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Pero que es el ”mundo real” de la terapia CAR-T?
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“Bridging therapies”

“Bridging 
therapies”

Resting state leukapheresis

- Type of disease 
- Life expectancy ≥ 12 wks
- ECOG PS = 0/1
- Adequate cardiopulmonary 
and organ function

CAR-T cell manufacture (14-28 days)

Fludarabine + 
Cyclophosphamide 

Day - 5 to -3  

Monitor side effects of interest:
• Cytokine release syndrome.
• Immune effector cell-associated neurotoxicity 

syndrome (ICANS)
• Infections, HLH, cytopenias, B cell aplasia, etc.



Axicabtagene
Ciloleucel
(ZUMA-1)

Tisagenlecleucel
(JULIETH)

Lisocabtagene
Maraleucel

(TRANSCEND)
Construct antiCD19-CD28-CD3z antiCD19-41BB-CD3z antiCD19-41BB-CD3z

Median age, y (range) 58 (23-76) 56 (22-76) 63 (18-86)

ORR/CR% 83/58 53/39 73/53

mPFS, mos (95%CI) 5.8 (3.3-15) 2.9 (2.3-5.2) 6.8 (3.3-12.7)

2-yr PFS % 50.5 40 41

mOS, mos (95%CI) 25.8 (12.8-NE) 11.1 (6.6-23) 27.3 (16.2-45.6)

5-yr OS % 46.6 11.1 38.1

Any CRS
Median time to onset 

93%
2 days

58%
3 days

42%
5 days

≥ Gr 3 CRS 11% 23% 2%

Any neurotoxicity 64% 21% 30%

≥ Gr 3 neurotoxicity 32% 12% 10%

Locke, et al. Lancet Onc 2018
Neelapu et al. Blood 2023

Schuster, et al. NEJM 2019
Schuster, et al. Lancet Oncl 2019

Abramson, et al. Lancet 2020 
Abramson, et al. ASH  2024 



Axicabtagene ciloleucel (axi-cel) ZUMA-1, 5 year follow up

Lisocabtagene maraleucel (Liso-cel) TRANSCEND 
5-year f/up

Neelapu SS et al. Blood (2023) 141 (19): 2307–2315
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Standard-of-Care Axicabtagene Ciloleucel for
Relapsed or Refractory Large B-Cell Lymphoma:
Results From the US Lymphoma CAR T Consortium
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abstract

PURPOSE Axicabtagene ciloleucel (axi-cel) is an autologous CD19-directed chimeric antigen receptor (CAR)
T-cell therapy approved for relapsed/refractory large B-cell lymphoma (LBCL) on the basis of the single-arm
phase II ZUMA-1 trial, which showed best overall and complete response rates in infused patients of 83% and
58%, respectively. We report clinical outcomes with axi-cel in the standard-of-care (SOC) setting for the ap-
proved indication.

PATIENTS AND METHODS Data were collected retrospectively from all patients with relapsed/refractory LBCL who
underwent leukapheresis as of September 30, 2018, at 17 US institutions with the intent to receive SOC axi-cel.
Toxicities were graded andmanaged according to each institution’s guidelines. Responses were assessed as per
Lugano 2014 classification.

RESULTSOf 298 patients who underwent leukapheresis, 275 (92%) received axi-cel therapy. Compared with the
registrational ZUMA-1 trial, 129 patients (43%) in this SOC study would not have met ZUMA-1 eligibility criteria
because of comorbidities at the time of leukapheresis. Among the axi-cel–treated patients, grade $ 3 cytokine
release syndrome and neurotoxicity occurred in 7% and 31%, respectively. Nonrelapse mortality was 4.4%.
Best overall and complete response rates in infused patients were 82% (95% CI, 77% to 86%) and
64% (95% CI, 58% to 69%), respectively. At a median follow-up of 12.9 months from the time of CAR T-cell
infusion, median progression-free survival was 8.3 months (95% CI, 6.0 to15.1 months), and median overall
survival was not reached. Patients with poor Eastern Cooperative Oncology Group performance status of 2-4 and
elevated lactate dehydrogenase had shorter progression-free and overall survival on univariable and multi-
variable analysis.

CONCLUSION The safety and efficacy of axi-cel in the SOC setting in patients with relapsed/refractory LBCL was
comparable to the registrational ZUMA-1 trial.

J Clin Oncol 38. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most
common subtype of non-Hodgkin lymphoma in the
United States.1 Patients with chemorefractory DLBCL
face dismal outcomes, with most succumbing to their
disease. In the SCHOLAR-1 international multicohort
retrospective analysis, median overall survival (OS) was
6.3months among patients with refractory DLBCL, and
only 20% of patients were alive at 2 years.2 Although
frontline anthracycline-based chemoimmunotherapy
is curative for many patients,3,4 only a small fraction
with relapsed disease achieve prolonged disease-free
survival with salvage chemotherapy and autologous
stem-cell transplantation (ASCT).2,4,5

Chimeric antigen receptor (CAR) T-cell therapy,
a gene-modified cellular therapy, has demonstrated
substantial efficacy in patients with chemorefractory
aggressive B-cell lymphomas.6-8 Axicabtagene cil-
oleucel (axi-cel) is an autologous anti-CD19 CAR T-cell
therapy approved for the treatment of relapsed or
refractory (R/R) large B-cell lymphomas (LBCLs), in-
cluding DLBCL, primary mediastinal B-cell lymphoma,
high-grade B-cell lymphoma, and transformed follic-
ular lymphoma, after at least 2 prior lines of systemic
therapy.9 In the multicenter ZUMA-1 registrational trial
that tested axi-cel in patients with R/R LBCL, the
objective response rate (ORR) and complete response
(CR) rate were 83% and 58%, respectively.6,7 Grade
$ 3 cytokine release syndrome (CRS) and neurologic
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”Real World US Experience”

