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1) Timing of CAR-T Therapy
- second- vs. third-line outcomes
- disease status at the time of CAR-T and outcome

2) Lymphodepletion before CAR-T Infusion
- is fludarabine-cyclophosphamide required?

3) Response Assessments after CAR-T Infusion
- timing of response assessments and outcomes

4) Immune Reconstitution
- is persistent B-cell aplasia necessary for PFS in NHL?

Disclaimers: These impressions are based on my own personal experiences and observations in the clinical research and practice settings, as well as on 
impressions gained from the literature and from discussions with other clinicians and investigators.  They are specifically related to CD19-directed, 4-1BB co-
stimulated CAR-T cell products for treatment of large B-cell lymphomas.  These opinions should not be considered as dogma, but rather as current 
impressions that may require further validation through additional experience and formal clinical investigation. 

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up
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1) Timing of CAR-T Therapy
- second- vs. third-line outcomes

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

Patient Characteristics in the Pivotal Trials of Axi-cel

* In ZUMA-1, only 2 (3%) patients were primary refractory; 59 
(77%) patients  were refractory to second or later line therapy.

*

Table adapted from:
Roschewski et al. N Engl J Med. 2022;386(7):692-696.
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1) Timing of CAR-T Therapy
- second- vs. third-line outcomes

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

ZUMA-11,2: axi-cel as > 3rd-line therapy for LBCL refractory 
to second or later therapy, relapsed < 12 
months after ASCT, or primary refractory

ZUMA-73: axi-cel as 2nd-line therapy for primary
refractory or relapsed < 12 months of 1st therapy

EFS, time from axi-cel infusion until disease progression, initiation of new anticancer therapy, 
excluding stem-cell transplantation, or any-cause death. Median time from enrollment to CAR 
T-cell infusion was approximately 17 days.

Event-free survival
N = 101
Median follow-up: 63.1 months
Estimated 5-year EFS: 30.3% (95% CI, 21.5-39.6)

Event-free survival
N = 180
Median follow-up: 24.9 months
Estimated 24-month EFS: 41% (95% CI, 33-48)

EFS, time from randomization to disease progression, initiation of new anticancer therapy, any-
cause death from, or best response of stable disease at day 150 assessment. Median time from 
enrollment to CAR T-cell infusion was approximately 29 days. 

1Neelapu SS, et al. N Engl J Med. 2017;377(26):2531-2544; 2Neelapu SS, et al. Blood. 2023;Epub ahead of print; 3Locke FL, et al. N Engl J Med. 2022;386(7):640-654. 
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1) Timing of CAR-T Therapy
- second- vs. third-line outcomes

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

1Abramson et al. Lancet. 2020;396(10254):839-852; 2Kamdar, et al. Lancet. 2022;399(10343):2294-2308.

N = 92
Median follow-up: 6.2 months (IQR, 4.4–11.5)
Median PFS: 14.8 months (95% CI, 6.6–NR)
PFS estimates: 6-month, 69.4% (95% CI, 58.1-80.6); 

12-month, 52.3% (95% CI, 36.7-67.9)  

PFS, Time from randomization to PD, or death from any cause, whichever occurs first.

TRANSCEND NHL 0011: liso-cel as > 3rd-line therapy for LBCL 
relapsed after or refractory to second or later therapy

TRANSFORM2: liso-cel as 2nd-line therapy for primary
refractory or relapsed within < 12 months of 1st therapy

Progression-free survival
N = 256
Median follow-up: 12.3 months (95% CI, 12.0–17.5)
Median PFS: 6.8 months (95% CI, 3.3–14.1)
PFS estimates: 6-month, 51.4%; 12-month, 44.1%;  

18-month, 42.1%, 24-month, 42.1%

Progression-free survival
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1) Timing of CAR-T Therapy
CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

JULIET: Multivariable and Subgroup Analyses
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1) Timing of CAR-T Therapy
- disease status at the time of CAR-T and outcome

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up
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1) Timing of CAR-T Therapy
- disease status at the time of CAR-T and outcome

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

EFS time is relative to date of tisagenlecleucel infusion; median time from pre-infusion disease assessment to infusion was 10 days (range, 2-57; Q1-Q3, 8-15).
EFS events defined as PD/SD after day 71 from randomization or death at any time.

Bishop et al. LBA-6.  ASH 2021; 
Bishop et al. N Engl J Med. 2021 Dec 14. Epub 

The odds ratio is the odds of having a best overall response of CR/PR vs. SD/PD/UNK; 
i.e., an odds ratio >1 means patients are more likely to have a best overall 
response of CR/PR.
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2)  Lymphodepletion before CAR-T Infusion
- is fludarabine-cyclophosphamide required?

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

Chong EA, Ruella M, Schuster SJ. N Engl J Med 2021;384(7):673-674. Neelapu SS, et al. Blood. 2023; Epub ahead of print

Median follow-up: 63.1 months
Best ORR: 83%, CR: 58%
5-year PFS: 31.8% (95% CI: 22.9-41.1)

Zuma-1 trial
Lymphodepletion Regimen 

Cyclophosphamide-Fludarabine
(500 mg/m2 - 30 mg/m2 daily x 3 days)
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2)  Lymphodepletion before CAR-T Infusion
- is fludarabine-cyclophosphamide required?

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up
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2)  Lymphodepletion before CAR-T Infusion
- is fludarabine-cyclophosphamide required?

