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Outline Of The Talk
Introduction

• Cell and Gene Therapy Product Types 
• FDA approvals
• Increase in INDs
• BT/RMAT Designations

New Guidance for CGT products (a brief summary)
• CMC guidance (2020)
• Genome Editing guidance (2022)
• Chimeric Antigen Receptor T  (CAR T) guidance (2022)

PDUFA VII Commitments
• CMC expectations have not changed
• Compressed Development Timelines
• FDA proposes to assist sponsors meet the CMC requirements by enabling additional meetings

Summary
• Townhall meetings
• Office of Tissues and Advanced Therapies is expanding to meet the demand
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Diversity of OTAT-Regulated Products

 Gene therapies (GT)
• Ex vivo genetically modified cells
• Non-viral vectors (e.g., plasmids)
• Replication-deficient viral vectors (e.g., adenovirus, 

adeno-associated virus, lentivirus)
• Replication-competent viral vectors (e.g., measles, 

adenovirus, vaccinia)
• Human genome editing products
• Microbial vectors (e.g., Listeria, Salmonella)

 Stem cells/stem cell-derived
• Adult (e.g., hematopoietic, neural, cardiac, adipose, 

mesenchymal)
• Perinatal (e.g., placental, umbilical cord blood)
• Fetal (e.g., neural)
• Embryonic
• Induced pluripotent stem cells (iPSCs)

 Products for xenotransplantation

• Functionally mature/differentiated cells (e.g., retinal 
pigment epithelial cells,  pancreatic islets, chondrocytes, 
keratinocytes)

• Therapeutic vaccines and other antigen-specific active 
immunotherapies

• Blood- and Plasma-derived products
– Coagulation factors
– Fibrin sealants
– Fibrinogen
– Thrombin
– Plasminogen
– Immune globulins
– Anti-toxins
– Venom antisera for scorpions, snakes, and spiders

• Combination products
– Engineered tissues/organs

• Devices
• Tissues
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Cell and Gene Therapies: Research* INDs 2002 – 2021

153

112

*Numbers do not include single patient or expanded access INDs
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Breakthrough (BT) and RMAT Designation Requests

www.fda.gov

BTD Requests, 124

Granted BTD, 37

RMAT Requests, 194

Granted RMAT, 70
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Gene Therapy: List of Approved Products
 Kymriah (tisagenlecleucel) – For treatment of 

• Patients up to 25 years of age with B-cell precursor acute lymphoblastic leukemia (ALL) that is refractory or in second or later relapse

• Adult patients with relapsed or refractory (r/r) large B-cell lymphoma after two or more lines of systemic therapy including diffuse large B-
cell lymphoma (DLBCL) not otherwise specified, high grade B-cell lymphoma and DLBCL arising from follicular lymphoma

• Adult patients with relapsed or refractory follicular lymphoma (FL) after two or more lines of systemic therapy
 Under accelerated approval

 Yescarta (axicabtagene ciloleucel) – Indicated for the treatment of 
• Adult patients with large B-cell lymphoma that is refractory to first-line chemoimmunotherapy or that relapses within 12 months of first-

line chemoimmunotherapy
• Adult patients with relapsed or refractory large B-cell lymphoma after two or more lines of systemic therapy including diffuse large B-cell 

lymphoma (DLBCL) not otherwise specified, primary mediastinal large B-cell lymphoma, high grade B-cell lymphoma, and DLBCL arising from 
follicular lymphoma.

• Adult patients with relapse or refractory follicular lymphoma (FL) after two or more lines of systemic therapy
 Under accelerated approval

 Luxturna (voretigene neparvovec-rzyl) - Indicated for the treatment of patients with confirmed biallelic RPE65 
mutation-associated retinal dystrophy.