Statistical Methods

Descriptive statistics, including mean, standard deviation,
median, and range for continuous variables, and per-
centages for categorical variables, are provided. Fisher’s
exact test or x2 test was used to evaluate the association
between two categorical variables. Multivariable logistic
regression model was fitted to assess the effect of important
covariates on response. Wilcoxon rank sum test or Kruskal-
Wallis test was used to evaluate the difference in a con-
tinuous variable between/among patient groups. Kaplan-
Meier method was used to estimate PFS and OS rates, and
log-rank test was used to evaluate the difference in PFS
or OS between/among patient groups. For all patients who
underwent leukapheresis, and alternatively for all that
underwent axi-cel infusion, PFS and OS were computed
since the procedure. The median follow-up time, in months,
was calculated among patients still alive. Rates of toxicity
and safety data were calculated in patients who received
axi-cel.

TABLE 1. Baseline Patient Characteristics
Characteristic No. (%)

No. of patients 298

Age, years

, 60 144 (48.3)

$ 60 154 (51.7)

Median (range) 60 (21-83)

Sex (male) 192 (64.0)

ECOG PS

0 76 (25.5)

1 164 (55.0)

2 46 (15.4)

3 11 (3.7)

4 1 (, 1.0)

Disease stage

I or II 52 (17.6)

III or IV 244 (82.4)

International Prognostic Index scorea

0-2 136 (45.6)

3-5 162 (54.4)

Disease type

DLBCL 203 (68.1)

PMBCL 19 (6.4)

TFL 76 (25.5)

GCB-likeb 158 (59.8)

Non-GCBb 106 (40.1)

Double/triple-hitc 64 (22.8)

Double expressorc 98 (37.4)

CD19 statusd

Positive by flow cytometry 137 (92.6)

Positive by IHC 57 (87.7)

LDH . ULN at leukapheresise 157 (60.6)

LDH . ULN at conditioninge chemotherapy 155 (59.4)

Bulky disease ($ 10 cm) 68 (22.7)

Prior therapies

$ 3 prior lines of therapy 222 (74.5)

Median No. of prior lines (range) 3 (2-11)

History of primary refractory disease 101 (33.9)

Refractory to most recent therapy 125 (42.0)

Relapsed 72 (24.0)

Prior ASCT 98 (32.9)

Prior allogeneic SCT 7 (2.4)

Prior CD-19–directed therapyf 5 (1.7)

ZUMA-1 comorbidity exclusion criteria at
the time of leukapheresis

No. of patients with exclusion criteria 129 (43.0)

(continued in next column)

TABLE 1. Baseline Patient Characteristics (continued)
Characteristic No. (%)

1 criterion 76 (58.9)

$ 2 criteria 53 (41.1)

ECOG PS . 1 58 (19.0)

Platelets , 75,000/mL 34 (11.4)

DVT/PE within 6 months 31 (10.4)

History of CNS disease 21 (7.0)

Renal insufficiency
(GFR , 60 mL/min/1.73 m2)

21 (7.0)

Prior checkpoint inhibitor therapy 17 (5.7)

LVEF , 50% 10 (3.4)

Symptomatic pleural effusion 10 (3.4)

Bilirubin . 1.5 g/dL 7 (2.4)

Prior CD19-directed therapy 5 (1.7)

Abbreviations: ASCT, autologous stem-cell transplantation; DLBCL,
diffuse large B-cell lymphoma; DVT, deep vein thrombosis; ECOG PS,
Eastern Cooperative Oncology Group performance status; GCB,
germinal center B cell; GFR, glomerular filtration rate; IHC,
immunohistochemistry; LDH, lactate dehydrogenase; LVEF, left
ventricular ejection fraction; PE, pulmonary embolism; PMBCL,
primary mediastinal B-cell lymphoma; SCT, stem-cell transplantation;
TFL, transformed follicular lymphoma; ULN, upper limit of normal.

aAt the time of relapse.
bPercentages do not include 34 patients in whom cell of origin was

unavailable.
cPercentages do not include 18 patients in whom fluorescence

in situ hybridization results were unavailable and 36 patients in whom
IHC to determine double expression was unavailable.

dPercentages do not include 150 patients in whom CD19 status by
flow cytometry or 233 patients by IHC was unknown.

ePercentages do not include 39 patients in whom LDH at
leukapheresis or 37 patients before conditioning was unknown.

fPrior CD19 chimeric antigen receptor T cells (n 5 3), CD19
bispecific antibody (n 5 1), or CD19 antibody (n 5 1).
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(continued in next column)
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III or IV 244 (82.4)

International Prognostic Index scorea

0-2 136 (45.6)

3-5 162 (54.4)

Disease type

DLBCL 203 (68.1)

PMBCL 19 (6.4)

TFL 76 (25.5)

GCB-likeb 158 (59.8)

Non-GCBb 106 (40.1)

Double/triple-hitc 64 (22.8)

Double expressorc 98 (37.4)

CD19 statusd

Positive by flow cytometry 137 (92.6)

