 (23.0) 10 (20.8) 4 (30.8) 11 (20.7) 3 (37.5)

Prior lines of therapy, median (IQR)

MM 6 (4-11) 6 (4-11) 6 (3.5-10) 1.00 5 (4-6) 11 (10-11) .06

DLBCL 2 (2-3) 2 (1.5-3) 3 (2-3.5) .30 2 (2-3) 3 (2-4) .27

R-ISS disease stage at time of GA-MDC

(MM only; n = 14), n (%)

.58 .17

I 2 (14.3) 1 (.0) 1 (33.3) 2 (18.2) 0 (0)

II 9 (64.3) 8 (80.0) 1 (33.3) 8 (72.70) 1 (33.3)

III 1 (7.1) 0 (0) 1 (0) 1 (9.1) 0 (0)

Unknown 2 (14.3) 1 (10.0) 1 (33.3) 0 (0) 2 (63.3)

IPI of ≥3 at time of GA-MDC (DLBCL only;
n = 36), n (%)

22 (66.7) 18 (64.3) 4 (80.0) .64 21 (65.6) 1 (100) 1.00

Primary refractory disease (DLBCL only; n = 36) 14 (40.0) 14 (50.0) 0 (0) .03 14 (43.8) 0 (0) 0.26

Double or triple hit disease (DLBCL only; n = 36) 11 (30.6) 11 (39.3) 0 (0) .01 11 (33.3) 0 (0) 0.19

LDH at lymphodepletion, median (range) 267 (156- 926) 273 (156- 926) 256 (161-552) .76 267 (156-926) NA NA

CRP at lymphodepletion, median (range) 12 (3, 170) 23 (3-170) 9 (3-16) .14 12 (3-170) NA NA

CRP <3, n (%) 28 (52.8) 24 (54.6) 4 (44.4) .72 28 (52.8) 0 (0.0) NA

Receipt of prior autologous stem cell transplant 20 (32.8) 16 (33.3) 4 (30.8) 1.00 17 (32.1) 3 (37.5) 1.00

Stage at apheresis (NHL only; n = 40)*

I/II 8 (20.0) 7 (21.2) 1 (14.3) 1.00 8 (21.1) 0 (0.0) 1.00

III/IV 32 (80.0) 26 (78.8) 6 (85.7) 30 (79.0) 2 (100.0)

Stage at GA-MDC (NHL only; n = 42) .66

I/II 9 (21.4) 8 (23.5) 1 (12.5) 9 (23-1) 0 (0.0) 1.00

II/IV 33 (78.6) 26 (76.5) 7 (87.5) 30 (76.9) 3 (100.0)

Stage at apheresis (R-ISS) (MM only; n = 14)

I 2 (15.4) 1 (10.0) 1 (33.3) .58 2 (18.2) 0 (0.0) .17

II 10 (76.9) 8 (80.0) 2 (67.7) 9 (81.8) 1 (50.0)

Unknown 1 (7.7) 1 (10.0) 0 (0.0) 0 (0.0) 1 (50.0)

Days from GA-MDC until cell infusion, median
(IQR)

25 (19- 33) 25 (19-33) 33 (21-53) .53 25 (19-33) NA NA

Evaluations were conducted 2 to 6 weeks before tentative date of CAR-T infusion (median, 25 days).
IPI, International Prognostic Index, IQR, interquartile range; NA, not applicable; NHL, non-Hodgkin lymphoma; R-ISS, Revised International Staging System.
*Two patients had missing data for staging at leukapheresis.
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Attended GA-MDC:
61 patients

Proceed:
48 patients

CAR-T non-recipients:
4 patients

CAR-T recipients:
44 patients

CAR-T recipients:
53 patients

CAR-T non-recipients:
1 patient

CAR-T recipients:
7 patients

CAR-T non-recipients:
3 patient

CAR-T recipients:
2 patients

Defer:
8 patients

Decline:
5 patients

CD19-Directed:
42 patients

BCMA-directed:
11 patients

Older adult CAR-T candidates between 12/2017-4/2022

CAR-T recipients 70 years
not seen in GA-MDC:

8 patients

CAR-T non-recipients:
8 patients

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram of patients studied. Figure includes all older adults who received CAR-T at the University of

Chicago between December 2017 and April 2022, most of whom were evaluated in the GA-MDC. The GA-MDC recommendation is that given at the conclusion of the GA-MDC

assessment (“proceed,” “defer,” and “decline”).
“decline,” and neither received CAR-T therapy. Among the 14
patients with MM evaluated in the GA-MDC, 10 were recom-
mended “proceed,” 8 of whom received CAR-T therapy at a
median of 24 days (range, 10-45) from GA-MDC evaluation. One
patient was recommended “defer” and went onto receive CAR-T
therapy 19 days from the date of GA-MDC evaluation. Three
patients were recommended “decline,” 2 of whom received CAR-T
therapy.

In those 13 patients recommended “defer” or “decline,” the GA-
MDC decision was guided by ≥1 of following findings: deficits in
physical function and/or nutrition meeting criteria for frailty (7
patients) and severe protein-calorie malnutrition (6 patients); mild
cognitive impairment warranting further diagnostic investigation (5
patients); lack of caregiver support (2 patients); uncontrolled
depression (1 patient); active and/or decompensated comorbid-
ities warranting further diagnostic investigation or evaluation by a
specialist (6 patients); and uncontrolled infection (1 patient).
Eleven of these 13 patients were found to have deficits in multiple
domains.

