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INTRODUCTION:

Approximately 50-60% of patients with aggressive B-cell non-Hodgkin lymphomas (B-

NHL) are cured with anthracycline- and rituximab-based induction.1-3 However, outcomes 

of patients with relapsed or refractory (R/R) B-NHL are poor, particularly in those unable 

to receive autologous hematopoietic cell transplantation (HCT) with overall survival of 4-6 

months.4-6 Anti-CD19 chimeric antigen receptor (CAR) T cell therapy has shown significant 

promise for treatment of R/R B-NHL leading to the FDA approval of three products: 

axicabtagene ciloleucel (axi-cel), tisagenlecleucel (tisa-cel), and lisocabtagene maraleucel 
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(liso-cel). Follow-up from three pivotal CAR T cell trials highlight that responses can be 

durable, signifying that cure is possible with this treatment approach.7-11

Concern remains that results of pivotal trials may not reflect outcomes of patients treated 

with commercial products. Potential selection bias may have contributed to enrollment of 

subjects with more indolent disease. Furthermore, many commercial CAR T cell recipients 

would have been ineligible for pivotal trials due to pre-defined strict entry criteria.12, 13

Prescribing practices for commercial CAR T cell therapy may be influenced by a variety 

of patient- and disease-related factors, potential treatment-related toxicities, and logistical 

constraints. Following FDA approval of axi-cel in October, 2017 and tisa-cel in May, 

2018, centers could choose between CAR T products for aggressive B-NHL.14, 15 To better 

understand the application of commercial CAR T cells in R/R B-NHL, we conducted an 

analysis at sites certified to administer both products to delineate the safety and efficacy 

of axi-cel and tisa-cel, evaluate prescribing patterns, resource utilization, and characteristics 

associated with response and toxicity.

METHODS:

Study Design and Patients:

This retrospective, multicenter analysis includes consecutive adults aged ≥18 years with R/R 

aggressive B-NHL who underwent apheresis for commercial CAR T cell therapy at 8 United 

States (US) academic centers (Supplemental Table 1S) from 5/1/2018 (when centers had a 

choice of either axi-cel or tisa-cel) through 7/31/2019. Clinical characteristics, laboratory 

data, pathology, CAR T cell treatment details, toxicities, and responses from each institution 

were recorded in a centralized research electronic data capture (REDCap) database. The 

study was approved by the individual institutional review boards.

Product and patient selection, bridging therapy, toxicity management, response assessment, 

and administration site (inpatient or outpatient) followed institutional practices. Tocilizumab 

was not used prophylactically in the management of CAR T-cell associated toxicities. 

Cytokine release syndrome (CRS) and immune effector cell-associated neurotoxicity 

syndrome (ICANS) were graded using the American Society for Transplantation and 

Cellular Therapy (ASTCT) consensus criteria.16 Patients treated with tisa-cel that did not 

meet commercial release specifications were treated in the context of a Novartis Managed 

Access Program (ClinicalTrials.gov identifier: NCT03601442). Tumor response at 90 days 

following CAR T cell infusion was assessed per Lugano criteria by the treating clinician and 

served as an endpoint of specific interest.17

Statistical Analyses:

Baseline patient and treatment characteristics, and variables regarding toxicity, efficacy, 

and resources utilization were summarized using descriptive statistics and frequency tables. 

Efficacy and toxicity were reported in a modified intent-to-treat (mITT) analysis for patients 

receiving an infusion of axi-cel or tisa-cel. Comparison between groups were done using 

Pearson’s chi-squared or Fisher’s exact test for categorical variables and the Wilcoxon 

rank-sum test for continuous variables. An intent-to-treat (ITT) analysis was separately 
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performed for all subjects who underwent apheresis with the intention to manufacture 

CAR T cells. Kaplan-Meier methods and log-rank tests were applied to progression-free 

survival (PFS), overall survival (OS) for all patients, and duration of response (DOR) among 

those achieving complete response (CR) or partial response (PR) at 90-day evaluation. 

DOR started from the 90-day evaluation. PFS was analyzed by mITT and defined as the 

time from CAR T cell infusion to the earliest disease progression, death, or initiation of 

subsequent anti-cancer therapy. OS for the mITT and the ITT populations was defined 

as time from CAR T cell infusion or apheresis, respectively, to death from any cause. 

Data were censored at date of last follow-up or December 31, 2020, whichever came first. 

