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Disclaimer
• This presentation is intended solely for academic purposes and should not be 

used as a reference for regulatory, clinical, or manufacturing decisions. 

• Any information provided here must be verified against official standard 
references or guidelines for accuracy and authority. 

• Some of the content, including parts of the presentation and speech, may 
reflect the speaker’s personal opinions or views, which are based on current 
scientific knowledge. 

• It is important to note that the accuracy of the information is valid only at the 
time of the presentation. Users are encouraged to consult credible sources for 
updated and reliable information.
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Tumor Immunology: Introduction

Yu Y. The Function of NK Cells in Tumor Metastasis and NK Cell-
Based Immunotherapy. Cancers (Basel). 2023 Apr 16;15(8):2323. 

Innate immunity is nonspecific and 
rapidly generates defense reactions 
within foreign antigen encounters.

Adaptive immunity is based on the clonal 
selection of T cells and B cells with receptors 
recognizing specific 'non-self' antigens.

Tumors:
• Tumor antigens 

(TAAs, TSAs)
• DAMPs

APCs:
• Antigen uptake
• MHC class I

NK cells:
• Stress signals
• Direct cytotoxic
• ADCCs
• Cytokine 

production

Immune priming:
• Professional APCs (MHC 

class II) > CD4+ helper T 
cells > Cytokine production

Tumor recognition:
• CD8+ T cells recognize 

via MHC class I



Tumor Immunology: Immunosurveillance

Sourav Paul, Girdhari Lal, Chapter 9 - Development and Function of Natural Killer Cells and Its Importance 
in Cancer Immunotherapy, Editor(s): M.A. Hayat, Immunology, Academic Press,2018, Pages 117-140

Elimination: 
Immune cells are 
successfully detected and 
destroyed by immune cells.

Equilibrium: 
Tumor cells can persist 
to  immune responses, 
so they remain dormant.

Escape: 
Tumor cells adapt to the 
immune pressure, leading 
to immune evasion and 
uncontrolled growth.



Tumor Immunology: Immune Escape

Kallingal, A., Olszewski, M., Maciejewska, N. et al. Cancer immune escape: the role 
of antigen presentation machinery. J Cancer Res Clin Oncol 149, 8131–8141 (2023).

Loss of Antigen 
Presentation

Upregulation of 
Checkpoint 
Molecules

Immunosuppressive 
Cytokines Resistance to 

Apoptosis

Recruitment of 
Suppressor Cells

Create Protective 
Microenvironment



Tumor Immunology: Immunotherapy

Cell therapy:
• TILs
• CAR therapy
• CIK cells Biologics:

• mAbs
• ADCs
• BITEs
• Cytokine 

therapy

Small molecules:
• Targeted therapy



Recap: Tumor Immunology and Immunotherapy
• Tumor Immunology: The immune system's ability to recognize and 

respond to abnormal cells, such as tumors.

• Immunosurveillance and Immune Escape: The dynamic balance 
between tumor growth and immune control, occurring in three 
phases: elimination, equilibrium, and escape.

• Immunotherapy: Cancer treatments based on tumor immunology 
principles, including targeted therapies, immune checkpoint 
inhibitors, immune effector cells, and cytokine-based therapies.



Immune Effector Cells: Overview

Muller M, Haghnejad V, Schaefer M, Gauchotte G, Caron B, Peyrin-Biroulet L, Bronowicki JP, Neuzillet C, Lopez A. The Immune Landscape 
of Human Pancreatic Ductal Carcinoma: Key Players, Clinical Implications, and Challenges. Cancers (Basel). 2022 Feb 16;14(4):995. 

