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Abstract

Since 2017, three CD19 directed chimeric antigen receptor (CAR T-cell) therapies have been 

approved for relapsed/refractory aggressive large B cell lymphomas (LBCL) after two lines of 

therapy, axicabtagene ciloleucel, tisagenlecleucel and lisocabtagene maraleucel. Recently, three 

prospective phase 3 randomized clinical trials were conducted to define the optimal second 

line treatment by comparing each of the CAR T-cell products to the current standard of care: 

ZUMA-7 for axicabtagene ciloleucel, BELINDA for tisagenlecleucel and TRANSFORM for 

lisocabtagene maraleucel. These three studies, while largely addressing the same question, had 

different outcomes with ZUMA-7 and TRANSFORM demonstrating a significant improvement 

with CD19 CAR T-cell therapy in second line compared to SOC, while BELINDA did not show 

any benefit. The US FDA has now approved axicabtagene ciloleucel for LBCL that is refractory to 

first-line chemoimmunotherapy or relapses within 12 months of first-line chemoimmunotherapy. 

Following the reporting of these practice changing studies, a group of experts convened by the 

American Society for Transplantation and Cellular Therapy now provides a comprehensive review 

of the three studies, emphasizing potential differences, and share perspectives on what these 

results mean to clinical practice in this new era of treatment of B-cell lymphomas.

Introduction

Since 2017, three CD19 directed chimeric antigen receptor (CAR T-cell) therapies have 

been approved for relapsed/refractory aggressive large B cell lymphomas (LBCL) after two 

lines of therapy, axicabtagene ciloleucel (axi-cel, Kite/Gilead), tisagenlecleucel (tisa-cel, 

Novartis) and lisocabtagene maraleucel (liso-cel, Bristol Myers Squibb) 1–3. The three 

products have never been compared in a randomized fashion but differences in construct 

design, manufacturing nuances, and toxicity have influenced clinical implementation 4–7. 

The promising responses observed with these products raised the consideration for earlier 

use of CAR T-cell therapy, ahead of autologous hematopoietic cell transplant (auto-HCT), 

in the treatment paradigm for LBCL. To address this important question, three concurrent 

prospective phase 3 randomized clinical trials (RCT) were conducted to define the optimal 

second line treatment by comparing each of the CAR T-cell products to the current 

standard of care: ZUMA-7 for axicabtagene ciloleucel, BELINDA for tisagenlecleucel 

and TRANSFORM for lisocabtagene maraleucel 8–10. These three studies, while largely 

addressing the same question, had differences in study design that may have resulted in 

meaningful differences in outcomes, which are destined to influence clinical implementation 

of these results.
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With preliminary release of positive results for two of the trials and anticipated FDA 

approval of CAR T cells for LBCL in second line, the American Society for Transplantation 

and Cellular Therapy (ASTCT) convened a group of experts in the fall of 2021 to provide a 

comprehensive review of the three studies and share perspectives on what these results mean 

to clinical practice as we implement the use of CD19 directed CAR T-cell products in this 

new era of treatment of B cell lymphomas (Box 1).

Q1. What is the current standard of care for patients with LBCL in second 

line?

For almost three decades the standard of care for second line therapy for relapsed/refractory 

diffuse large B-cell lymphoma (DLBCL) has been platinum-based salvage chemotherapy 

followed by high dose therapy and auto-HCT consolidation for patients who were medically 

eligible and achieved a partial remission (PR) or complete remission (CR). This standard 

was based on the improved five-year event free survival (EFS, 46% vs 12%, with events 

defined as relapse, disease progression or death from any cause) and overall survival (OS, 

53% vs 32%) seen in the PARMA study comparing auto-HCT to further cycles of salvage 

chemotherapy in patients achieving a CR or PR to the initial salvage attempt (randomization 

happening after establishing response to salvage therapy) 11. Of note, 64% of patients 

relapsing after an initial CR responded to salvage chemotherapy, but only 21% of the 

patients with primary refractory disease had response to salvage.

This has become even more of an issue in the current era of rituximab-based frontline 

chemoimmunotherapy (CIT). The pivotal randomized phase 3 CORAL study identified 

patients who relapsed within 12 months of initial diagnosis and those with age adjusted 

international prognostic index (IPI) of > 2 as having an inferior response rate, EFS and 

OS, regardless of salvage regimen 12. In the CORAL study, overall response rate (ORR, 

including CR or PR) was 62–64% with the two salvage options and only 51% patients 

went on to receive auto-HCT after response to salvage chemotherapy 12, 13. Although more 

patients are cured up front, and those that relapse >12 months after initial diagnosis still 

have a 45% 3-year EFS with salvage chemotherapy and auto-HCT, the CORAL study 

highlighted the poor outcomes with SOC in the subgroup of patients with primary refractory 

disease and/or relapse within 12 months of initial diagnosis. This high-risk subgroup was 

also confirmed in the NCIC-CTG LY.12 study with only 25% of patients with primary 

refractory disease responding to salvage chemotherapy and proceeding to auto-HCT 14. 

It is however noteworthy that a retrospective Center for International Blood and Marrow 

Transplant Research (CIBMTR) analysis showed durable disease control with 44% 3-year 

PFS despite early rituximab failure within 12 months, underscoring the fact that in the subset 

of early failure patients with responsive disease to salvage attempts, auto-HCT can provide 

durable control 15. While representing retrospective real-world data reported to the registry, 

CIBMTR results were in line with the 40% 3-year EFS with auto-HCT in this early relapse 

subgroup with responsive disease in the CORAL study and 45% 4-year EFS seen after 

auto-HCT in this subgroup in the NCIC-CTG LY.12 study 12, 14. Of note, the 12-months 

definitions differ between the CORAL and CIBMTR studies (12 months from diagnosis) 

compared to the NCIC-CTG LY.12 study and three RCT (12 months from end of treatment). 
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Hence a small proportion of patients enrolled (~15%) in the three RCT would be considered 

low-risk by CORAL study criteria. It should also be noted that those who achieve complete 

response to salvage (CR2) and especially those achieving a negative post-salvage PET scan 

(PET-CR) have the best outcomes after auto-HCT (4-year PFS 64% with PET-CR vs 32% 

with positive PET) 16. Similar results were seen in another recent CIBMTR study where 

auto-HCT provided durable disease control in patients with primary refractory DLBCL who 

respond to salvage therapies 17. However, these results need to be seen in the context of 

the 75–80% failure rate for patients with primary refractory disease or early relapse that 

are unable to move on to auto-HCT after standard salvage chemotherapy, substantiating 

this subgroup as an area of unmet need. Furthermore, while CIBMTR data is collected 

prospectively, it only includes patients who received a cell infusion and who were reported 

to the registry, introducing potential selection biases.

Studies have shown that the addition of rituximab (CIBMTR), rituximab maintenance 

(CORAL) or iodine-131 tositumomab (BMT-CTN 0401) to standard conditioning 

chemotherapy and auto-HCT did not improve outcomes of auto-HCT using standard BEAM 

(carmustine, etoposide, cytarabine, melphalan) 13, 18, 19. However, it is unclear if some of the 

newer immunotherapies like bispecific antibodies or antibody drug conjugates may be able 

to induce deep enough remissions in early relapsed/refractory disease to move to auto-HCT 

or to combine with conditioning to make responses last longer. Are the durable remissions 

seen after auto-HCT in the early relapsed/refractory subgroup simply a result of better 

chemosensitivity and better lymphoma biology in those patients, or can we achieve similar 

results from auto-HCT as long as we can obtain a CR or PR using alternative methods like 

immunotherapy prior to auto-HCT 20–22? These questions remain to be determined.

Q2. What are the key results of the three randomized trials of CAR T-cells in 

second line therapy?

