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Abstract: Gene therapy is a promising field with enormous potential. Cancer, genetic diseases, and infectious diseases are among 

the diseases being treated with gene therapy products. Though effective and safe Gene Therapy has been in development for 

decades, it has recently become a reality for a tiny but steadily growing number of individuals who have received directly 

administered or cell based gene therapies. Because of the distinctive mode of action of gene therapy products and resulting new 

risks, gene therapy product developers must abide to additional regulations beyond those governing small-molecule medicines. This 

article provides an outline of the latest regulatory frame work that applies to Gene Therapy Products in the United States, as well 

as a detailed description of the regulatory requirements that the Gene Therapy Product developers must meet. Knowing the 

regulatory requirements for obtaining market approval for Gene Therapy Products is critical for a successful launch of the Gene 

Therapy Products. In the United States (US), Centre for Biologics Evaluation and Research (CBER) regulates the Gene Therapy 

Products. The Office of Tissues & Advanced Therapies (OTAT) monitor gene therapy products under CBER. 

Index Terms: Gene Therapy, Gene Therapy (GT) Products, Gene Therapy Regulation, Cell-based Gene Therapy, OTAT, 

CBER. 

I. INTRODUCTION: [1] 

Gene therapy aims to alter the biological properties of living cells or manipulate the expression of a gene. Gene therapy is 

used to prevent, treat or cure an illness or medical condition by replacing a defective or missing gene in a patient's cells with a 

healthy version of that gene. Gene therapy is used to treat both inherited genetic diseases (such as haemophilia, Spinal muscular 

atrophy and sickle cell disease) and acquired disorders (such as leukaemia).  

Gene therapy-related research and development in the United States is accelerating, with a number of products moving 

forward in clinical studies. Human gene therapy products, and devices related to gene therapy are regulated by the FDA's Centre 

for Biologics Evaluation and Research (CBER) in the United States under Section 351 of the PHS Act or the FD&C Act. Under 

CBER Gene therapy products are monitored by the Office of Tissues and Advanced Therapies (OTAT). 

 

II. CONCEPT OF GENE THERAPY: [2] 

Gene therapy is divided into two types: somatic cell gene therapy and germ line gene therapy. Germ line gene therapy is 

applied to gametes that can be passed down through generations. The idea behind germ-line gene therapy is to introduce gene-

modified cells into the germline. Somatic cell gene therapy is regarded as the only and more socially acceptable approach because 

it affects only the targeted 

There are two types of somatic gene therapy: ex vivo and in vivo. The ex vivo method involves genetically 

modifying/correcting cells collected from a human outside of the body before transplanting them into the same or a different person. 

The gene of interest is delivered straight to target tissues/ cells/organs of the patients via the in vivo method. 

Gene therapy products are of several types, they are: 

 Plasmid DNA: Therapeutic genes are carried into human cells via genetically engineered circular DNA molecules. 

 Viral vectors: Because of the natural ability of viruses to transfer the genetic material into cells, several GT products are 

made from them. Viruses that are modified to remove their potential to cause infectious diseases can then be employed as 

vectors to deliver the therapeutic genes into the human cells. 

 Bacterial vectors: Bacteria are genetically modified to prevent them from causing the disease and then utilised as vectors 

to the deliver therapeutic genes into human cells. 

 Human gene editing technology: Gene editing aims to either fix mutated genes or disrupt harmful genes. 

 Patient derived cellular GT products: The patient's cells are genetically altered and then reintroduced into to the patient. 
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III. HISTORY OF GENE THERAPY: [3] 

Although gene therapy appears to be a fresh frontier for biotherapeutic products, it has a long history dating back to the 

early twentieth century. The initial direct study on human gene therapy, which failed treating two paediatric participants with the 

genetic condition hyperargininaemia, took place in the early 1970s. Human gene therapy studies were not subject to much regulatory 

oversight at that time. Scientists began to express rising concerns regarding the, scientific, safety, ethical, and social challenges that 

human gene therapy will present. 

In 1947, FDA started regulating GT products and published its first cell and gene therapy guidance document, 

establishing a regulatory framework for gene therapy in the United States. The FDA and the National Institute of Health (NIH) 

continued to promote gene therapy product development while simultaneously reducing overlaps in regulatory monitoring. 

The FDA had sole approval authority over gene transfer protocols and gene therapy products by 1997. 