T Cells (CD8+, CD4+)
• Adaptive immunity
• Cytotoxic (CD8+): 

Direct tumor killing
• (CD4+): Cytokine 

secretion

Dendritic Cells (DCs)
• Bridge innate/adaptive
• Antigen-presenting cells (APCs)
• Activating T cells

Natural Killer (NK) Cells
• Innate immunity
• Recognize and kill cells with low 

MHC-I expression or stress ligands

Regulatory T Cells (Tregs)
• FoxP3+, CD25+

• Release of immunosuppressive cytokines
• Suppress CD8+ T cells
• IL-2 consumption

Myeloid-Derived Suppressor 
Cells (MDSCs)
• TGF-β and IL-10 Secretion
• Inhibit T cell activation

Tumor-associated 
macrophages (TAMs)
• M2 polarization
• Promote 

angiogenesis, 
suppress T cells, 
recruit Tregs



Immune Effector Cells: CAR Therapy

Genetic modification 
using recombinant 
DNA technology



Immune Effector Cells: CAR Characteristics

Extracellular domain:

• Antigen-antibody complementary

• Recognition of TAAs or TSAs

• Single chain variable fragment 

(scFv) of antibody

• Can be replaced with nanobody
Spacer:
• Typically derived from CD28 or CD8

• Flexibility aid
Transmembrane domain:

• Typically derived from CD28 or CD8

• Linker of extra- and intracellular 

domain

• Signal transfer after the binding to 

recognition antigen

Intracellular domain:

• Must have unit is CD3ζ

• Involving T cell proliferation, activation and cytotoxicity

• Major part for CAR development, resulting in the new 

generation of CAR



Immune Effector Cells: CAR T vs CAR NK Cells

Peng, L., Sferruzza, G., Yang, L. et al. CAR-T and CAR-NK as cellular cancer 
immunotherapy for solid tumors. Cell Mol Immunol 21, 1089–1108 (2024).



Immune Effector Cells: CAR Products

Kymriah 

(Tisagenlecleucel):

• CD19 (B-ALL)

• 4-1BB

• CD3ζ

August 
2017

Breyanzi 

(lisocabtagene 

maraleucel):

• CD19 (B-ALL)

• 4-1BB

• CD3ζ

February 
2021

Abecma 

(idecabtagene 

vicleucel):

• BCMA (MM)

• 4-1BB

• CD3ζ

March 
2021

October
2021

Tecartus 

(brexucabtagene 

autoleucel):

• CD19 (B-ALL)

• CD28

• CD3ζ

February 
2022

Carvykti (ciltacabtagene 

autoleucel):

• BCMA/VHH-VHH (MM)

• 4-1BB

• CD3ζ

April 
2022

Yescarta 

(axicabtagene 

ciloleucel):

• CD19 (B-ALL)

• CD28

• CD3ζ



Immune Effector Cells: TCR Therapy

Features TCR Therapy CAR Therapy

Target antigen Intracellular antigens presented by MHC molecules Surface antigens only

MHC Dependency Yes, requires compatibility with specific HLA alleles No, MHC-independent

Applications Suitable for solid tumors and hematologic malignancies Primarily effective in hematologic cancers, limited in solid tumors

Feasibility of Allogeneic Use Limited due to MHC restriction Increasing feasibility with TCR-knockout strategies

Development Stage Experimental, under clinical investigation Established, with FDA-approved products

Norberg SM, Hinrichs CS. Engineered T cell therapy for viral and 
non-viral epithelial cancers. Cancer Cell. 2023 Jan 9;41(1):58-69.



Immune Effector Cells: TCR T Cell Products

Image courtesy of https://www.adaptimmune.com/

Tecelra
• Afamitresgene autoleucel (afami-cel) 
• First FDA-approved T-cell receptor 

(TCR) therapy 
• For metastatic synovial sarcoma



CAR & TCR Products: Manufacturing Process

Image courtesy of National Cancer Institute

Leukapheresis Transduction

T cell expansion



Immune Effector Cells: TILs

Image courtesy of arigo Biolaboratories Corp.

Tumor-Infiltrating 
Lymphocytes (TILs)
• Immune effector cells found within 

the tumor microenvironment (TME)

• TIL population: CD8+ T cells, CD4+ T 
cells, γδT cells, B cells, NK cells

• TILs can recognize multiple antigens, 
including neoantigens, which are 
unique to individual tumors

• TIL therapy is particularly promising 
for solid tumors, such as melanoma, 
where TILs naturally infiltrate



Immune Effector Cells: TIL Product and Manufacturing

Image courtesy of IOVANCE Biotherapeutics, Inc.

AMTAGVI (lifileucel), Iovance Biotherapeutics, Inc.



Immune Effector Cells: CIKs

Bourque, J.; Hawiger, D. Activation, Amplification, and Ablation as 
Dynamic Mechanisms of Dendritic Cell Maturation. Biology 2023, 12, 716.