The three RCT asked a similar question in patients with lymphoma that was refractory 

or relapsed within 12 months of first line therapy: Is EFS superior with CAR T-cells or 

standard salvage CIT followed by auto-HCT 8–10? Not only were there differences in study 

design and endpoint definitions between the three trials, but overall outcomes were also 

different, with two trials, ZUMA-7 and TRANSFORM, reporting positive results in favor 

of the CAR T-cell arm for the primary outcome, EFS, while BELINDA did not show any 

difference between the CAR T-cell and controls arms (Table 1). Of note, with a median 

follow-up of 6 to 25 months, none of the trials have demonstrated a significant difference in 

OS at this time.

A total of 865 patients were treated on the three trials, including 359 on ZUMA-7, 322 on 

BELINDA and 184 on TRANSFORM. Similar rates of patients randomized to the CAR 

T-cell arm were infused with axi-cel (94%), tisa-cel (96%) and liso-cel (98%), respectively. 

Among patients randomized to the CAR T-cell arm, 36% treated with axi-cel received 

bridging therapy consisting of glucocorticoids only, while the two other trials allowed 

bridging chemotherapy, which was administered to 83% and 63% of patients receiving 

tisa-cel and liso-cel, respectively. A higher percent of patients on the SOC arm proceeded 
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to auto-HCT on TRANSFORM (47%) compared to ZUMA-7 (36%) and BELINDA (33%). 

Similar rates of crossover to CAR T-cell therapy were observed in the three studies, 56%, 

51% and 55% on ZUMA-7, BELINDA, and TRANSFORM, respectively.

In the ZUMA-7 trial, at a median follow-up of 24.9 months, the median EFS was 8.3 vs 

2.0 months for axi-cel vs. SOC, and the 24-month EFS was 41% and 16%, respectively 

(HR for death or event 0.40, 95% CI 0.31 – 0.51, p<0.001) 8. ORR was 83% (CR 65%) 

in the axi-cel arm and 50% (CR 32%) in the SOC arm. In an interim analysis, estimated 

2-year OS was 61% in the axi-cel arm and 52% in the SOC arm (HR for death 0.73, 

95% CI 0.53–1.01). Based on patient reported outcomes (PRO), axi-cel was associated with 

an improvement in quality of life (QOL) at Day 100 and faster recovery to pretreatment 

QOL compared with SOC 23. In the TRANSFORM trial, with a median follow-up of 6.2 

months, median EFS was 10.1 vs. 2.3 months for liso-cel and SOC, respectively (HR 0.349, 

p<0.0001) 10. ORR was 86% (CR 66%) in the liso-cel arm and 48% (CR 39%) in the SOC 

arm. Estimated 12-month OS was 79% months in the liso-cel arm and 64% in the SOC arm. 

Liso-cel also showed favorable improvement in PRO compared with SOC 24. In contrast, in 

the BELINDA trial, median EFS was 3.0 months in both groups (HR for death or event 1.07, 

95% CI 0.82–1.40, p=0.61) 9. ORR was 46.3% (CR 28%) in the tisa-cel arm and 42.5% 

(CR 28%) in the SOC arm. OS was not formally analyzed in the absence of an EFS benefit. 

On April 1, 2022, the FDA approved axi-cel for adult patients with LBCL that is refractory 

to first-line CIT or relapses within 12 months of first-line therapy. The NCCN guidelines 

(v. 2.2022) were updated in March 2022 to include axi-cel as the indicated treatment for 

patients who have primary refractory disease or relapse within 12 months and are eligible for 

CAR T-cell therapy. It is anticipated that approval of liso-cel in second line may follow later 

this year.

The use of CAR T cells has been associated with specific early toxicities, CRS and ICANS 
25–31. Patients treated with axi-cel had a 6% incidence of grade ≥ 3 CRS and 21% had grade 

≥ 3 neurotoxicity 8. Consistent with observations from the original registration studies in 

third line 1–3, these rates were higher than those observed in patients treated with liso-cel 

(1% grade ≥ 3 CRS; 4% grade ≥ 3 neurotoxicity) 10 and tisa-cel (5% grade ≥ 3 CRS; 2% 

grade ≥ 3 neurotoxicity) 9. All three studies used the original Lee criteria for CRS grading 
25, and CTCAE grading for neurological toxicity, rather than the ASTCT consensus criteria 

routinely used in current clinical practice 26. While not in exact agreement, the grading 

systems used on these trials were closer to the ASTCT consensus grading than the original 

Penn grading for CRS or CARTOX for neurotoxicity 27. Beyond CRS and ICANS, longer 

follow-up of the trials will be needed to document some of the late effects of CAR T cells 
32–37.

Q3. What are additional results of the three randomized trials of CAR T-cells 

in second line therapy that should be considered?

The CORAL study identified a subgroup of patients with lower EFS and OS 12, 13. In 

the pooled retrospective SCHOLAR-1 data, patients with progressive disease or stable 

disease as best response after >4 cycles of first-line chemotherapy or 2 cycles of later line 
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chemotherapy and those who relapsed within 12 months from auto-HCT were labelled as 

refractory DLBCL and objective response to next line of therapy in this cohort was 26% 

with 7% CR 38. Keeping the above in context, ZUMA-7, BELINDA and TRANSFORM 

enrolled patients with a similar pattern of aggressive disease status including LBCL 

refractory (lack of CR) to first-line therapy or relapsed within 12 months of first-line CIT 

including a CD20 monoclonal antibody and an anthracycline 8–10. Patients also needed to 

be eligible for an auto-HCT. With approval by the FDA of at least one CD19 CAR T-cell 

therapy in second line in the setting of limited OS data, an important consideration will be to 

see if the trial results would apply to all patients with the above criteria or if a select group 

of patients would benefit the most.

Activated B-cell-like (ABC) cell of origin large B cell lymphomas have poorer overall 

outcomes compared to germinal center B-cell-like (GCB) in the chemotherapy era 39. 

Patients with double-hit, triple-hit (MYC, BCL-2 and BCL-6 translocations) and double-

expressor (high MYC and BCL2 protein expression without an underlying translocation) 

lymphomas are known to have a poorer outcome with chemotherapy and auto-HCT in a 

salvage setting. From the CORAL data, 4-year PFS and OS were 18% and 29% in patients 

with MYC rearrangement versus 42% and 62% in MYC negative patients 40. In a more 

recent retrospective study of 117 patients who underwent auto-HCT between 2000 and 

2013 from Dana Farber and City of Hope, 4-year PFS for those with neither double-hit/

double-expressor was 59%, double-expressor 48% and double-hit 25% while 4-year OS was 

67%, 56% and 25%, respectively 41. Within studies on CAR T-cells published thus far, 

albeit with a shorter follow-up and absence of direct comparison, these differences appear 

less dramatic 1–3. A subgroup analysis of ZUMA-7 showed favorable EFS in both GCB 

and ABC lymphoma, although the later only composed <10% of the patients 8. Similarly, 

patients with both GCB and ABC lymphoma had superior outcomes with liso-cel compared 

to SOC 10. EFS was also superior with axi-cel in double-hit, triple-hit and double-expressor 

lymphoma, which together composed almost 50% of the cohort. This suggests that CAR 

T cells may overcome some of the adverse prognostic factors for lymphoma identified in 

the pre-CAR T era. However, sufficiently powered studies comparing CAR T-cell versus 

salvage chemotherapy/auto-HCT are needed to specifically address this question. A number 

of factors have been shown to predict responses to CAR T cells in the third line setting, 

including the IPI and co-morbidities, as well as disease characteristics 42–47. One area that 

deserves further investigation is the identification of biomarkers for safety and toxicity of 

CAR T-cells in the setting of large multicenter cohorts 48.