Cumulative incidence function and Gray’s tests were used to analyze time to non-relapse 

death with non-relapse mortality (NRM) defined as death from any cause without evidence 

of lymphoma progression or relapse; relapse/progression and death due to lymphoma were 

considered competing risks.

Univariate and multivariate logistics regression modelling was performed using the mITT 

population for the outcome of 90-day overall response rate (ORR), ≥ Grade 3 CRS, ≥ Grade 

3 ICANS, and Cox regressions were performed for PFS and OS. Variables considered 

in the multivariable analysis (MVA) are shown in Supplemental Table 2S; to control 

for confounding, the product variable was forced into the model regardless of statistical 

significance. Cause-specific Cox regression modeling was used for the NRM endpoint. The 

proportional hazards assumption was checked using the Schoenfeld residual. Variables with 

a significance level of 0.2 in the univariable analysis were considered for the multivariable 

model and subjected to a stepwise variable selection method with a significance level of 

0.05 to enter the model and 0.1 for removal from the model. Appropriate 95% confidence 

intervals (CI) were reported. All statistical analyses were performed using Stata version 17 

(StataCorp, College Station, TX) and a P < 0.05 were considered significant.

RESULTS:

Patient and Treatment Characteristics:

The study included 260 patients who underwent apheresis for commercial CAR T cells 

(Figure 1). Axi-cel was ordered for 168 (65%) patients and tisa-cel for 92 (35%) patients. 

Baseline patient characteristics are delineated in Table 1. Twenty patients (axi-cel n=12 

[7%]; tisa-cel n=8 [9%]) did not receive CAR T cells due to progressive lymphoma (P = 

0.653) and subsequently died a median of 42 days (interquartile range [IQR], 25-58 days) 

after apheresis.

Among infused patients, axi-cel recipients were younger than tisa-cel recipients (median 

age 59 years [IQR, 53-67 years] vs. 67 years [IQR, 61-72 years], P < 0.001), and only 

a third (35%) were ≥ 65 years relative to 62% of tisa-cel recipients (P < 0.001). A high 

comorbidity burden (score of ≥ 2), assessed using the Charlson comorbidity index (CCI), 

was observed in recipients of axi-cel relative to tisa-cel (55% vs. 40%, P = 0.044).18 

More patients with primary refractory disease received axi-cel (40% vs. 20%, P = 0.007) 

compared to tisa-cel, while axi-cel recipients were less heavily pretreated (receiving ≥ 3 

prior lines of therapy), compared to tisa-cel recipients (72% vs. 86%, P = 0.020). Bridging 

therapy was employed in 98 (63%) axi-cel and 62 (74%) tisa-cel recipients (P = 0.085), 
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with chemotherapy, alone or in combination with other therapies, being the most commonly 

prescribed regimen in both axi-cel (49%) and tisa-cel (39%) recipients. Supplemental Table 

3S lists bridging therapies utilized in this study. An elevated lactate dehydrogenase (LDH) 

at the time of lymphodepletion was more common in axi-cel compared to tisa-cel recipients 

(64% vs. 42%, P < 0.001). Groups were comparable with respect to disease histology, 

stage, Eastern Cooperative Oncology Group (ECOG) performance status, and International 

Prognostic Index (IPI) risk score.

The median time from apheresis to CAR T cell infusion was 28 days (IQR, 26-36 days) 

for axi-cel and 45 days (IQR, 38-53 days) for tisa-cel (P < 0.001). For lymphodepletion, 1 

(1%) axi-cel recipient compared to 43 (51%) tisa-cel recipients received bendamustine, and 

1 (1%) tisa-cel recipient did not receive lymphodepletion. All others received fludarabine 

and cyclophosphamide, per the respective product label. No patients in the axi-cel group 

received an out of specification (OOS) product, while 21 (25%) tisa-cel recipients received 

a product not meeting commercial release specifications. Based on patient and/or disease-

related characteristics, 95 (61%) axi-cel and 36 (43%) tisa-cel recipients would have been 

ineligible for ZUMA-1 and JULIET, respectively (Supplemental Tables 4S and 5S).

Safety:

Toxicities are outlined in Table 2 and Supplemental Table 6S denotes toxicity patterns in 

patients receiving OOS tisa-cel, which were similar to commercial tisa-cel. Any Grade CRS 

was more prevalent after axi-cel compared to tisa-cel (85% vs. 39%, P < 0.001). Grade ≥ 

3 CRS occurred in 14 (9%) axi-cel recipients and 1 (1%) tisa-cel recipient (P = 0.017). 

There were no Grade 5 CRS events in either cohort. The median onset of CRS was 2 days 

after axi-cel (IQR, 1-5 days) and 3 days after tisa-cel (IQR, 1-4 days) infusion (P = 0.909). 