Signal 1: Antigen presentation

Signal 2: Co-stimulatory signals

Signal 3: Cytokine secretion



Immune Effector Cells: Manufacturing of CIK cell products

Ghanbari Sevari, F., Mehdizadeh, A., Abbasi, K. et al. Cytokine-induced killer cells: new 
insights for therapy of hematologic malignancies. Stem Cell Res Ther 15, 254 (2024).



Immune Effector Cells: CIK cells vs CAR T cells

Cappuzzello E, Vigolo E, D'Accardio G, Astori G, Rosato A, Sommaggio R. How can Cytokine-
induced killer cells overcome CAR-T cell limits. Front Immunol. 2023 Aug 22;14:1229540.



Recap: Immune Effector Cells
• Immune Effector Cells: T cells (CD8+ cytotoxic T lymphocytes & CD4+ 

T helper cells), dendritic cells, and NK cells.

• Current options: CAR T/NK cells, TCR-engineered T cells, tumor-
infiltrating lymphocytes (TILs), and cytokine-induced killer (CIK) 
cells.



Biologics & ATMPs: Lot Release

Biologics
• Manufacturers: Production and In-Process Testing, 

Final Product Testing, Documentation Submission

• Regulatory authorities: Regulatory Review, Lot 
Certification and Release

Cell and gene therapy products
• Short Shelf Life

• Autologous Products: Limited amount

• Complexity: High variation

To ensure that the products meet 
the requirements on

• Quality
• Safety
• Efficacy



Biologics & ATMPs: References

• BP

• USP/NF

• Ph.Eur.

• JP

• ICH guidelines

• Supplier 
Specifications

• In-house 
Specifications
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Biologics & ATMPs: Monographs

USP statement on monographs for biologics, April 2, 2018

FDA Letter to USP, March 28, 2018



Biologics & ATMPs: Specifications

A specification is defined as a list of tests, 
references to analytical procedures, and 
appropriate acceptance criteria which are 
numerical limits, ranges, or other criteria for 
the tests described. It establishes the set of 
criteria to which a new drug substance or new 
drug product should conform to be considered 
acceptable for its intended use. "Conformance 
to specifications" means that the drug 
substance and / or drug product, when tested 
according to the listed analytical procedures, 
will meet the listed acceptance criteria. 
Specifications are critical quality standards 
that are proposed and justified by the 
manufacturer and approved by regulatory 
authorities as conditions of approval. 

A list of tests

References

Acceptance criteria

Limpikirati PK, Mongkoltipparat S, Denchaipradit T, Siwasophonpong N, Pornnopparat W, Ramanandana P, 
Pianpaktr P, Tongchusak S, Tian MT, Pisitkun T. Basic regulatory science behind drug substance and drug product 
specifications of monoclonal antibodies and other protein therapeutics. J Pharm Anal. 2024 Jun;14(6):100916. 



Biologics & ATMPs: Specifications
ICH Q6A

Drug substances Drug products

Universal tests
• Description
• Identification
• Assay
• Impurities

Specific tests
• Physicochemical properties
• Particle size
• Polymorphic forms
• Chirality
• Water content
• Microbial limits

Specific tests (e.g., parenteral 
products)
• Sterility
• pH/Osmolarity
• Endotoxin/Pyrogens
• Particulate matter
• Extractables
• Water content/Reconstitution 

time
• Re-dispersibility

ICH Q6B

• Appearance and 
Description

• Identity
• Quantity
• Purity and Impurities
• Potency

• Appearance and 
Description

• Identity
• Quantity
• Purity and Impurities
• Potency
• General tests & 

Additional testing for 
unique dosage forms



Biologics & ATMPs: Setting up a specification

Limpikirati PK, Mongkoltipparat S, Denchaipradit T, Siwasophonpong N, Pornnopparat W, Ramanandana P, 
Pianpaktr P, Tongchusak S, Tian MT, Pisitkun T. Basic regulatory science behind drug substance and drug product 
specifications of monoclonal antibodies and other protein therapeutics. J Pharm Anal. 2024 Jun;14(6):100916. 

