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

Early response and survival prediction?
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CAR-T cell model
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CAR-T cell model
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CAR-T cell model
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CAR-T cell model

1 Proliferation

2 Differentiation
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CAR-T cell model
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CAR-T cell model
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Assessing between-patient variability

High between-patient variability
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Overall survival in different subpopulations
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Clinical composite score (CCS+y) for survival prediction

Correlation with CAR-T cell
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Summary and perspective

Evaluation in larger

\ G\/ Q Pharmacometric model of CAR-T cell kinetics and dynamics : .
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Analysis of multi-center CAR-T cell data

CAR-T cell concentration
Treatment outcome HARlTE

N\ Patient characteristics Standardisation of Integration of multi
flow cytometry assays i

Tumor burden | ») y y y ») gi center data in developed
@\) ( CAR-T cell model

ks ,
Kok‘\l iv——
= xr’;\jxs‘Vmatg_7Vmax5 Vmaxs 4 Leu ka_ Re- Post
S \‘ ° »@ g Pheresis infusion infusion
> il p \

= I " | @ —
S /
- \

s w i Q % dx d2-21
ﬂ * mfusmn

@ @ P@% RLLIN™ et
pa (/ @ aﬁqr:;;s E;gslv L; c;té PBMC
Evaluat E CARST cell madel and Extension of CAR-T cell model for Extension with data from
vaiuation © ~! cellmodetan Age CAR-T cell Tumor leukapheresate
clinical composite score : .
groups constructs type infusion product

(222me, . S
p Pharttecr. {1 d el 17
E L CLINICAL PHARMACY

Journées GPCO, Fenja Klima, 16 November 2023



Acknowledgements

» Supervisor
Prof. Dr. Charlotte Kloft
Research Group Dept. of Clinical Pharmacy and Biochemistry,
Freie Universitat Berlin

» Co-Supervisor S @;@
Prof. Dr. Wilhelm Huisinga '3, =
Computational Biology group, Institute of Mathematics, -
University of Potsdam <532,

* Graduate Research Training Program PharMetrX "‘“'

* Dr. Anna Mc Laughlin (née Mueller-Schoell) o
Research Group Dept. of Clinical Pharmacy and Biochemistry,

Freie Universitat Berlin

* Prof. Cassian Yee, M.D.
Prof. Sattva S. Neelapu, M.D. NI CNVERSITY OF TEXAS
Nahum Puebla-Osorio, D.V.M., Ph.D. @%;%ﬁ%
Division of Cancer Medicine,
The University of Texas
MD Anderson Cancer Center, Houston TX, United States of
America

» Prof. Annette Kiinkele ,

CHARITE

Charité-Universitaetsmedizin Berlin

UNIVERSITATSMEDIZIN BERLIN

Journées GPCO, Fenja Klima, 16 November 2023

Universitat Potsdam Universitat Navarra Humboldt Research Fellow Universitat Hamburg  Humboldt Research Fellow

Freie Universitét (| S )

aco, i
oc(“ "’eéd ‘ : ity
& -
H“;é = 'f i
T CLINI

CAL PHARMACY

18



Freie Universitat

Backup

c(“dco"”s

N %
LY PharMetr

@

N

onal DiseS””

ling 5%

‘ 19
CLINICAL PHARMACY

e




CAR-T cell products and indications

Table 1| Targets of CAR T cell therapies with clinical evidence of efficacy

Target Disease Response rate® Survival Comments Date of FDA Refs.
approval

Haematological malignancies

cD9 B-ALL CR or CRi: 81%, EFS: 50% Tis-cel approved for R/R B-ALL Aug 2017 5
085:76% at 12 months (=25yr of age)

CD19 LBCL CR: 58%, PFS: 44% at 12 months Axi-cel approved as 3rd line treatment  Oct 2017 3
085:52% at 18 months for LBCL (>18 yr of age)

cD9 LBCL CR: 40% RFS: 65% Tis-cel approved as 3rd line treatment May 2018 4
0S: 49% at 12 months for LBCL (>18 yr of age)

CcD19 MCL CR: 67% PFS: 61% Brex-cel approved for R/R MCL July 2020 B
085:83% at 12 months (>18yr of age)

CD19 FL CR: 74% PFS: 65% Axi-cel approved as 3rd line treatment ~ Mar 2021 2
08S: 87% at 18 months for R/R FL (>18yr of age)

CcD19 LBCL CR:53% PFS: 44% Liso-cel approved for 3rd line LBCL Feb 2021 !
05:58% at 12 months (>18yr of age)

BCMA MM CR: 33% Median PFS: 8.8 months Ide-cel approved for 5th line treatment  Mar 2021 1
(085:78% at 12 months for MM (=18 yr of age)

CcD19 B-ALL CR: 56% RFS: 58% at 6 months Brex-cel approved for R/R B-ALL Qct 2021 2
05:71% at 12 months (>18yr of age)

BCMA MM sCR: 67% PFS: 77% Cilta-cel approved for 5th line MM Feb 2022 "
(05:89% at 12 months (>18yr of age)

cD19 FL CR: 69% PFS: 67% at 12 months Tis-cel approved for 3rd line treatment ~ May 2022 .