Among patients experiencing CRS, median CRS duration for axi-cel was 6 days (IQR, 4-9 

days) compared to 4 days (IQR, 2-5 days) for tisa-cel (P = 0.001). On MVA, a peak ferritin 

level of ≥ 5000 ng/mL following CAR T cell infusion was associated with severe CRS (odds 

ratio [OR] 8.36; 95% CI, 1.83-38.21; P = 0.006) after controlling for product used (Table 3).

Any Grade ICANS (56% vs. 11%, P < 0.001) along with Grade ≥ 3 ICANS (38% vs. 1%, 

P < 0.001) were more prevalent with axi-cel compared to tisa-cel. Median onset of ICANS 

was 6 days (IQR, 4-8 days) and 4 days (IQR, 3-7 days) after axi-cel and tisa-cel infusion, 

respectively (P = 0.264). Four (3%) ICANS-related deaths occurred after axi-cel; no deaths 

were attributed to neurologic toxicity after tisa-cel. The median duration of ICANS was not 

statistically different between axi-cel (7 days; IQR, 4-11 days) and tisa-cel (4 days; range, 

3-9 days) recipients (P = 0.327). MVA revealed that receipt of ≥ 4 prior lines of therapy 

(OR 2.62; 95% CI, 1.20-5.72; P = 0.016), an ECOG performance status of ≥ 2 (OR 5.05; 

95% CI 1.01-25.11; P = 0.05), and a peak ferritin level of ≥ 5000 ng/mL following CAR T 

cell infusion (OR 4.42; 95% CI, 1.29-15.11; P = 0.018) were significantly associated with 

an increased risk of severe ICANS. Conversely, treatment with tisa-cel was independently 

predictive of a lower risk of Grade ≥ 3 ICANS (OR 0.02; 95% CI, 0.01-0.13; P < 0.001) 

(Table 3).
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Toxicity Management:

Tocilizumab was more frequently administered after axi-cel compared to tisa-cel (61% 

vs.13%, P < 0.001). Axi-cel recipients received a median of 2 doses (IQR, 1-2 doses), and 

tisa-cel recipients received a median of 1 dose (IQR, 1-2 doses) (P = 0.071). Corticosteroid 

use was also more common with axi-cel relative to tisa-cel (54% vs. 8%, P < 0.001). 

When examining corticosteroid dosing, standard-dose corticosteroids (≤ 40 mg/day of 

dexamethasone or equivalent) were used in 53% and 8% of axi-cel and tisa-cel recipients, 

respectively (P < 0.001). High-dose corticosteroids (1000 mg/day methylprednisolone or 

equivalent) were utilized in 12% of axi-cel recipients, while no tisa-cel recipients received 

high-dose corticosteroids (P = 0.001).

Resource Utilization

CAR T cells were infused as an outpatient in 12 (8%) axi-cel and 53 (63%) tisa-cel 

recipients (P < 0.001) (Table 4). Among outpatient recipients, 1 (8%) axi-cel and 19 

(36%) tisa-cel recipients required hospitalization within 28 days following infusion. The 

outpatient axi-cel recipient was hospitalized for ICANS management. Outpatient tisa-cel 

recipients were hospitalized for CRS management (42%), disease progression (16%), and 

infectious complications (16%). Among patients receiving an inpatient cellular therapy 

infusion, median length of stay (LOS) was longer for axi-cel recipients at 19 days (IQR, 

15-27 days) compared to 16 days (IQR, 10-19 days) for tisa-cel (P < 0.001).

Intensive care unit (ICU) transfer occurred more commonly in axi-cel recipients compared 

to tisa-cel (38% vs. 5%, P < 0.001). Common reasons for ICU transfer for axi-cel 

recipients included neurologic toxicity (53%), hypotension (15%), or hypoxia (5%). Ten 

(17%) patients required mechanical ventilation or non-invasive positive pressure ventilation 

(NIPPV). Tisa-cel recipients required ICU care for neurologic toxicity (25%), hypotension 

(25%), or hypoxia (25%); only 2 (50%) patients required mechanical ventilation or NIPPV. 

The median ICU LOS was comparable between axi-cel (5 days; IQR, 3-8 days) and tisa-cel 

recipients (2 days; IQR, 2-5 days) (P = 0.112).