Quality focusing
• Quality-by-design approaches: ICH 

Q8, Q9, Q10, Q14

• Integrate scientific understanding 
in products and processes with 
quality risk management (QRM)

Safety and Efficacy focusing
• Patient-centric specification: 

Rely on clinical data and patient 
impact

• Tighter criteria for high-risk 
CQAs impacting efficacy and 
safety

ICH Q8 ICH Q14



Recap: Control Strategy for Biologics & ATMPs
• Monographs: Monographs for biologics and ATMPs are often absent 

in USP. References should rely on ICH guidelines for general 
concepts and framework. 

• Specifications: Compose of a list of tests with references and 
acceptance criteria. Universal tests are similar to chemical drugs 
but include potency tests due to biologics' complexity.

• Setting-up a specification: Must address the quality, safety, and 
efficacy of the products.



Risk management: Sources

Iancu EM, Kandalaft LE. Challenges and advantages of cell therapy manufacturing under Good 
Manufacturing Practices within the hospital setting. Curr Opin Biotechnol. 2020 Oct;65:233-241.

Starting 
materials

Impurities & 
Contaminants

QCs & Release 
processes

Supply 
chain

Environmental control, 
Equipment, Facilities, Personnels

Regulatory & 
Compliance

Product-
specific risks



Risk management: Identifications

That is the reason why…

“Cell therapy products are really 

only defined by their process.”

David Courtman
Director, Cell Manufacturing, Biotherapeutics Core Facilities, 
Ottawa Hospital Research Institute 

“In other words, everything you do in your manufacturing, you 
need to have evidence that it is safe and that it’s producing what 
you expect. If you have that, you are in a much better space in 
terms of moving ahead in translation.”

A short guide to cell therapy manufacturing, part 1
https://medium.com/the-expression/a-short-guide-
to-cell-therapy-manufacturing-part-1-ad61e29f94b2

https://medium.com/the-expression/a-short-guide-to-cell-therapy-manufacturing-part-1-ad61e29f94b2
https://medium.com/the-expression/a-short-guide-to-cell-therapy-manufacturing-part-1-ad61e29f94b2


Quality-by-design: Concepts

• QbD is a concept based on that the quality 

should be designed into a product.

• In pharmaceutical sciences, QbD helps to 

predefine the characteristics of end-

products based on desired outcomes, such 

as clinical performance, patient compliance 

and satisfaction, or safety.



Quality-by-design: Elements

Limpikirati PK, Mongkoltipparat S, Denchaipradit T, Siwasophonpong N, Pornnopparat W, Ramanandana P, 
Pianpaktr P, Tongchusak S, Tian MT, Pisitkun T. Basic regulatory science behind drug substance and drug product 
specifications of monoclonal antibodies and other protein therapeutics. J Pharm Anal. 2024 Jun;14(6):100916. 

QTPP is a prospective summary of the 
quality characteristics of a drug product 
that ideally will be achieved to ensure 
the desired quality, taking into account 
safety and efficacy of the drug product.

CQA is a physical, chemical, 
biological, or microbiological 
property or characteristic that 
should be within an 
appropriate limit, range, or 
distribution to ensure the 
desired product quality.

Tools to identify QbD 
elements:
• Prior knowledge
• Risk assessment
• Mechanistic model, 

design of experiments, 
and data analysis

• Process analytical 
technology

CMA and CPP are defined as 
“A material or process 
whose variability has an 
impact a critical quality 
attribute and therefore it 
should be monitored or 
controlled to ensure desired 
drug product quality”.



Quality-by-design: Identify QTPPs

Ref: Lv Z, Luo F, Chu Y. Strategies for overcoming bottlenecks in allogeneic 
CAR-T cell therapy. Front Immunol. 2023 Jul 24;14:1199145.