In sum, 53 patients received CAR-T therapy after evaluation in the
GA-MDC. Among these, 42 patients received CD19-directed
products and 11 patients received B-cell maturation antigen
(BCMA)–directed products. The CD19-directed products used
were axicabtagene ciloleucel (9 patients), lisocabtagene mar-
aleucel (15 patients), tisagenlecleucel (9 patients), brexucabtagene
autoleucel (4 patients), and investigational products (5 patients).
The BCMA-directed products used were idecabtagene vicleucel (1
23 JULY 2024 • VOLUME 8, NUMBER 14
patient), ciltacabtagene autoleucel (5 patients), and investigational
products (5 patients). The median time from GA-MDC evaluation to
CAR-Ttherapy infusion was 25 days (interquartile range, 19-33).
Among the 8 patients not receiving CAR-T therapy, 6 enrolled onto
hospice care, and 2 went on to receive salvage chemotherapy.

Disease characteristics including LDH at the time of lymphode-
pleting therapy, Revised International Staging System stage (MM
only), International Prognostic Index scores (DLBCL only), and
number of prior lines of systemic therapy received did not signifi-
cantly differ between CAR-T therapy recipients vs nonrecipients or
by GA-MDC recommendation (Table 2).

GA results

Data on baseline GA findings are summarized in Table 3. Missing
data across the GA metrics were accounted for, in part, by the
different iterations of GA used by the GA-MDC over the years.
There were high rates of quantifiable geriatric impairments in
patients evaluated by GA-MDC, including among those ultimately
recommended for CAR-T therapy. Among the subgroup of patients
deemed fit to proceed immediately to CAR-T therapy (ie, those
recommended “proceed,” n = 48), 51% walked <400 meters on
the 6-minute walk test, a threshold that is considered impaired.
Furthermore, 51% were deemed frail based on grip strength, and
37% scored ≤26 on the Montreal Cognition Assessment (MOCA),
a threshold consistent with mild dementia or worse. Results were
similar when analyzing the cohort of 53 patients who ultimately
received CAR-T therapy, who represent a largely, but not fully,
overlapping group.
GERIATRIC ASSESSMENT–GUIDED CLINIC FOR CAR-T 3789



Table 3. Results of baseline GAs in older adults under consideration for CAR-T

All patients

(N = 61)

GA-MDC recommendation

P value

Receipt of CAR-T therapy

P value

Proceed

(n = 48)

Defer/

Decline

(n = 13)

Recipients

(n = 53)

Nonrecipients

(n = 8)

BMI, n (%), kg/m2

18.5-29.99 50 (82.0) 40 (83.3) 10 (76.9) .69 44 (83.0) 6 (75.0) .63

≥30 11 (18.0) 8 (16.7) 3 (23.1) 9 (17.0) 2 (25.0)

Percent weight loss, n (%)

>5% 27 (44.3) 20 (41.7) 7 (53.9) .62 22 (41.5) 5 (62.5) .70

1%-5% 4 (276.6) 3 (6.2) 1 (7.7) 4 (7.6) 0 (0)

No weight loss 30 (49.2) 25 (52.1) 5 (38.4) 27 (50.9) 3 (37.5)

Albumin, n (%)

<3.5 9 (14.8) 5 (10.4) 4 (30.8) .09 6 (11.3) 3 (37.5) .09

≥3.5 52 (85.2) 43 (89.6) 9 (69.2) 47 (88.7) 5 (62.5)

Timed up and go, n (%)

<13.5 seconds 42 (84.0) 36 (92.3) 6 (54.6) .01 38 (88.4) 4 (57.1) .07

≥13.5 seconds 8 (16.0) 3 (7.7) 5 (45.4) 5 (11.6) 3 (42.9)

6-min walk, n (%)

<400 m 35 (60.3) 23 (51.1) 12 (92.3) .01 29 (56.9) 6 (85.7) .23

≥400 m 23 (39.7) 22 (48.9) 1 (7.7) 22 (43.1) 1 (14.3)

4-meter walk, n (%)

Frail 14 (24.1) 7 (15.6) 7 (53.9) .01 10 (20.0) 4 (50.0) .09

Not frail 44 (75.9) 38 (84.4) 6 (46.1) 40 (80.0) 4 (50.0)

Grip strength, n (%)

Frail 33 (58.9) 22 (51.2) 11 (84.6) .03 27 (56.3) 6 (75.0) .45

Not frail 23 (41.1) 21 (48.8) 2 (15.4) 21 (43.7) 2 (25.0)

OARS IADL, n (%)

<14 12 (34.3) 7 (26.9) 5 (55.6) .22 9 (31.0) 3 (50.0) .39

≥14 23 (65.7) 19 (73.1) 4 (44.4) 20 (69.0) 3 (50.0)

MOS Physical Health, n (%)

<90 24 (72.7) 17 (68.0) 7 (87.5) .39 18 (66.7) 6 (100.0) .16

≥90 9 (27.3) 8 (32.0) 1 (12.5) 9 (33.3) 0 (0)

MHI-17, median (range) 83.5 (67.1) 87.1 67.1) 79.4 (38.8) .13 87.1 (67.1) 81.2 (30.6) .42

KPS (MD-report), n (%)