Efficacy:

The median follow-up for axi-cel and tisa-cel was 12.4 months and 13.8 months, 

respectively (P = 0.308). By mITT, at 90 days following infusion, 149 of 156 axi-cel 

recipients (96%) and 82 of 84 tisa-cel recipients (98%) were evaluable for response. The 

90-day ORRs were 52% for axi-cel and 41% for tisa-cel (P = 0.113), with CR rates of 44% 

and 35%, respectively (P = 0.319). Efficacy outcomes in patients receiving OOS tisa-cel 

are annotated in Supplemental Table 6S and were comparable to commercial tisa-cel. MVA 

analysis revealed that treatment with tisa-cel (OR 0.48; 95% CI, 0.26-0.89; P = 0.021), a 

pre-lymphodepletion LDH > institutional upper limit of normal (ULN) (OR 0.41; 95% CI, 

0.22-0.75; P = 0.004), along with a peak ferritin level of ≥ 5000 ng/mL following CAR T 

cell infusion (OR 0.22; 95% CI, 0.08-0.63; P = 0.005) were significantly associated with 

a lower 90-day ORR. Conversely, receipt of prior autologous HCT (OR 2.08; 95% CI, 

1.10-3.95; P = 0.025) was significantly associated with a higher 90-day ORR (Table 3).
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Among responding patients at the 90-days evaluation, the median DOR was not reached 

for either cohort, and the 12-month DOR was comparable at 70% (95% CI, 57%-79%) 

and 75% (95% CI, 56%-87%) for axi-cel and tisa-cel recipients, respectively (Figure 

2B). By mITT, unadjusted 12-month PFS was similar between axi-cel (42%; 95% CI, 

34%-50%) and tisa-cel (32%; 95% CI, 22%-42%) recipients (P = 0.206) (Figure 2C). In 

multivariable modeling, treatment with tisa-cel (Hazard ratio [HR] 1.62; 95% CI, 1.10-2.38; 

P = 0.014), a pre-lymphodepletion LDH > institutional ULN (HR 1.73; 95% CI, 1.16-2.59; 

P = 0.007), and a peak ferritin level of ≥ 5000 ng/mL following CAR T cell infusion (HR 

2.43; 95% CI, 1.53-3.86; P < 0.001) were all independently associated with worse PFS. 

Conversely, relapsed disease at time of referral (HR 0.58; 95% CI, 0.37-0.93; P = 0.022) was 

significantly associated with improved PFS (Table 3).

By mITT, unadjusted 12-month OS from the time of CAR T cell infusion was comparable 

between axi-cel (62%; 95% CI, 54%-70%) and tisa-cel (59%; 95% CI, 48%-69%) (P = 

0.909) (Figure 2D). To account for the 20 subjects who underwent collection but died prior 

to product receipt, we conducted an ITT analysis wherein the unadjusted 12-month OS from 

the time of apheresis remained comparable between axi-cel (58%; 95% CI, 50%-65%) and 

tisa-cel (55%; 95% CI, 44%-65%) (P = 0.940). Furthermore, OS from the time of apheresis 

was not significantly different between the ITT and mITT populations (data not shown). 

On MVA, a pre-lymphodepletion LDH > institutional ULN (HR 2.13; 95% CI, 1.31-3.45; 

P = 0.002) and a peak ferritin level of ≥ 5000 ng/mL following CAR T cell infusion (HR 

2.70; 95% CI, 1.60-4.56; P < 0.001) were associated with an increased risk of mortality, 

while relapsed disease at the time of referral (HR 0.48; 95% CI, 0.28-0.84; P = 0.011) was 

associated with improved OS (Table 3).

We separately evaluated the impact of pre-apheresis variables on OS by product. The use 

of axi-cel in patients receiving ≥ 3 prior lines of therapy (HR 2.27; 95% CI 1.22-4.24; 

P =0.010) or in those with bulky disease (HR 2.36; 95% CI 1.27-4.39; P = 0.006) 

was associated with inferior OS. Conversely, tisa-cel treatment in patients with primary 

refractory disease (HR 3.94; 95% CI 1.51-10.29; P = 0.005) or in those with an elevated 

LDH at the time of apheresis (HR 3.68; 95% CI 1.58-8.56; P = 0.003) was associated with 

inferior OS.