Patient

Day 0 Day 1 Day 2 – Day 12 12 to 96 h

Fresh CAR T

• T cell identification
• T cell enrichment
• T cell activation • Transduction using 

Lentiviral vectors

Patient with 
R/R B-ALL



Quality-by-design: QTPPs

Product dosage form Suspension for IV infusion, Fresh CAR T product

Indications CD19+ hematological malignancies

Total cells per dose 30 to 1,000 million T cells with at least 10% CD19 
CAR T cells

Identity • Presence of T cells (CD3+)
• Absolute number of CD4+, CD8+ T cells

Net volume 30 mL

Process lot size 4 bags of cells
(2 for retention, 1 for release testing, 1 for 

quarantine)

Administration time IV infusion 30 minutes within 96 h after product 
release

Transfer conditions 2-8 °C

Container closure 
system

Identical primary packaging to RLD

Package integrity No failure

Purity • Absence of cellular Impurities (NK cells, 
monocytes, CD19+ B cells)

• Absence of magnetic beads

Stability Shelf life: 96 hours for fresh product

Pre-conditioning 
Regimen

Cyclophosphamide and fludarabine prior to 
infusion

Dosing Regimen Single infusion; split dosing optional

Adverse Event 
Management

• Recommended protocols for CRS and ICANS 
management

• Hospitalization requirements and follow-up

Potency • Phenotypic profile confirmation of CD19 CAR 
T cells

• Vector copy number
• Cytotoxic assay of CD19+ tumor cells
• Cytokine release assay
• Cell viability

Safety • Insertional mutagenesis risk
• Replication competent lentivirus
• Sterility testing
• Endotoxin testing
• Mycoplasma contamination testing



Quality-by-design: Identify CQAs

Product dosage form Suspension for IV infusion, Fresh CAR T product

Indications CD19+ hematological malignancies

Total cells per dose 30 to 1,000 million T cells with at least 10% CD19 
CAR T cells

Identity • Presence of T cells (CD3+)
• Absolute number of CD4+, CD8+ T cells

Net volume 30 mL

Process lot size 4 bags of cells
(2 for retention, 1 for release testing, 1 for 

quarantine)

Administration time IV infusion 30 minutes within 96 h after product 
release

Transfer conditions 2-8 °C

Container closure 
system

Identical primary packaging to RLD

Package integrity No failure

Purity • Absence of cellular Impurities (NK cells, 
monocytes, CD19+ B cells)

• Absence of magnetic beads

Stability Shelf life: 96 hours for fresh product

Pre-conditioning 
Regimen

Cyclophosphamide and fludarabine prior to 
infusion

Dosing Regimen Single infusion; split dosing optional

Adverse Event 
Management

• Recommended protocols for CRS and ICANS 
management

• Hospitalization requirements and follow-up

Potency • Phenotypic profile confirmation of CD19 CAR 
T cells

• Vector copy number
• Cytotoxic assay of CD19+ tumor cells
• Cytokine release assay
• Cell viability

Safety • Insertional mutagenesis risk
• Replication competent lentivirus
• Sterility testing
• Endotoxin testing
• Mycoplasma contamination testing



Quality-by-design: Specification Development (1)

Description Identity Quantity Purity Potency

• Suspension for IV 
infusion

• Fresh cell product

• T cells (CD3+ cells)
• CAR+ T cells

• Number of viable T cells 
(CD3+ cells)

• Percentage of CAR+ T 
cells in total viable T 
cells

Organic impurities
• NK cells, Monocytes, B cells
• Residual plasmid DNA
• Product-related impurities

Elemental impurities
• Magnetic beads

Residual solvents
• Culture medium
• DMSO

Mutagenic impurities
• Replicate-competent 

viruses
• Cells with insertional 

mutagenesis

• Cytotoxic assay
• Cytokine release assay
• Vector copy number

Specific tests
• Sterility tests
• Mycoplasma contamination tests
• Bacterial endotoxins
• pH
• Osmolarity
• Particulate matters
• Container closure integrity



Quality-by-design: Specification Development (2)

Specification category Quality attributes Test procedures Acceptance criteria

Appearance and description Visual inspection Cell suspension in clear, amber 
solution; no visible particulates

Identity CD3+ T cells Flow cytometry Meet the requirements in Quantity

CAR+ cells Flow cytometry Meet the requirements in Quantity

Quantity / Assay Total viable T cells Flow cytometry NLT 10x108 cells

Percentage of CAR+ cells Flow cytometry NLT 10% of the total viable T cells

Purity Total cells with CD19+, CD20+, HLA-DR+, 
CD11c+, CD14+, CD16+, CD56+ or CD123+