<80 17 (28.3) 8 (17.0) 9 (69.2) .01 13 (25.0) 4 (50.0) .21

≥80 43 (71.7) 39 (83.0) 4 (30.8) 39 (75.0) 4 (50.0)

KPS (Self-report), n (%)

<80 17 (28.3) 8 (17.0) 9 (69.2) .01 13 (25.0) 4 (50.0) .21

≥80 43 (71.7) 39 (83.0) 4 (30.8) 39 (75.0) 4 (50.0)

BOMC, n (%)

<7 40 (87.0) 30 (90.9) 10 (76.9) .33 34 (87.2) 6 (85.7) 1.00

≥7 6 (13.0) 3 (9.1) 3 (23.1) 5 (12.8) 1 (14.3)

MOCA, n (%)

26-30 27 (57.4) 25 (64.1) 2 (25.0) .08 25 (59.5) 2 (40.0) .67

19-25 19 (40.4) 13 (33.3) 6 (75.0) 16 (38.1) 3 (60.0)

≤18 1 (2.2) 1 (3.4) 0 (0.0) 1 (2.4) 0 (0.0)

KPS, Karnofsky performance status; MHI-17, Mental Health Index-17.
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Patients recommended “defer”/“decline” (n = 13) had still higher
rates of impairment in several GA measures than patients recom-
mended for CAR-T therapy. In the “timed up and go” test, impair-
ments were found in 45% of patients recommended “defer”/
“decline” vs 8% among those recommended “proceed” (P = .01).
In the 6-minute walk test, impairments were found in 92% of
patients recommended “defer”/“decline” vs 51% recommended
“proceed” (P = .01). In grip strength, impairments were found in
85% vs 51% of patients recommended “defer”/“decline” and
“proceed,” respectively (P = .03).

Considering patients with MM (n = 14) had endured more lines of
therapy by the time of GA-MDC assessment than patients with
DLBCL (n = 36), we compared the rates of geriatric vulnerabilities
between the 2 populations. Patients with MM had numerically
higher rates of frailties within the physical function (timed up and
go, 33.3% vs 13.3%; 4-meter walk, 42.9% vs 20.6%; P = .19 and
P = .16, respectively) and functional status domains (Medical
Outcomes Study physical health, 100% vs 68.4%; P = .15)
without reaching statistical significance.

Toxicity, NRM, and survival

The median duration of follow-up among patients treated with CAR-
T therapy (from the date of CAR-T infusion) was 16.3 months (range,
1.6-56.2). The median duration of follow-up among those not treated
with CAR-T therapy (from the date of GA-MDC evaluation) was
3.9 months (range, 0-42.3). Rates of grade ≥2 CRS were 18.2%
and 35.7% in the BCMA-directed (n = 11) and CD19-directed
groups (n = 42), respectively. Rates of grade ≥2 ICANS rates
were 9.1% and 38.1% in the BCMA-directed and CD19-directed
groups, respectively. No patient died within 30 days of receipt of
CAR-T therapy; 3 patients died within 100 days of infusion (causes
of death attributable to cardiogenic shock in 1 patient, progression
of disease in 1 patient, and neurologic deterioration considered
unrelated to ICANS in 1 patient). The 1-year and 2-year NRM rates
were 7.5% (4/53) and 11.3% (6/53), respectively. Of the 6 NRM
deaths that occurred within 2 years of CAR-T therapy infusion, 5
were among those receiving CD19-directed CAR-T therapy. One
additional nonrelapse-related death occurred beyond 2 years.

These deaths were attributed to cardiogenic shock (1 patient),
COVID pneumonia (3 patients), bacteremia (1 patient), and
neurologic deterioration considered unrelated to ICANS (2
patients). Of the latter 2 patients, 1 patient was admitted 599 days
after CAR-T infusion with generalized weakness, dysphagia, mus-
cle contractures, and encephalopathy. Brain imaging and lumbar
puncture studies did not reveal evidence of disease relapse or
explanation for the clinical findings. Notably, this patient had a
history of central nervous system involvement of high-grade B-cell
lymphoma and had experienced grade 4 ICANS during his
admission for CAR-T. The patient was transitioned to comfort care
in light of progressive symptoms. The second patient developed
progressive encephalopathy 10 days after CAR-T infusion, which
did not improve with ICANS therapy, and was eventually found to
have BK encephalitis. Neurologic symptoms did not improve with
effective treatment of the infection, and the patient was transitioned
to comfort care. Her preadmission cognitive testing had been
consistent with mild cognitive impairment.

Among patients who received BCMA-directed and CD19–directed
CAR-T therapy, the median PFS was 10 months (range, 2.0-26.6)
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and 9.9 months (range, 0.9-56.0), respectively. The median OS
was 14.2 months (range, 4.2-41.5) for BCMA–directed CAR-T
therapy and 16.6 months (range, 1.6-56.2) for CD19-directed
CAR-T therapy.

All 8 patients who did not receive CAR-T therapy were deceased
by the end of the follow-up period. The median OS among this
group was 3.9 months (range 1.7-41.5). Causes of death in this
group were disease progression (5 patients), infection (1 patient),
and second malignancy (1 patient). One patient was lost to follow-
up. In this group of 8 patients, 4 had been recommended “pro-
ceed” by the GA-MDC, whereas 4 were recommended “defer”/
“decline.” Reasons for not proceeding to CAR-T among the 4
patients recommended “proceed” were progression of disease
(n = 2), infection (n = 1), and new multifocal brain lesions of
unknown etiology rendering the patient ineligible to receive CAR-T
therapy on protocol (n = 1).