Non-relapse Mortality and Causes of Death:

On univariate analysis, the cumulative incidence of NRM at 1-year following CAR T cell 

infusion was similar between axi-cel (9%; 95% CI, 5%-15%) and tisa-cel (7%; 95% CI, 

3%-14%) recipients (P = 0.404) (Figure 2A). The primary cause of death in both cohorts 

was progressive lymphoma (axi-cel=35%; tisa-cel=42%). As of the data cutoff, there were 

19 (12%) deaths unrelated to lymphoma progression in recipients of axi-cel, including 4 

(3%) within 28-days of the infusion. Similarly, there were 7 (8%) deaths after tisa-cel 

unrelated to lymphoma progression, though none within 28-days of CAR T cell infusion. 

The most common cause of non-lymphoma related death was infection. Supplemental Table 

7S lists additional causes of death. MVA revealed that a peak ferritin level of ≥ 5000 

ng/mL following CAR T cell infusion (HR 4.52; 95% CI, 1.86-10.97; P = 0.001) and a 
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pre-lymphodepletion LDH > institutional ULN (HR 2.93; 95% CI, 1.07-8.02; P = 0.036) 

were significantly associated with an increased risk of NRM (Table 3).

DISCUSSION:

In this retrospective multicenter analysis, we uncovered significant differences in patterns of 

use, toxicity outcomes, and resource utilization for 260 patients who underwent apheresis 

between 5/1/2018 and 7/31/2019 with the intention to manufacture commercial axi-cel or 

tisa-cel at 8 US academic medical centers. Our data revealed that baseline characteristics 

differ between recipients of axi-cel and tisa-cel, though response rates and survival outcomes 

appear similar, albeit slightly lower than results noted in pivotal trials. These results are 

consistent with previously published real-world reports evaluating the use of commercial 

CAR T cell therapy in patients treated in both the US and Europe.12, 19-21

All contributing centers were certified to administer either commercial product for 

patients with aggressive B-NHL allowing us to gain insight into prescribing practices, but 

recognizing that information is not available regarding the preferential selection. Patterns 

of use suggest that tisa-cel recipients were older, more heavily pretreated, had lower 

comorbidity burden, more commonly had relapsed disease, though were less likely to 

have an elevated LDH at lymphodepletion. The median turnaround time for tisa-cel was 

significantly longer than axi-cel, potentially reflecting tisa-cel manufacturing challenges 

known to have existed during the early post-approval period, a factor that may have 

influenced prescribing practices. There was a trend toward higher utilization of bridging 

therapy in tisa-cel compared to axi-cel recipients, which could relate to the longer 

turnaround time, though the patient numbers who underwent apheresis but never received 

CAR T cells was similar. Despite the shorter turnaround time for axi-cel, bridging therapy 

utilization was still substantial (63%), which may be linked to the higher likelihood of 

primary refractory disease in this population.

There was a marked contrast in CRS and ICANS rates between the two products, with 

tisa-cel being associated with a significantly lower incidence and severity of both CRS 

and ICANS compared to axi-cel, further supported by less frequent use of tocilizumab and 

corticosteroids. No deaths were attributed to CRS in either cohort; 4 deaths in the axi-cel 

cohort were related to neurotoxicity, while there were no Grade 5 neurotoxic events with 

tisa-cel. Infection was the most common cause of death unrelated to lymphoma, and a more 

thorough study of these events is warranted to inform optimal infection prophylaxis and 

mitigation strategies.22, 23

Recognizing its universal acceptance, the ASTCT consensus grading system for toxicity 

was used across all study sites, rather than grading systems used in the pivotal phase 2 

trials. Given differences in the respective scoring systems, we are unable to definitively 

compare rates and severity of toxicity in our analysis to those in the pivotal trials. 

Consistent with CRS and ICANS rates, axi-cel was associated with a greater utilization 

of anti-cytokine therapy including tocilizumab and corticosteroids compared to tisa-cel. 

Tocilizumab (61%) and corticosteroids (54%) usage in the axi-cel cohort was higher 

compared to ZUMA-1 (43% and 27%, respectively), perhaps reflecting practice evolutions.7 
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Conversely, tocilizumab (13%) and corticosteroid (8%) use in tisa-cel recipients was 

relatively in-line with JULIET (16% and 10%, respectively).9 As in other retrospective 

analyses, we speculate that the higher utilization of both tocilizumab and corticosteroids, 

especially in the axi-cel cohort, may explain differences in the safety profile of CAR T 

cell therapy in the commercial versus trial setting. Additionally, increasing institutional 

experience and refinements in toxicity management likely played a role.

