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CAR-T cell therapy
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What are CAR-T cells?

Figures created using Biorender.com
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Clinical CAR-T cell kinetics
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Role of CAR-T cell phenotypes
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CAR-T cell clinical data

‘Real-world‘ observational study

19 patients

• r/r Non-Hodgkin lymphoma

• Follow-up ≤ 24 months

Autologous stem cell

transplantation

16 months median overall survival

CAR Chimeric antigen receptor

Early response and survival prediction?

Responders vs. 

non-responders

Predictors for long-term 

response & survival

Characterise cell

kinetics and dynamics

• Single dose

• Phenotypes measured by flow cytometry

Tumor burden
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CAR-T cell model

Clinical data

Literature
Naïve 

CAR-T

Central memory 

CAR-T

Effector memory 

CAR-T
Effector

CAR-T

Metabolic tumour 

volume

CD19+: CD19+ metabolic tumour volume

NLME: Nonlinear mixed-effects model

TN:  Naïve CAR-T cells Mueller-Schoell et al. Cancers 2021 

NLME

Dynamics

Interactions

Cellular processes

Variability between 

patients

TCM :  Central memory CAR-T cells

TEM :  Effector memory CAR-T cells

TEFF : Effector CAR-T cells
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CAR-T cell model

Proliferation1

TN:  Naïve CAR-T cells

TCM :  Central memory CAR-T cells

TEM :  Effector memory CAR-T cells

TEFF : Effector CAR-T cells

CD19+: CD19+ metabolic tumour volume



Journées GPCO, Fenja Klima, 16 November 2023

9

CAR-T cell model

Proliferation1

TN:  Naïve CAR-T cells

TCM :  Central memory CAR-T cells

TEM :  Effector memory CAR-T cells

TEFF : Effector CAR-T cells

CD19+: CD19+ metabolic tumour volume
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CAR-T cell model

Proliferation1

Differentiation2

TN:  Naïve CAR-T cells

TCM :  Central memory CAR-T cells

TEM :  Effector memory CAR-T cells

TEFF : Effector CAR-T cells

CD19+: CD19+ metabolic tumour volume
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CAR-T cell model

Proliferation1

Differentiation2

Natural cell death3

TN:  Naïve CAR-T cells

TCM :  Central memory CAR-T cells

TEM :  Effector memory CAR-T cells

TEFF : Effector CAR-T cells

CD19+: CD19+ metabolic tumour volume
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CAR-T cell model

Proliferation1

Differentiation2

Natural cell death3

Tumor killing4

TN:  Naïve CAR-T cells

TCM :  Central memory CAR-T cells

TEM :  Effector memory CAR-T cells

TEFF : Effector CAR-T cells

CD19+: CD19+ metabolic tumour volume
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Assessing between-patient variability

446% CV 

on max. CAR-T cell

expansion capacity

High between-patient variability

307% CV 
on max. tumour

killing capacity

Subpopulations with

different Vmax1

Reference

expansion

(n=15)

Low 

expansion

(n=4)

Factors increasing Vmax1

Previous

ASCT

CD4+/CD8+

ratio

2/3 of variability on 

Vmax1 explained

Translation to

treatment outcome?

ASCT Autologous stem cell transplantation

CV Coefficient of variation

IIV Interindividual variability
Vmax1 Maximum expansion capacity of CAR-T cells per mL tumour volume

Vmax5,2 Maximum killing capacity of metabolic tumour volume by CAR-T cells Mueller-Schoell et al. Cancers 2021 

Vmax1

Vmax5

>
10x
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Overall survival in different subpopulations

No previous ASCT (n=3)

Previous ASCT (n=1)

No previous ASCT (n=9)

Previous ASCT (n=6)

25%

1 out of 4 patients still alive

67%

10 out of 15 patients still alive

0%

0 out of 3 patients still alive

100%

1 out of 1 patients still alive

44%

4 out of 9 patients still alive

100%

6 out of 6 patients still alive
ASCT Autologous stem cell transplantation

CAR Chimeric antigen receptor Mueller-Schoell et al. Cancers 2021 

Low CAR-T cell

expansion (n=4)

Reference CAR-T cell

expansion (n=15)
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Clinical composite score (CCSTN) for survival prediction

Correlation with CAR-T cell

expansion capacity Vmax1
1 Determination of cut-off value2 Overall survival using CCS3

CCS Clinical composite score Mueller-Schoell et al. Cancers 2021 
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cells/μL/mL

Reference

expansion

Low 

expansion

O
v
e
ra

ll 
s
u
rv

iv
a
l 
ra

te

Cmax of TN [cells/μL]

Tumor at baseline [mL]

CCSTN =



Journées GPCO, Fenja Klima, 16 November 2023

16

Summary and perspective

Pharmacometric model of CAR-T cell kinetics and dynamics

Subgroups with different overall survival

Clinical score for early survival prediction

Evaluation in larger 

patient cohort required

Multicenter data analysis

CAR-T cell quantification using flow cytometry

Comparability and standardisation of multicenter data?

Typically small

sample size
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Analysis of multi-center CAR-T cell data

Evaluation of CAR-T cell model and 

clinical composite score

Extension with data from 

Leuka-

pheresis

Re-

infusion
Post 

infusion

d-X d0 d2-21

apheresis

material
PBMC 

infusion

product/

bagwash

Extension of CAR-T cell model for

Age 

groups

CAR-T cell

constructs

Tumor 

type
leukapheresate

infusion product

Patient characteristics

Treatment outcome

Tumor burden

CAR-T cell concentration

Standardisation of

flow cytometry assays Integration of multi-

center data in developed

CAR-T cell model
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Backup
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CAR-T cell products and indications

Labanieh & Mackall Nature 2023 
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Model parameters I

Mueller-Schoell et al. Cancers 2021 



Journées GPCO, Fenja Klima, 16 November 2023

22

Model parameters II

Mueller-Schoell et al. Cancers 2021 
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