Positive by IHC 57 (87.7)

LDH . ULN at leukapheresise 157 (60.6)

LDH . ULN at conditioninge chemotherapy 155 (59.4)

Bulky disease ($ 10 cm) 68 (22.7)

Prior therapies

$ 3 prior lines of therapy 222 (74.5)

Median No. of prior lines (range) 3 (2-11)

History of primary refractory disease 101 (33.9)

Refractory to most recent therapy 125 (42.0)

Relapsed 72 (24.0)

Prior ASCT 98 (32.9)

Prior allogeneic SCT 7 (2.4)

Prior CD-19–directed therapyf 5 (1.7)

ZUMA-1 comorbidity exclusion criteria at
the time of leukapheresis

No. of patients with exclusion criteria 129 (43.0)

(continued in next column)

TABLE 1. Baseline Patient Characteristics (continued)
Characteristic No. (%)

1 criterion 76 (58.9)

$ 2 criteria 53 (41.1)

ECOG PS . 1 58 (19.0)

Platelets , 75,000/mL 34 (11.4)

DVT/PE within 6 months 31 (10.4)

History of CNS disease 21 (7.0)

Renal insufficiency
(GFR , 60 mL/min/1.73 m2)

21 (7.0)

Prior checkpoint inhibitor therapy 17 (5.7)

LVEF , 50% 10 (3.4)

Symptomatic pleural effusion 10 (3.4)

Bilirubin . 1.5 g/dL 7 (2.4)

Prior CD19-directed therapy 5 (1.7)

Abbreviations: ASCT, autologous stem-cell transplantation; DLBCL,
diffuse large B-cell lymphoma; DVT, deep vein thrombosis; ECOG PS,
Eastern Cooperative Oncology Group performance status; GCB,
germinal center B cell; GFR, glomerular filtration rate; IHC,
immunohistochemistry; LDH, lactate dehydrogenase; LVEF, left
ventricular ejection fraction; PE, pulmonary embolism; PMBCL,
primary mediastinal B-cell lymphoma; SCT, stem-cell transplantation;
TFL, transformed follicular lymphoma; ULN, upper limit of normal.

aAt the time of relapse.
bPercentages do not include 34 patients in whom cell of origin was

unavailable.
cPercentages do not include 18 patients in whom fluorescence

in situ hybridization results were unavailable and 36 patients in whom
IHC to determine double expression was unavailable.

dPercentages do not include 150 patients in whom CD19 status by
flow cytometry or 233 patients by IHC was unknown.

ePercentages do not include 39 patients in whom LDH at
leukapheresis or 37 patients before conditioning was unknown.

fPrior CD19 chimeric antigen receptor T cells (n 5 3), CD19
bispecific antibody (n 5 1), or CD19 antibody (n 5 1).

Journal of Clinical Oncology 3

Outcomes With Standard of Care Axi-Cel in Large B-Cell Lymphoma

Downloaded from ascopubs.org by Dr. Jose Sandoval-Sus on May 17, 2020 from 069.219.185.145
Copyright © 2020 American Society of Clinical Oncology. All rights reserved. 

Statistical Methods

Descriptive statistics, including mean, standard deviation,
median, and range for continuous variables, and per-
centages for categorical variables, are provided. Fisher’s
exact test or x2 test was used to evaluate the association
between two categorical variables. Multivariable logistic
regression model was fitted to assess the effect of important
covariates on response. Wilcoxon rank sum test or Kruskal-
Wallis test was used to evaluate the difference in a con-
tinuous variable between/among patient groups. Kaplan-
Meier method was used to estimate PFS and OS rates, and
log-rank test was used to evaluate the difference in PFS
or OS between/among patient groups. For all patients who
underwent leukapheresis, and alternatively for all that
underwent axi-cel infusion, PFS and OS were computed
since the procedure. The median follow-up time, in months,
was calculated among patients still alive. Rates of toxicity
and safety data were calculated in patients who received
axi-cel.
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Characteristic No. (%)

No. of patients 298

Age, years

, 60 144 (48.3)

$ 60 154 (51.7)

Median (range) 60 (21-83)

Sex (male) 192 (64.0)

ECOG PS

0 76 (25.5)

1 164 (55.0)

2 46 (15.4)

3 11 (3.7)

4 1 (, 1.0)

Disease stage

I or II 52 (17.6)

III or IV 244 (82.4)

International Prognostic Index scorea

0-2 136 (45.6)

3-5 162 (54.4)

Disease type

DLBCL 203 (68.1)

PMBCL 19 (6.4)

TFL 76 (25.5)

GCB-likeb 158 (59.8)

Non-GCBb 106 (40.1)

Double/triple-hitc 64 (22.8)

Double expressorc 98 (37.4)

CD19 statusd

Positive by flow cytometry 137 (92.6)

Positive by IHC 57 (87.7)

LDH . ULN at leukapheresise 157 (60.6)

LDH . ULN at conditioninge chemotherapy 155 (59.4)

Bulky disease ($ 10 cm) 68 (22.7)

Prior therapies

$ 3 prior lines of therapy 222 (74.5)

Median No. of prior lines (range) 3 (2-11)

History of primary refractory disease 101 (33.9)

Refractory to most recent therapy 125 (42.0)

Relapsed 72 (24.0)

Prior ASCT 98 (32.9)

Prior allogeneic SCT 7 (2.4)

Prior CD-19–directed therapyf 5 (1.7)