One population of particular interest is patients over 65. All three RCT included around 

30% of patients in this age group 8–10. Older patients and those who may not be considered 

candidates for auto-HCT due to comorbidities can potentially receive CAR T-cell therapy, 

and some patients are already being treated in second line with CAR T-cell therapy in 

these circumstances. While response to salvage, rates of auto-HCT and OS were similar 

in patients >60 and ≤60 years in subgroup analysis of CCTG LY.12 trial, NRM was 4% 

for salvage chemotherapy and 8% for auto-HCT at 100 days for age >60 years (versus 

1% for each for age ≤60 years) 49. In the post-hoc subgroup analysis of ZUMA-1, which 

followed strict inclusion criteria for organ function, CAR T-cell expansion, ORR, CR rate, 

cytopenias, infections, and CRS were not higher in age >65 versus compared to age ≤65 
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years 50. However, neurotoxicity grade ≥3 was higher in older patients (44%) compared to 

the younger cohort (28%), mostly manifesting as delirium and encephalopathy. Forty-two 

percent of patients treated on the TRANSFORM trial were over 65 years 3. Both efficacy 

and safety after treatment with liso-cel were similar in those patients compared to those 

<65 years 10. In a retrospective single institution study using commercial axi-cel and tisa-

cel, incidence of CRS, ICANS, hematological toxicity and intensive care admissions were 

similar in older (≥65 years) and younger (<65 years) cohort, despite a high comorbidity 

index in the former 51. It should be noted that, while NRM at 100 days and 1 year in older 

patients undergoing auto-HCT has been found to be comparable to younger patients, higher 

rates of cardiovascular toxicities have been observed as well as increased risk of disease 

progression or death 52. In clinical practice, inclination towards auto-HCT for older patients 

is lower as also witnessed in the ZUMA-1 subgroup analysis 50. Combined with ongoing 

efforts (prophylactic and treatment) to abrogate CAR T-cell toxicity and, given the relatively 

low incidence of severe CRS and ICANS with liso-cel, CAR T-cell therapy may become 

more feasible for the elderly or frail population, not deemed fit for auto-HCT.

Q4. What are the differences between the three studies’ designs and how 

may that have impacted outcomes?

Given differences in outcomes between the three trials, a key question is what drove 

those differences. Was it differences in study design, patient populations, CAR T-cell 

product, other factors, or a combination of factors? It is critical to try and understand those 

differences, particularly as we implement the results of these trials into clinical practice.

Table 2 outlines the study designs of the three trials. Inclusion criteria were similar across 

the studies as they enrolled patients with LBCL with disease that was refractory or relapsed 

within 12 months of 1st line therapy. All patients had to be transplant eligible. BELINDA 

and TRANSFORM also included primary mediastinal B-cell lymphoma and follicular 

lymphoma grade 3B. Finally, as ZUMA-7 only allowed glucocorticoids as bridging, the 

study excluded patients with requirement for urgent therapy due to tumor mass effects. As 

noted above, the inclusion criteria were similar to the NCIC-CTG LY.12 study but differed 

from the CORAL study where time of diagnosis rather than end of 1st line therapy was used 

to define the 12 months timepoint 12, 14. Disease assessment was done according to Lugano 

criteria 53. The primary endpoint for all three trials was EFS. However, the definitions of 

EFS varied among the 3 trials (Table 3). In addition, patients on BELINDA had a PET scan 

at 6 weeks that did not count as an event but may have impacted clinical decision making. 

Another difference among the trials was how crossover was handled on the SOC arm. Both 

BELINDA and TRANSFORM included crossover on trial; while crossover was not built 

into ZUMA-7, patients on the SOC arm ended up being treated with CAR T-cells, including 

many with axi-cel. As noted above, crossover rates were similar.

In addition to differences in CAR T-cell products, the intensity of the lymphodepletion also 

varied, with tisa-cel being given after the lowest dose of lymphodepletion. Although some 

studies suggest that higher intensity lymphodepletion may lead to better T-cell expansion 
54, 55, the doses of CAR T-cells and lymphodepletion used in the trials were the same as 
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those used in the pivotal trials and currently used routinely in clinical practice in 3rd line. 

A significant difference in the control arm was the fact that patients treated on BELINDA 

and TRANSFORM were allowed to receive up to two lines of salvage CIT, while ZUMA-7 

trials only allowed one line, and would have considered patients needing more than one 

line as having reached an endpoint. This approach in BELINDA and TRANSFORM was 

based on the fact that, in the CORAL study, 30% of patients who did not respond to the 1st 

line of salvage successfully proceeded to auto-HCT after 2nd line of salvage. Of 62 patients 

who went on to receive auto-HCT on BELINDA, 10 required a second line of salvage. 

On TRANSFORM, 12 patients switched salvage regimen, including 5 due to inadequate 

response.

Patient characteristics across the 3 trials are described in Table 4. Overall, the age of patients 

(median 58–60) and percent of patients over 65 (28–39%) were similar across the trials. 

All the trials had a slightly higher percent of patients with ECOG PS1 in the CAR T arm 

(43–48%) compared to the SOC arm (38–44%). There were more patients with stage III-IV 

disease on ZUMA-7 (79%) and TRANSFORM (71%) than BELINDA (64%). There was an 

imbalance in the distribution of IPI in the BELINDA study with 65.4% of patients on the 

tisa-cel arm having IPI ≥ 2 vs. 57.5% on the SOC arm, due to an error in stratification in the 

initial phase of the study 9. This may also explain a higher percentage of high-grade LBCL 

including rearrangement of MYC with BCL2 or BCL6 or both on that arm (20 vs. 12% 

for SOC). More patients on ZUMA-7 were classified as having GCB (58%). Fewer patients 

on BELINDA had primary refractory disease (62%) compared to ZUMA-7 (74%) and 

TRANSFORM (73%). Finally, while there was a difference in median OS on the SOC arm 

between ZUMA-7 (35.1 months) and TRANSFORM (16.4 months), the median follow-up is 

shorter for the latter and there are very few patients with a follow-up that far out. Therefore, 

longer follow up is needed to determine whether patients enrolled on the ZUMA-7 trial had 

a better prognosis than TRANSFORM.

While there are certainly differences between ZUMA-7 and TRANSFORM, the most 

striking difference is with BELINDA. A number of factors may explain the negative 

outcome in the study. Clearly the definition of EFS and the fact that patients on the SOC 

arm could receive 2 different lines of CIT prior to auto-HCT, similar to TRANSFORM but 

different from ZUMA-7, makes it hard to compare results head-to-head and may account for 

at least some of the differences. Whether other factors such as the imbalance in high-risk 

patients (based on IPI or molecular markers) in the tisa-cel cohort, more GCB in ZUMA-7 

and less primary-refractory disease in BELINDA also impact outcomes is harder to assess. 

One critical difference appears to have been the vein-to-vein time, which was longest 

for patients treated on the BELINDA trial, with a median of 52 days (IQR 43–61) from 

leukapheresis to infusion, and a marked difference between US (median 41 days; IQR 36–

45) and non-US patients (median 57 days; IQR 50–63) 9. This was in contrast to a median 

time from randomization to infusion of 29 days (IQR 27–34) for axi-cel on ZUMA-7 and 

34 days (IQR 31‒36) for liso-cel on TRANSFORM (median of 36 days (IQR 34–41) 

for leukapheresis to infusion) 8, 10. This is particularly relevant since 26% and 14% of 

patients had evidence of progressive disease on the PET scan at 6 weeks in the tisa-cel and 

SOC arms, respectively. The lower response rates (both ORR and CR) seen with tisa-cel 

compared to axi-cel and liso-cel were mostly consistent with results in the 3rd line setting. 
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It is interesting to note that, in the case of tisa-cel, patients treated on BELINDA had lower 

ORR (46%) and CR (28%) compared to those treated on the original JULIET trial (ORR: 

52%; CR: 40%). The lower CR rate, in particular, may be a significant factor contributing 

to the overall outcome of the trial. Rates of CRS and ICANS consistent with prior data 

for the three products, with 21% of patients treated with axi-cel experiencing grade 3 or 

more neurotoxicty compared to much lower rates with the other two CAR T-cell products. 

It should also be noted that the EFS in the control arms were similar in the three RCT, 2 

to 3 months, roughly corresponding to first radiographic assessments after salvage treatment 

(i.e. median EFS achieved in these studies even before auto-HCT step, indicating known 

poor response rates to salvage treatments in high-risk patients). Finally, PFS, which may 

be a more useful measure of comparison given the differences in EFS definitions, was not 

provided for the BELINDA study.

