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Gene Therapy Flavors and Indications



What is gene therapy? 

Gene therapy seeks to modify or manipulate the expression of a gene or 
to alter the biological properties of living cells for therapeutic use.1

Alterations can include:
o Inactivation or deletion 

of disease-causing gene
oReplacement with a 

healthy copy of gene
o Insertion of a new or 

modified gene

Somatic editing modifies 
non-reproductive cells.

1FDA definition



1. Genetic therapies focus on underlying disease biology, rather than symptom 
management. If the genetics are known, there is no need to identify small molecules 
that can treat, gene therapy can immediately be developed for treatment or cure. 

2. Genetic therapies could be a one-time treatment with transformational and curative 
potential.

3. First 32 gene therapies approved by the U.S. FDA and EMA. FDA anticipates 10-20 
new approvals per year by 2025. 

4. As of 2022, there were 1,221 active clinical trials of gene therapies which are 
designed to treat >100 different diseases worldwide. (Statista.com; Number of active trials 
for cell and gene therapies worldwide 2022 by trial phase, Published by Matej Mikulic, Nov 23, 2022)

The potential of gene therapy

https://www.statista.com/aboutus/our-research-commitment/285/matej-mikulic


Indications for gene therapy

• Inherited diseases, especially if monogenic (single-gene defect)

• Malignant diseases, regardless of genetic basis

• Infectious diseases 
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Any disease with a biological understanding for which manipulation of genetic material 
could provide cure, treat an unmet need or transform disease course and health outcome. 

At present, germline editing (editing reproductive cells or early embryos), is considered 
too risky and a moratorium has been called for and agreed upon by multiple countries. 

(Nature_Moratorium_2019)

Current federal law in the U.S. and WHO prohibit any applications “in which a human 
embryo is intentionally created or modified to include a heritable genetic modification.”



Gene Therapy: A New Era in Medicine

• Gene therapy represents a paradigm shift in medicine moving from treating 
symptoms to curing diseases at their genetic root

• Curative Potential for Previously Incurable Diseases (HIV, Sickle Cell Disease, 
Cancers)

• There are over 30 approved gene therapy products on the market

• Relevance to Africa’s Health Burden

• Africa has a high prevalence of genetic and infectious diseases, and a young 
population making gene therapy especially impactful:

• Over 300,000 babies born annually with SCD in Sub-Saharan Africa

• Millions living with HIV/AIDS

• Rising rates of cancer and non-communicable diseases

• Gene therapy offers hope for durable, cost-effective solutions that reduce long-
term healthcare costs and improve quality of life.



In vivo versus ex vivo gene therapy
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• Ex vivo gene therapy takes cells from the body, administers the gene 
therapy to the cells in a laboratory, and then returns those cells to the 
body. 

• In vivo gene therapy delivers genetic material directly to living cells 
inside the body. 



Intermediary Stage; Ex-vivo gene therapy



Ideal target product profile

for an HIV cure
In vivo delivery of curative 

interventions

Peterson and Kiem, Cell Stem Cell 2019

• “Single-shot” (administered simply and 

percutaneously in an outpatient setting)



First 7 gene therapies approved globally include both in vivo and ex 
vivo approaches for cancer and inherited diseases
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Tradename 
(proper name)

Date of 
Approval

Approving 
Agency Indication Manufacturer Delivery Route Vector

Gendicine October 
2003

State Food and Drug 
Administration of 

China

Head and neck squamous cell 
carcinoma

Shenzhen SiBione
GeneTech (Shenzhen, 

China)

In vivo; intratumoral or 
intracavital injection or 
intravascular infusion

Adenovirus (Ad) encoding a 
tumor suppressor gene (p53)

Glybera® 
(alipogene 
tiparvovec)

November 
2012

European Market 
Authorization (EMA) Lipoprotein lipase deficiency uniQure (Amsterdam, 

Netherlands) Intramuscular injection 
Adeno-associated virus (AAV) 

serotype 1  encoding 
functional LPL gene

Strimvelis June 2016 EMA Adenosine deaminase 
deficiency (ADA-SCID)

GlaxoSmithKline 
(Middlesex, U.K.)

Ex vivo; autologous 
transduced CD34+ 

hematopoietic cells 

Retroviral vector encoding 
the adenosine deaminase 

gene (ADA)

Kymriah
(tisagenlecleucel)

August 
2017

U.S. Food and Drug 
Administration (FDA) Acute lymphoblastic leukemia

Novartis 
Pharmaceuticals 

(Basel, Switzerland)

Ex vivo; autologous 
transduced T cells

Lentiviral vector encoding a 
chimeric antigen receptor 

(CD19 CAR)

Yescarta
(axicabtagene

ciloleucel)

October 
2017 FDA B-cell lymphoma

Kite Pharma Inc. a 
Gilead Company (Santa 

Monica, California, 
U.S.)