ZUMA-1 comorbidity exclusion criteria at
the time of leukapheresis

No. of patients with exclusion criteria 129 (43.0)

(continued in next column)

TABLE 1. Baseline Patient Characteristics (continued)
Characteristic No. (%)

1 criterion 76 (58.9)

$ 2 criteria 53 (41.1)

ECOG PS . 1 58 (19.0)

Platelets , 75,000/mL 34 (11.4)

DVT/PE within 6 months 31 (10.4)

History of CNS disease 21 (7.0)

Renal insufficiency
(GFR , 60 mL/min/1.73 m2)

21 (7.0)

Prior checkpoint inhibitor therapy 17 (5.7)

LVEF , 50% 10 (3.4)

Symptomatic pleural effusion 10 (3.4)

Bilirubin . 1.5 g/dL 7 (2.4)

Prior CD19-directed therapy 5 (1.7)

Abbreviations: ASCT, autologous stem-cell transplantation; DLBCL,
diffuse large B-cell lymphoma; DVT, deep vein thrombosis; ECOG PS,
Eastern Cooperative Oncology Group performance status; GCB,
germinal center B cell; GFR, glomerular filtration rate; IHC,
immunohistochemistry; LDH, lactate dehydrogenase; LVEF, left
ventricular ejection fraction; PE, pulmonary embolism; PMBCL,
primary mediastinal B-cell lymphoma; SCT, stem-cell transplantation;
TFL, transformed follicular lymphoma; ULN, upper limit of normal.

aAt the time of relapse.
bPercentages do not include 34 patients in whom cell of origin was

unavailable.
cPercentages do not include 18 patients in whom fluorescence

in situ hybridization results were unavailable and 36 patients in whom
IHC to determine double expression was unavailable.

dPercentages do not include 150 patients in whom CD19 status by
flow cytometry or 233 patients by IHC was unknown.

ePercentages do not include 39 patients in whom LDH at
leukapheresis or 37 patients before conditioning was unknown.

fPrior CD19 chimeric antigen receptor T cells (n 5 3), CD19
bispecific antibody (n 5 1), or CD19 antibody (n 5 1).
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abstract

PURPOSE Axicabtagene ciloleucel (axi-cel) is an autologous CD19-directed chimeric antigen receptor (CAR)
T-cell therapy approved for relapsed/refractory large B-cell lymphoma (LBCL) on the basis of the single-arm
phase II ZUMA-1 trial, which showed best overall and complete response rates in infused patients of 83% and
58%, respectively. We report clinical outcomes with axi-cel in the standard-of-care (SOC) setting for the ap-
proved indication.

PATIENTS AND METHODS Data were collected retrospectively from all patients with relapsed/refractory LBCL who
underwent leukapheresis as of September 30, 2018, at 17 US institutions with the intent to receive SOC axi-cel.
Toxicities were graded andmanaged according to each institution’s guidelines. Responses were assessed as per
Lugano 2014 classification.

RESULTSOf 298 patients who underwent leukapheresis, 275 (92%) received axi-cel therapy. Compared with the
registrational ZUMA-1 trial, 129 patients (43%) in this SOC study would not have met ZUMA-1 eligibility criteria
because of comorbidities at the time of leukapheresis. Among the axi-cel–treated patients, grade $ 3 cytokine
release syndrome and neurotoxicity occurred in 7% and 31%, respectively. Nonrelapse mortality was 4.4%.
Best overall and complete response rates in infused patients were 82% (95% CI, 77% to 86%) and
64% (95% CI, 58% to 69%), respectively. At a median follow-up of 12.9 months from the time of CAR T-cell
infusion, median progression-free survival was 8.3 months (95% CI, 6.0 to15.1 months), and median overall
survival was not reached. Patients with poor Eastern Cooperative Oncology Group performance status of 2-4 and
elevated lactate dehydrogenase had shorter progression-free and overall survival on univariable and multi-
variable analysis.

CONCLUSION The safety and efficacy of axi-cel in the SOC setting in patients with relapsed/refractory LBCL was
comparable to the registrational ZUMA-1 trial.

J Clin Oncol 38. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most
common subtype of non-Hodgkin lymphoma in the
United States.1 Patients with chemorefractory DLBCL
face dismal outcomes, with most succumbing to their
disease. In the SCHOLAR-1 international multicohort
retrospective analysis, median overall survival (OS) was
6.3months among patients with refractory DLBCL, and
only 20% of patients were alive at 2 years.2 Although
frontline anthracycline-based chemoimmunotherapy
is curative for many patients,3,4 only a small fraction
with relapsed disease achieve prolonged disease-free
survival with salvage chemotherapy and autologous
stem-cell transplantation (ASCT).2,4,5

Chimeric antigen receptor (CAR) T-cell therapy,
a gene-modified cellular therapy, has demonstrated
substantial efficacy in patients with chemorefractory
aggressive B-cell lymphomas.6-8 Axicabtagene cil-
oleucel (axi-cel) is an autologous anti-CD19 CAR T-cell
therapy approved for the treatment of relapsed or
refractory (R/R) large B-cell lymphomas (LBCLs), in-
cluding DLBCL, primary mediastinal B-cell lymphoma,
high-grade B-cell lymphoma, and transformed follic-
ular lymphoma, after at least 2 prior lines of systemic
therapy.9 In the multicenter ZUMA-1 registrational trial
that tested axi-cel in patients with R/R LBCL, the
objective response rate (ORR) and complete response
(CR) rate were 83% and 58%, respectively.6,7 Grade
$ 3 cytokine release syndrome (CRS) and neurologic
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”Real World US Experience”