In sum, while there may be patient selection bias and differences in the patients’ risk for 

early progression in the three RCT, the longer manufacturing time and lower response rates 

seen with tisa-cel (including lower than in JULIET), combined with some study design 

issues such as definition of EFS for the primary endpoint and allowing 2 salvage regimens 

prior to auto-HCT on BELINDA are likely key reasons that study did not show a benefit for 

CAR T-cells.

Q5. If the randomized studies in second line show a difference in PFS/EFS 

but not in OS, should that change practice?

The three prospective RCT used EFS as the primary endpoint, although with slightly 

different definitions of EFS as noted above 8–10. When it comes to the study design in 

general, should we always require OS benefit to be established first? Do the current results 

support change in practice, and if so, how broad should that change of practice be in second 

line?

When asking whether EFS is a valid endpoint in lymphoma studies, it is difficult to 

generalize across all randomized studies and, due to lack of direct evidence supporting 

this, the panel members did not have consensus on this issue. The second line treatment 

goal for relapsed LBCL is considered curative 12, but patients who are not cured now have 

a growing number of other treatment options in third line and beyond. These are likely to 

prolong survival and make demonstration of OS benefit challenging in a randomized trial, 

especially with a shorter follow-up. When these three RCT were designed, it was presumed 

that patients with treatment failure on the SOC arm would have access to CAR T-cells in 

third line as part of a crossover or standard of care. Ultimately, over 50% of patients on 

the SOC arm on these trials received cellular therapy 8–10. While EFS as defined by the 

ZUMA-7 and TRANSFORM protocols could have been affected by investigator’s bias (i.e. 

commencement of new therapy for lymphoma was considered an event), the EFS in SOC 

arms across all of the 3 trials was similar 8–10. This is, however, a reflection of the known 

poor ORR to salvage CIT in this patient population 12.

Considering factors like crossover and multiple subsequent treatment options for patients 

enrolled on these RCT, an OS benefit may never be shown, or may take a long time to 
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demonstrate. It is unlikely that treatment related toxicity would negatively affect the OS in 

the CAR T-cell therapy arms with longer follow-up. The toxicity profile of CAR T-cells 

from third line and beyond has been well established and there is no reason to suspect 

that it would be significantly different in the second line setting 31, 56–58. While some 

remain hesitant to label CAR T-cell therapy as curative in LBCL, the long term CAR T-cell 

therapy data in patients in third line and beyond are consistent with curative potential of this 

modality with ongoing responses at 5 years from a single infusion of the cell product 56–58. 

The demonstrated EFS improvement with axi-cel and liso-cel in second line represents 

a portion of lymphoma patients who may not require additional lines of therapy. While 

OS would be the ideal endpoint and ultimately the OS benefit may emerge with longer 

follow-up, EFS appears to be a reasonable surrogate for cure when examining second line 

therapy for these patients with high-risk lymphoma. Axi-cel is now approved by the FDA 

and recommended in second line in the most recent NCCN guidelines.

An important consideration in this context is the question that was being asked by the trials. 

Were the studies meant to compare CAR T to auto-HCT in second line, or more globally, 

CAR T to the “package” of salvage CIT and auto-HCT? We could consider three potential 

study designs that could have been used in second line RCT (Figure 1). One approach, 

which represents a true comparison between CAR T-cell therapy and auto-HCT, would 

randomize patients treated with 2–3 cycles of salvage CIT to receive either CAR T-cells or 

auto-HCT (Figure 1A). The second approach would randomize patients directly to either 

receive CAR T-cells or salvage CIT followed by auto-HCT in responding patients (Figure 

1B). This is essentially the design of ZUMA-7 where the only bridging therapy allowed was 

corticosteroids. Finally, a third approach would allow patients on the CAR T-cell arm to get 

CIT considered as bridging therapy rather than salvage, meaning that lack of response would 

not preclude getting CAR T-cells, while it would be considered an event on the SOC arm 

(Figure 1C). This design was used in TRANSFORM and BELINDA. In practical terms, the 

use of EFS as an endpoint meant that patients on the SOC arm with disease that progressed 

while receiving salvage therapy were considered to have had an event. Essentially, another 

way to consider the two arms is a comparison between CAR T cell therapy and salvage 

CIT. While we can debate the merits of the various study designs and advocate for one 

as the optimal design, ultimately the regulatory authorities will examine the studies that 

were performed and the results of those studies. As noted, the FDA has approved axi-cel 

in second line therapy based on the inclusion criteria of ZUMA-7. A key question that 

will remain is how broadly we can apply the results of the trials to clinical practice, and 

what the role will be of auto-HCT in this setting. Considerations of short and long-term 

toxicity, cost-effectiveness, and access to care will also need to be addressed. These issues 

are discussed in more details in the following sections.

Q6. Do these trials justify a one size fits all approach in second line 

treatment of early relapsing aggressive B cell lymphomas?

After the anticipated FDA approval of some of the CD19 directed CAR constructs in second 

line treatment of aggressive B-cell lymphomas, the clinicians will soon have to apply these 

results into actual clinical practice. Transplant and cell therapy physicians will need to 
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assess if findings of these trials justify a one size fits all approach for all aggressive B 

cell lymphomas with early treatment failure, especially considering the discordant primary 

endpoint results of these trials (EFS benefit in two out of three RCT), and the lack of a clear 

OS benefit to date. We caution against extrapolating these trial findings to aggressive B cell 

lymphoma with late treatment failure (> 1 year after diagnosis). In addition, as mentioned 

above in FAQ 1, patients relapsing 6–12 months after finishing frontline treatments do not 

meet CORAL study’s definition of early treatment failure, but are in line with the definition 

used in the NCIC-CTG LY.12 study and were included in the three RCT comparing 

CAR to SOC. Careful consideration of CAR vs. SOC treatment in such patients would 

be warranted. Furthermore, a majority of patients treated on all three trials had primary 

refractory disease, and no separate analysis was provided in the relatively smaller subset 

of patients who relapsed 6–12 months. As a result, the trials likely do not fully address 

this issue. As discussed in FAQ 8 below, patients who arrive at transplant or cell therapy 

programs after already demonstrating a response (CR or PR) to salvage CIT may do well 

with auto-HCT consolidation and, for appropriate candidates, this option must be discussed 

with the patients.

There are many high-risk clinical scenarios where results of these three very important 

randomized trials immediately impact practice. Patients with primary refractory disease 

(progression or stable disease as best response to frontline treatments) 38, those with so-

called DHL or THL 41, and high-risk disease by REFINE study criteria (at least 2 out of 

following risk factors: 1. primary progression on frontline treatments, 2. presence of myc 
rearrangement, 3. high IPI score at relapse) 59, even after achieving response to salvage 

treatment have low rates of durable disease control with auto-HCT, and could be ideal 

candidates for CAR T-cells in second line treatment. In addition, many early relapsing 

patients due to advanced age and comorbid conditions may not be auto-HCT candidates 

regardless of other biological risk factors. CAR T-cell therapy can be feasible in patients not 

considered optimal candidates for high dose therapy and represents another clinical scenario 

where results of these randomized trials will be key in refining clinical practice.

Q7. If patients get CAR T-cells in second line, what should be the SOC in 

third line, auto-HCT vs allo-HCT vs other?

Although patients had longer EFS with both axci-cel and liso-cel CAR T-cell therapy 

compared to salvage CIT +/− auto-HCT as second line therapy for early relapse/progression 

of DLBCL 8, 10, only about 40% remained in remission at 2 years following second line 

axi-cel in ZUMA-7 8, which means that the majority of patients relapse after second line 

CAR T and may benefit from further salvage or consolidation therapy 60. However, moving 

CAR T-cell therapy to second line may pose a challenge for those that don’t achieve a CR or 

long-lasting remission, as there is limited data on what to do after CAR T-cell failure 61–64. 