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

• Retrospective comparison of fludarabine/cyclophosphamide and bendamustine as lymphodepletion prior to tisagenlecleucel
• University of Pennsylvania; Oregon Health & Science University; University of Vienna
• Bendamustine, n = 90;  Fludarabine/Cyclophosphamide n = 42; patient characteristics balanced between LD as shown below 

Ghilardi G, et al. Ann Oncol. 2022;S0923-7534(22)01722-7. doi:10.1016/j.annonc.2022.05.521
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2)  Lymphodepletion before CAR-T Infusion
- is fludarabine-cyclophosphamide required?

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

Ghilardi G, et al. Ann Oncol. 2022;S0923-7534(22)01722-7. doi:10.1016/j.annonc.2022.05.521
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3) Response Assessments after CAR-T Infusion
- response assessments and long-term outcomes

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

1Chong EA, Ruella M, Schuster SJ. N Engl J Med 2021;384(7):673-674; 2Schuster S. J. et al. Lancet Oncol. 2021; 22(10): 1403-1415; 3Neelapu SS, et al. Blood. 2023; Epub ahead of print.

UPenn CTL019 Trial1
n = 24
Median follow-up: 63.7 months
Best ORR:  58%, CR: 46%
5-year PFS:  31% (95% CI: 14-51)

JULIET Trial2
n = 115
Median follow-up: 40.3 months
Best ORR:  53%, CR: 39%
3-year PFS esNmate:   ̴31% 

ZUMA-1 Trial3
n = 101
Median follow-up: 63.1 months
Best ORR:  83%, CR: 58%
5-year PFS: 31.8% (95% CI: 22.9-41.1)

≈ 30%

50%
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3) Response Assessments after CAR-T Infusion
- response assessments and long-term outcomes

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

1Neelapu SS, et al. N Engl J Med (2017) 377:2531-44; 2Locke FL, et al. Lancet Oncol (2019) 20:31-42; 3Schuster SJ, et al. N Engl J Med (2019) 380(1):45-56; 4Abramson J, et al. Lancet (2020) 396:839-52.

PET/CT Requirements in Registrational Trials of 3rd or Later Line CAR-T
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3) Response Assessments after CAR-T Infusion
- response assessments and long-term outcomes

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

1https://www.fda.gov/media/107296; 2https://www.fda.gov/media/108377; 3https://www.fda.gov/media/145711; 
4Schuster SJ, et al. N Engl J Med (2019) 380(1):45-56; 5Locke FL, et al. Lancet Oncol (2019) 20:31-42; 6Abramson J, et al. Lancet (2020) 396:839-52.

PET/CT Use in 3 Registrational CAR-T Clinical Trials
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3) Response Assessments after CAR-T Infusion
- response assessments and long-term outcomes

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

Case: Pseudoprogression during Early Response Assessment
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4) Immune Reconstitution
- is persistent B-cell aplasia related to PFS in NHL?

CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

Chong EA, Ruella M, Schuster SJ. N Engl J Med 2021;384(7):673-674. Neelapu SS, et al. Blood. 2023; Epub ahead of print.

Zuma-1 trialUPenn CTL019 trial
B-cell counts and immunoglobulin levels in patients in remission for > 1 year

~ 1/2 of patients in CR recover B cells within 1 year
~ 3/4 of patients in CR recover B cells within 2 years
~ 2/3 recover immunoglobulins within 2 years

~ 1/2 of patients in ongoing response have B cells at 1 year
~ 3/4 of patients in ongoing response have B cells at 2 years

B-cell counts over time in patients with ongoing responses
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4) Immune Reconstitution
CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up

Chong EA, Ruella M, Schuster SJ. N Engl J Med 2021;384(7):673-674. 

Moffitt Cancer Center axi-cel data (N=85) UPenn CTL019 trial
T-cell counts in patients in remission for > 1 year

All patients in CR > 1 year recovered normal CD3, CD4 and CD8 T-cell counts

• CD4 T cells decreased from baseline and were persistently 
low with median CD4 count 155 cells/µL at 1 year after axi-cel 
(n=19, range: 33– 269). 

• 36.5% of patients had infections within 30 days after axi-cel, 
and 44.3% had infections between days 31 and 360.

Logue J, et al. Haematologica 2021;106(4):978-986.
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CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up
Conclusions:

Disclaimers: These impressions are based on personal experiences and observations in the clinical research and practice settings, as well as on impressions gained from the 
literature and from discussions with other clinicians and investigators.  They are most specifically related to CD19-directed, 4-1BB co-stimulated CAR-T cell products for 
treatment of large B-cell lymphomas.  These opinions should not be considered as dogma, but rather as current impressions that may require further validation through 
additional experience and formal clinical investigation. 

1)  Timing of CAR-T Therapy
- At early follow-up, EFS outcomes for 2nd and > 3rd –line CAR-T in large B-cell lymphomas appear similar, at least for axi-cel; however, 

earlier application of CAR-T may save patients additional potentially toxic therapies.

- Uncontrolled tumor growth, high serum LDH, and bulky disease pre-infusion bodes poor outcomes for > 3rd–line CAR-T in large B-
cell lymphomas.

•

2)  Lymphodepletion before CAR-T Infusion
- Fludarabine-cyclophosphamide is not required, but randomized trials are needed to define the best lymphodepletion regimens.

•

3)  Response Assessments after CAR-T Infusion
- Survival statistics rather than response rates should be used to assess CAR-T efficacy.

•

4)  Immune Reconstitution
- Persistent B-cell aplasia after CAR-T is not required for remission in large B-cell lymphomas; most patients in remission recover B 

cells.
- Patients who achieve complete remission after CAR-T for large B-cell lymphomas can reconstitute their immune system.
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CAR-T as 3rd-line or Later Therapy: Lessons from Long-term Follow-up