Median PFS: 8.7 mon (95% CI, 5.9 to 16.6)
5-year PFS: 28.5% (95% CI, 23%-34.2%)

Median OS: 34.9 mon (95% CI, 23.4 to 44.8
5-year OS: 40.3% (95% CI, 34.2%-46.4%)

5-year LSS: 53.3% (95% CI, 46.8 to 59.3)

Nastoupil L, et al. J Clin Oncol. 2020;38(27):3119-3128
Jain MD J Clin Oncol. 2024; 42:3581-3592



5-yr OS: 37% (31.5 – 43)

Standard of care: 5-year OS of all leukaphersed pts (ITT)

Nastoupil L, et al. J Clin Oncol. 2020;38(27):3119-3128
Jain MD J Clin Oncol. 2024; 42:3581-3592



Relapse and Non-relapse mortality (NRM)

5-year cumulative risk of relapse: 55.2%
ü 151 total progression events 
ü Latest progression at 46 months

5-year cumulative risk of NRM: 16.2%
ü 40 NRM events

Jain MD J Clin Oncol. 2024; 42:3581-3592



Relapse and Non-relapse mortality (NRM):
Age could play important role in late NRM

Cause of Death Age < 60 (n=132) Age ≥ 60 (n=143)
Lymphoma 
Progression

64 (48%) 54 (38%)

Infection 4 (3%) 17 (12%)
Secondary 
Malignancy

3 (2.3%) 6 (4.2%)

CAR T toxicity 1 (0.8%) 2 (1.4%)
Unknown/other 0 (0%) 7 (4.9%)

Causes of death by year after Axi-cel infusion

Jain MD J Clin Oncol. 2024; 42:3581-3592
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Leukapheresed pts: 112
(103 Axi-cel, 9 Liso-cel)

Outcomes

ORR 82.7%

CR 61.8%

mPFS NR

mOS NR

CRS/G3-G4 CRS 88%/6.3%

ICANS/G3-G4 ICANS 59%/30%

Primary 
refractory 
LBCL: 59%

Median f/up: 6.2 months (95% CI: 4.32 – 7.6 mo)

6-mo PFS: 
64.1% (52.8% - 73.4%)

6-mo OS: 
84.4% (73.8% - 90.9%)

CAR-T cell treated pts: 
110



Lee DC et al. ASH 2024. Abstract 526.

ORR: 79%, CR: 64%, 12 mon EFS: 53% and 12 mon OS: 71%.

Real-World Early Outcomes of 2L Axi-Cel in Pts with R/R Large B-Cell Lymphoma (LBCL)



Multicenter, Real-World Study in pts with R/R LBCL who 
Received Liso-cel in the US (CIBMTR analysis) 

Median f/up:  7.4 months

Crombie J et al. ASH 2023. Abstract 104.



Multicenter, Real-World Study in pts with R/R LBCL who Received Liso-cel in the US 
(CIBMTR analysis):

Safety with focus on CRS and ICANS

Crombie J et al. ASH 2023. Abstract 104.
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N at Risk
All subjects 80 63 54 47 30 25 14

N at Risk
All subjects 80 75 68 61 45 39 24
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Comparison to JULIET Pivotal Trial
CIBMTR Registry 

N=83a (%)
JULIETb

N=115 (%)
ORR 58 52
CR 40 38
DOR at 3 months 75 76
PFS at 3 and 6 months 62 / 33 46 / 39
OS at 3 and 6 months 80 / 67 83 / 61
CRS (Gr. > 3) 4c 23e

Neurotoxicity (Gr. > 3) 5d 11f
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ZUMA-2: Brexucabtagene Autoleucel (KTE-X19) for Patients With R/R MCL 

Patient baseline characteristics (N=68)

n engl j med 382;14 nejm.org April 2, 2020 1335

KTE-X19 CAR T-Cell Ther apy in MCL

tients who had disease progression after having 
an objective response to KTE-X19 received a 
second infusion approximately 1 year and 1.3 
years after the initial infusion; analysis in these 
patients is ongoing.

A total of 57% of all the patients in the pri-
mary efficacy analysis and 78% of the patients 
who had a complete response were in remission 
as of the data-cutoff date (Fig. 1B). The first 28 
patients who were treated had a median follow-
up of 27.0 months (range, 25.3 to 32.3), with 
43% having a continued remission without ad-
ditional therapy. The percentages of patients 
with an ongoing response were also consistent 

across key covariates (Fig. S3). The 3 patients 
who had CD19-negative tumors at baseline and 
were included in the primary efficacy analysis 
had a complete response and were in remission 
as of the data-cutoff date.

At 12 months, the estimated progression-free 
survival and overall survival were 61% and 83%, 
respectively (Fig. 1C and 1D). Subgroup analysis 
showed that progression-free survival at 6 months 
was consistent among patients with poor prog-
nostic features, including pleomorphic morpho-
logic characteristics, TP53 mutation, or a Ki-67 
proliferation index of 50% or higher (Figs. S4 
and S5 and Table S5).

Figure 1. Objective Response, Duration of Response, Progression-free Survival, and Overall Survival.