Currently available standard of care salvage therapy options include polatuzumab vedotin 

(with bendamustine/ rituximab), tafasitamab (with lenalidomide), selinexor, loncastuximab 

tesirine, chemotherapy, auto-HCT, and allogeneic (allo)-HCT 65. However, some of these 

options are only available for patients that have not experienced CD19 antigen loss at 

relapse, including tafasitamab (anti-CD19 monoclonal antibody) and loncastuximab (anti-
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CD19 antibody drug conjugate) 66, 67. In addition, some of the most encouraging data comes 

from clinical trials of bispecific antibodies and CAR T-cells recognizing alternative targets 

(e.g. CD22 or CD20) or dual targets, so clinical trial enrollment is encouraged until these 

become available 68–73. However, it is unclear if targeted therapies will lead to long term 

remissions in patients that have already failed CD19 CAR T-cell therapy, and post-CAR 

cytopenias may be prohibitive in some patients 35, 36. As a result, consolidation or salvage 

with either auto-HCT or allo-HCT may be considered in eligible patients that relapse or do 

not achieve a CR after CD19 CAR T-cells, especially if clinical trials of novel therapies 

are not available 74–76. In some patients with prolonged cytopenias post CAR T cells, it is 

unlikely that stem cell mobilization for auto-HCT will be feasible.

In an effort to better understand outcomes after CAR T-cell failure, the US Lymphoma 

CAR T-Cell Consortium reported retrospective data on subsequent therapies in 136 patients 

following relapse after axi-cel 77. Thirty-six % had progressed after CR, 31% after PR, 28% 

were primary refractory to axi-cel, and 30% were CD19 negative at relapse. Median OS 

was only 6 months from the time of progression, and only 8 of 136 (6%) ultimately went 

on to salvage allo-HCT, 3 of whom remained in CR. Although checkpoint inhibitor-based 

therapy initially seemed most effective (46% responders among 28 patients), only 18% 

achieved a CR with median PFS only 88 days and OS 11 months. Responses were even 

less durable for lenalidomide, radiation, and chemotherapy (median 48–58 days). The Fred 

Hutchinson Cancer Research Center (FHCRC) also reported poor outcomes for 61 patients 

after post-CAR T-cell relapse with median OS 3.8 months for early relapse (within 30 days) 

and 9.3 months for later relapses after 30 days 78. Only 5 (8%) went on to receive allo-HCT 

with two of those in ongoing remission over a year out.

Another strategy has been re-infusion of CAR T-cells to improve suboptimal response. In 

the ZUMA-1 trial, axi-cel re-infusion was allowed for those who achieved at least a PR for 

at least 3 months, and out of 13 patients re-infused, 7 (53%) achieved a response (CR in 4 

and PR in 3), but the median duration of response was only 81 days 79. The FHCRC also 

published data on re-infusion of CD19 CAR T-cells in 21 patients with NHL, and despite 

a dose increase in 82% of patients, CR was only achieved in 19% with median duration of 

response 6 months 80.

Allo-HCT may ultimately be necessary in many patients that relapse after CAR T-cell 

therapy, as allo-HCT is the only therapy proven to be curative following failure of auto-HCT 

(other than CAR T-cells), and failure after second line auto-HCT may be considered the 

closest surrogate to failure after second line CAR T-cells until we have further data in this 

population. In the CIBMTR analysis of 503 DLBCL patients relapsing after auto-HCT and 

receiving a subsequent allo-HCT, 31% were able to achieve long term PFS at 3 years 81. 

Reduced intensity conditioning was not inferior to myeloablative but less toxic, and inferior 

outcomes were noted in chemo-refractory disease. Prediction algorithms may also be used to 

identify patients at high risk for failure of allo-HCT 82. It is noted that combinations of novel 

agents and salvage therapy followed by allo-HCT may also be utilized for those in relapse 

to try to increase the odds of achieving a durable remission. However, there is currently 

no consensus on the role of and timing of allo-HCT in relapsed/refractory lymphoma. 

Because of poor outcomes at progression after CAR T-cells, one logical next step may be 
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consolidation with auto or allo-HCT in those not achieving CR at 3 months; nevertheless, it 

is noted that about 22% of patients with stable disease at 3 months will later improve and 

go on to experience durable responses without further intervention after axi-cel according to 

Zuma-1, so carefully designed trials are necessary to evaluate the impact of an intervention 

for these patients 83, 84.

Q8. If CAR T cells are the SOC in second line, how will we approach 

patients referred to the transplant/cell therapy center having already started 

salvage and having established a CR or PR?

Historically, presence of chemo-responsive disease to salvage therapy, as defined by either 

CR or PR assessed by radiographic imaging, has been the key factor in determining 

a patient with relapsed DLBCL’s eligibility for auto-HCT. In addition, the depth of 

metabolic response to salvage treatments on PET (or PET/CT) imaging is a known 

prognostic predictor of auto-HCT outcomes in aggressive B-cell lymphoma. Sauter et al. 

retrospectively analyzed auto-HCT outcomes of relapsed/refractory DLBCL relative to the 

depth of metabolic response to salvage therapy using the Deauville 5-point scale 20. At 3 

years, patients achieving a Deauville response of 1 to 3 (or complete metabolic response; 

N=81) to salvage experienced superior PFS and OS rates of 77% and 86%, respectively, 

compared with patients achieving Deauville 4 (partial metabolic response; N=48) (49% and 

54%, respectively) (P < .001). These observations were subsequently validated by a large 

retrospective CIBMTR analysis that only included relapsed/refractory DLBCL achieving 

a PET positive PR prior to auto-HCT (N=240) and demonstrated an adjusted 5 year PFS 

41% for both patients with or without early failure of rituximab-based frontline CIT 21. 

Collectively both these studies show that high-dose therapy and auto-HCT consolidation is 

curative for approximately 45% of patients with DLBCL despite achieving only a PR after 

salvage therapy.

To our knowledge, no alternative consolidation strategy (including CAR T-cell therapy) 

has been proven superior to auto-HCT consolidation in DLBCL with demonstrable chemo-

responsive disease after salvage attempts. A recent CIBMTR analysis compared auto-HCT 

(N=266) vs. CAR T-cell (N=145) consolidation in relapsed/refractory DLBCL achieving 

a PR as best response after salvage 22. In the univariable analysis, the 2-year PFS (52% 

vs. 42%; p=0.1) and the rate of 100-day non-relapse mortality (4% vs. 2%; p=0.3) were 

not different between the 2 cohorts but consolidation with auto-HCT was associated with 

a lower rate of relapse/progression (40% vs. 53%; p=0.05) and a superior OS (69% vs. 

47% ; p=0.004) at 2-years. In the multivariable regression analysis, treatment with auto-HCT 

was associated with a significantly lower risk of relapse/progression rate (HR=1.49; p=0.01) 

and a superior OS (HR=1.63; p=0.008). In addition, subgroup analyses of patients with 

early failure of frontline treatments, those with > 2 prior treatment lines and a propensity 

score matching were in line with overall analysis. As noted above, one needs to consider 

the potential biases and limitations of registry analyses. Nevertheless, there are examples in 

which registry data has subsequently been confirmed in prospective randomized trials, such 

as the use of bone marrow vs. peripheral blood stem cells in myeloablative allogeneic stem 

cell transplantation 85, 86.
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Recently results of three RCT in the subset of patients with aggressive LBCL with 

early treatment failure, comparing salvage therapy followed by auto-HCT consolidation in 

responding patients versus proceeding directly with CAR-T treatment were reported 8–10. 