of FL (>*18yr of age)
CcD19 LBCL (Axi-celvs SOC) (Axi-cel vs SOC) Axi-cel approved as 2nd line treatment  April 2022 o
CR: 65% vs 32% EFS: M1% vs16% for LBCL (>18 yr of age)

05: 61% vs 52% at 24 months

CD19 LBCL (Liso-celvs SOC) (Liso-celvs SOC) Liso-cel approved as 2nd line treatment  June 2022 n

CR: 66% vs 39%

EFS: 45% vs 24%

05:79% vs 64% at 12 months

for LBCL (>18 yr of age)
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Model parameters |

Table 1. Final parameter estimates for the CD19-specific CAR-T cell quantitative systems pharmacology model.

RSE or Literature

Parameter (Unit) Description Estimate Source
Vmax1,base,ref Maximum expansion rate per mL tumor volume of Ty, Ty, and
[(cells-uL~1) Tg for the reference expansion population without previous 0.00846 36%
-clay—'L -mL—l] ASCT and a CD4* /CD8" CAR-T cell ratio at day seven of 1
v .
[ (?E:ﬁlsbisfl_o{m) i‘q\fIaxémum expansion r_ate per mL tumpr vol_ume of qu,_ Tcwm, and 0.000700 17%
1 1 £M for the low expansion subpopulation without previous ASCT
-day—"-mL~"]
ASCTymaxt § Fractional change in V ;541 base ref ©F Vinax1,base,low due to a or
Lroaney rOR5E, 2.53 31%
— previous ASCT
CD4/CD8exp T Fractional change in V ;.41 base ref due to a change of the 0385 459%
(=) CD4*/CD8" CAR-T cell ratio on day seven from a value of 1 :
KM; Tn, Tom, or Tem concentration at half-maximum expansion of Ty, 113 299
1 . Yo
(cells-uL™") Teowm, or Ty
kp1 (day™ 1) Homeostatic proliferation rate constant for Ty 0.0005 [47]
kp, (day—l) Homeostatic proliferation rate constant for Ty 0.007 [47]
kps (day—1) Homeostatic proliferation rate constant for Trpm 0.007 [47]
k1o (day‘l) Rate constant for differentiation of Ty to Tem 0.140 9%
ko3 (day_l) Rate constant for differentiation of Ten to Tem 0.191 11%
kss (day 1) Rate constant for differentiation of Tpm to T 0.355 13%
keq (day—l) Death rate constant for Ty 0.0104 13%
ke; (day_l) Death rate constant for Tcpy 0.0104 13%
kes (day_l) Death rate constant for Ty 0.0104 13%
key (day—l) Death rate constant for Tgy 0.518 13%

Mueller-Schoell et al. Cancers 2021

Journées GPCO, Fenja Klima, 16 November 2023



Model parameters Il

Vmax 51 [mL'dﬁY -1

(cells-uL-1)-1] Maximum killing rate of metabolic tumor volume by Ty 257 * 39%
1
Vimax 5,2 [mlildf%( Maximum killing rate of metabolic tumor volume by Tcum 4.04 39%
(cells-uL=")7 7]
. -1
Vinax 5,3 [leda){ Maximum killing rate of metabolic tumor volume by Tgy 3.78 % 39%
(cells-uL=")77]
j _ -1
Vimax 54 [m]“_ldilly Maximum killing rate of metabolic tumor volume by Tgg 424+ 39%
(cells-uL.=")1]
KMs (mL) Metabolic tumor volume at half-maximum killing rate 276 33%
Ko (mL) Maximum tumor volume observable (ftumor carrying capacity) 5000 -
ks (day 1) Proliferation rate constant of metabolic tumor volume 0.0023 -
MIXP (—) Estimated proportlop of patle%‘lts in the reference population 0.803 11%
using the mixture model
IV V hax1 base,ref Interindividual variability in V11 base, ref 150% CV 19%
IV Vmaxs,2 Interindividual variability in Vi, 52 307% CV 19%
RUV Ty Residual unexplained variability in observed Ty concentrations 59.1% CV 11%
RUV Tcm Residual unexplained variability in observed Ty concentrations 85.9% CV 9%
RUV Tgm Residual unexplained variability in observed Tgy concentrations 120% CV 9%
RUV Tgg Residual unexplained variability in observed Tgg concentrations 70.6%CV 10%
RUV CD19* Residual unexplained variability in observed metabolic tumor 115% CV 129
tumor volumes 27 0

Freie Universitat @.m’ Berlin

IIV: interindividual variability; RSE: relative standard error, % = (standard error/estimate)-100; §: implemented as fractional change
covariate model, t: implemented as power covariate model; t derived using the estimated death rate constant for effector T cells key
and the relationship between death rate constants of short- and long-lived T cells in the publication by Stein et al. [21]; * derived using
the estimated maximum killing rate of metabolic tumor volume by Ty and the digitized relationships of tumor cell killing rates in the
publication by Schmueck-Henneresse et al. [49]
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