Ex vivo; autologous 
transduced T cells

Lentiviral vector encoding a 
chimeric antigen receptor 

(CD19 CAR)

Luxturna 
(voretigene

neparvovec-rzyl)

December 
2017 FDA Biallelic RPE65 mutation-

associated retinal dystrophy

Spark Therapeutics, 
Inc. (Philadelphia, PA, 

U.S.)
In vivo; subretinal injection AAV encoding functional 

RPE65 gene

Zolgensma® 
(onasemnogene

abeparvovec-xioi)
May 2019 FDA

Infantile onset spinal muscular 
atrophy (SMA) caused by 
biallelic SMN1 mutation

AveXis Inc. 
(Bannockburn, IL, U.S.) 

In vivo; intravenous 
injection

AAV gene encoding 
functional SMN1 gene



Appropriate vectors to administer gene therapy
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Today, most gene therapies are administered by adeno-
associated viruses (AAV) vectors or lentiviral vectors (LV)

Three essential tools for human gene therapy.
• AAV and LV are the basis of several recently approved gene 

therapies. 
• Gene editing technologies are in their translational and 

clinical infancy but are expected to play an increasing role 
in the field. (First FDA review of CRISPR in progress with 
decision expected in 2024).

Science_Gene therapy comes of age_2018

The type of vector to use depends on several factors: 

1. Will the cell receiving the gene therapy divide over the 
patient’s lifetime? 
a. If yes, need integrating LV or gene editing of 

cellular DNA
b. If no, then gene therapy can be administered with 

non-integrating vector such as AV or AAV.
2. How big is the gene therapy payload to be delivered?  
3. What cells need the gene therapy? 



Overview of nonviral methods to deliver gene editing cargo
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a, Electroporation is a highly effective means to deliver mRNA or nuclease protein in vitro. b, In addition, nuclease proteins can be 
recombinantly or covalently modified to enhance delivery properties, such as cell binding or nuclear entry. c, d, Lipofectamine (c) and gold 
nanoparticles (d) have been used to deliver nuclease mRNA, protein and gRNAs. e, Because of previous advances in siRNA delivery, SLNs are 
currently the most advanced non-viral vehicles for genome editing cargo delivery in vivo.

Nature Biotechnology_The Delivery Challenge_2020



Gene Therapy Research and Development in LMICs



LMIC are Currently Excluded from Gene 
Therapy Development

Arabi et al., 2022:Gene therapy clinical trials, where do we go? An overview
10/21/2025 15
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THE NUMBER OF GENE & CELL THERAPY TRIALS WHICH 
HAVE TAKEN PLACE IN AFRICA: 

0

Since 1994, 3,900+ Gene Therapy Clinical 
Trials across 46 countries have been registered

Adoption of Cell and Gene Therapy in Africa is 
inevitable and will grow with ethical concerns about 

safety, efficacy, and accessibility



DoxzenKW,Adair JE,Fonseca BazzoYM, Bukini D, CornettaK,etal.TheTranslationalGap forGeneTherapyin Low and Middle-IncomeCountries. Sci TranslMed

2024; 16 (746): eadn 1602.



Gene Therapy Policy and Regulations



Regulation & Policy

Infrastructure for 

Commercialization



Background • Nov 2018: A Chinese scientist claimed to make the 
world’s first genome-edited babies (twin girls)

• Their genome was edited to disable the pathway HIV 
uses to infect cells

• Controversial reactions to this development due to safety 
and ethical concerns of using the technology outside the 
research context especially embryonic research

• Dec 2018: WHO established a global multi-disciplinary 
expert panel to examine the scientific, ethical, social and 
legal challenges associated with human genome editing 
(both somatic and germ cell).

The Expert Advisory Committee on Developing Global 
Standard for Governance and Oversight of Human Genome 
Editing:



Developed Three Documents:

https://www.who.int/publicatio
ns/i/item/9789240030381

https://www.who.int/publicatio
ns/i/item/9789240030060

https://www.who.int/publicatio
ns/i/item/9789240030404

https://www.who.int/publications/i/item/9789240030381
https://www.who.int/publications/i/item/9789240030381
https://www.who.int/publications/i/item/9789240030060
https://www.who.int/publications/i/item/9789240030060
https://www.who.int/publications/i/item/9789240030404
https://www.who.int/publications/i/item/9789240030404


Recommendations:

The Committee produced a series of recommendations in nine 
discrete areas: 

1. Leadership by the WHO and its Director-General
2. International collaboration for effective governance and oversight
3. Human genome editing registries
4. International research and medical travel
5. Illegal, unregistered, unethical or unsafe research and other 
activities
6. Intellectual property
7. Education, engagement and empowerment
8. Ethical values and principles for use by WHO
9. Review of the recommendations



Position Paper:

To help ensure heritable human genome editing does not proceed 
prematurely to clinical trials, the Committee recommended, and the 
WHO Director-General subsequently made, a policy statement in July 
2019 clarifying that “it would be irresponsible at this time for anyone to 
proceed with clinical applications of human germline genome editing.”