However, since these trials randomized patients before salvage treatments were initiated, 

they were not designed to address the management of patients with DLBCL already 

achieving either a CR or PR in response to salvage therapies. This question nonetheless 

remains highly relevant in clinical practice, as patients with relapsed DLBCL are often 

referred to transplant or cell therapy programs after starting salvage therapy or may receive 

such treatments as a bridge. With CAR T-cell treatment approval as second line therapy, 

caution must be exercised in routinely offering this treatment to otherwise fit patients, with 

established chemo-responsive disease after salvage because: (a) auto-HCT is curative for 

up to half of such patients with generally low risk of NRM, (b) no data have established 

superiority of CAR T-cell therapy over auto-HCT in this setting, (c) and cost considerations 

that may favor auto-HCT in this setting 87. A potential counterargument is the fact that there 

is emerging data that patients who receive CAR T-cells in CR have excellent outcomes 88. 

While these data require validation in larger series and longer follow-up, it does suggest 

that we may one day consider CAR T-cells as an option in patients with chemosensitive 

disease after salvage CIT. Finally, another potential consideration is the fact that, while CAR 

T-cell therapy can salvage patients relapsing after auto-HCT, the reverse sequence is often 

not feasible. It should be noted that over 50% of patients in the SOC on all three RCTs 

ended up crossing over, including some after auto-HCT. If the preliminary evidence of a 

potential OS benefit for CAR T-cells is confirmed with longer follow-up, the lower overall 

treatment burden of proceeding to CAR T-cells in second line, with associated emerging data 

on a QOL benefit as well as cost-effectiveness, decisions about switching to “CAR T-cells” 

in a patient who has already received a 1st cycle of salvage CIT will have to be looked at 

carefully.

Q9. How should we interpret results from studies in the second line setting 

when frontline therapies change?

Several randomized trials are comparing new combinations to the established frontline 

standards like R-CHOP or R-EPOCH. While most of these trials failed to show clear 

benefit, a recently presented randomized study showed a modest improvement in PFS in 

patients with high risk DLBCL for polatuzumab+R-CHP over R-CHOP 89. It remains 

unclear if polatuzumab+R-CHP will become a new standard for these patients, but we can 

debate how the change in the frontline standard could impact interpretation of the CAR 

T-cell studies from the second line. In this particular case, it is unlikely that patients with 

disease refractory or progressing after polatuzumab containing frontline treatment will have 

different outcomes with CAR T-cells compared to those who failed traditional therapies 

like R-CHOP. Considering the modest improvement in PFS in frontline, there may be 

less patients requiring second line treatment. However, polatuzumab is a form of targeted 

chemotherapy and it is unlikely that using polatuzumab+R-CHP in frontline would diminish 

the EFS benefit of anti-CD19 CAR T-cells, which use a different target and have a unique 

mechanism of cell killing. On the other hand, should CD19-targeting agents become a 

component of new standards for frontline treatment of LBCL in the future, there could be 
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a potential impact on the efficacy of the anti-CD19 CAR T-cell therapies in the second line 

and additional data may need to be obtained.

Q10. Since Auto-HCT is currently available in more centers than CAR T 

cells, will that affect access to care if the SOC changes?

With CD19 CAR T-cells approved as a second line therapy, questions remain regarding 

the broader access to such complex and costly therapy. Nearly 94% of Americans live 

within three hours driving distance of an Auto-HCT center 90, but there are less than 

half as many centers approved to administer CAR T-cells as auto-HCT, making auto-HCT 

more accessible compared to CAR T-cell therapy. In addition, data on the use of CAR 

T-cells reported to the CIBMTR Cellular Immunotherapy Data Resource (CIDR) identifies 

health care disparities, with African American patients representing 5.6% of patients treated 

between 2016 and 2021 91, 92. In a recent analysis of demographics of patients treated on 7 

pivotal CART clinical trials, African Americans constituted only 3% of the enrolled patients 
93.

CAR T-cell manufacturing capacity is a limiting factor for wider access as well. One 

of the main bottlenecks to scaling up CAR T-cell manufacturing is that demand for GMP-

grade lentivirus has far outstripped supply 94. In fact, some cell therapy companies have 

acquired their own lentiviral manufacturing facilities. Bioprocessing protocols are being 

improved to address global GMP-grade lentiviral shortages, but clinicians should consider 

manufacturing timelines for available products at their center when choosing between 

auto-HCT and CAR T-cell therapy. Out-of-specification (OOS) CAR T-cell products are 

another potential concern in manufacturing logistics. Interestingly, auto-HCT serves as a 

historical example of OOS product efficacy. Hematopoietic stem cell products are frequently 

OOS (due to low CD34+ cells numbers or viability, bacterial contamination, etc.), but 

nonconforming products are often infused into patients due to dire clinical scenarios 95–97. 

As in auto-HCT, it is likely that the benefits outweigh the risks of OOS CAR T-cell products. 

One retrospective analysis showed that tisa-cel products that were OOS due to low T cell 

viability (<80% per release specifications) did not show statistically significant decreases in 

CR, PFS, or OS or increased safety risks compared to in-specification CAR T-cells 98, 99 

The decision to administer OOS CAR T-cells is ultimately up to the patient’s physician, 

and multiple factors regarding product efficacy, safety, and logistical feasibility must be 

considered.

Finally, the regulatory processes and accreditation by FACT will need to be streamlined 

to facilitate the widespread adoption of CAR T-cell as a second-line therapy. FACT has 

established standards for immune effector cells (IEC), including CAR T-cells, that outline 

the infrastructure needed to enable the safe administration of CAR T-cells and regulate 

post-treatment monitoring and reporting of patient outcomes 100. Sites administering CAR 

T-cells must be prepared to handle manufacturing and administration logistics that are more 

complicated than those of standard chemotherapy. CAR T-cells have a specific toxicity 

profile (including most notably CRS and ICANS) that requires resources from a wide 

array of healthcare teams and, as such, requires a robust clinical infrastructure 30, 100–102. 
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IEC accreditation is separate from hematopoietic progenitor cell (HPC) transplantation 

accreditation, allowing the creation of stand-alone CAR T-cell programs or expanding upon 

existing HPC programs to include IEC therapies. However, there is significant overlap 

between IEC and HPC guidelines and infrastructure; therefore, centers that are accredited 

for auto-HCT may have much of the required infrastructure in place for CAR T-cells as well.

Q11. Is the benefit-cost ratio better for CAR T cells or ASCT in second line 

therapy of DLBCL? What are potential economic considerations of shifting 

CAR T to 2nd line?

The costs of CAR T-cell therapy can be separated into two distinct categories, cost of the 

product itself and cost of the care delivery. In the standard pricing model for DLBCL, the 

product cost is fixed, though in the ALL indication, an outcomes-based pricing model is 

used for tisa-cel in which there is no charge for the CAR T-cell if there is not an adequate 

response to therapy. While companies have not followed this paradigm to date for the 

lymphoma indications, there would be a significant impact to the total therapy cost if they 

did 103. The referenced model in the 3rd line setting also showed the variability in the second 

component based on the rates of CRS and ICANS, and thereby need for ICU admission 

and overall length of stay. In more direct observation, two US centers have presented data 

on resource utilization in the first months after CAR T-cell therapy 104, 105. In addition, 

a micro-costing study of the TRANSCEND trial showed increased cost with higher grade 

CRS 106. Models also show the differential in costs when patients are treated in the inpatient 

versus outpatient setting 107. Rates of CRS and ICANS in the 2nd line setting were not 

radically different from the clinical trials in the 3rd line setting or real-world analyses. 

Therefore, it is likely that the impact on resource utilization and the cost of care delivery 

in the 2nd line setting from the time of lymphodepletion will be similar and by extension 

products with lower toxicity profiles, which can be given in the outpatient setting, will have 

a less overall economic burden on the health care system 108, 109.

Additional economic considerations in the second line setting include access to care, 

reimbursement, duration and type of bridging therapy, and cost of long-term complications. 