Flow cytometry NMT 0.1% of the total viable cells

Magnetic beads ICP-MS Absence

DMSO GC-MS NMT 0.1%

Residual DNA qPCR NMT 40 ppb

Replication Competent Lentivirus RCL assay NMT 1 RCL/mL

Oncogene insertion qPCR Meet the requirements in Potency 
(Vector copy number)



Quality-by-design: Specification Development (3)

Specification category Quality attributes Test procedures Acceptance criteria

Potency Cytotoxic assay Cell-based assay NLT 50% cell lysis

Cytokine release assay ELISPOT NLT 100 SFUs per well

Vector copy number qPCR NMT 5 copies per cells

Specific tests pH USP <791> 5.5-6.5

Osmolarity USP <785> 310-370 mOsm/kg

Bacterial endotoxins USP <85> NMT 0.20 EU/mg

Sterility USP <71> No microbial growth

Mycoplasma USP <63> Negative result of its nucleic acid



Recap: QbD & Specification Development
• Risks: Quality, safety and efficacy of biologics and ATMPs are highly 

dependent on the processes, Risks must be thoroughly identified 
and mitigated. 

• QbD: QbD a systematic approach that defines the desired 
characteristics of the final product.

• Setting-up a specification: CQAs, derived from the QbD process, 
form the foundation for developing product specifications.



Appearance and description

Image courtesy of Eurofins Viracor, LLC

Image courtesy of Novartis Pharmaceuticals Corporation



Identity and Quantity: Flow cytometry

Recommended articles for T cell characterization by Flow cytometry

• Maecker, H., McCoy, J. & Nussenblatt, R. Standardizing immunophenotyping for the Human 
Immunology Project. Nat Rev Immunol 12, 191–200 (2012). https://doi.org/10.1038/nri3158

Flow cytometry is a widely used but technically complex tool; the practical application of which is recognised 

to be diverse and often challenging to standardise. Standardisation is critical in supporting robust data 

generation, enabling data comparability between users and instruments, and when applied to development of 

ATMPs, ensuring reproducible product quality, safety, and efficacy throughout the entire product lifecycle.

British Pharmacopoeia: Advanced Therapy Medicinal 
Products Guidance, Application of Flow Cytometry

Recommended surface markers 
(special for T cell products):

T cells: CD3 (to define T cells), CD4, 
CD8, CD45RA and CCR7

B cells: CD19 and CD20 (to define B 
cells), CD38 (plasmablasts and 
transitional B cells), CD24 
(transitional B cells), and IgD and 
CD27 (naive and memory B cell)

NK cells, Dendritic cells, and 
Monocytes: HLA-DR, CD11c, CD14, 
CD16, CD56 and CD123

https://doi.org/10.1038/nri3158


Quantity: Flow cytometry

Gene transfer activity of a CD8-LV stock encoding the CD19-CAR. Serial dilutions of 

the vector stock were incubated with Molt4.8 cells. CAR expression was measured by 

the expression of the myc-tag after 4 d via flow cytometry. Side scatter area (SSC-A) 

is displayed on a linear scale, whereas the axis scale for the CAR (PE) is logarithmic.

Weidner, T., Agarwal, S., Perian, S. et al. Genetic in vivo engineering of 
human T lymphocytes in mouse models. Nat Protoc 16, 3210–3240 (2021).



Purity: Flow cytometry

CD19 CAR-transduced B cells (CARB)



Purity: Quantitative polymerase chain reaction (PCR)

Real-time quantitative PCR 

(RT-qPCR)

Droplet Digital PCR (ddPCR)

Image courtesy of Drug Discovery World



Purity: RCL assay

Cornetta K, Lin TY, Pellin D, Kohn DB. Meeting FDA Guidance 
recommendations for replication-competent virus and insertional 
oncogenesis testing. Mol Ther Methods Clin Dev. 2022 Dec 2;28:28-39.

USFDA, Testing of Retroviral Vector-Based Human 

Gene Therapy Products for Replication Competent 

Retrovirus During Product Manufacture and 

Patient Follow-up: Guidance for Industry

Ref: Cornetta K, Duffy L, Feldman SA, Mackall CL, Davila ML, Curran KJ, Junghans RP, Tang JY, 
Kochenderfer JN, O'Cearbhaill R, Archer G, Kiem HP, Shah NN, Delbrook C, Kaplan R, Brentjens RJ, Rivière 
I, Sadelain M, Rosenberg SA. Screening Clinical Cell Products for Replication Competent Retrovirus: The 
National Gene Vector Biorepository Experience. Mol Ther Methods Clin Dev. 2018 Aug 17;10:371-378.



