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Regulatory perspective for chemistry manufacturing and controls
considerationsin chimeric antigen receptor-modified T cell therapy

LIU Bo-ning, CAO Yue, LU Jia-gi, LUO Jian-hui”

(Center for Drug Evaluation, China Food and Drug Administration, Beijing 100038, China )

Abstract: As a living cell product, chimeric antigen receptor (CAR)-T cell therapy displays multiple
characteristics including the diversity of raw materias, the complexity of manufacturing process and the
complementarity of quality control set. Pharmaceutical research and evaluation of CAR-T cell therapy are
fundamentally different from small molecule and macromolecular recombinant proteins. Chemistry manufac-
turing and controls (CMC) review of investigational new drug (IND) submission for CAR-T therapy should
especially pay attention to above unique characteristics and focus on potential risks to ensure clinical safety.
Based on questions and concerns from recent CMC review practice and workshop on CAR-T cell therapy IND
application, the critical points to consider for CMC study is proposed, and questions related to supplementation
are also discussed in this review to accelerate the clinic translation of CAR-T therapy.

Key words: chimeric antigen receptor-modified T cell; gene modified T cell; lentivira vector; retrovirus
vector; manufacturing process; quality control
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Tablel Design concept and development of chimeric antigen receptor-modified T cell (CAR-T) therapy [*°@

Component Approach Case

Target Haematological malignancies CD20, ROR1, CD30, CD123, CD33, CD22, LeY, BCMA, CD138

Solid malignancies PSMA, mesothelin, FAP, EGFRvIII, EGFR, CEA, CD171, GD2, HER2,
1L-13, glypican-3

CAR scFv anti-CD19 scFv (FMC63)
Dual car system CAR1-CD3({ (signal 1), CAR2-costimulation (signal 2)
Universal CAR Ligand (IL13R)-based CAR

Hinger region Immunoglobulin-derived hinge CH,CHjs hinge derived from IgG1

CD8-derived spacers

Transmembrane domain  CD3, CD4, CD8, or CD28 transmembrane domain

Intracellular domain CD3(-CD28/4-BB/OX40/ICOS

Joint expression Cytokines
Safety switches
Gene disrupt Checkpoint protein
Cytokines

IL-12, IL-15
iCasp9, huEGFRt
PD-1, CTLA-4
IL-6
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Table2 The manufacturing process of CAR-T therapy 1} %28

Manufacturing step Optional process or equipment

Leukaphersis Manual Ficoll density gradient centrifugation
Blood cell separator
T cell activation Monoclonal antibody (CD3/CD28 antibody)

and interleukins (IL-12/15) plate,
StrepTactin
Immunomagnetic beads (Dynabeads,
TransAct)
Artifical antigen-presenting cells (K562)
Genetic modification  y-Retroviral vector
Lentiviral vector
Transposon/transposase (sleeping beauty,
PiggyBac)
Expansion T flask

Bioreactor (G-Rex, wave)

Automation device (CliniMACS Prodigy)
Frozen formulation

Fresh formulation

T cell formulation
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Table3 Therelease test of plasmid!™" *3, |entiviral vector!®, CAR-T cell!*!

Category Plasmid Lentiviral vector CAR-T
General Appearance Appearance, pH Appearance
Identify Restriction digestion analysis CAR geneidentify CAR expression
DNA sequencing
DNA concentration
Purity DNA homogeneity Cell viability
Host chromosomal DNA Host DNA CAR' T cells
Host RNA Size distribution of residual DNA CD3* T cells
Transfer of residual DNA (SV40, E1A) CD19" cells
Host protein Host protein, BSA
Residual antibiotics Residual benzonase Residual beads
Safety Sterility Sterility Sterility, gram stain
Endotoxins Endotoxins Endotoxins
Mycoplasma Mycoplasma
Adventitious agents Copies of transgene insertion
Replication competent lentivirus (EOP and supernatant) Replication competent lentivirus
Potency Transformation efficiency In vitro viral titer In vitro IFN-y secretion

Physical viral titer
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