There is growing interest to provide CAR T cell therapy on an outpatient basis based on 

patient preference, reimbursement considerations, and resource utilization. The ZUMA-1 

study mandated hospitalization for axi-cel infusion and a minimum of 7 days afterwards, 

while hospitalization was optional in the JULIET trial.7, 9 In this study, the treatment 

setting (inpatient vs. outpatient) was determined on an individual basis and was influenced 

by institutional practice patterns, center infrastructure, and resources for outpatient 

treatment. Tisa-cel was more frequently administered outpatient and among these subjects, 

approximately a third required inpatient admission within the first 28 days for toxicity 

management, primarily CRS. The small number of axi-cel subjects receiving outpatient 

therapy (n=12, 8%) did not permit us to characterize causes of hospital admission. Future 

efforts should focus on better characterizing toxicities with outpatient commercial CAR 

T cell therapy, with the aims of delineating optimal candidates and ultimately increasing 

outpatient administration.

Our analysis was not designed to directly compare the efficacy of products. However, in this 

unmatched patient population with a median follow-up exceeding 12-months, ORRs, PFS, 

and OS were comparable among axi-cel and tisa-cel recipients. We assessed response rates 

at 90 days following infusion, a timepoint likely more informative of long-term efficacy, 

as suggested by the pivotal trials.8, 10 DOR at 90-days following infusion was similar 

among the cohorts, and notably, approximately 70% of responding patients are alive and 

progression-free. In our study, 25% of tisa-cel recipients received an out of specification 

product, yet outcomes appeared similar to recipients of in-specification commercial tisa-cel, 

consistent with prior reports.24, 25

A substantial proportion of axi-cel (61%) and tisa-cel (43%) recipients would have been 

ineligible for the pivotal trials, yet safety outcomes appear comparable with a suggestion of 

less favorable efficacy. These data, in combination with prior published reports,12, 13 support 

use of CAR T cell therapy in a broader patient population, and furthermore, argue for the 

adoption of less restrictive eligibility criteria in future prospective cellular therapy clinical 

trials.

In our analysis, an elevated LDH pre-lymphodepletion was associated with inferior 90-day 

ORR, PFS, OS, and a higher risk of NRM. This biomarker is often reflective of higher tumor 

burden and proliferative activity and highlights a patient population which may benefit 

from novel interventions to better control disease prior to CAR T cell therapy. Notably, 

neither the CCI or IPI were found to be associated with efficacy, and more nuanced risk 

scoring systems are likely needed. Interestingly, we noted that a peak ferritin level of ≥ 

5000 ng/mL following CAR T cell infusion was associated with severe CRS and ICANS 

along with worse efficacy outcomes and a higher risk of NRM. While there was not a 
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statistically significant difference in response rates or PFS seen between these products, 

MVA did suggest that tisa-cel therapy was associated with a lower 90-day ORR and worse 

PFS, as has been noted in other real-world reports.20, 21 Within our dataset, we are unable 

to more definitively conclude if the cellular therapy product had an impact on efficacy 

outcomes, though future analyses incorporating propensity score matching, in combination 

with growing real-world experience will likely provide further clarity.

We analyzed the impact of pre-apheresis characteristics on OS by product and noted that 

receipt of ≥ 3 prior lines of therapy or the presence of bulky disease was associated with 

inferior OS outcomes in axi-cel recipients. Tisa-cel treatment in patients with primary 

refractory disease or an elevated LDH at the time of apheresis was additionally associated 

with poor OS. Collectively, these data may help inform product selection at the time of 

apheresis.

There are several limitations inherent with this retrospective analysis, including potential 

center-specific practices patterns and patient-selection biases. Real world experience 

summarized here reflects an early time period after commercial CAR T cell approval 

for aggressive B-NHL. Treatment strategies continue to evolve with additional product 

approvals, expanded label indications, and advancements in toxicity management.

Despite these limitations, our data highlight real world practice patterns, and outcomes in 

patients undergoing commercial axi-cel and tisa-cel. After administration of either product, 

many patients have experienced sustained complete remissions despite high-risk disease, 

further emphasizing the impact of both axi-cel and tisa-cel in the treatment of R/R B-NHL.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

Baseline characteristics differed between axi-cel and tisa-cel recipients

Tisa-cel was associated with a lower incidence and severity of CRS and ICANS

Axi-cel and tisa-cel were associated with comparable efficacy outcomes

Greater resource utilization was seen in axi-cel recipients
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Figure 1: 
CONSORT flow diagram. CAR = chimeric antigen receptor; Axi-cel = axicabtagene 

ciloleucel; Tisa-cel = tisagenlecleucel; PD = progressive disease
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Figure 2: 
Outcomes of axi-cel and tisa-cel (A) Non-relapse mortality by product. (B) Duration of 

response in responders at 90-day evaluation. (C) Progression-free survival from cell therapy 

infusion by product. (D) Overall survival from cell therapy infusion by product.
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Table 1.

