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Abstract:

Introduction: Chimeric antigen T-cell (CAR-T) cell therapy is an emerging curative treatment
option for patients with aggressive B-cell non-Hodgkin’s lymphoma (B-NHL). Since
approximately 40% of lymphoma patients receiving CAR-T cell therapy achieve complete
remission, further investigation into relapse and morbidity post-CAR-T cell therapy is needed
(Byrne et al., 2019). Cachexia is an inflammatory muscle wasting syndrome that affects the
morbidity and mortality of 50% of all cancer patients (Baracos et al., 2018). Cachexia is an
independent factor in cancer treatment response, but also leads to decreased quality of life and
increased disability (Naito, 2019). We have previously shown that patients with B-NHL are at
high risk of cachexia, and within this population, cachexia is linked to poor response to
chemotherapy, treatment toxicity, and decreased survival (Burkart et al., 2019). While prior
studies have established that cachexia is a predictor of poor response to immune-checkpoint
inhibitors (Miyawaki et al., 2020), the relationship between CAR-T cell therapy and cachexia has
not been previously investigated. Herein, our objective was to determine the relationship
between cachexia and post-CAR-T cell therapy clinical and functional outcomes in patients with
B-NHL.

Methods: Retrospective cohort study of 70 patients with Diffuse Large B-Cell Lymphoma or
Mantle Cell Lymphoma who received CAR-T cell therapy between 2016 and 2021. Inclusion
criteria were age 218 years old and prior treatment with = 1 line of chemotherapy. Exclusion
criteria were patients with primary central nervous system lymphoma. Cachexia was identified at
time of apheresis and therapy infusion using the following markers: consensus weight-loss
criteria for pre-cachexia (0.1-5.0% body weight loss) and cachexia (>5% body weight loss),
neutrophil-to-lymphocyte ratio (NLR), weight-loss grading scale (WLGS), serum albumin, and
prognostic nutritional index (PNI). Primary outcomes included progression-free survival (PFS),
overall survival (OS), and disability-free survival (DFS) — defined as the need for inpatient
rehabilitation (IPR) at any point in follow up after CAR-T cell therapy. Secondary outcomes
included 90-day relapse, cytokine release syndrome (CRS), neurotoxicity (NT), infection, or
need for rehabilitation services immediately after hospital discharge for infusion.

Results:

In our cohort of aggressive B-NHL patients receiving CAR-T, the median age was 62 years old,
and 36% were female. 16% had IPl =1, 31% had IPI=2, 42% IPI=3, and 11% had IPI=4. The
median follow-up time for surviving patients was 16 months. Amongst non-surviving patients
(n=12), the median time to death was 32.5 days. 90-day rate of complete response was 47%.



Rate of need for rehabilitation services immediately after infusion was 30% and rate for need for
IPR any time after CAR-T was 20%.

Amongst clinical outcomes, increased WLGS at time of CAR-T was associated with increased
odds of relapse at 90 days (Table 1). PNI < 44 at CAR-T infusion was associated with decreased
PFS, and NLR > 3 at apheresis trended towards decreased PFS (Table 2). Weight loss between
diagnosis and apheresis, weight loss between diagnosis and infusion, albumin < 3.5 at apheresis
and infusion, and PNI < 44 at apheresis and infusion were each associated with decreased OS.
To determine the influence of key co-variates, in a limited multivariate model including age, PNI
and IPI, PNI at infusion was significantly associated with OS (HR=1.11, p-value=0.01, R?=0.20).
No cachexia markers were significantly associated with CRS or infection, though both albumin
and PNI trended towards increased odds of NT (Table 1).

Amongst functional outcomes, using logistic regression, there was a trend towards post-infusion
rehabilitation services with both low albumin and low PNI (Table 1) and using AUC analysis,
albumin < 3.5 had OR of 5.2 for rehabilitation (p=0.004). Notably, patients with NT had significantly
higher odds of requiring rehabilitation services post-infusion, (OR=14.7, 95% CI = 4.208 to 44.59,
p<0.0001). While weight loss trended towards lower DFS, both albumin and PNI were significantly
associated with lower DFS.

Conclusions: Cachexia is associated with several negative clinical and functional outcomes
post-CAR-T cell therapy in lymphoma patients. Amongst emerging cachexia markers,
prognostic nutritional index was associated with all three primary outcomes, including PS, OS,
and DFS. Further study is needed into directly addressing cachexia in patients receiving CAR-T
cell therapy in order to improve response rates and post treatment morbidity.



