Impact and safety of chimeric antigen receptor T-cell
therapy in older, vulnerable patients with
relapsed/refractory large B-cell lymphoma

Large B-cell lymphoma (LBCL) predominantly affects
older adults with generally suboptimal outcomes even
when treated with curative intent.' In the relapsed/refrac-
tory setting, the outcome is dismal and effective treat-
ment for these cases remains an unmet medical need.’
The development of chimeric antigen receptor T-cell
therapy (CAR T) has revolutionized the treatment of
relapsed/refractory LBCL.* However, the impact and safe-
ty of this treatment in vulnerable, older patients with
lymphoma, especially those with multiple comorbid con-
ditions and functional limitation, has not been explored.
These geriatric vulnerabilities have been associated with
poor survival and increased treatment-related toxicities in
older lymphoma patients receiving anthracycline-based
chemoimmunotherapy.' The Centers for Medicare &
Medicaid Services have recently proposed complete cov-
erage for CAR T in Medicare beneficiaries, highlighting
the significant need for older patients including those
with geriatric deficits and frailty.

In this study, we examined the outcomes of older LBCL
patients referred for treatment with commercial CAR T
products, axicabtagene ciloleucel (Yescarta, Kite-Gilead)
and tisagenlecleucel (Kymriah, Norvartis), at our institu-
tion, and explored the prevalence and impact of prospec-
tively collected, baseline geriatric vulnerabilities.
Importantly, we compared toxicities and outcomes of
younger versus older patients who received CAR T using
the Medicare coverage policy cutoff of 65 years. A multi-
dimensional geriatric assessment of comorbidity burden,
function, mobility, nutrition, mood, and medication was
prospectively performed prior to CAR T by a geriatrician
or by an interdisciplinary clinical provider, as previously
described.® Specifically, the comorbidity burden was
defined using the Deyo/Charlson Comorbidity Index
(DCI/CCI).° Functional limitations were defined by
deficits in basic or instrumental activities of daily living.*
Cognitive impairment was defined by a score <26 on the
Montreal Cognitive Assessment.’

A waiver of authorization for retrospective collection
of demographic, treatment, and survival data was
obtained from the Institutional Review and Privacy
Board. Patients’ referral data were collected from the cen-
tral intake database from January 2018 to March 2019.
All patients had a diagnosis of relapsed/refractory LBCL
after two or more lines of systemic therapy. CAR T eligi-
bility criteria, clinical care, and disease monitoring were
in accordance with the Yescarta and Kymriah product
inserts and standard institutional guidelines. Cytokine
release syndrome and immune effector cell-associated
neurotoxicity syndrome (ICANS) were graded according
to the American Society of Transplantation and Cellular
Therapy consensus.”’

Standard descriptive statistics were used, and compar-
isons were performed using the Fisher exact test or
Wilcoxon rank-sum test where appropriate. The associa-
tion between receipt of CAR T and post-relapse overall
survival, defined as the time survived from last biopsy-
proven relapsed/refractory state, was examined using
univariable Cox proportional hazards regression with a
time-dependent covariate accounting for time of initia-
tion of CAR T. Overall survival and progression-free sur-
vival of the treated group were estimated from the date
of CAR T infusion using the Kaplan-Meier method. All
survival comparisons across groups were based on the
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log-rank test, except for the comparison between
patients treated with CAR T and those who received
other therapies, which was based on a Wald test. All sta-
tistical analyses were performed using SAS software ver-
sion 9.4 (The SAS Institute, Cary, NC, USA).

Forty-two consecutive patients aged 65 years or older
with relapsed/refractory LBCL were included in the
analysis of post-relapse overall survival, including 24
patients who received CAR T and 18 who did not either
because of clinical ineligibility as judged by physicians
and/or death during the pre-requisite clinical evaluation.
None of these 18 patients had undergone apheresis for a
CAR T product. Instead, they received salvage
chemotherapy or supportive care only. Age, gender, prior
lines of therapy, relapse stage, comorbidity burden, and
Karnofsky Performance Status were comparable in the
two groups (Online Supplementary Table S1). With a medi-
an follow-up of 291 days (range, 162-572) for survivors,
the group of older patients who had received CAR T had
a lower risk of death compared to those who had not
received CAR T (hazard ratio [HR] 0.31, 95% confidence
interval [95% CIJ: 0.10-0.93, P=0.04, for post-relapse
overall survival).