Prognostication of GA measures for CAR-T outcomes

All GA measures were assessed for their univariate prognostic
significance for the following outcomes: need for ICU stay during
CAR-T therapy admission, LOS during CAR-T therapy admission,
need for inpatient or outpatient rehabilitation after discharge,
readmission rate, onset and severity of CRS and ICANS, response
rate, PFS, and OS. Associations with statistical significance are
listed in Table 4. Patients with CRP >3 at the time of GA-MDC had
a median survival of 8.6 months vs 17.3 months in those with
normal CRP (P = .03). Patients with impaired 6-minute walk at the
time of GA-MDC evaluation were more likely to both require
discharge to rehabilitation facility (30% of patients with impairment
vs 4% of patients without impairment; P = .05) and readmission
within 100 days (44% of patients with impairment vs 13% of
patients without impairment; P = .05). Notably, cognitive dysfunc-
tion as measured by MOCA was not associated with onset or
severity of CRS or ICANS.

Post–CAR-T morbidity and mortality according to

dynamic GA-MDC recommendations

We next incorporated successful optimization after GA-MDC to
reassign treatment recommendation; this revised recommendation
will be referred to as the “dynamic” GA-MDC recommendation.
Thus, deferred or declined patients successfully completing opti-
mization recommendations that constituted the initial barrier were
reclassified as “proceed” for the dynamic GA-MDC recommen-
dation to better track with clinical practice. All others were classi-
fied as “decline.” Patients were considered successfully optimized
if recommendations made by the GA-MDC providers were carried
out. In some cases, this was a matter of diagnostic workup or
referral to a specialist (eg, hepatology evaluation in a patient with
cirrhosis). In cases in which frailty or malnutrition constituted the
initial barrier, patients were considered successfully optimized if
there was demonstrable improvement in these deficits upon re-
evaluation.

Using these definitions, 47 patients were recommended “proceed”
and 6 were recommended “decline.” There was no difference in
response rates or PFS in the BCMA–directed or CD19–directed
treatment groups by dynamic GA-MDC recommendation. In
patients evaluated by the GA-MDC who went on to receive CAR-T
therapy with CD19-directed therapy (n = 42), those recommended
GERIATRIC ASSESSMENT–GUIDED CLINIC FOR CAR-T 3791



Table 4. Univariate associations between baseline GA measures and CAR-T therapy outcomes

Outcome Association P value

OS

CRP (>3 vs ≤3) 8.6 mo vs 17.3 mo .03

Discharge to inpatient or outpatient rehabilitation (yes vs no)

MHI-17 (median score; score range 1-100) 76.5 (yes) vs 88.8 (no) .02

6-min walk (% impaired) 30.4% (yes) vs 4.4% (no) .05

Readmission within 100 d (yes vs no)

6-min walk (% impaired) 43.5% (yes) vs 13.0% (no) .05

BMI (18.5-29.99 vs ≥30) 38.6% (yes) vs 0% (no) .04

Peak CRS (grade 0-1 vs ≥2)
MHI-17 (median score; score range 1-100) 92.9 (grade 0-1) vs 77.6 (grade ≥2) .01

Presence of ICANS

IADL (% impaired) 22.2% (yes) vs 65.0% (no) .05
“proceed” by this dynamic classification experienced longer OS
than those recommended “decline” (median OS, 16.6 months
[95% confidence interval [CI], 7.2-19.8] vs 11.4 months [95% CI,
1.7-20.0], respectively; P = .02; Figure 2). Similarly, a survival dif-
ference was detected among patients who received BCMA–
directed CAR-T therapy based on dynamic GA-MDC recommen-
dation (“proceed” median OS, 16.4 months [95% CI, 9.2-26.6];
“decline” median OS, 4.2 months [95% CI, 127 days to 129 days];
P = .03). In multivariable analyses, we controlled for MD–reported
Karnofsky performance status, CRP, and LDH at the time of lym-
phodepleting chemotherapy for the entire cohort who received
CAR-T therapy (n = 53). Dynamic GA-MDC treatment recom-
mendation remained prognostic for OS (HR, 3.26; 95% CI,
1.16-8.08; P = .04). The association held significance in the CD19-
directed subgroup (HR, 3.07; 95% CI, 1.28-10.18; P = .02) but
was inestimable in the BCMA-directed subgroup.

Rates of grade ≥2 CRS and ICANS did not statistically differ by
dynamic GA-MDC treatment recommendation (Table 5). Among all
patients who received CAR-T therapy, those recommended “pro-
ceed” by the dynamic classification had shorter LOS (median, 17.0
vs 30.5 days; P = .05) and were less likely to require home or
inpatient rehabilitation services after discharge (10.6% vs 66.7%;
P = .01) than those recommended “decline.” Among patients
recommended “proceed,” 3 of 47 (6.4%) were admitted to the ICU
during CAR-T therapy admission, compared with 3 of 6 patients
(50%) who were recommended “decline.”