Panel A shows the numbers and percentages of patients who had an objective response (complete response or partial response) among 
the 60 patients who had been treated with KTE-X19 and were included in the primary efficacy analysis. Panel B shows the Kaplan–Meier 
estimate of the duration of response, as assessed on the basis of review by the independent radiologic review committee, among the 56 
patients in the primary efficacy analysis who had a response. Tick marks indicate censored data. Kaplan–Meier estimates of progression-
free survival and overall survival among the 60 patients who were included in the primary efficacy analysis are shown in Panels C and D, 
respectively. NE denotes could not be estimated.
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tients who had disease progression after having 
an objective response to KTE-X19 received a 
second infusion approximately 1 year and 1.3 
years after the initial infusion; analysis in these 
patients is ongoing.

A total of 57% of all the patients in the pri-
mary efficacy analysis and 78% of the patients 
who had a complete response were in remission 
as of the data-cutoff date (Fig. 1B). The first 28 
patients who were treated had a median follow-
up of 27.0 months (range, 25.3 to 32.3), with 
43% having a continued remission without ad-
ditional therapy. The percentages of patients 
with an ongoing response were also consistent 

across key covariates (Fig. S3). The 3 patients 
who had CD19-negative tumors at baseline and 
were included in the primary efficacy analysis 
had a complete response and were in remission 
as of the data-cutoff date.

At 12 months, the estimated progression-free 
survival and overall survival were 61% and 83%, 
respectively (Fig. 1C and 1D). Subgroup analysis 
showed that progression-free survival at 6 months 
was consistent among patients with poor prog-
nostic features, including pleomorphic morpho-
logic characteristics, TP53 mutation, or a Ki-67 
proliferation index of 50% or higher (Figs. S4 
and S5 and Table S5).

Figure 1. Objective Response, Duration of Response, Progression-free Survival, and Overall Survival.

Panel A shows the numbers and percentages of patients who had an objective response (complete response or partial response) among 
the 60 patients who had been treated with KTE-X19 and were included in the primary efficacy analysis. Panel B shows the Kaplan–Meier 
estimate of the duration of response, as assessed on the basis of review by the independent radiologic review committee, among the 56 
patients in the primary efficacy analysis who had a response. Tick marks indicate censored data. Kaplan–Meier estimates of progression-
free survival and overall survival among the 60 patients who were included in the primary efficacy analysis are shown in Panels C and D, 
respectively. NE denotes could not be estimated.
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12 mo OS: 83%
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KTE-X19 CAR T-Cell Ther apy in MCL

tients who had disease progression after having 
an objective response to KTE-X19 received a 
second infusion approximately 1 year and 1.3 
years after the initial infusion; analysis in these 
patients is ongoing.

A total of 57% of all the patients in the pri-
mary efficacy analysis and 78% of the patients 
who had a complete response were in remission 
as of the data-cutoff date (Fig. 1B). The first 28 
patients who were treated had a median follow-
up of 27.0 months (range, 25.3 to 32.3), with 
43% having a continued remission without ad-
ditional therapy. The percentages of patients 
with an ongoing response were also consistent 

across key covariates (Fig. S3). The 3 patients 
who had CD19-negative tumors at baseline and 
were included in the primary efficacy analysis 
had a complete response and were in remission 
as of the data-cutoff date.

At 12 months, the estimated progression-free 
survival and overall survival were 61% and 83%, 
respectively (Fig. 1C and 1D). Subgroup analysis 
showed that progression-free survival at 6 months 
was consistent among patients with poor prog-
nostic features, including pleomorphic morpho-
logic characteristics, TP53 mutation, or a Ki-67 
proliferation index of 50% or higher (Figs. S4 
and S5 and Table S5).

Figure 1. Objective Response, Duration of Response, Progression-free Survival, and Overall Survival.

Panel A shows the numbers and percentages of patients who had an objective response (complete response or partial response) among 
the 60 patients who had been treated with KTE-X19 and were included in the primary efficacy analysis. Panel B shows the Kaplan–Meier 
estimate of the duration of response, as assessed on the basis of review by the independent radiologic review committee, among the 56 
patients in the primary efficacy analysis who had a response. Tick marks indicate censored data. Kaplan–Meier estimates of progression-
free survival and overall survival among the 60 patients who were included in the primary efficacy analysis are shown in Panels C and D, 
respectively. NE denotes could not be estimated.
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12 mo PFS: 61%
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

refractory to BTK inhibitor therapy or had dis-
ease that had progressed during or after receipt 
of a BTK inhibitor. A total of 42 of 68 treated 
patients (62%) had disease that did not respond 
to BTK inhibitor therapy (primary refractory 
disease), and 18 (26%) had a relapse after having 
an initial response while receiving BTK inhibitor 
therapy; therefore, 88% of the treated patients 
had disease that was considered to be refractory 
to BTK inhibitor therapy. A total of 5 patients 

(7%) had a relapse after stopping BTK inhibitor 
therapy; 3 patients (4%) were unable to take 
ibrutinib owing to adverse events.

A total of 25 patients (37%) received bridging 
therapy with ibrutinib (14 patients), acalabruti-
nib (5), dexamethasone (12), or methylpredniso-
lone (2) (Table S3). A total of 23 patients under-
went radiologic imaging after bridging therapy; 
the median sum of the products of tumor diam-
eters after bridging therapy was 3275 mm2. The 
majority of the 17 patients who had assessments 
both before and after bridging therapy had an 
increase in the median tumor burden after the 
receipt of bridging therapy.