During the same period in which the above 24 patients
=65 years old were treated, an additional 25 patients <65
years old received CAR T for relapsed/refractory LBCL.
All 49 patients met eligibility criteria for treatment with a
commercial product and the use of bridging therapy was
at the discretion of treating physicians. The median num-
ber of lines of prior therapy was 3 (range, 2-9); the medi-
an time from last relapse/disease progression to CAR T
was 86 days (range, 33-272); and 42/49 (86%) of the
patients were in relapse or had progressive disease prior
to CAR T. Most patients had a pre-CAR T assessment of
function, comorbidity, cognition, mobility, mood, and
nutrition. Overall, the comorbidity burden was moderate
(median DCI/CCI 2; range, 2-7); 27% of patients had
functional limitation; 44% had cognitive impairment;
29% had had prior falls; 27 % had weight loss; and 10%
had depression at baseline (Table 1 and data not shown).

Baseline characteristics were similar in the two age
groups including: Karnofsky Performance Status, func-
tional limitations, cognition, mobility (prior falls), weight
loss, and disease characteristics including prior lines of
therapy, lactate dehydrogenase concentration, stage, and
time to CAR T (Table 1). The older group included more
females (P<0.001) and the patients had higher DCI/CCI
values (P=0.04) (Table 1). Numerically more younger
patients (84%) received axicabtagene ciloleucel than tis-
agenlecleucel (63%; P=0.11). We compared the safety
and toxicity profiles between older and younger patients
and found that the two groups had similar incidences of
all grade and grade 3-4 cytokine release syndrome and
ICANS (Table 1). Incidences of grade 3-4 hematologic
and non-hematologic toxicities, as defined by Common
Terminology Criteria for Adverse Events v5.0, were also
similar between the two groups, although older patients
appeared to have numerically fewer infections and
cytopenia, and more metabolic and other toxicities (Table
1). The rate of intensive care unit admission was similar
in the two age groups.

With a median follow-up of 179 days for survivors
among these 49 CAR T patients (range, 84-470), the 6-
month median progression-free and overall survival rates
were 48% (95% CI: 33-63), and 71% (95% CI: 57-84),
respectively. The 100-day complete response rate was
51%. Importantly, we did not observe evidence of a sta-
tistically significant difference in progression-free or over-
all survival between the older and younger groups of
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Table 1. Characteristics and toxicities of lymphoma patients treated with chimeric antigen receptor T-cell therapy.

Younger patients Older patients P
(<65 years, n=25) (=65 years, n=24)

Age in years, median (range) 56 (20 — 64) 72 (67— 86)
Female gender, n (%) 2 (8) 13 (54) <0.001
CART n (%) 0.11

Axicabtagene ciloleucel 21 (84) 15 (63)

Tisagenlecleucel 4 (16) 937
Advanced stage at CAR T, n (%) 14 (56) 14 (58) 0.78
Prior lines, median (range) 3@2-9 3@2-9 0.81
Baseline LDH, median (range) 298 (128 — 3722) 240 (146 — 1409) 0.12
Time to CAR T, median (range) 75 days (43 —175) 92 days (33 —272) 0.54
DCI/CCI, median, (range) 22-4 32-7 0.04
KPS <80, n (%) 7(28) 9(38) 0.55
Functional limitation, n (%) 5 (20) 8 (33) 0.35
Cognitive impairment, n (%) 8 (32) 11 (46) 0.76
Prior fall, n (%) 7(28) 7(29) >(0.99
Weight loss, n (%) 8 (32) 520 0.52
ICU admission, n (%) 9 (36) 6 (25) 0.54
CRS, n (%) 0.61

No CRS 7(28) 4(17)

Grade 1-2 CRS 15 (60) 18 (75)

Grade >2 CRS 3(12) 2(8)
ICANS, n (%) 0.60

No ICANS 16 (60) 11 (46)

Grade 1-2 ICANS 6 (24) 7(29)