Finally, we descriptively assessed the survival of the 4 patients who
were recommended against CAR-T therapy and did not receive it
and the 6 patients who were recommended against CAR-T therapy
but did receive it. In the former category, patients experienced
survival of 52 days (cause of death, septic shock), 62 days (cause
of death, progression of disease), and 161 days (cause of death,
different malignancy) from the time of GA-MDC evaluation. One
patient enrolled in hospice shortly after GA-MDC evaluation and
was subsequently lost to follow-up. These 4 patients experienced a
short mean OS of 93 days, with 2 deaths unlikely to have been
prevented by further treatment (septic shock in 1 patient and solid
malignancy that was rapidly progressive in another). In the latter
category, the mean OS was 296 days (range, 52-605) from the
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time of CAR-T infusion. Notably, 5 of these patients experienced
NRM, with 3 of these events occurring within 4 months of CAR-T
infusion (due to cardiac toxicity in 1 patient, COVID pneumonia in 1
patient, and neurotoxicity in 1 patient).

Discussion

We report on our experience with a GA-MDC in evaluating older
adults under consideration for CAR-T therapy. We found that GA-
MDC treatment recommendation regarding patient suitability for
CAR-T therapy, derived from the results of the GA, was associated
with survival after CAR-T therapy even when controlling for certain
traditional prognostic factors. Additionally, GA-MDC treatment
recommendation was associated with duration of hospitalization,
need for ICU admission, and need for rehabilitation upon
discharge.

Our findings add to the growing body of literature supporting the
role of GA in evaluating and optimizing older adults pursuing
cellular therapy. Similar to other reports, we noted high rates of
geriatric vulnerabilities in older adults receiving CAR-T therapy,
which facilitated the GA-MDC risk stratification.22,48 Zhang et al
found an abbreviated GA used to categorize patients as fit vs unfit/
frail was predictive of survival in 31 R/R patients with DLBCL
receiving CD19-directed CAR-T therapy.22 In contrast to our
findings, the survival advantage in the study by Zhang et al was
mediated by higher response rates seen in fit patients; intriguingly,
these patients experienced higher CAR-T expansion within 30 days
after infusion than patients deemed unfit/frail. Recently, Rejeski
et al reported that patients with increased abdominal fat and
muscle mass experienced the highest response rates after CD19-
directed CAR-T therapy, highlighting the capacity of adipose tissue
to modulate antitumor immune responses. Such studies offer some
biological basis for the detrimental impact of frailty including
impaired nutritional status on outcomes in cellular therapy
recipients.47,49

In this study, the survival difference we detected between fit vs frail
patients was due to a high rate of NRM in frail CAR-Ttherapy
recipients rather than differences in response rates or duration.
Of 53 recipients, 7 suffered deaths unrelated to disease
23 JULY 2024 • VOLUME 8, NUMBER 14



Table 5. Rates of response and toxicities among CAR-T recipients based on dynamic GA-MDC recommendation

Outcome

Dynamic GA-MDC recommendation

All patients (N = 53) P valueProceed (n = 47) Decline (n = 6)

Response rate, n (%) 21 (44.7) 5 (83.3) 26 (49.1) .10

LOS, median (range) 17.0 (69.0) 30.5 (48.0) 17.0 (69.0) .05

Discharge to rehabilitation center, n (%) 5 (10.6) 4 (66.7) 9 (17.0) .01

Readmission, n (%) 15 (31.9) 2 (33.3) 28 (32.1) 1.00

ICU admission, n (%) 3 (6.4) 3 (50.0) 6 (11.3) .76

ICANS rate, n (%)

Any grade 22 (46.8) 3 (50.0) 25 (47.2) 1.00

0-1 33 (70.2) 3 (50.0) 36 (67.9) .37

2+ 14 (29.8) 3 (50.0) 17 (32.1)

CRS rate, n (%)

Any grade 40 (85.1) 5 (83.3) 45 (84.9) 1.00

0-1 32 (68.1) 4 (66.7) 36 (67.9) 1.00

2+ 15 (31.91) 2 (33.3) 17 (32.1)

Deferred or declined patients successfully completing optimization recommendations that constituted the initial barrier were reclassified as proceed for the dynamic GA-MDC
recommendation. All others were classified as declined.
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Figure 2. Survival based on dynamic GA-MDC recommendation. PFS and OS among patients receiving CD19-directed or BCMA–directed CAR-T therapy stratified by GA-

MDC dynamic recommendation (“proceed” vs “decline”). Deferred or declined patients successfully completing optimization recommendations that constituted the initial barrier

were reclassified as proceed for the dynamic GA-MDC recommendation. All others were classified as declined.
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progression. Five of these patients had been recommended to
defer CAR-T therapy until significant health optimization could be
achieved; recommendations that were not implemented due to
time constraints. Three of these 5 patients were admitted to the
ICU during their admission for CAR-T therapy.

It may be argued that the GA-MDC, by recommending against
CAR-T therapy in certain patients, is withholding potentially life-
saving therapy from patients who might benefit despite their
frailty. To address this concern, we evaluated the outcomes of
patients who were recommended against CAR-T therapy and did
not receive it, descriptively comparing them against outcomes of
those who were recommended against CAR-T therapy but
received it. The patients in the former group experienced a short
mean survival of ~3 months, with almost half of them passing away
from causes unlikely to have been prevented by disease-directed
therapy. Among those patients in the latter group, mean survival
was longer at 296 days after CAR-T (range, 52-607), indicating
there were indeed patients who derived durable benefit. However,
5 of the 6 patients in this group experienced NRM, with 3 of these
events occurring early after CAR-T infusion.