Efficacy
Among the first 60 treated patients who had at 
least 7 months of follow-up (as specified in the 
protocol), 93% (95% confidence interval [CI], 84 
to 98) had an objective response as assessed by 
the independent radiologic review committee, 
with 67% (95% CI, 53 to 78) having a complete 
response (Fig. 1A and Fig. S2). High concor-
dance (95%) was observed between rates as-
sessed by the independent radiologic review 
committee and those assessed by the investiga-
tor (Table S4). Among all 74 enrolled patients, 
85% had an objective response, with 59% having 
a complete response. The percentages of pa-
tients with an objective response were consistent 
among key subgroups, including patients with 
high-risk features (Fig. 2). The median time to 
an initial response was 1.0 month (range, 0.8 
to 3.1), and the median time to a complete re-
sponse was 3.0 months (range, 0.9 to 9.3). 
Among the 42 patients who initially had a par-
tial response or stable disease, 24 patients 
(57%), including 21 with an initial partial re-
sponse and 3 with stable disease, subsequent-
ly had a complete response after a median of 
2.2 months (range, 1.8 to 8.3) after the initial 
response; 17 patients were continuing to have a 
response as of the data-cutoff date (median fol-
low-up, 12.3 months).

Minimal residual disease was analyzed in 29 
of 74 patients (39%); 24 of these 29 patients 
(83% [19 patients with a complete response and 
5 with a partial response]) had no detectable 
residual disease (i.e., <1 in 100,000 cells) at week 
4, and 15 of 19 patients (79%) with available 
data had negative results at month 6. Two pa-

Table 1. Baseline Characteristics of All 68 Treated Patients.*

Characteristic Patients

Median age (range) — yr 65 (38–79)

Intermediate or high risk according to Simplified MIPI  
— no. (%)†‡

38 (56)

Blastoid or pleomorphic morphologic characteristics of MCL 
— no. (%)

21 (31)

Ki-67 proliferation index ≥30% — no./total no. (%)‡ 40/49 (82)

TP53 mutation — no. (%) 6/36 (17)

Positive CD19 status — no./total no. (%) 47/51 (92)

Median no. of previous therapies (range)§ 3 (1–5)

≥3 Previous lines of therapy — no. (%) 55 (81)

Previous autologous stem-cell transplantation — no. (%) 29 (43)

Previous BTK inhibitor therapy — no. (%)§  68 (100)

Ibrutinib 58 (85)

Acalabrutinib 16 (24)

Both 6 (9)

Relapsed or refractory disease — no. (%)

Relapse after autologous stem-cell transplantation 29 (43)

Refractory to most recent previous therapy 27 (40)

Relapse after most recent previous therapy 12 (18)

Disease that relapsed or was refractory to BTK  
inhibitor therapy — no. (%)

 68 (100)

Refractory to BTK inhibitor therapy 42 (62)

Relapse during BTK inhibitor therapy 18 (26)

Relapse after BTK inhibitor therapy 5 (7)

Could not take BTK inhibitor therapy because of  
adverse events¶

3 (4)

*  BTK denotes Bruton’s tyrosine kinase, and MCL mantle-cell lymphoma.
†  The Simplified Mantle Cell Lymphoma International Prognostic Index (MIPI) 

is used in patients with mantle-cell lymphoma to assess risk on the basis of 
age, Eastern Cooperative Oncology Group performance-status score, lactate 
dehydrogenase level, and white-cell count.

‡  This value was assessed at the time of diagnosis.
§  Induction plus consolidation or maintenance therapy or all treatments occur-

ring between sequential complete responses were counted as one regimen.
¶  Patients had a relapse after or had disease that was refractory to subsequent 

therapies before trial entry.
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Brexu-cel performance outside clinical trials: safety
(CRS, ICANS, NRM and others)

CRS ICANS ZUMA-2 
CRS (%)

ZUMA-2 
ICANS (%)

Total, No, (%) 151 (90) 103 (61) 91 63
Max Grade, No, (%)

1-2 138 (82) 49 (29) 76 32
3-4 12 (7) 54 (32) 15 31

Days to onset 4 (0-13) 6 (1-8) 2 (1-13) 7
Days to max Grade 5 (0-30) 8 (1-18) - -
Duration 5 (1-33) 6 (1-144+) 11 12

Management Number ZUMA-2 (%)

Tocilizumab 129 (77%) CRS: 59%
ICANS: 26%

Tocilizumab 
doses, median 2 (1-4)

Steroids 116 (69%) CRS: 22%
ICANS: 38%

Anakinra 28 (17%)
ICU admissions 34 (20%)
ICU days, median 3 (1-12)
Vasopressors 18 (11%) 16%
Mechanical 
ventilation 5 (3%)

Dialysis 4 (2%)



N= 7,604 pts
18 trials
28 RW studies

• NRM point estimate = 6.8%
• NRM point estimates varied across disease: 

ü Indolent lymphomas= 5.7% (3.4–9.2%), 
ü LBCL= 6.1%, (4.9–7.6%),
ü MCL= 10.6% (7.7–14.3%, P = 0.026) Cordas dos Santos DM et al. Nat. Med. 2024

Non-relapse (NRM) mortality after CAR-T cell therapy 



• Patients treated with anti-CD19 CAR-T cell therapy diagnosed 
with infections:
ü 18 to 56% in prospective clinical trials (G≥3: 5%-32% of pts in CT). 
ü 20 to 60% in retrospective cohorts. 
ü Leading cause of NRM: 1%-12% with median f/up 10-16 mon.