 Zolgensma (onasemnogene abeparvovec-xioi) – Indicated for the treatment of pediatric patients less than two 
years of age with spinal muscular atrophy (SMA) with bi-allelic mutations in the survival motor neuron 1 (SMN1) gene

www.fda.gov



7

Gene Therapy Approved Products
 Tecartus (brexucabtagene autoleucel) – Indicated for the treatment of 

• Adult patients with relapsed or refractory mantle cell lymphoma

- Under accelerated approval

• Adult patients with relapsed or refractory B-cell precursor acute lymphoblastic leukemia (ALL)

 BREYANZI  (lisocabtagene maraleucel) – Indicated for the treatment of adult patients with large B-cell lymphoma, 
including diffuse large B cell lymphoma not otherwise specified, high-grade B-cell lymphoma, primary mediastinal 
large B-cell lymphoma, and follicular lymphoma grade 3B, who have

• refractory disease to first-line chemoimmunotherapy or relapse within 12 months of first-line 
chemoimmunotherapy ; or

• refractory disease to first-line chemoimmunotherapy or relapse after first-line chemoimmunotherapy and are not 
eligible for hematopoietic stem cell transplantation (HSCT) due to comorbidities or age; or

• relapsed or refractory disease after two or more lines of systemic therapy.

 ABECMA (idecabtagene vicleucel) – Indicated for the treatment of relapsed or refractory multiple myeloma

 CARVYKTI (ciltacabtagene autoleucel) – Indicated for the treatment of relapsed or refractory multiple myeloma
www.fda.gov
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Gene Therapy Approved Products

 Zynteglo (betibeglogene autotemcel) – Indicated for the treatment of adult and pediatric 
patients with ß-thalassemia who require regular red blood cell (RBC) transfusions

 Skysona (elivaldogene autotemcel) – Indicated to slow the progression of neurologic 
dysfunction in boys 4-17 years of age with early, active cerebral adrenoleukodystrophy (CALD)
• Under Accelerated Approval

 HEMGENIX (etranacogene dezaparvovec-drlb) - indicated for the treatment of adults with 
Hemophilia B (congenital Factor IX deficiency) who: currently use Factor IX prophylaxis 
therapy, or have current or historical life-threatening hemorrhage, or have repeated, serious 
spontaneous bleeding episodes

 ADSTILADRIN (nadofaragene firadenovec-vncg) – indicated for the treatment of adult 
patients with high-risk Bacillus Calmette-Guérin (BCG)-unresponsive non-muscle invasive 
bladder cancer (NMIBC) with carcinoma in situ (CIS) with or without papillary tumors

www.fda.gov
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Cellular Therapy Approved Products
 PROVENGE (sipuleucel-T): Autologous T-cell immunotherapy for treatment of asymptomatic or minimally symptomatic 

metastatic castrate resistant (hormone refractory) prostate cancer

 HPC (hematopoietic progenitor cells), Cord Blood: For use in unrelated donor hematopoietic progenitor cell transplantation 
procedures in conjunction with an appropriate preparative regimen for hematopoietic and immunologic reconstitution in 
patients with disorders affecting the hematopoietic system that are inherited, acquired, or result from myeloablative 
treatment.

 LAVIV (Azficel-T): Autologous fibroblasts for improvement of the appearance of moderate to severe nasolabial fold wrinkles in 
adults

 GINTUIT (Allogeneic Cultured Keratinocytes and Fibroblasts in bovine collagen): For topical (non-submerged) application to a 
surgically created vascular wound bed in the treatment of mucogingival conditions in adults

 MACI (Autologous Cultured Chondrocytes on porcine collagen membrane): For repair of single or multiple symptomatic, full-
thickness cartilage defects of the knee with or without bone involvement in adults

 STRATAGRAFT  allogeneic cultured keratinocytes and dermal fibroblasts in murine collagen-dsat: Treatment of adults with 
thermal burns containing intact dermal elements for which surgical intervention is clinically indicated (deep partial-thickness 
burns)

 RETHYMIC allogeneic processed thymus tissue–agdc: For immune reconstitution in pediatric patients with congenital athymia



• Considerations for the Development of Chimeric Antigen Receptor (CAR) T Cell Products; Draft Guidance for 
Industry 3/2022

• Human Gene Therapy Products Incorporating Human Genome Editing; Draft Guidance for Industry 3/2022