In September 1990, the NIH Clinical Centre conducted the first human gene therapy trial. This was the first gene 

therapy trial to be supervised by the FDA. The number of trials climbed steadily throughout the 1990s. 484 clinical studies of 

gene therapy in total have been authorised, were in progress, or finished by the end of the decade, with the peak happening in 

1999. While several of these trials failed, the study appeared to be promising because no significant safety issues have been 

reported. Gene therapy's capacity to cure and treat some of the world's severe illnesses remained hopeful.  

However, the 1990s rise was overshadowed by a series of unfortunate instances that highlighted the many 

uncertainties surrounding the efficacy, long term implications and safety of human gene therapy at the time. Jesse Gelsinger,  

an 18-year-old who passed away due to a severe immunological response while participating in a gene therapy experiment in 

September 1999, highlighted the dangers of Viral Vectors. In early 2000s, Insertional Mutagenesis was discovered when five 

out of twenty paediatric participants in a trial in Europe developed gene transfer-related leukaemia 2 - 5.5 years following gene 

therapy, ending in one child’s death. 

These incidents demonstrated the risk of serious adverse effects connected with gene therapies, highlighting the 

requirement for stronger safety standards and Regulatory monitoring. They prompted FDA and the NIH to take more 

collaborative efforts to tighten trial participant protection. The formation of the Gene Therapy Clinical Trial Monitoring Plan 

and the Gene Transfer Safety Symposia were two of these initiatives. ClinicalTrials.gov was also developed, providing a high 

degree of openness for both public and private gene therapy research. In addition, the NIH and FDA collaborated to launch 

the Genetic Modification Clinical Research Information System (GeMCRIS), an information source and analysis tool that will 

help in coordinating the reporting of adverse events and enhancing public accessibility to serious event Reports. 

IV. A NEW ERA IN THE UNITED STATES GENE THERAPY: [4] [5] [6] [7] [8] [9] [3] 

Human gene therapy products, Cellular gene therapy products and certain cell& gene therapy-related devices are 

regulated by CBER. The Public Health Service Act and the Federal Food, Drug, and Cosmetic Act are both used by CBER as 

enabling statutes for oversight. 

The field of cellular and gene therapy research and development in the United States is rapidly expanding, with a 

number of products advancing in clinical development. CBER provides proactive scientific and regulatory guidance to 

researchers and manufacturers in the area of new product development, in addition to regulatory oversight of clinical studies. 

OTAT oversees gene therapy products under CBER. Section 351 of the PHS Act and/or the FD&C Act regulate gene 

therapy products. If a cell therapy product fails to reach all of the criteria in 21 CFR 1271.10(a), it is then regulated as a "drug, 

device, or biological product" under the FDCA (federal food, drug and cosmetic act) and Section 351 of the Public Health 

Service Act. Clinical trials are required for these 351 products to demonstrate efficacy and safety for pharmaceutical products 

to enter the market. A biologic that does not fit the criteria for 361 Products is referred to as a 351 Product. 361 products are 

referred to as "human cells, tissues, and cellular and tissue-based products" (HCT/Ps) and include tissue and bone transplants. 

As a 351 product GT (Gene Therapy) Products must acquire pre-market approval and follow Good Manufacturing Practice 

(GMP) requirements. 

In the last eight years, the gene therapy sector in the United States reached a significant turning point. Development 

of modern technologies and improvements in safer gene delivery techniques have resulted in a massive leap forward. Luxturna 

(Spark Therapeutics), Kymriah (Novartis), and Yescarta (Gilead) were first three GT products approved for use in the United 

States in 2017. Adeno-Associated Virus (AAV) vector-based Gene Therapy called Luxturna is intended to treat an inherited 

form of blindness. Yescarta and Kymriah are Cell based gene therapies for cancer treatment. The second AAV vector based 

gene therapy for a hereditary genetic condition is Zolgensma (Avexis), was approved by FDA in 2019. The first gene therapy 

to be approved for spinal muscular atrophy is Zolgensma.  

Gene therapy has attracted interest, and Gene therapy product development is currently advancing at an increased 

rate, thanks to achievements in recent history and also substantial breakthroughs in technologies of gene therapy. Many active 

GT clinical trials are currently being conducted to treat diseases like HIV/AIDS, blood disorders and cancer.  

In January 2020, FDA released 6 finalized guidance documents on clinical development and manufacturing of gene 

therapy, as well as a draft guidance document on interpreting sameness of GT products under the orphan drug regulations. 

