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In recent years, gene therapy has emerged as a groundbreaking treatment modality,
offering hope to patients with previously untreatable genetic disorders. The U.S. Food and
Drug Administration (FDA) plays a crucial role in the approval of these therapies, ensuring
their safety and efficacy before they reach the market. This article provides a
comprehensive overview of FDA-approved gene therapies, their indications, mechanisms
of action, and the impact they have on patient care.

What is Gene Therapy?

Gene therapy is a revolutionary technique that aims to treat or prevent diseases by
altering the genes inside a patient’s cells. This can be achieved through various
approaches, including:

1. Replacing a mutated gene that causes disease with a healthy copy.
2. Inactivating or knocking out a mutated gene that is functioning improperly.
3. Introducing a new or modified gene into the body to help treat a disease.

Gene therapies can be delivered in several ways, including direct injection into tissues, via
viral vectors, or through genetically modified cells.

History of FDA Approved Gene Therapies

The FDA's journey into gene therapy began in the late 1990s, but it gained significant
momentum in the 2010s. The first gene therapy to receive FDA approval was Gendicine in
2003, though it was primarily used in China. The first approved gene therapy in the U.S.
was Luxturna in December 2017.

Key Milestones in Gene Therapy Approval

- 2017: Luxturna (voretigene neparvovec-rzyl) - For Leber's congenital amaurosis.

- 2018: Zolgensma (onasemnogene abeparvovec-xioi) - For spinal muscular atrophy (SMA).
- 2019: Kymriah (tisagenlecleucel) - For certain types of B-cell leukemia.

- 2020: Yescarta (axicabtagene ciloleucel) - For large B-cell lymphoma.

Current FDA Approved Gene Therapies

As of October 2023, the FDA has approved several gene therapies. Below is a list of



notable therapies along with their indications and mechanisms of action.

1. Luxturna (voretigene neparvovec-rzyl)

- Indication: Treatment of retinal dystrophy due to RPE65 mutations.
- Mechanism of Action: This gene therapy delivers a normal copy of the RPE65 gene
directly to retinal cells via an adeno-associated virus vector, helping restore vision.

2. Zolgensma (onasemnogene abeparvovec-xioi)

- Indication: Treatment of spinal muscular atrophy in pediatric patients.
- Mechanism of Action: Zolgensma provides a functional copy of the SMN1 gene, which is
vital for the production of the SMN protein necessary for motor neuron function.

3. Kymriah (tisagenlecleucel)

- Indication: Treatment of certain types of B-cell leukemia and lymphoma.
- Mechanism of Action: This CAR T-cell therapy involves genetically modifying a patient’s
T-cells to express a receptor that targets and kills cancer cells.

4. Yescarta (axicabtagene ciloleucel)

- Indication: Treatment of large B-cell lymphoma.
- Mechanism of Action: Similar to Kymriah, Yescarta uses CAR T-cell technology to
enhance the patient’s immune response against cancerous cells.

5. Evrysdi (risdiplam)

- Indication: Treatment of spinal muscular atrophy.
- Mechanism of Action: Unlike traditional gene therapy, Evrysdi is an oral medication that
increases SMN protein production by modifying the splicing of the SMN2 gene.

6. Hemgenix (etranacogene dezaparvovec-drlb)

- Indication: Treatment of hemophilia B.
- Mechanism of Action: This gene therapy delivers a functional copy of the factor IX gene,
which helps in blood clotting.



7. Skysona (elivaldogene autotemcel)

- Indication: Treatment of cerebral adrenoleukodystrophy.
- Mechanism of Action: Skysona modifies a patient’s own hematopoietic stem cells to
produce the enzyme necessary to prevent toxic accumulation in the brain.

Impact of FDA Approved Gene Therapies

The approval of gene therapies by the FDA has had a profound impact on modern
medicine. Here are some key areas where gene therapies are making a difference:

1. Novel Treatment Options

Gene therapies provide options for patients with genetic conditions for which there were
previously no effective treatments. Conditions like spinal muscular atrophy and certain
types of inherited blindness have seen significant advancements due to gene therapy.

2. Personalized Medicine

Gene therapy paves the way for personalized medicine, where treatments are tailored to
the genetic makeup of individual patients. This approach enhances treatment efficacy and
minimizes adverse effects.

3. Long-term Efficacy

Many gene therapies offer the potential for long-lasting effects, reducing the need for
ongoing treatments. For instance, Zolgensma aims to provide a one-time treatment that
could significantly improve the quality of life for pediatric patients with SMA.

4. Economic Considerations

While the upfront costs of gene therapies can be high—often exceeding $1 million—the
long-term savings associated with improved health outcomes and reduced medical
expenses can be substantial.

Challenges and Future Directions

Despite the success of gene therapies, several challenges remain:



1. Accessibility and Affordability

The high costs associated with gene therapies create barriers to access for many patients.
Insurance coverage varies, which can lead to disparities in treatment availability.

2. Safety and Efficacy Monitoring

Long-term safety and efficacy data are still being collected for many gene therapies.
Ongoing monitoring is essential to understand the full spectrum of potential side effects
and benefits.

3. Regulatory Hurdles

While the FDA has streamlined the approval process for some gene therapies, navigating
the regulatory landscape can still be complex and time-consuming.

4. Research and Development

Continued investment in research is critical to expanding the range of treatable conditions
through gene therapy. Innovative techniques, such as CRISPR technology, hold promise
for future developments.

Conclusion

The FDA-approved gene therapy list represents a significant advancement in the
treatment of genetic disorders and certain cancers. With a growing number of approved
therapies and ongoing research, the landscape of gene therapy continues to evolve,
offering hope to many patients. While challenges remain, the promise of gene therapy is
undeniable, heralding a new era in medicine where genetic conditions can be addressed at
their source. As research progresses and innovations emerge, the future of gene therapy
looks bright, potentially transforming lives for generations to come.

Frequently Asked Questions

What is the current list of FDA-approved gene
therapies?

As of October 2023, the FDA has approved several gene therapies, including Zolgensma
(for spinal muscular atrophy), Luxturna (for inherited retinal disease), and Kymriah (for



certain types of blood cancers). A complete and updated list can be found on the FDA's
official website.

How does the FDA evaluate gene therapies for approval?

The FDA evaluates gene therapies through a rigorous review process that includes
preclinical studies, clinical trials, and assessments of safety and efficacy. This process
ensures that the therapies meet the necessary standards before being made available to
patients.

What are the most recent gene therapies approved by
the FDA?

The most recent gene therapies approved by the FDA include therapies for conditions like
hemophilia and certain genetic disorders. For the latest updates, it's best to check the
FDA's announcements or their official website.

Are there any risks associated with FDA-approved gene
therapies?

Yes, while FDA-approved gene therapies undergo extensive testing for safety, they can
still carry risks such as immune reactions, unintended genetic changes, and long-term
effects that may not be immediately evident. Patients are encouraged to discuss these
risks with their healthcare providers.

How can patients access FDA-approved gene therapies?

Patients can access FDA-approved gene therapies through healthcare providers,
specialized treatment centers, or clinical trials. It's crucial for patients to consult with
their doctors to determine eligibility and the best course of treatment.
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