• Interpreting Sameness of Gene Therapy Products Under the Orphan Drug Regulations; Guidance for Industry
9/2021

• Studying Multiple Versions of a Cellular or Gene Therapy Product in an Early-Phase Clinical Trial; Guidance for 
Industry 11/2022

• Manufacturing Considerations for Licensed and Investigational Cellular and Gene Therapy Products During 
COVID-19 Public Health Emergency; Guidance for Industry 1/2021

• Human Gene Therapy for Neurodegenerative Diseases; Guidance for Industry 10/2022

• Cellular & Gene Therapy Guidances | FDA

Recent Cellular & Gene Therapy Guidances

10
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https://www.fda.gov/regulatory-information/search-fda-guidance-documents/considerations-development-chimeric-antigen-receptor-car-t-cell-products
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/considerations-development-chimeric-antigen-receptor-car-t-cell-products
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/human-gene-therapy-products-incorporating-human-genome-editing
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/interpreting-sameness-gene-therapy-products-under-orphan-drug-regulations
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/studying-multiple-versions-cellular-or-gene-therapy-product-early-phase-clinical-trial
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/studying-multiple-versions-cellular-or-gene-therapy-product-early-phase-clinical-trial
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/manufacturing-considerations-licensed-and-investigational-cellular-and-gene-therapy-products-during
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/manufacturing-considerations-licensed-and-investigational-cellular-and-gene-therapy-products-during
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/human-gene-therapy-neurodegenerative-diseases


• Updated recommendations based on FDA and ICH guidance 
documents and changes to regulations since 2008

• Updated the list of terms and definitions 
• e.g., human gene therapy, human gene therapy product, genome 

editing 

• Provided recommendations for submitting CMC information 
into eCTD 

• Module 1: recommendations for administrative information 
• Module 2: summary information detailed in Module 3
• Module 3: detailed instructions for CMC information to be submitted 

to support an IND 

• Appendices: 
• Facility/equipment, quality unit, COAs, adventitious agents safety 

data

www.fda.gov
11

Gene Therapy CMC Guidance



• Viral vectors for genetically modifying cells 
• Critical manufacturing component, recorded in DS section of Module 3 to capture all 

necessary information 
• Manufactured under GMPs, process and method validation for licensure. 

• Manufacturer may be inspected during BLA review

• Key updates to product and method development 
• Cell bank selection, impurity testing, and residual DNA testing

• Quality controls and verification for CMO
• Qualification of dose determining assays
• Plasmids for further manufacture 
• Replication competent virus testing (see RCR guidance)

CMC Guidance

12
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CMC Expectations: Progressive Refinement of 
Product Specifications

• Early product characterization is a multi-parameter analysis
• Number of parameters progressively get pruned from phase I to phase III
• Major manufacturing changes during a pivotal trial should be avoided
• All changes need to be scientifically valid and justified 

BLAPhase IIIPhase IIPhase IPreclinicalEarly 
Development

Broad Specifications

Narrow Specifications

www.fda.gov 13



Frequently Asked Questions

Common topics for discussion:

• Vector Copy Number (VCN)
• Comparability
• Potency

FDA has tried to incorporate these information in various 
guidance documents.

14
www.fda.gov



DRAFT CAR T cell Guidance
• CMC, preclinical, and clinical 
• Recommendations specific to 

autologous or allogeneic CAR T 
cell products

• Applicable to other genetically 
modified lymphocyte products, 
such as CAR Natural Killer (NK) 
cells or T cell receptor (TCR)-
modified T cells

• Considerations beyond those 
recommended in this guidance 
would depend on the specific 
product and manufacturing 
process 

15
www.fda.gov



DRAFT CAR T cell CMC Recommendations

• General information is cross-referenced to the GT CMC 
guidance

• Considerations for control of the transgene vector and 
cellular starting material

• Drug Product Analytical testing
• Flow cytometry 
• VCN/CAR+ cell
• Identity testing should distinguish the DP from other products 

in the same facility
• Potency assay

16
www.fda.gov



DRAFT Recommendations for  Vector Copy Number (VCN)
• If the vector system directs transgene integration, report the 

average number of integrations per CAR-positive cell.
• Determining VCN as a function of total cells, includes non-

transduced cells in the denominator and lowers the reported 
vector integration rate.