Patient Characteristics

Characteristic Axi-cel Tisa-cel P-value

Patients collected/infused, n (%) 168/156 (93%) 92/84 (91%) 0.653

Age at apheresis, years

      Median (IQR) 59 (53-67) 67 (61-72) < 0.001

      ≥ 65, n (%) 54 (35%) 52 (62%) < 0.001

Male, n (%) 118 (76%) 44 (52%) < 0.001

ECOG 0/1 at apheresis, n (%) 138 (88%) 78 (93%) 0.169

Charlson Comorbidity Index

      0, n (%) 46 (29%) 38 (45%) 0.044

      1, n (%) 24 (15%) 12 (14%) ---

      ≥ 2, n (%) 86 (55%) 34 (40%) ---

Diagnosis

      DLBCL, n (%) 117 (75%) 71 (85%) 0.149

      TFL, n (%) 28 (18%) 7 (8%) ---

      HGBL, n (%) 9 (6%) 6 (7%) ---

      PMBCL, n (%) 2 (1%) 0 (0%) ---

Disease stage III/IV, n (%) 128 (82%) 68 (81%) 0.754

Disease status at referral

      Primary refractory, n (%) 63 (40%) 17 (20%) 0.007

      Refractory to most recent therapy, n (%) 47 (30%) 33 (39%) ---

      Relapsed, n (%) 46 (29%) 34 (40%) ---

IPI 3-5 at apheresis, n (%) 76 (49%) 41 (49%) 0.923

Bulky disease (≥ 10 cm), n (%) 22 (14%) 12 (14%) 0.942

Prior therapies

      Median, n (range) 3 (2-10) 4 (2-9) 0.199

      ≥ 3, n (%) 113 (72%) 72 (86%) 0.020

      ≥ 4, n (%) 67 (43%) 44 (52%) 0.162

Prior autologous HCT, n (%) 43 (28%) 21 (25%) 0.668

Prior allogeneic HCT, n (%) 5 (3%) 0 (0%) 0.097

Bridging therapy, n (%) 98 (63%) 62 (74%) 0.085

Median turnaround time, days (IQR) 28 (26-36) 45 (38-53) < 0.001

Out of specification product, n (%) 0 (0%) 21 (25%) < 0.001

Ineligible for pivotal clinical trial, n (%) 95 (61%) 36 (43%) ---

Pre-lymphodepletion LDH > institutional ULN, n (%) 100 (64%) 35 (42%) < 0.001

Median ferritin pre-lymphodepletion, ng/mL 404 332 0.128

Lymphodepleting chemotherapy

      Fludarabine and cyclophosphamide, n (%) 155 (99%) 41 (49%) < 0.001

      Bendamustine, n (%) 1 (1%) 43 (51%) ---
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Characteristic Axi-cel Tisa-cel P-value

      None, n (%) 0 (0%) 1 (1%) ---

Abbreviations: IQR = interquartile range; ECOG = Eastern Cooperative Oncology Group; DLBCL = diffuse large B-cell lymphoma; TFL = 
transformed follicular lymphoma; HGBL = high-grade B-cell lymphoma; PMBCL = primary mediastinal B-cell lymphoma; IPI = International 
Prognostic Index; HCT = hematopoietic cell transplantation; LDH = lactate dehydrogenase; ULN = upper limit of normal
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Table 2.

Summary of Safety by Product

Axi-cel Tisa-cel P-value

Cytokine release syndrome, n (%)

      Any Grade 133 (85%) 33 (39%) < 0.001

       Grade 1 74 (47%) 19 (23%) ---

       Grade 2 44 (28%) 13 (15%) ---

       Grade 3 8 (5%) 1 (1%) ---

       Grade 4 6 (4%) 0 (0%) ---

       Grade 5 0 (0%) 0 (0%) ---

Median time to onset post-infusion, days (IQR) 2 (1-5) 3 (1-4) 0.909

Median duration, days (IQR) 6 (4-9) 4 (2-5) 0.001

Immune effector cell-associated neurotoxicity syndrome, n (%)

      Any Grade 88 (56%) 9 (11%) < 0.001

       Grade 1 13 (8%) 4 (5%) ---

       Grade 2 15 (10%) 4 (5%) ---

       Grade 3 39 (25%) 1 (1%) ---

       Grade 4 17 (11%) 0 (0%) ---

       Grade 5 4 (3%) 0 (0%) ---

Median time to onset post-infusion, days (IQR) 6 (4-8) 4 (3-7) 0.264

Median duration, days (IQR) 7 (4-11) 4 (3-9) 0.327

Abbreviations: IQR = interquartile range
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Table 3.