FDA issued draft guidance on human gene therapy for Neurodegenerative disease, Haemophilia, Rare diseases, and Retinal 

disorders in January 2021, as well as final guidance on manufacturing considerations for licenced and investigational cellular 

and GT products during the COVID-19 health emergency.  

The FDA encourages new GT products sponsors to take advantage of the expedited programmes and other new 

regulatory pathways available for GT products designed to meet unmet medical requirements in the treatment of serious or 

fatal illnesses. Regenerative Medicine Advanced Therapy (RMAT), Breakthrough Therapy, Accelerated Approval, Priority 

Review, Fast Track and are the five expedited approval classifications for gene therapy products available. While one or more 

of the five accelerated approvals may be applicable to a GT product, RMAT is the only one centered on regenerative medicine 

products, which includes GT. 
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V. BASIC REGULATORY PROCESS: [10] 

Regulatory requirements for an investigational agent can be affected by product-specific considerations. These issues 

should be thoroughly discussed with the FDA during a pre-IND meeting, during which the IND sponsor should submit relevant 

preclinical data, manufacturing, and animal safety testing to support the planned clinical development approach. The types of 

additional research that are relevant to a particular agent can then be proposed, and agency’s input can assist define the final 

development plan. Interactions with regulatory bodies should be scheduled at regular intervals which will help with the 

development of a product.  

As a GT product progresses from first phase to second phase to third phase trials and licence, regulatory agency 

standards become more stringent. The nature of the study population is another aspect that influences the level of regulatory 

compliance. Products designed for Phase I trials in healthy volunteers must normally reach far higher standards than those 

studied in patients that are suffering from life-threatening illnesses (cancer). As more advanced technology becomes available, 

the requirements tend to rise.  

VI. CONSIDERATIONS FOR CHEMISTRY MANUFACTURING CONTROL OF GT PRODUCTS: [11] [12] 

   A sponsor should be able to assess a GT product's identification, purity, quality, dose, and safety for early-phase 

clinical studies. Before beginning the clinical studies, which are meant to establish strong evidence of efficacy for a marketing 

application, A potency assay to measure the biological activity of the final GT product, with applicable lot release 

specifications, should be established. Manufacturing processes and all the testing methods for the product release (21 CFR 

211.165(e)) must be validated to support the licensure of a GT product. Early in the development of GT products, sponsors 

should contact the OTAT at CBER to discuss the product-specific concerns. 

VII. CONSIDERATIONS FOR PRE-CLINICAL DEVELOPMENT OF GT PRODUCTS: [13] [14] [15] [16] [17] [18] 

GLP, animal species selection and model of illness, compliance to the replacement, refinement and reduction of 

animals, toxicology, considerations for product delivery, proof-of-concept studies and product development for the following 

phase trials like formulation changes and safety measures should all be included in the pre-clinical design.  

A preclinical program for a GT product should have the following objectives: 

1) Identifying a dose range that is biologically active.  

2) Suggestions for first clinical dosage level, dosing regimen, and dose escalation schedule.  

3) Establishing the clinical route of administration's feasibility and reasonable safety. 

4) Support of patient eligibility criteria.  

5) Identification of potential toxicity and physiologic parameters that can be used to guide clinical monitoring of a specific 

investigational product. 

Studies demonstrating prospect of direct benefit (21 CFR 50.52) of the new GT product should be included in the 

preclinical programme. During the development of a preclinical programme for an new GT product, the following elements are 

recommended, Preclinical in vivo and in vitro Proof-of-concept (POC) , Biodistribution, Toxicology studies and further nonclinical 

studies that are required for addressing issues such as reproductive and developmental toxicity and notable changes in the 

formulation or manufacturing process that could affect the similarity between the product used in the clinical study and the product 

considered for licensure. 

VIII. CONSIDERATIONS FOR CLINICAL DEVELOPMENT OF GT PRODUCTS: [19] [20] [21] 

Many distinctive features of GT products influence the design of the early phase clinical trials. Product characteristics, 

manufacturing considerations are instances of these features, and they can influence key aspects of clinical trial design. 

GT Products adheres to the same guidelines as any other therapeutic undergoing clinical trials in US (United States). GT 

Products may need to take additional risk into account when conducting human (clinical) studies due to their distinctive mode of 

action. Un-controlled gene delivery, interference with normal tissue and cell function, and long-term gene integration into genome 

are all potential risks. 