• Risk factors for infectious complications: 
ü Pre-CART factors: disease type, # of prior therapies, prior alloHCT, need for 

systemic bridging tx, high CAR-HEMATOTOX score, etc.  
ü CAR-T related factors: CD4+ T cell lymphopenia, B cell aplasia, 

immunosuppressive therapy for management of complications (steroids, anti-
IL6, etc), prolonged neutropenia, etc. 

Infections in CAR-T therapy 

Brudno JN, Kochenderfer J. Nat Rev Clin Oncol. 2024 Jul;21(7):501-521.
Wudhikarn K, Perales MA. Bone Marrow Transplantation (2022) 57:1477–1488



Infections after CAR-T cell therapy

Courtesy of Michale Jain, MD PhD Rejeski K et al. submitted



Baird JH et al.  et al. Blood Adv. June 2021
Logue JM, et al. Haematologica April 2021 

Prolonged CD4+ T cell lymphopenia s/p anti-CD19 CAR-T cell therapy 

Median CD4 count
= 113

50% of pts had CD4+ T-cell count < 200 cells/mL 
by 18 mon Axi-cel infusion



Moffitt, CAR T in DLBCL, N=57 “survivors” 
Johnson et al. ASH 2023

Long term B cell aplasia and hypogammaglobulinemia 

Baird JH et al.  et al. Blood Adv. June 2021



Vaccination after CAR-T

• Patients received PCV13 vaccine at day 90 (vs. unvaccinated).

• In both vaccinated and unvaccinated patients, vaccine-specific 
serotypes decreased between day 90 and day 180.

Pneumococcal Vaccine

SARS-COV2 Vaccine

Pooled analysis of multiple studies.

T cell responses to COVID vaccine post-CAR T. 

1.Lee et al. JTCT 2022
2. Hall and Teh; J. Inf. Dis 2023.
3. Hill et al. CID 2024



Secondary primary malignancies (SPM) after CAR-T cell therapy 

• N= 5,517 pts (18 CT and 7 RW studies)

• 326 SPM (media f/up: 21.7 mon)

• SPM point estimate 6.0%( 4.8%–7.4%).

• SPM subtypes: 
üHematologic malignancies: 37%.
üSolid tumors: 27%
üNon-melanoma skin cancers: 16%

• All T-cell malignancies: 1.5%.

Tix T et al. Clin Cancer Res 2024;30:4690–700



Secondary Malignancies after CAR T cell Therapy

40
Courtesy of Michale Jain, MD PhD Rejeski K et al. submitted



Jain MD J Clin Oncol. 2024; 42:3581-3592

Therapy Related Myeloid Neoplasms Post Axi-cel

Courtesy of Michale Jain, MD PhD 



Secondary Myeloid Malignancies after CAR T
Assembled an international cohort of patients who had MDS/AML after CAR T

• US, UK, Germany, Spain: (CAR T n=53)

Compared to Moffitt database (Dr. Komrokji) of patients who developed MDS/AML 
after:

• Standard Chemotherapy/Radiation (STD n=244)

• Autologous stem cell transplant (AUTO n=96)  
All Patients STD AUTO CAR T

Age, median, range, 67.5 65.2 64.1

Prior Treatment
Chemotherapy only 278(70.7%)      174(71.3%) 64(66.7%) 40(75.5%)
Chemotherapy and radiation 109(27.7%) 64(26.2%) 32(33.3%) 13(24.5%)

Radiation only 6(1.53%) 6(2.46%) 0(0.00%) 0(0.00%)

Cellularity
Hypercellular marrow 197 (53.0%) 135(58.7%) 41(43.6%) 21(43.8%)
Hypocellular marrow 81 (21.8%) 41 (17.8%) 26 (27.7%) 14(29.2%)
Normocellular marrow 94 (25.3%) 54 (23.5%) 27(28.7%) 13(27.1%)

R-IPSS
Very good-good 128(34.0%) 96 (40.5%) 23(24.7%) 9(19.6%)

Intermediate 61 (16.2%) 37 (15.6%) 15 (16.1%) 9(19.6%)
Poor-very poor 187(49.7%) 104 (43.9%) 20(21.5%) 15 (29.4%)

AML transformation 97 (25.0%) 62 (25.4%) 9(18.0%) 15(29.4%)
Allo Transplant 92 (23.7%) 52 (21.3%) 28(30.4%) 12(22.6%)

No differences in terms of cytogenetic 
risk, or frequency of any specific mutation 
by NGS between the three groups.

Roman Diaz et al. ASH 2024 Courtesy of Michale Jain, MD PhD 



Secondary Myeloid Malignancies after CAR T

Roman Diaz et al. ASH 2024 Courtesy of Michale Jain, MD PhD 



Our experience: MCC at MCI
• Q4 2021 to Q1 2025 =  52 pt with R/R B cell NHL

• All FDA CAR-T cell approved constructs are available.

• LBCL: 44 patients (42 Axi-cel/ 2 Tisa-cel).

• FL: 4 patients (2 Axi-cel/2 Tisa-cel).

• MCL: 4 patients (3 Brexu-cel/1 Liso-cel).

• All inpatient: median length of stay= 10 days.

LBCL
44(84%)

FL
4 (8%)

MCL
4 (8%

CAR-T cell therapy for B-cell NHL (N=52)

LBCL FL MCL



LBCL Survival Analysis 2021-2025 Q1



MCL Survival Analysis 2021-2025 Q1
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