These data highlight 2 key points in evaluating older and particularly
frail or comorbid patients for CAR-T therapy: first, shared decision-
making is essential in determining whether incurring a high risk of
toxicity for potential therapeutic benefit is within a patient’s goals of
care; second, examining health-related quality of life longitudinally
in CAR-T therapy recipients as well as in those who ultimately defer
therapy are necessary data to support informed decision-making by
patients and physicians alike.50

Identifying predictors of ICANS is of particular interest in older
adults, given their apparent increased susceptibility to this
toxicity.13,14,51 We found functional impairment to be associated
with ICANS development. Lin et al prospectively assessed the
impact of a geriatric consultation in 48 patients aged ≥65 years
with DLBCL undergoing CD19-directed CAR-T therapy and found
that polypharmacy and mobility impairment were associated with
ICANS development.48 Interestingly, in neither study was baseline
cognitive impairment, as assessed by MOCA, associated with
neurotoxicity.

We note that no individual GA variable was predictive of survival in
our analysis, whereas the sum of these variables used to generate
a GA-MDC treatment recommendation was predictive. This high-
lights the value of a multidisciplinary approach to health assess-
ment when evaluating older adults for cellular therapy. Lin et al48

found that the intervention of geriatrics consultation had no
impact on survival in older recipients of CAR-T therapy. Notably,
the implementation of recommendations from the geriatrics
consultation were not tracked or accounted for in that study. Our
study analyzed the difference in outcomes in patients who were
and were not optimized as recommended after evaluation in the
GA-MDC, which likely accounts for the difference in findings.

Limitations of our work include missing data from the baseline GA
assessment due to different iterations of the GA used during the
study period, the retrospective nature of the analysis, and the small
sample size particularly in regard to patients receiving BCMA-
directed therapy and patients recommended against CAR-T ther-
apy. Nonetheless, we still detected a significant survival difference
based on MDC–generated treatment recommendation driven by a
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strikingly high rate of NRM among patients who were inadequately
optimized after the MDC evaluation and/or were recommended
against treatment. Data on some known prognostic factors
including comorbidities were not used due to being incomplete or
not available for this cohort (eg, pulmonary function testing not
routinely done). Certain comorbidities, particularly if decom-
pensated, undoubtedly played into the decision to defer ther-
apy.23,47 Additionally, this study examines outcomes in patients
receiving various types of CAR-T products including investigational
and commercial agents; the purpose of our study, however, was
not to comment on or compare the efficacy of these different
products but to assess the utility of the GA-MDC in older CAR-T
therapy recipients more broadly and regardless of product
received. Finally, it must be acknowledged that there was some
degree of subjectivity in how the results of the GA were synthe-
sized to generate a treatment recommendation. The intent of the
assessment is to arm clinicians with objective data regarding
patient fitness across health domains to enable more informed
decision-making on a patient-by-patient basis, rather than to set
absolute thresholds for treatment.

At our center, most patients eligible for GA-MDC evaluation
underwent GA (53 of 61 patients). We believe the GA-MDC
framework may be broadly applicable because all the personnel
are routinely engaged in evaluation and management of CAR-T
therapy patients at our institution (eg, physical therapist, CAR-T
therapy physician, dietician, social worker, and pharmacist). Less
resource intensive models of GA with management warrant
investigation in this setting. Guidelines now exist proposing all
patients with cancer aged ≥65 years undergo a practical GA with
management approach.52 Given the high rates of frailty seen in
older adults newly diagnosed with DLBCL and MM, we believe the
GA-MDC will continue to play an important role in patient selection
even as approvals for CAR-T therapy expand to include earlier
use.53,54

The GA-MDC enables identification of older patients susceptible to
poor outcomes after CAR-T therapy. Future investigation should
prioritize the development of strategies to mitigate the high rates of
post–CAR-T toxicities and excess NRM seen in vulnerable
patients. Considerations include whether such patients may be
better served by alternative therapies such as bispecific antibodies
or by treatment delays using bridging therapy to allow for time to
address deficits uncovered by the GA. The GA-MDC could also be
explored as a means of identifying patients at low risk for major
complications and thus suitable for outpatient administration of
CAR-T therapy, to limit resource utilization and costs associated
with the therapy.

In summary, our findings suggest that comprehensive health
assessment in older adults who are candidates for CAR-T therapy
allows for effective risk stratification. GA-MDC optimized patients
without serious vulnerabilities achieved promising outcomes; in
contrast, patients with high vulnerability experienced high toxicity
and poor outcomes.
Authorship

Contribution: S.J.Y. wrote the manuscript, aided in data collection,
and interpreted data; J.F.C. performed analyses and assisted in
manuscript writing; A.A., M.R.B., B.A.D., S.K., P.A.R., J.K., and A.J.
23 JULY 2024 • VOLUME 8, NUMBER 14



edited the manuscript; K.K., M.M., A.A., and S.J. assisted in data
collection; and M.T.N. designed the study, interpreted data, assis-
ted in data collection, and assisted in manuscript writing.