Grade >2 ICANS 4 (16) 6 (25)
Infections, =G3, n (%) 15 (60) 10 (42) 0.26
Prolonged cytopenia, n (%) 16 (64) 10 (42) 0.16
Metabolic toxicities, = grade 3, n (%) 3(12) 8 (33) 0.10
Other toxicities, = grade 3, n (%) 9 (36) 12 (50) 0.39

CART: chimeric antigen receptor T-cell therapy; TimeCAR T: time (in days) from last relapse/disease progression to start of CAR T, LDH: lactate dehydrogenase; DCI/CCI:
Deyo/Charlson Comorbidity Index; KPS: Karnofsky Performance Status; ICU: intensive care unit; CRS: cytokine release syndrome; ICANS, immune effector cell associated

neurotoxicity syndrome.

patients by either chronological age (Figure 1A, B), func-
tional limitation, cognitive impairment, or comorbidity
burden (DCI/CCI >2, data not shown). At the time of last
follow-up, only one treatment-related death had
occutred within 100 days: a 69-year old woman had died
as a result of prolonged cytopenia. An additional patient
with a history of prior allogeneic hematopoietic cell
transplantation died of influenza pneumonia 129 days
after CAR T infusion.

We present here for the first time, outcomes of older
LBCL patients referred for CAR T in the context of geri-
atric vulnerabilities. Not surprisingly, we found that older
patients who received CAR T had better post-relapse
overall survival than those who were referred but not
treated; it is likely that there was a selection bias for
patients who did not have rapidly progressive disease,
significant comorbidities, or suboptimal performance sta-
tus. This could also explain why we did not have manu-
facture failures or deaths prior to infusion in this small
cohort of patients. Interestingly, no excess toxicity was
found in several real-world cohorts of CAR T patients
including those with poor performance status in whom
chemotherapy was historically associated with signifi-
cant toxicity and mortality, adding to the complexity of

selection of patients for CAR T.”"” Multicenter collabora-
tive and registry studies are currently underway to
prospectively identify geriatric impairments, to validate
their prognostic impact, and to develop proper algo-
rithms for the selection of patients.

While prior studies compared outcomes of CAR T
based on chronological age alone,""> we identified a sig-
nificant burden of baseline geriatric vulnerabilities includ-
ing functional limitations, multiple comorbid conditions,
cognitive impairment, weight loss, decreased mobility,
and polypharmacy in our patients. Importantly, our low
treatment-related mortality and similar efficacy and toxi-
cities across groups of patients of different chronological
age and impairment suggest that older, vulnerable
patients should be similarly considered for CAR T as
younger patients. We acknowledge that while no major
differences were seen between groups, we cannot rule
out smaller differences due to small sample size and
patient selection bias. Lastly, our findings also support
the concept that reducing disease burden may help to
improve function and performance status in older lym-
phoma patients.” Interestingly, while geriatric assess-
ment domains such as functional limitation and multi-
morbidity are prognostically important for lymphoma
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Figure 1. Survival outcomes. (A) Overall survival (OS) of lymphoma patients who were treated with chimeric antigen receptor T-cell therapy (CAR T) stratified by
age. Green line: patients 65 years or older (n=24). Red line: patients younger than 65 years (n=25). Numbers at risk are tabulated. (B) Progression-free survival
(PFS) of lymphoma patients who were treated with CAR T stratified by age. Green line: patients 65 years or older (n=24). Red line: patients younger than 65

years (n=25). Numbers at risk are tabulated.

patients undergoing chemoimmunotherapy or autolo-
gous transplantation,””* they may not be prognostic in
the setting of CAR T.

In summary, although limited by small sample size and
likely patient selection bias, our results highlight poten-
tial benefits of CAR T without excessive cytokine release
syndrome, ICANS, and other high-grade toxicities, in
selected older patients. These findings extend beyond
published results for older patients in the ZUMA-1 and
JULIET trials, and provide novel insights and the entry
point for large-scale investigation of geriatric vulnerabili-
ties in patients considered for CAR T. We contend that
older patients should not be automatically excluded from
CAR T based solely on chronological age, multi-morbid-
ity, functional limitation, or cognitive impairment; rather,
their care should be individualized including greater
attention to non-oncological geriatric issues. It is likely
that a detailed geriatric assessment in combination with
organ function evaluation will allow better selection of
older patients who could benefit from this curative treat-
ment.”
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