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CAR-T cell



Chimeric Antigen Receptor
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CAR-T cell timeline
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CAR-T cell generation
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CAR-T cell in action
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CAR-T approved product
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Future of CAR
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Future of CAR
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CAR-T cell therapy process
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Typical manufacturing process C&GTP
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Starting material



Starting material

• Cell
• Gene editing vector
• Cell culture media
• etc.
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Starting material qualification

• Safety testing:
‣ sterility, mycoplasma, adventitious agents
‣ other relevant human pathogens not included in donor testing

• Established acceptance criteria
‣ e.g., minimum cell number, % CD3+, viability;

• Additional characterization studies such as phenotypic analysis
‣ e.g., % of CD4+ and CD8+ cells, % NK cells, % monocytes, % B cells

Characterization and Qualification of Cell Substrates and Other Biological Materials
Used in the Production of Viral Vaccines for Infectious Disease Indications
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Adventitious agents

Adventitious agents are considered to be
• viruses
• bacteria, mycoplasma/spiroplasma, mycobacteria, rickettsia
• fungi
• protozoa
• parasites
• transmissible spongiform encephalopathy (TSE) agents
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Apheresis
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Blood composition
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Cell collection techniques
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Donor screening and testing

Donors are defined as individuals as sources for HCT/Ps intended
for implantation, transplantation, infusion, or transfer into a
human recipient

donor testing and donor screening are meant to address the
following three areas:
• Limiting the risk of transmission of communicable disease

from donors to recipients;
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Donor screening and testing

• Establishing manufacturing practices that minimize the risk of
contamination;

• Requiring an appropriate demonstration of safety and
effectiveness for cells and tissues that present greater risks due
to their processing or use.
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Donor screening

According to 21 CFR, Parts 1270 and 1271, all donors of cells and
tissue must be screened for:
•

Risk factors for, and clinical evidence of, Relevant
Communicable Diseases and Disease Agents (RCDAD),
including:
‣ Human immunodeficiency virus (HIV), types 1 and 2
‣ Hepatitis B virus (HBV)
‣ Hepatitis C virus (HCV)
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Donor screening

‣ Human transmissible spongiform encephalopathy (TSE),
including Creutzfeldt-Jakob disease (CJD)

‣ Treponema pallidum (syphilis)
• Communicable disease risks associated with

xenotransplantation
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Donor testing

According to 21 CFR 1271.80(b), general requirements for donor
testing are as follows:
• Testing must be done for relevant communicable diseases
• donor specimens must be collected for testing at the time of

recovery of cells or tissue from the donor or up to 7 days
before or after recovery.

• Appropriate FDA-licensed, approved, or cleared donor
screening tests, in accordance with the manufacturer’s
instructions, must be conducted
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Ancillary Materials

come into contact with the cellular therapeutic product, however
are not intended to be in the final product

• Monoclonal antibodies: used in cell selection/depletion
• Cytokines, growth factors, and other supplements: used to

regulate/activate/differentiate cells in culture
• Antibiotics, serum culture media, and enzymes: used to

passage cells
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Vector Production



Lentivirus

• efficiently introduce genetic material into a
broad range of dividing and non-dividing cells,
low immunogenicity

• Potential Risks
‣ Insertional Mutagenesis
‣ Immunogenicity
‣ Limited Control of Expression
‣ Off-Target Effects
‣ Risk of Vector Mobilization
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Lentivirus vector
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Vecter transfection
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General upstream processing for LV production
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inducible and stable cell lines for LV production
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General downstream processing for LV for ex vivo
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Options for upstream and downstream processing of LVs
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CQAs for LV in the development of CAR T-cell
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Release testing for key LV attributes
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Release testing for key LV attributes (cont)
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Release testing for key LV attributes (cont)
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LV production process timepoints for safety testing
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stability studies for bulk vector
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stability studies for finished vector
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CAR-T Production



Autologous and allogeneic generation
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Autologous and allogeneic in production
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Unit Operations for an Example CAR-T

The main manufacturing steps in CAR-T therapy production are:
• Cell isolation (leukapheresis)
• Activation
• Transduction and/or genetic editing
• Expansion
• Harvest and formulation
• Cryopreservation
• Reinfusion (post-chemo depletion)
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Autologous cell therapy manufacturing process
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Autologous cell therapy manufacturing process
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Allogeneic cell therapy manufacturing process
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Allogeneic cell therapy manufacturing process
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Autologous cell therapy testing paradigm
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Autologous cell therapy testing paradigm
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stability for an autologous CAR-T product to determine
shelf life
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in-line and at-line PAT for cell therapy process
monitoring
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early-phase autologous CAR-T cell product specifications
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commercial-phase autologous CAR-T cell specifications
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cell-based therapy product QTPP
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Challenge on ATMP development

• ATMPs are complex pharmaceuticals
‣ gene therapy: transgene, type of vector, genetically modified

cells
‣ cell therapy: autologous, allogeneic, complex process,

combination products
‣ assessment requires expertise from several areas e.g. tissue

engineering, gene therapy, cell therapy, biotechnology,
surgery, pharmacovigilance, risk management, medical
devices and ethics
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Challenge on ATMP development

• Specific administration of certain ATMPs (catheters, surgery
etc.)

• Specific safety issues (e.g. integrational mutagenesis of GTMPs,
biodistribution/ectopic tissue formation of cell-based MPs)

• Nature of disease: monogenetic vs multifactorial
• Mode of action: treatment of disease to repair/regeneration
• Special challenges concerning manufacturing/quality, safety

and efficacy studies
• manufacturing constraints
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Challenge on ATMP development

‣ GMP requirements for production
‣ starting and raw materials; continuity of material supply
‣ immature production technologies, comparability
‣ variability and process validation

• characterization, potency testing (related to clinical outcome)
• non-clinical challenges
‣ proof of concept, safety aspects (species specificities)

• clinical aspects
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Challenge on ATMP development

‣ feasibility of dose finding and biodistribution studies in
humans, concomitant medication/surgical procedures,
efficacy!

• Product-related challenges:
‣ safety: dose, tumorigenicity, biodistribution, integration
‣ efficacy: inter-individual variability, administration
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Questions?