Conflict-of-interest disclosure: A.A. serves on the advisory
board of AstraZeneca and Magenta Therapeutics, and serves as a
consultant to AbbVie. B.A.D. serves as a consultant for Janssen
and Cota, Inc, and is an independent reviewer for clinical trial for
Bristol Myers Squibb (BMS). A.J. reports consulting and serving on
the advisory boards with honoraria for AbbVie, Amgen, BMS,
Gracell, GSK, Janssen, and Sanofi. P.A.R. has served as a
consultant and/or advisory board member for AbbVie, Novartis,
BMS, ADC Therapeutics, Kite/Gilead, Sana Biotechnology, Nektar
Therapeutics, Nurix Therapeutics, Intellia Therapeutics, CVS
23 JULY 2024 • VOLUME 8, NUMBER 14
Caremark, Genmab, BeiGene, Janssen, and Pharmacyclics;
received honoraria from Novartis; and research support from BMS,
Kite Pharma, Novartis, MorphoSys, CRISPR Therapeutics, Calibr,
Xencor, Fate Therapeutics, AstraZeneca, Genentech, and Tessa
Therapeutics. The remaining authors declare no competing finan-
cial interests.

ORCID profiles: J.F.C., 0000-0003-2131-1767; A.A., 0000-
0003-0803-9607; B.A.D., 0000-0002-4070-1819; M.T.N., 0000-
0001-5161-0878.

Correspondence: Mariam T. Nawas, University of Chicago
Comprehensive Cancer Center, 5841 S. Maryland Ave, Chicago,
IL 60637; email: nawasm@uchicagomedicine.org.
References

1. Locke FL, Miklos DB, Jacobson CA, et al. Axicabtagene ciloleucel as second-line therapy for large B-cell lymphoma. N Engl J Med. 2022;386(7):640-
654.

2. Bishop MR, Dickinson M, Purtill D, et al. Second-line tisagenlecleucel or standard care in aggressive B-cell lymphoma. N Engl J Med. 2022;386(7):629-
639.

3. Kamdar M, Solomon SR, Arnason J, et al. Lisocabtagene maraleucel versus standard of care with salvage chemotherapy followed by autologous stem
cell transplantation as second-line treatment in patients with relapsed or refractory large B-cell lymphoma (TRANSFORM): results from an interim
analysis of an open-label, randomised, phase 3 trial. Lancet. 2022;399(10343):2294-2308.

4. Munshi NC, Anderson LD Jr, Shah N, et al. Idecabtagene vicleucel in relapsed and refractory multiple myeloma. N Engl J Med. 2021;384(8):705-716.

5. Berdeja JG, Madduri D, Usmani SZ, et al. Ciltacabtagene autoleucel, a B-cell maturation antigen-directed chimeric antigen receptor T-cell therapy in
patients with relapsed or refractory multiple myeloma (CARTITUDE-1): a phase 1b/2 open-label study. Lancet. 2021;398(10297):314-324.

6. Schuster SJ, Bishop MR, Tam CS, et al. Tisagenlecleucel in adult relapsed or refractory diffuse large B-cell lymphoma. N Engl J Med. 2019;380(1):45-
56.

7. Neelapu SS, Locke FL, Bartlett NL, et al. Axicabtagene ciloleucel CAR T-cell therapy in refractory large B-cell lymphoma. N Engl J Med. 2017;377(26):
2531-2544.

8. Chihara D, Liao L, Tkacz J, et al. Real-world experience of CAR T-cell therapy in older patients with relapsed/refractory diffuse large B-cell lymphoma.
Blood. 2023;142(12):1047-1055.

9. Muffly L, Pasquini MC, Martens M, et al. Increasing use of allogeneic hematopoietic cell transplantation in patients aged 70 years and older in the United
States. Blood. 2017;130(9):1156-1164.

10. Bhatt VR, Chen B, Gyawali B, Lee SJ. Socioeconomic and health system factors associated with lower utilization of hematopoietic cell transplantation in
older patients with acute myeloid leukemia. Bone Marrow Transplant. 2018;53(10):1288-1294.

11. Costa LJ, Zhang M-J, Zhong X, et al. Trends in utilization and outcomes of autologous transplantation as early therapy for multiple myeloma. Biol Blood
Marrow Transplant. 2013;19(11):1615-1624.

12. Costa LJ, Huang JX, Hari PN. Disparities in utilization of autologous hematopoietic cell transplantation for treatment of multiple myeloma. Biol Blood
Marrow Transplant. 2015;21(4):701-706.

13. Neelapu SS, Jacobson CA, Oluwole OO, et al. Outcomes of older patients in ZUMA-1, a pivotal study of axicabtagene ciloleucel in refractory large B-
cell lymphoma. Blood. 2020;135(23):2106-2109.

14. Jacobson CA, Locke FL, Ma L, et al. Real-world evidence of axicabtagene ciloleucel for the treatment of large B cell lymphoma in the United States.
Transplant Cell Ther. 2022;28(9):581.e1-581.e8.

15. Dreger P, Holtick U, Subklewe M, et al. Impact of age on outcome of CAR-T cell therapies for large B-cell lymphoma: the GLA/DRST experience. Bone
Marrow Transplant. 2023;58(2):229-232.

16. Kersten MJ, Farooq U, Rapoport AP, et al. Improved overall survival with axicabtagene ciloleucel vs standard of care in second-line large B-cell
lymphoma among the elderly: a subgroup analysis of ZUMA-7. Blood. 2023;142(suppl 1):1761.

17. Shouse G, Danilov AV, Artz A. CAR T-cell therapy in the older person: indications and risks. Curr Oncol Rep. 2022;24(9):1189-1199.

18. Shouse G, Tran R, Osborn J, Budde LE. Physical therapy assessment of baseline function and endurance predicts short term outcomes in commercial
CAR T patients with lymphoma. Blood. 2021;138(suppl 1):570.