Currently, approximately 100 centers in the US provide CAR T-cell therapy. In the current 

model of salvage therapy followed by high dose therapy and auto-HCT for patients with 

chemosensitive disease, a non-CAR T-cell provider can start the salvage therapy as soon 

as deemed clinically necessary. With CAR T-cell therapy, the timing of referral to a 

CAR T-cell provider, insurance approval, and leukapheresis have to be accounted for 
110. Insurance approval particularly for commercial payers can take several weeks and 

without improvements in those workflows, patients will either have to have therapy prior to 

leukapheresis (and such costs would need to be included in the costs of care) or will have 

delays in care overall, which can impact the clinical benefit. Furthermore, insurance and 

reimbursement models are country-specific, and each would have to evaluate the feasibility. 

Vein-to-vein time (i.e. leukapheresis to infusion) will also determine the need for bridging 

therapy, which is potentially of higher cost with newer more targeted agents vs. lower 

cost platinum-based salvage. In the US, payer mix and reimbursement may also impact 

centers’ ability to expand capacity and volume of products infused. Frequently changing 
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coding options add to the complexity (https://www.astct.org/practice/practice-resources/car-

t-therapy-reimbursement-resources). Finally, a portion of patients have prolonged cytopenias 

and B cell aplasia, potentially requiring IVIG use 35, 111, 112. In an earlier setting, the total 

impact of more patients requiring frequent monitoring and higher cost therapy would have to 

be included in accounting.

In the 3rd line setting, the Institute for Clinical and Economic Review 

model based on early clinical trial data in 2018 found an incremental cost 

effectiveness ratio (ICER) of $136 000/QALY gained for axi-cel compared to 

chemotherapy for DLBCL (Tice 2018 https://icer-review.org/wp-content/uploads/2017/07/

ICER_CAR_T_Final_Evidence_Report_032318.pdf). Thresholds of $100,000 – $150,000 

per quality adjusted life year have been suggested as the cutoff for cost-effectiveness in the 

US 113. A further markov model including both axi-cel and tisa-cel showed variations in 

the ICER based on the assumed 5-year PFS for each product 87. In the optimistic scenarios 

(40% PFS for axi-cel and 35% PFS for tisa-cel), the ICERs were $129,000/QALY and 

$168,000/QALY, respectively. Importantly, they concluded that the use of CAR T-cells for 

all eligible patients would add $10 billion to US health care costs, but that both products 

could meet $150,000/QALY thresholds depending on true efficacy. Models in the second 

line setting presented at the 2022 Tandem meeting reported ICERs ranging from $87,026/

QALY 114 to $2,687,607/QALY 115, and therefore additional analyses of each model’s 

assumptions is needed. It should be noted that the latter study uses data from CAR T-cells 

in 3rd line for modeling purposes, while the study by Perales et al 114 uses data directly 

from ZUMA-7 with assumptions based on long-term follow-up and a potential significant 

OS benefit. In addition, a significant effect is due to the fact that 56% of patients on the 

SOC arm crossed over, similar to what was observed in the other 2 RCT, resulting in the fact 

many of the patients alive long-term in that arm also ended up receiving CAR T-cells.

Value based care involves evaluation of the patient experience, cost, and processes in 

addition to the clinical benefit. The recent studies have shown the increased PFS for specific 

patients with DLBCL who had primary refractory disease or progressed within one year of 

treatment when compared to standard salvage therapy. Other measures of benefit including 

PRO and quality of life remain under investigation and have been reported in abstract 

form 23, 24. The overall cost-benefit ratio is likely to be in an acceptable range in certain 

situations, but further research is needed to confirm the patients most likely to benefit taking 

into consideration country-specific resource limitations.

Q12. Which components should be included in the next series of landmark 

CAR T-cell trials for frontline?

The results of the three RCT comparing second generation autologous CAR T-cells with 

SOC have led to approval of CAR T-cells in second line, with the caveats discussed above 
8–10. Large RCT are typically very expensive and take significant time to complete. As 

a result, while these trials were in the design and testing phase, a number of new CAR 

T-cells directed against CD19 and other targets have reached clinical trials. It is easy to 

argue that the single arm phase 2 pivotal trials were more impactful than the phase 3 
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RCTs because they provided timely data that was helpful to design safety protocols, reliable 

enough to secure regulatory approvals in record time, and provided early efficacy outcomes 

that convinced investigators and companies to develop new CAR T-cell products. There is 

now a growing list of 3rd generation autologous CARs, armored CARs, CARs with suicide 

switch, and several allogeneic or off-the-shelf products with and without HLA restriction 

that are also being developed 116–119. These newer and other future products need to be 

tested not only to understand where they fit in the growing list of cellular therapy products in 

the treatment of relapsed lymphoma, but they also need to be tested in the upfront setting. It 

is not realistic to expect all of these to be put to RCT as was done for ZUMA-7, BELINDA 

and TRANSFORM for reasons stated above.

The following are some important considerations for future clinical trials of CAR constructs 

in the treatment of lymphoma.

• Carefully conducted single arm phase 2 trials in the upfront setting that 

select for patients who are intolerant of full dose upfront anthracycline based 

chemotherapy (e.g. due to comorbidities or age), or those at higher risk of 

treatment failure and relapse (e.g. high IPI, adverse risk cytogenetics) will be 

helpful. Outcomes of interest, which are reliable and report earlier such as ORR, 

are of most interest. Other outcomes like PFS, which also report relatively early, 

may be preferable compared to OS.

• Propensity score matching and matching-adjusted indirect comparison (MAIC) 

can be utilized in the post-hoc setting to compare different trials. Though the 

information obtained is dependent on how well the matching is done, it is an 

inexpensive way to get comparisons done.

• PRO and quality of life surveys are important to capture during the clinical trial 

process as they can provide valuable input from the patient’s perspective.

In summary, with the emergence of several broad categories of CAR T-cells for lymphoma, 

single arm phase 2 trials that incorporate outcomes that report relatively early are far more 

important as the information will be helpful to rapidly evaluate the myriad of products and 

find where they fit. The RCT design, because of the expense and longer time to report, may 

be of more relevance to determine between rather than within categories of the various types 

of CAR T cells.
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Box 1.

List of questions addressing the impact of 

randomized trials of CAR T cells in second line for 

LBCL
FAQ 1 What is the current standard of care for patients with LBCL in second line?

FAQ 2 What are the key results of the three randomized trials of CAR T-cells in second line therapy?

FAQ 3 What are additional results of the three randomized trials of CAR T-cells in second line therapy 
that should be considered?

FAQ 4 What are the differences between the three studies’ designs and how may that have impacted 
outcomes?

FAQ 5 If the randomized studies in second line show a difference in PFS/EFS but not in OS, should 
that change practice?

FAQ 6 Do these trials justify a one size fits all approach in second line treatment of early relapsing 
aggressive B cell lymphomas?

FAQ 7 If patients get CAR T-cells in second line, what should be the SOC in third line, auto-HCT vs 
allo-HCT vs other?

FAQ 8 If CAR T cells are the SOC in second line, how will we approach patients referred to the 
transplant/cell therapy center having already started salvage and having established a CR or PR?

FAQ 9 How should we interpret results from studies in the second line setting when frontline therapies 
change?

FAQ 10 Since Auto-HCT is currently available in more centers than CAR T cells, will that affect access 
to care if the SOC changes?

FAQ 11 Is the benefit-cost ratio better for CAR T cells or Auto-HCT in second line therapy of DLBCL? 
What are potential economic considerations of shifting CAR T to 2nd line?

FAQ 12 Which components should be included in the next series of landmark CAR T-cell trials for 
frontline?
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Highlights

• CD19 CAR T-cells have been shown to be highly effective in relapsed/

refractory LBCL

• Three randomized phase 3 trials were conducted in 2nd line by comparing 

CAR T-cells to the current SOC

• Two trials showed improved EFS in patients treated in 2nd line with CAR 

T-cells

• We review the 3 trials and share perspectives on implications for clinical 

practice
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Figure 1. 
Potential study designs (see text for details).
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Table 1.