Main Effect of Multivariable Regression Analysis

Effect P-value OR/HR Estimate 95% CI

Grade ≥ 3 CRS

      Tisa-cel 0.297 0.31 0.04-2.77

      Peak ferritin ≥ 5000 ng/mL 0.006 8.36 1.83-38.21

Grade ≥ 3 ICANS

      Tisa-cel < 0.001 0.02 0.01-0.13

      ≥ 4 prior lines of therapy 0.016 2.62 1.20-5.72

      ECOG performance status ≥ 2 0.05 5.05 1.01-25.11

      Peak ferritin ≥ 5000 ng/mL 0.018 4.42 1.29-15.11

90-day ORR

      Tisa-cel 0.021 0.48 0.26-0.89

      Prior autologous HCT 0.025 2.08 1.10-3.95

      Pre-lymphodepletion LDH > institutional ULN 0.004 0.41 0.22-0.75

      Peak ferritin ≥ 5000 ng/mL 0.005 0.22 0.08-0.63

PFS

      Tisa-cel 0.014 1.62 1.10-2.38

      Pre-lymphodepletion LDH > institutional ULN 0.007 1.73 1.16-2.59

      Disease status at referral: refractory to most recent therapy vs. primary refractory 0.585 0.89 0.59-1.35

      Disease status at referral: relapsed vs. primary refractory 0.022 0.58 0.37-0.93

      Peak ferritin ≥ 5000 ng/mL < 0.001 2.43 1.53-3.86

OS

      Tisa-cel 0.109 1.45 0.92-2.28

      Pre-lymphodepletion LDH > institutional ULN 0.002 2.13 1.31-3.45

      Disease status at referral: refractory to most recent therapy vs. primary refractory 0.547 0.87 0.54-1.38

      Disease status at referral: relapsed vs. primary refractory 0.011 0.48 0.28-0.84

      Peak ferritin ≥ 5000 ng/mL < 0.001 2.70 1.60-4.56

NRM

      Tisa-cel 0.999 1.00 0.40-2.49

      Peak ferritin ≥ 5000 ng/mL 0.001 4.52 1.86-10.97

      Pre-lymphodepletion LDH > institutional ULN 0.036 2.93 1.07-8.02

Abbreviations: OR = odds ratio; HR = hazard ratio; CRS = cytokine release syndrome; ICANS = immune effector cell-associated neurotoxicity 
syndrome; ECOG = Eastern Cooperative Oncology Group; ORR = overall response rate; LDH = lactate dehydrogenase; ULN = upper limit of 
normal; HCT = hematopoietic cell transplantation; PFS = progression-free survival; OS = overall survival; NRM = non-relapse mortality.
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Table 4.

Resource Utilization by Product

Axi-cel Tisa-cel P-value

Treatment setting, n (%)

        Inpatient 144 (92%) 31 (37%) < 0.001

        Outpatient 12 (8%) 53 (63%) ---

Unplanned hospitalization following outpatient administration, n (%)
a 1 (8%) 19 (36%) 0.062

Reasons for hospitalization among outpatient administration, n (%)
a

        CRS 0 (0%) 8 (42%) ---

        ICANS 1 (100%) 2 (11%) ---

        Infection 0 (0%) 3 (16%) ---

        PD 0 (0%) 3 (16%) ---

        Other 0 (0%) 2 (11%) ---

        Missing 0 (0%) 1 (5%) ---

Median LOS among those undergoing inpatient administration, days (IQR) 19 (15-27) 16 (10-19) 0.001

ICU transfer, n (%) 60 (38%) 4 (5%) < 0.001

ICU LOS, days (IQR) 5 (3-8) 2 (2-5) 0.112

a
Within 28 days following CAR T cell infusion

Abbreviations: CRS = cytokine release syndrome; ICANS = immune effector cell-associated neurotoxicity syndrome; PD = progressive disease; 
LOS = length of stay; IQR = interquartile range; ICU = intensive care unit
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