19. Roy I, Epperla N, Shouse G, et al. Consensus cachexia criteria are independently linked to progression free and overall survival in multi-site analysis of
patients with aggressive B-cell lymphomas treated with CAR T-cell therapy. Blood. 2022;140(suppl 1):2416-2418.
GERIATRIC ASSESSMENT–GUIDED CLINIC FOR CAR-T 3795

https://orcid.org/0000-0003-2131-1767
https://orcid.org/0000-0003-0803-9607
https://orcid.org/0000-0003-0803-9607
https://orcid.org/0000-0002-4070-1819
https://orcid.org/0000-0001-5161-0878
https://orcid.org/0000-0001-5161-0878
mailto:nawasm@uchicagomedicine.org
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref1
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref1
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref2
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref2
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref3
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref3
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref3
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref4
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref5
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref5
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref6
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref6
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref7
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref7
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref8
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref8
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref9
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref9
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref10
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref10
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref11
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref11
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref12
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref12
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref13
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref13
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref14
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref14
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref15
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref15
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref16
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref16
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref17
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref18
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref18
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref19
http://refhub.elsevier.com/S2473-9529(24)00332-X/sref19


20. Iukuridze A, Berano Teh J, Ramos J, et al. Sarcopenia is a clinically relevant and independent predictor of health outcomes after chimeric antigen
receptor T-cell therapy for lymphoma. Blood. 2021;138(suppl 1):2502.

21. Dos Santos DMC, Rejeski K, Winkelmann M, et al. Increased visceral fat distribution and body composition impact cytokine release syndrome onset and
severity after CD19 chimeric antigen receptor T-cell therapy in advanced B-cell malignancies. Haematologica. 2022;107(9):2096-2107.

22. Zhang H, Liu M, Li Q, et al. Evaluation of the safety and efficacy of humanized anti-CD19 chimeric antigen receptor T-cell therapy in older patients with
relapsed/refractory diffuse large B-cell lymphoma based on the comprehensive geriatric assessment system. Leuk Lymphoma. 2022;63(2):353-361.

23. Shouse G, Kaempf A, Gordon MJ, et al. A validated composite comorbidity index predicts outcomes of CAR T-cell therapy in patients with diffuse large
B cell lymphoma. Blood Adv. 2023;7(14):3516-3529.

24. Hurria A, Gupta S, Zauderer M, et al. Developing a cancer-specific geriatric assessment. Cancer. 2005;104(9):1998-2005.

25. Muffly LS, Boulukos M, Swanson K, et al. Pilot study of comprehensive geriatric assessment (CGA) in allogeneic transplant: CGA captures a high
prevalence of vulnerabilities in older transplant recipients. Biol Blood Marrow Transplant. 2013;19(3):429-434.

26. Derman BA, Kordas K, Ridgeway J, et al. Results from a multidisciplinary clinic guided by geriatric assessment before stem cell transplantation in older
adults. Blood Adv. 2019;3(22):3488-3498.

27. Derman BA, Kordas K, Molloy E, et al. Recommendations and outcomes from a geriatric assessment guided multidisciplinary clinic prior to autologous
stem cell transplant in older patients. J Geriatr Oncol. 2021;12(4):585-591.

28. Hurria A, Cirrincione CT, Muss HB, et al. Implementing a geriatric assessment in cooperative group clinical cancer trials: CALGB 360401. J Clin Oncol.
2011;29(10):1290-1296.

29. Mohile SG, Velarde C, Hurria A, et al. Geriatric assessment-guided care processes for older adults: a Delphi consensus of geriatric oncology experts.
J Natl Compr Canc Netw. 2015;13(9):1120-1130.

30. Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic functional mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142-148.

31. Mathias S, Nayak US, Isaacs B. Balance in elderly patients: the "get-up and go" test. Arch Phys Med Rehabil. 1986;67(6):387-389.

32. Jones LW, Devlin SM, Maloy MA, et al. Prognostic importance of pretransplant functional capacity after allogeneic hematopoietic cell transplantation.
Oncol. 2015;20(11):1290-1297.

33. Rantanen T, Volpato S, Ferrucci L, Heikkinen E, Fried LP, Guralnik JM. Handgrip strength and cause-specific and total mortality in older disabled women:
exploring the mechanism. J Am Geriatr Soc. 2003;51(5):636-641.

34. Lawton MP, Brody EM. Assessment of older people: self-maintaining and instrumental activities of daily living. Gerontol. 1969;9(3):179-186.

35. Measures for a new era of health assessment. In: Stewart AL, Ware JE, Jr, eds. Measuring Functioning and Well-Being: The Medical Outcomes Study
Approach. Duke University Press; 1992:3-12.

36. Loprinzi CL, Laurie JA, Wieand HS, et al. Prospective evaluation of prognostic variables from patient-completed questionnaires. North Central Cancer
Treatment Group. J Clin Oncol. 1994;12(3):601-607.

37. Karnofsky DA, Burchenal JH. The Clinical Evaluation of Chemotherapeutic Agents in Cancer. In: MacLeod CM, ed. Evaluation of Chemotherapeutic
Agents. New York: Columbia University Press; 1949:196.

38. Katzman R, Brown T, Fuld P, Peck A, Schechter R, Schimmel H. Validation of a short orientation-memory-concentration test of cognitive impairment. Am
J Psychiatr. 1983;140(6):734-739.
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