Preventing premature use of human genome editing:



Advancing  Gene Therapy Legislation in Uganda



Novel Ethical Dilemmas in 

Cell and Gene Therapy Informed Consent Challenges
Genetic modification trials complicate 
informed consent due to participants' 
limited understanding of long-term effects.

Risk-Benefit Analysis Complexity
First-in-human studies carry uncertain 
benefits and unknown risks, complicating 
ethical risk-benefit evaluations.

Equity and Access Issues
Access to advanced therapies is limited in 
low- and middle-income countries, raising 
equity concerns.

Privacy and Data Protection
Protecting genetic data privacy is critical to 
prevent misuse and discrimination in cell 
and gene therapy.



Ethics Discussion Questions
Key principles include autonomy, beneficence, non-maleficence, and justice 
to protect research participants
Cell and gene therapy require rigorous ethical oversight due to unique risks 
and complexities.

INFORMED 

CONSENT

How do we know if/when we 

haveachieved informed 

consent, especially when long-

term consequences may be 

unknown?

MEDICAL 

NECESSITY

What criteria stand out to 

determinewhena cell and gene 

therapiescan be ethically 

justifiable?

ENSURING SAFETY 

AND MINIMIZING 

UNINTENDED 

CONSEQUENCES

How can we ensure the safetyof 

cell and genetherapies?

SOCIAL 

IMPLICATIONS

What aresome of thebroader 

social implications of cell and 

gene therapies?

Could cell and gene therapies 

deepen inequalities?

GOVERNANCE

What role should regulatory 

bodies play in cell andgene 

therapyresearch?

Should different countries have 

different regulations?

Who is responsible for 

oversight?



EthicalConsiderations forCellandGeneTherapy

Favorable Risks and Benefits Balance
The choice of whether to use gene therapy is about risk-to-benefit ratio for a 

given disease circumstance

Risk/benefit

assessment is one 

of the fundamental 

requirements in 

ethical review of 

research involving 

human participants 

(Aarons)

Research must have 

higher chance of 

doing good, overall, 

than doing harm*

Researchers should

minimize risks and

maximize benefits

Need to protect 

participants from 

excessive risks

Difficult to evaluate

because there can

be asymmetries



EthicalConsiderations forCellandGeneTherapy
OtherThingstoConsider inEvaluating Risks

Benefit Risk

Innovativeness of 

interventions

Modes of actions Nature of the target

Relevance of animal 

models (pre-clinical 

evidence)
Stronger evidentiary 

justification needed for 

specific groups

Uncertainty 

(major hallmark of 

FIH studies)



Risk-BenefitAssessment andJustification

Karlberg JPE,Speers MA. Reviewing ClinicalTrials:AGuide forTheEthics Committee. 2010. 153 pages.Available at: 

https://books.google.com/books/about/Reviewing_Clinical_Trials.html?id=wGz2cQAACAAJ

Koonrungsesomboon N, Laothavorn J.Karbwang J.Ethical Considerationsand Challenges in First-in-Human Research.

TranslationalResearch 2016; 177: 6 – 18.

Some risks 

manageable 

whereas 

some harms 

may be 

irreversible

• Physical risk

• Psychological, moral, financial, 

social and legal risks

• Risks ofomission (e.g.,use of 

placebo controls in trial designs)

• Probability, duration and magnitude 

of their effectsRisks of “me too”

drugs more 

predictable than 

those of innovative 

interventions

Indeterminate

risks

Controversial risk-benefit justification

based on limited safety and efficacy data

Direct Benefits

(expected medical 

benefits)

Indirect or 

collateral benefits

Aspirational 

benefits (to society 

or future patients)

Expectedtobe minimal

Parametersarequestionable

(e.g.,tumor shrinkage, life expectancy)

Use of psychological benefits 

is debatable

Refers toaccess to 

medical care

RISKS BENEFITS

https://books.google.com/books/about/Reviewing_Clinical_Trials.html?id=wGz2cQAACAAJ


Zaongo SD, Xia H,Ma P.HIV GeneTherapyStrategiesand Safety:What Do We Know from theRecentPublications?AIDS Rev 2020; 23(3): 165 – 202.



