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Number of CAR T cell infusions: 2016-2021 

(3,773 patients and 3,976 infusions) 
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CAR T Cell Indications: 2016-2021 (N=3,773)
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Centers: 157

Median age: 59 y (<1-91)y

Prior HCT: 33%  

Commercial
79%

Noncommercial
21%



Industry-sponsored Projects
Project Sponsor Objective Timeline/Duration

Yescarta LTFU

(Axicabtagene ciloleucel)

Kite Safety and efficacy outcomes (PASS)

N=1,500 (Completed 07/2020)

Diseases: LBL 

07/2018

2 years of accrual

15 years of follow up

Kymriah LTFU

(Tisagenlecleucel)

Novartis Safety and efficacy outcomes (PASS)

N=2,500 (Current N=1000)

Diseases: NHL and ALL

08/2018

5 years of accrual

15 years of follow up

Lisocabtagene maraleucel BMS Safety and efficacy outcomes (PASS)

N=1,000 Disease: NHL

5 years

15 years of follow up

Idecabtagene vecleucel BMS Safety and efficacy outcomes (PASS)

N=1,000 Diseases: Multiple Myeloma

5 years

15 years of follow up

Tecartus

(Brexucatagene autoleucel)

Kite Safety and efficacy outcomes (PASS)

N=500 Disease: Mantle Cell Lymphoma

5 years

15 years of follow up

Ciltacabtagene autoleucel Janssen/ 

Legend

Safety and efficacy outcomes (PASS)

N=TBD Disease: Multiple Myeloma

5 years

15 years of follow up
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Under Development



The CIBMTR® (Center for International Blood and Marrow Transplant Research®) 

is a research collaboration between the National Marrow Donor Program® (NMDP)/

Be The Match® and the Medical College of Wisconsin (MCW).

Statistical Challenges in the 

Clinical Development of CAR-T 

Cell Therapies - Registry



Baseline Information Available in 

Registry

• Patient-related
–Age, sex, race/ethnicity

–Comorbidities

–KPS prior to infusion

• Disease-related
–Sub-disease at diagnosis

–Disease status prior to infusion

–Cytogenetics

–Lab values (CBC, blast %, etc)

• Therapy-related

–Prior lines of therapies

–LD chemo

–Time of leukapheresis



Outcomes Derived from Registry Data
• Safety outcomes
–CRS

–ICANS

–Prolonged cytopenia

–Grade 3-4 organ toxicities

–Hypogammaglobulinemia

–Tumor lysis syndrome

–Serious infections

–Subsequent neoplasm

–Pregnancy

• Efficacy outcomes

–Best overall response (BOR)

–Duration of response (DOR)

–Relapse/disease progression

–Disease-free 

survival/progression-free 

survival (DFS/PFS)

–Overall survival (OS)



Duration of Follow-Up

• Currently, one of the main challenges for registry 
studies.

• As of Feb 28, 2021:

–2,472 out of 2,997 (82%) patients receiving 
commercial CAR-T products reported at least one 
follow-up

–Median follow-up of survivors: 11.9 (0.8-37.0) months

• Improving over time.



Data Imbalance
• Unlike clinical trials, the baseline characteristics of patients 

from the registry may not be completely balanced between 
two treatment groups.
–e.g.: Patient population receiving one CAR-T products may be 

older than those receiving the other products.

• Solutions:
–Matching/stratification

–Multivariate regression models (logistic regression, Cox 
proportional hazard model, direct adjusted survival estimates)

–Propensity score (propensity score matching, inverse probability 
of treatment weighting) 



Censoring and Competing Risks

• Censoring events

–Alive at the last follow-up

–Subsequent HCTs

–Subsequent CTs

–Other subsequent anti-cancer 

therapies

• Competing risk events

–Death without experiencing 

the event of interest

–Subsequent HCTs

–Subsequent CTs

–Other subsequent anti-

cancer therapies



Left-truncation in Retrospective Data
• Left-truncation occurs when certain subjects from the underlying 

population are unknown to the observers when their event time 
fails to surpass certain time threshold.
–e.g.: If we want to compare registry vs. clinical trial patients from the time 

of leukapheresis, patients who died between leukapheresis and infusion 
are not observable through the registry and therefore left-truncated.

• Adjust left-truncation:
–Supported directly in SAS: Kaplan-Meier/cumulative incidence 

estimates, Cox proportional hazards model

– In-house SAS macros: direct adjusted survival estimates, 
weighted/unweighted logrank test



Tisagenlecleucel Real World Data 

Pasquini MC et al, Blood Advances in press 14



CRS with Tisagenlecleucel by indication

Pasquini MC et al, Blood Advances in press 15



Responses and Survival Outcomes with 

Tisagenlecleucel

Pasquini MC et al, Blood Advances in press 16



Neurologic Symptoms and Relationship 

between ICANS and CRS

Depressed level of 
consciousness

25%

Dysphasia
11%

Aphasia
20%

Seizure
4%

Hemiparesis/par
aparesis/other 
motor deficit

8%

Cerebral edema
1%

Hallucinations
3%

Tremors
23%

Cerebrovascular accident
1%

Leukoencephalopathy
4%

CRS 35%

ICANS 7%

CRS & ICANS

64%



Conclusion

• Cellular Therapy Outcomes Databases are now 

being used to meet regulatory requirements. 

• CT data offers unique statistical challenges:
• Short follow-up (improving over time)

• Imbalanced baseline data

• Right-censored and left-truncated time-to-event data

• Outcomes in the real-world setting are comparable 

to what was observed in the pivotal trials
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