• We recommend that the transduction process be optimized to 
control VCN while meeting target transduction frequency.
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DRAFT Recommendations for Managing Manufacturing 
Changes and Assessing Comparability During the CAR T Cell 
Product Life Cycle

• Changes to the CAR T cell design, manufacturing process, or 
manufacturing facility during product development

• Conduct a risk assessment to evaluate the potential impact 
of the intended change on product quality and safety

• Proposed change(s), the accompanying risk assessment, and 
the proposed change management strategy may be 
submitted as an amendment to the IND

• Comparability Study Design:
• recommend that CAR T cell comparability be assessed by 

side-by-side testing using the same cellular starting material
• appropriate statistical methods and predefined acceptance 

criteria
• meeting current lot release criteria is typically insufficient to 

establish comparability

?=
18
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DRAFT Genome Editing (GE) Guidance

• CMC, preclinical, and clinical 
• Human GE is a process by which 

DNA sequences are added, 
deleted, altered or replaced at 
specified location(s) in the genome 
of human somatic cells, ex vivo or 
in vivo, using nuclease-dependent 
or nuclease-independent GE 
technologies

• Recommendations for how to 
assess the safety and quality of 
these products and address the 
potential risks of these products

• Specific risks associated with GE 
approaches include off-target 
editing, unintended consequences 
of on- and off-target editing, and 
the unknown long term effects of 
on- and off-target editing

19
www.fda.gov



DRAFT Genome Editing Guidance CMC Recommendations

• General information is cross-referenced to the GT CMC guidance
• Utilize design platforms that are most applicable to the genomic target and the 

type of intended genomic modification
• Optimize the GE components to reduce the potential for off-target genome 

modification
• Detailed descriptions of how each GE component is manufactured, purified and 

tested
• Sterility, identity, purity and functionality of each component, as applicable, 

additional testing such as that for process residuals
• Ex vivo-modified cells: 

• Determination of GE efficiency (e.g., the degree of cleavage at the on-
target site)

• Specificity (e.g., the degree of cleavage at off-target sites)

20
www.fda.gov
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Control  of Product 
Variability : Evaluation of 
Potency

www.fda.gov

Guidance for 
Industry

Potency Tests for Cellular 
and Gene Therapy Products

Additional copies of this guidance are available from the Office of Communication, 
Outreach and Development (OCOD), (HFM-40), 1401 Rockville Pike, Suite 200N, 
Rockville, MD 20852- 1448, or by calling 1-800-835-4709 or 301-827-1800, or email 
ocod@fda.hhs.gov, or from the Internet at 
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/G
uida nces/default.htm.

For questions on the content of this guidance, contact OCOD at the phone numbers listed above.

U.S. Department of Health and Human Services
Food and Drug Administration Center for Biologics Evaluation and 

Research
January 2011

mailto:ocod@fda.hhs.gov
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default.htm


Potency Assays

21 CFR 610.10:
…shall consist of either in vitro or in vivo tests, or both, ….

21 CFR 600.3(s):
…potency is interpreted to mean the specific ability or capacity 

of the product, as indicated by appropriate laboratory tests or by 
adequately controlled clinical data obtained through the 
administration of the product in the manner intended, to effect a 
given result.

22
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MOA, POC, Potency, and Efficacy are 
Related, yet Distinct

Mechanism of 
Action 
(MOA)

Proof of Concept
(POC)

Potency Efficacy

The proposed MOA 
can guide the type of 

testing needed to 
establish potency,

pre-clinical proof of 
concept, and efficacy

Potency should 
measure some relevant 

biological property 
consistent with the 

proposed MOA and 
guided by POC studies

Pre-clinical testing 
should be guided by 
the MOA and product 
potency, and the 
results should support 
the MOA and potency 
criteria

For a product to be 
efficacious it must be 
potent (though not 
necessarily in the way 
you are measuring it)