Deakin CT,Alexander IE, HookerCA, Kerridge IH. GeneTherapyResearchers’Assessments ofRisks and Perceptionsof Risk Acceptability inClinicalTrials.

Molecular Therapy2013; 21(4): 806 – 15.



Abou-El-EneinM, Cathomen T,Ivics Z, JuneCH, Renner M, Schneider CK, Bauer G.Human Genome Editing in theClinic: New Challenges inRegulatoryRisk-

BenefitAssessment.Cell StemCell 2017; 21: 427 – 30.



Informed 
Consent

KoonrungsesomboonN, Laothavorn J.KarbwangJ.Ethical Considerations and Challenges in First-in-Human Research.Translational Research 2016; 177: 6 – 18. 

Karlberg JPE, Speers MA. ReviewingClinicalTrials:A Guide forTheEthics Committee.2010. 153 pages.Availableat: 

https://books.google.com/books/about/Reviewing_Clinical_Trials.html?id=wGz2cQAACAAJ

Challenges in FIH include:

• Complexity of information to be disclosed

• Need to ascertain comprehension and voluntariness

• Uncertain nature of non-therapeutic design

• Participation of people considered“vulnerable”

https://books.google.com/books/about/Reviewing_Clinical_Trials.html?id=wGz2cQAACAAJ


Possible 
Challenges 
toInformed 
Consent

Kadam RA. Informed Consent Process:A Step FurtherTowardsMaking ItMeaningful! Perspectives inClinical Research 2017; 107 – 12.



Gene therapy strategies to treat HIV: Defensive, Offensive, Targeted
OFFENSIVEDEFENSIVE

TARGETED

Cornu et al. (2021) Human Gene Therapy. 32(1-2):52-65



Selectionof SuitablePopulation

• Addresses theprinciples of beneficence, justice and
respect for persons

• Must be groundedon both scientific and ethical aspects

• Healthy volunteers generallypreferred inFIH trials

• Provide“cleanest”dataand can tolerate adverse
reactions better

• But havemore to lose

• Not qualifiedto serve as participants in some 
studies that involve target-related, PD or surrogate 
parameters

• FDA issued policy in1677 excluded women of child-
bearingage inearly-phase trials

KoonrungsesomboonN, Laothavorn J.KarbwangJ.Ethical Considerations and Challenges in First-in-Human Research.TranslationalResearch 2016; 177: 6 – 18.



Preventionof HIVTransmissionduring ATIs





Need formore evidence-based BSSR in this area

PartnerDynamics
UCSF-amfAR Combination Trial

Participants and partners experienceddifficulties during 

extendedATI:

• Partner protectionsmore difficult as timeprogressed

• Discomfort with intimacy

• Difficulty findingoutwhetherpartnerson PrEP

• One partner tookemergency PEP, provokinganxietyand 

need foradditional support

• Partners had fertilitydesires
• Condomless sex coincidingwithviremicwindow – quote



Roles of REC, UNCST, and NDA

Research Ethics Committees (REC)

RECs review research protocols ensuring ethical standards 

and participant protection in biomedical research.

Uganda National Council for Science and Technology 

(UNCST)

UNCST provides national oversight, policy guidance, and 

registers research projects in Uganda.

National Drug Authority (NDA)

NDA regulates drug approvals and monitors biological 

products including advanced therapies.

Need for Policy Updates

Emerging cell and gene therapies require updated policies, 

specialized training, and enhanced collaboration.



Capacity 2023
EDCTP Grant

Presentation of the Technical Advisory Committee



Capacity 2023 Grant 

• Type of Action: Horizon Europe Joint Undertaking Global 
Health EDCTP3 – Coordination and Support Action

• Duration: 36 months

• Entry into force: 1st April 2024– 31st March 2027

• Requested grant amount: EUR 999,313



Consortium



Overall Goals of the Grant



Real-World Examples and Ethical Dilemmas

Informed Consent Challenges

Participants often struggle to understand scientific 
concepts, causing issues with obtaining proper informed 
consent.

Cultural and Community Engagement

Cultural beliefs and mistrust can hinder recruitment and 
retention in clinical trials, requiring sensitive community 
engagement.

Regulatory Oversight Limitations

Regulatory bodies sometimes lack expertise to evaluate 
novel therapies, leading to delays and inconsistent 
oversight.

Ethical Strategies for Research

Context-specific ethical strategies like tailored 
communication and capacity building improve research 
outcomes and trust.