Table 1. Odds ratio for select clinical and functional outcomes after logistic regression with
cachexia markers obtained at apheresis or infusion. CRS = cytokine release syndrome. NT =
neurotoxicity. Significant (p-value < 0.05) denoted by “*". Trending or significant findings
annotated in bold.

l Apheresis I Infusion
Variable Outcome Odds Ratio 2h% Cl p-value Odds Rato  85% Cl p-value
Body weight D80 relapse D.99 D94to1.04 074 0.96 089w 101 0.15
T CRS 1.00 0.05t01.05 0.02 1.02 006t 1.07 D55
Infection 0.98 082to1.02 035 0.06 080101 0.17
NT D.99 D84to1.04 073 1.00 08410105 D081
Rehab services  0.99 D04to1.04 074 1.00 084105 097
Weightloss D30 relapse 132 082to1.62 0.14 162 109to2.47 0.02°
pradngscale . R D.02 D64t01.31 0.66 0.03 0683to1.24 0.70
infection 130 D@1to1.88 0.15 1.15 080w 1.86 045
NT 104 D73to148 082 1.08 D73t153 075
Rehab services  1.05 0.73t01.50 0.78 1.04 072t01.50 D82
Neutrophil to D80 relapse 1.01 0.86t01.05 0.61 1.04 087112 027
mﬂ'h“ﬂ CRS D.99 D84to1.02 053 0.85 087101 0.18
Infection 1.00 0085t01.02 0.81 1.02 086100 055
NT 1.01 0.86t01.05 0.59 1.03 087111 035
Rehab services  1.01 086t01.05 0.61 1.03 087110 037
Albumin Da0 relapse 1.0 0430245 0.08 0.53 020t0130 0.7
CRS D.86 0.35t01.88 0.73 0.66 024w 182 038
Infection D.85 0.36to1.82 0.68 0.68 027181 038
NT 0.90 0.30t02.10 0.81 0.40 0.14t0098 005
Rehabservices 0.96 D41t02.21 0.81 0.40 01410037 005
Prognostic D80 relapse 1.00 0.92t01.07 0.95 D.94 086w 102 0.16
:::,:if""a' CRS 1.01 083to1.08 0.75 0.98 081to1.07 087
Infection D90 002t01.07 0.80 0.87 D00t 104 DA7
NT 0.99 081to1.08 079 0.94 086tod101 0.10

Rehab services 0.88 0D.81t01.06 0O.77 0.93 0.85to1.01 0.03




Table 2. Progression free survival (PFS), overall survival (OS) and disability free survival (DFS)
based on cachexia markers collected at apheresis and infusion. Significant univariate results (p-
value < 0.05) denoted by “*”. “-" indicates no calculated median value in the current follow up
period. NLR = neutrophil to lymphocyte ratio. PNI = prognostic nutritional index. Significant
multivariate results (p-value < 0.05) denoted by “#". Trending or significant findings annotated in
bold.

I Apheresis I Infusion
Variable Outcome Median survival HR 25% Cl B Median survival HR B5% Cl p:
value value
3 No . Mo
Weight weight Weight weight
loss o loss i
Body 55 55
weight  PFS 11.3 : 150 0.87i03.32 0.34 7.37 X 1.87 0.83to42 D17
change ¢ 16.1 2 288 118t07.00 005 161 = 350 1.41to8.61 0.03*
DFS 232 060tc8.70 0.28 546 1.44t020.6 0.07
WLGS WLGS WLGS WLGS
Weight »2 =2 =2 =2
loss PFS 11.5 11.3 1.05 047t02.33 080 115 11.3 113 04810257 O0.77
::‘;:“9 oS5 21 5 154 08310373 032 2083 20 1.55 0.B4t03.70 D0.27
DFS - - 148 04110523 053 - - 1.685 048to551 0.28
MLR=3 MNLR=3 MLR=2 MNLR=3
PFS 6.3 2 215 1.06t04.34 005 113 11.5 118 0570241 D85
NLR
0S5 20.8 2 150 0.71#03.15 030 - 12.8 0.82 0.20t01.32 0.10
DFS 1.01 0.35t02.81 0.88 - = 1.04 0.35t03.08 D.94
Alb Alb Alb Alb
<35 235 <35 235
i CPES 11.3 1.7 114 0481282 074 42 = 1.74 0.80t03.74 0.1
Albumin
oS 12.7 = 229 0857t539 0.02* 127 4 314 1.36to7.24 0.001*
DFS i - 1.86 0.53icB8.44 026  18.3 " 327 094tc11.2 0.02¢
PHI PHI BHI PN
<44 244 =44 244
s PFS 7.8 z 1.37 06Bt0272 0368 74 = 248 123tod4.98 0.03*
0s 12.9 2 283 12610589 0.01* 208 & 272 129to568 0.02¢*

DFS - - 177 061tc5.08 0.28 - - 323 113t0923 0.05
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