Clonal out growths, longevity of product in the body, Immunogenicity, shedding, and the impact on children's maturation 

and development should all be taken into account by developers. Because inherited genetic disorders manifest in children, it is 

essential to comprehend their potential effect on paediatric patients. special patient populations may have different levels of 

vulnerability to the vector (children, pregnant women, and elderly). 

In GT Products, determining optimal and safe dosing can be more difficult. Compared to small-molecule therapies, gene 

therapy dose scaling from animals to humans may not be predictable, to reduce the risk of dosage errors additional caution should 

be exercised in humans. To evaluate the risk of a GT Product being transmitted from a patient to an untreated individual in direct 

contact, such as a medical professional, shedding experiments should be conducted. developers should send shedding reports to the 

FDA. Additionally, some GT Products may necessitate an Environmental Assessment submission in order to assess the GT 

Product's environmental risk. 

IX. CONSIDERATIONS FOR MARKET APPROVAL OF GT PRODUCTS: [22] 

           To initiate clinical trials in united states with a new biological product, necessitates the sponsor to submit an IND 

(investigational new drug) application to the FDA's CBER. The IND application pathway allows FDA and IND sponsors to 

exchange important information and speed up product development, as well as ensuring the ethical and safe use of new drugs.  

Several factors can influence a product program's progress during development, ranging from speeding up the process to 

repurposing it for a different disease or terminating it altogether. When critical trial design or safety issues arise, FDA will put a 

hold on an IND application, which can then be raised once the issues that caused the hold have been resolved. The IND application 

becomes inactive if there is no study activity for at least two years. 

The IND application can be terminated by either FDA or the sponsor. FDA by discontinuing for a number of reasons, 

including product quality concerns, safety, manufacturing challenges, efficacy issues and the sponsor by withdrawing for safety 
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concerns, or a business choice to discontinue the research. To support regulatory approval, sponsors who want to licence their goods 

should generate data that provides strong evidence of safety and effectiveness. 

X. CONSIDERATIONS FOR POST-MARKET MONITORING PLANS OF GT PRODUCTS: [23] 

During clinical trials, the number of participants who receive GT products is usually limited. For all individuals that got a 

new GT product in the Pre marketing phase before the GT product is licenced, suggested Long Term Follow Up (LTFU) period 

(e.g., 15 years) will rarely elapse. As a result, the safety data collected during the clinical study may not be able to capture all 

potential delayed untoward events. As a result, even after a product's licence, continued LTFU surveillance is often necessary. As 

a result, a Pharmacovigilance Plan (PVP) must be submitted to FDA at the time of BLA submission. 

The PVP content of a specific GT product will be determined by its safety profile and will be based on data such as the 

known product-class effects, published literature and pre-licensure clinical safety database. It is suggested that a registry be 

established, or that an already existing registry of patient be used, to comprehensively track and capture the data from treated 

patients with sample collection, as well as the follow-up of untoward events. Establishing a registry system to particularly capture 

untoward event data from the treated individuals who received a GT product may be appropriate. This registry system can be 

included in the pharmacovigilance plan and can be reviewed during the licensing process. 

If FDA determines that LTFU observations are required at the time of BLA approval, the sponsor must submit the protocol 

of study to the already existing IND, along with a reference letter to the BLA stating that the protocol was submitted to the IND. If 

a sponsor stops to operate or decides to withdraw or to deactivate an IND prior to the completion of observations of LTFU for all 

people that are exposed to the GT product, the sponsor is recommended to speak with OTAT on the plans for completing LTFU 

observations. 

XI. CONCLUSION: 

Patients with chronic conditions now have a new hope because of Gene Therapies. The field of gene therapy research and 

development in the United States is rapidly expanding, much progress has been made in the previous few years in addressing 

worldwide regulatory obstacles in gene therapy. Further improvements can help overcome potential regulatory barriers, allowing 

innovative, complex new treatments to be delivered to patients in need around the world. The regulations are in place to guarantee 

that the risk/benefit ratio of the pharmaceutical medicinal products is optimised, and any entity developing GT Products should 

share the same approach. Understanding the regulations governing GT Products is critical for successfully bringing new GT 

products to market. To increase their chances of success, Developers of GT products must adhere to the regulations set by regulatory 

agencies and should collaborate with the regulators to establish and enhance successful product criteria.  
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