Potency: Functional assay

Image courtesy of Invitrogen, Thermo Fisher Scientific

Viability measurement could be conducted using:
• MTT uptake, 
• Chromium-51 release (although there is an industry-wide move away from radioactivity-based assays), 
• Lactate dehydrogenase activity,
• and luciferase activity (which requires a luciferase expressing tumour target cell line).

Functional assay: Release of key cytokines
E.g., IFN-γ, IL-2, and Granzyme B

ELISA
ELISPOT or 

Multiplex assay

Functional assay: Cytotoxic assay



Recap: Quality control
• Tests: Quality control tests should encompass the categories 

outlined in ICH Q6B, including appearance, identity, quantity, purity 
and potency. 

• Flow cytometry and qPCR: These are essential techniques in cell 
and gene therapy quality control.

• Functional assay: Cell-Based Assays are required to confirm the 
potency of the product by evaluating its efficacy in killing target cells 
or eliciting the desired immune response.



Future of IECs: Overview

Source of cells;

• Allogeneic cells (off-

the-shelf)

• In vivo engineering 

or reprogramming Development of new 

receptors;

• Head-to-head comparison 

of existing CAR or TCR

• New generation CAR
Gene delivery;

• T cell targeting

• Precision gene insertion

• Non-viral vector

Treatment regimen;

• Combination therapy

• ADR management

Extended application;

• Solid tumor

Manufacturing process;

• T cell processing

• Processing time and cost



Off-the-shelf: Allogeneic cell transfer

Depil, S., Duchateau, P., Grupp, S.A. et al. ‘Off-the-shelf’ allogeneic CAR T 

cells: development and challenges. Nat Rev Drug Discov 19, 185–199 (2020).

Challenging:
• Graft-versus-host 

disease (GVHD)

• Using allogeneic CAR T cells derived from a 
stem cell transplant donor (limited for relapse 
patients with previous allogeneic SCT).

• Using virus-specific memory T cells

• Using non-αβ T cells (e.g., NK cells, NK T cells,
γδ T cells) 

• Using gene editing



Off-the-shelf: In vivo reprogramming/engineering cells

Major concerns:

• Gene delivery system (Integrating 
viral vector vs non-viral vector)

• Efficiency (limited number of T cells, 
no T cell selection, persistence of 
CAR T cells)

• Targetability (cancer in disguise)

Laomeephol C, Areecheewakul S, Tawinwung S, Suppipat K, 

Chunhacha P, Neves NM, Luckanagul JA. Potential roles of 

hyaluronic acid in in vivo CAR T cell reprogramming for cancer 

immunotherapy. Nanoscale. 2022 Dec 15;14(48):17821-17840.



Gene delivery: Targeting gene insertion

Yagyu, S., Nakazawa, Y. piggyBac-transposon-mediated CAR-T cells for the treatment 

of hematological and solid malignancies. Int J Clin Oncol 28, 736–747 (2023).

Objectives:

• Non-viral gene integrating delivery

• Insertional mutagenesis



CAR development: New CAR



Manufacturing: Time and cost reduction

Agarwalla, P., Ogunnaike, E.A., Ahn, S. et al. Bioinstructive implantable scaffolds for rapid 

in vivo manufacture and release of CAR-T cells. Nat Biotechnol 40, 1250–1258 (2022).



Recap: Future of IECs
• Emerging Field: IEC therapies are rapidly advancing in cancer 

treatment, with numerous innovative products currently under 
development. 

• Key Focus Areas: Efforts are directed toward improving safety and 
quality, while also prioritizing the development of off-the-shelf 
products and advancing manufacturing technologies.

• Regulatory Evolution: Regulatory frameworks must remain 
adaptable to accommodate novel products and evolving industry 
standards.



Contact:

Chavee Laomeephol
Department of Biochemistry and 
Microbiology, Faculty of 
Pharmaceutical Sciences, 
Chulalongkorn University

Email: Chavee.L@chula.ac.th
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