Clinical data from phase 
II studies can sometimes 
help guide potency 
specifications 23

www.fda.gov



Establishing a Potency Assays

• Should be guided by the underlying proposed mechanism of action and in 
vitro and in vivo pre-clinical proof of concept data

• Recommend evaluating multiple measures of product potency until you 
are confident you have an assay that is suitable for your needs
– In some cases you may wish to choose one assay for product release 

while continuing to collect data on other assays
– In some cases a single measurement may not be fully informative and a 

matrix approach may be needed
• Potency assays should be chosen based on successful qualification of the 

test method using your product

24
www.fda.gov



Proposed Mechanism of Action and Product Potency

• A single product could have multiple mechanisms of action in the 
patient:
‒ Cell replacement
‒ Stimulate endogenous cells
‒ Protect host cells
‒ Secrete trophic, growth factors, cytokines, etc.

• Although it is not a regulatory requirement to fully define the 
mechanism of action, having an understanding of how the product is 
likely to work could be very helpful in designing proof-of-concept 
preclinical studies and establishing lot release specifications.

25
www.fda.gov



Opportunities for Interaction During
Product Development

IND submission

INTERACT
Pre-IND
Meeting

End of Ph 1 
Meeting

End of Ph 2 
Meeting

Pre-BLA
Meeting

PDUFA VI 
“The Program”

Meetings

Safety 
Meetings

Clinical TrialsPreclinical Marketing 
Application Post-marketing

BLAPhase 3Phase 2Phase 1PreclinicalDevelopment Post 
marketing



PDUFA VII : CMC Development Readiness Pilot (CDRP)
• Starting April 1, 2023, FDA will accept requests to participate in the CDRP 

program and select no more than nine proposals per year, with 
approximately two thirds being CBER-regulated products and one third 
CDER-regulated products.

To participate in the pilot program:

• Participant must have an active commercial CBER IND with an accelerated 
clinical development timeline (BT/RMAT designation)

• Submit a CMC Development Plan
• Current state of CMC development
• Projected timeline for product development
• Plans for ensuring product availability for commercial launch (scale-up 

plans).
• Overall plan for process validation
• The plan should highlight these areas (exemplified in the bulleted list 

above, and any additional CMC challenges that may require FDA input), 
to facilitate FDA engagement

27
www.fda.gov



CMC Development Readiness Pilot

• Two dedicated CMC meetings (Type B meetings, in addition to existing 
meetings)

• Product specific guidance

• Follow-up discussions (To address questions arising from the meeting or 
meeting minutes)

• To promote innovation and understanding in this area, lessons learned through 
the pilot may be presented by FDA (e.g., in a public workshop) as case studies.

• FDA intends to issue a strategy document focused on CMC aspects of expedited 
development incorporating lessons from the CDRP.

28
www.fda.gov



Summary

• FDA has been very active in publishing guidance on topics related to CGT 
product development

• FDA’s new PDUFA commitment for additional meetings with sponsors and 
public workshops will assist in CGT product development

• Some CGT products may have the potential to cure diseases and conditions 
that have been incurable

• With the approval of the initial few CGT products, there is high expectation 
of future application of CGT 

• To address the present and the anticipated future increase in work-load 
related to the development of CGT products,  OTAT/CBER/FDA is in the 
process of expanding its capacity 

29
www.fda.gov



Contact Information

• Ramjay Vatsan
Ramjay.Vatsan@fda.hhs.gov

• Regulatory Questions:

OTAT Main Line – 240 402 8190

Email: OTATRPMS@fda.hhs.gov and

Lori.Tull@fda.hhs.gov

• OTAT Learn Webinar Series: 

http://www.fda.gov/BiologicsBloodVaccines/NewsEvents/ucm232821.htm

• CBER website: www.fda.gov/BiologicsBloodVaccines/default.htm

• Phone: 1-800-835-4709 or 240-402-8010

• Consumer Affairs Branch: ocod@fda.hhs.gov

• Manufacturers Assistance and Technical Training Branch: industry.biologics@fda.hhs.gov

• Follow us on Twitter: https://www.twitter.com/fdacber 30
www.fda.gov
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