Clinical outcomes of the three trials.
a

TRIAL ZUMA-7 BELINDA TRANSFORM

Axi-Cel SOC Tisa-Cel SOC Liso-Cel SOC

N=180 N=179 N=162 N=160 N=92 N=92

Patient disposition

CAR T infusion (%) 94 N/A 96 N/A 98 N/A

Bridging (%)
36

b N/A 83 N/A 63 N/A

1 cycle (%) N/A N/A 36 N/A 58 N/A

> 1 cycle (%) N/A N/A 48 N/A 5 N/A

Median days to infusion
c 29 N/A 52 N/A 34 N/A

ASCT (%) N/A 36 N/A 33 N/A 47

Crossover to CAR T (%) N/A 56 N/A 51 N/A 55

Efficacy

Median follow-up (months) 25 25 10 10 6 6

ORR (%) 83 50 46 43 86 48

CR (%) 65 32 28 28 66 39

EFS median (months) 8.3 2 3 3 10.1 2.3

PFS median (months) 14.7 3.7 NR NR 14.8 5.7

OS median (months) Not reached 35.1 NR NR Not reached 16.4

Toxicity
d

Grade 3+ CRS (%) 6 N/A 5 N/A 1 N/A

Grade 3+ ICANS (%) 21 N/A 2 N/A 4 N/A

Deaths
e
 (n)

64 78 52 45 13 24

Progressive disease (n) 47 64 42 32 7 13

Other (n) 17 14 10 13 6 11

a
Abbreviations: N/A: not applicable; NR: not reported

b
The only bridging allowed on ZUMA-7 was glucocorticoids.

c
Median days to infusion is reported as days from randomization to infusion for ZUMA-7 and TRANSFORM and days from leukapheresis to 

infusion for BELINDA (see text for details).

d
Toxicity was graded per Lee et al 25 for CRS and CTCAE for neurological toxicity.

e
Median duration of follow-up differed between trials as indicated.

Transplant Cell Ther. Author manuscript; available in PMC 2023 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Perales et al. Page 30

Table 2.

Comparison of the study design between the three trials.
a

TRIAL ZUMA-7 BELINDA TRANSFORM

Inclusion Criteria

Histology LBCL LBCL, PMBL, FL grade 3B
LBCL, PMBL, FL grade 3B

b

Inclusion criteria Refractory or relapsed within 
12 months of 1st line

Refractory or relapsed within 12 months 
of 1st line

Refractory or relapsed within 12 
months of 1st line

Study Design

Primary endpoint
c EFS EFS after week 12 EFS

Crossover
d Off-study Allowed Allowed

Treatments

CAR T Arm

CAR T Product Axi-Cel Tisa-Cel Liso-Cel

Vector CD19/CD28 Gamma 
retrovirus

CD19/4-1BB Lentivirus CD19/4-1BB Lentivirus

Cell selection No T-cell selection CD4:CD8 in 1:1 ratio

CAR T cell dose 2 × 106/kg 0.6 – 6 × 108

Median 2.9 × 108
1 × 106/kg

Lymphodepletion Flu 30 mg/m2

Cy 500 mg/m2 × 3days
Flu 25 mg/m2

Cy 250 mg/m2 × 3days
or Benda 90 mg/m2 × 2 days

Flu 30 mg/m2

Cy 300 mg/m2 × 3 days

Bridging Steroids only Allowed Allowed

Control Arm

Salvage 2nd line CIT 2nd line CIT
3rd line allowed

2nd line CIT

a
Abbreviations: Benda: bendamustine; CY: cyclophosphamide; CIT: chemoimmunotherapy; FL: Follicular lymphoma; FLU: fludarabine; LBCL: 

Large B-cell lymphoma; PMBL: primary mediastinal B-cell lymphoma.

b
TRANSFORM was the only study that allowed inclusion of patients with secondary CNS involvement.

c
EFS definition was different among trials (see text for details).

d
Crossover was part of the design in 2 trials (BELINDA and TRANSFORM), but not in ZUMA-7 although patients could get commercial or other 

investigational CAR T cells.
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Table 3.

Definitions of EFS on the three trials.

Trial EFS definition

ZUMA-7 Time from randomization to the earliest date of disease progression according to the Lugano classification 53, the 
commencement of new therapy for lymphoma, death from any cause, or a best response of stable disease up to and including 
the response on the day 150 assessment after randomization) according to blinded central review.

BELINDA Time from randomization to stable or progressive disease at or after the week 12 assessment by the independent review 
committee according to the Lugano criteria.

TRANSFORM Time from randomization to death due to any cause, progressive disease, failure to achieve CR or PR by 9 weeks post 
randomization, or start of new antineoplastic therapy, whichever occurs first.
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Table 4.

Patient Characteristics.
a

TRIAL ZUMA-7 BELINDA TRANSFORM

Axi-Cel SOC Tisa-Cel SOC Liso-Cel SOC

N=180 N=179 N=162 N=160 N=92 N=92

Age

Median (range – IQR for TRANSFORM) yr 58 (21–80) 60 (26–81) 59.5 (19–79) 58 (19–77) 60 (54–68) 58 (42–65)

≥ 65 yr – no. (%) 51 (28) 58 (32) 54 (33) 46 (29) 36 (39) 25 (27)

Male – no. (%) 110 (61) 127 (71) 103 (64) 98 (61) 44 (48) 61 (66)

ECOG PS 1 – no. (%) 85 (47) 79 (44) 70 (43) 65 (41) 44 (48) 35 (38)

Disease stage – no. (%)

I or II 41 (23) 33 (18) 55 (34) 62 (39) 24 (26) 29 (31)

III or IV 139 (77) 146 (82) 107 (66) 98 (61) 68 (74) 63 (68)

Second-line aaIPI 2–3 – no. (%) 82 (46) 79 (44) NR NR 36 (39) 37 (40)

Second-line IPI ≥ 2 – no. (%) NR NR 106 (65) 92 (58) NR NR

Disease type – no. (%)

DLBCL 126 (70) 120 (67) 101 (62) 112 (70) 53 (58) 49 (53)

High-grade BCL NOS 0 1 (1) 7 (4) 8 (5) - -

High-grade BCL including rearrangement of 
MYC with BCL2 or BCL6 or both

31 (17) 25 (14) 32 (20) 19 (12) 22 (24) 21 (23)

Not confirmed or missing data 18 (10) 28 (16) - - - -

Other 5 (3) 5 (3) 22 (14) 21 (13) 17 (18) 22 (24)

Molecular subgroup – no. (%)

GCB 109 (61) 99 (55) 46 (28) 63 (39) 45 (49) 40 (43)

ABC 16 (9) 9 (5) 52 (32) 42 (26) 21 (23) 29 (320

Unclassified 17 (9) 14 (8) 3 (2) 7 (4) 25 (27) 23 (25)

N/A 10 (6) 16 (9) NR NR N/A N/A

Missing data 28 (16) 41 (23) NR NR 1 (1) 0

Prognostic marker – no. (%)

Double or triple hit 31 (17) 25 (14) NR NR 22 (24) 21 (23)

Double expressor 57 (32) 62 (35) NR NR NR NR

MYC rearrangement 15 (8) 7 (4) NR NR NR NR

Not applicable 74 (41) 70 (39) NR NR NR NR

Missing data 3 (2) 15 (8) NR NR NR NR

Response to 1st line therapy – no. (%)

Primary refractory 133 (74) 131 (73) 107 (66) 107 (67) 67 (73) 68 (74)

Relapse ≤ 12 months 47 (26) 48 (27) - - 25 (27) 24 (26)

Relapse < 6 months NR NR 30 (19) 32 (20) NR NR

Relapse 6–12 months NR NR 25 (15) 21 (13) NR NR

Bone marrow involvement – no. (%) 17 (9) 15 (8) NR NR 9 (10) 13 (14)
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TRIAL ZUMA-7 BELINDA TRANSFORM

Axi-Cel SOC Tisa-Cel SOC Liso-Cel SOC

N=180 N=179 N=162 N=160 N=92 N=92

Elevated LDH – no. (%) 101 (56) 94 (53) NR NR 10 (11) 11 (12)

a
Abbreviations: NR: not reported.
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