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Gene Therapy in Rare Diseases: 
From a Clinical Research Perspective

Rare Diseases and Genes
Many rare diseases are “monogenic” – that is, they are the 
consequence of a defect in a single gene. Because of this, 
monogenic defects are simpler targets for gene therapy than 
ones resulting from multiple genetic factors. Gene therapy is 
beginning to show clinical promise as a strategy for treating 
rare diseases, and the historical challenges around safe, 
consistent, and durable gene delivery to targeted tissues 
are gradually being addressed. Even for the monogenic rare 
diseases where therapy is available (e.g. chronic replacement 
of a missing functional protein), the cost and complications 
associated with conventional therapy make gene therapy an 
attractive alternative. While initial attempts at gene therapy for 
monogenetic diseases were unsuccessful both for safety and 
efficacy reasons, with current scientific advances in the field, 
gene therapy can offer life-changing efficacy. 

Clinical Research Issues
The number of approved gene therapy clinical trials worldwide has 
been steadily increasing over the last few decades (Chart 1) and the 
indications vary widely across therapeutic areas (Chart 2). 

Watch Pages

Gene therapies are required to advance through established 
pharmaceutical models of clinical development in order to secure 
regulatory approval. However, exceptions can be made in rare 
and ultra-rare diseases when there are an insufficient number of 
patients for conventional trials, or when the ethics of randomising 
severely ill patients into randomised, placebo-controlled trials 
is ethically unacceptable. The conventional drug development 
models can also take in excess of 10 years for market approval to 
be reached; this may be unacceptably long for ground-breaking 
therapies with high potential of curative effect in grave diseases. All 
these characteristics make clinical research in rare genetic diseases 
with gene therapy challenging and require creativity and innovation 
from the gene therapy developers, regulators, and clinical triallists. 
Regulatory submissions are usually more complex and demanding 
and include specific requirements, e.g. biosafety submissions related 
to the potential release of modified organisms in the environment 
and many others. Regulatory agencies (FDA, EMA) provide 
solid frameworks and issue regular guidance to the industry to 
support gene therapy clinical research with the ultimate goal of 
facilitating the patients’ access to these medicines once they get  
approved.  

As many of the gene therapies currently under development 
are targeting rare diseases, this poses recruitment and enrolment 
challenges in the clinical setting. The practical solutions to find 
the right subjects involve a variety of techniques used by the trial 
delivery teams, such as working with patient advocacy groups, 
collaborating with established networks of trial sites that specialise 
in the given indication, and sorting complex drug or patient logistics 
issues across state borders and even continents to accrue the trial 
in a timely manner.

For some gene therapies, preparation of the investigational 
product requires complex methodologies and the necessary 
procedures can be quite complex. An example is viral vectors that 
require collection of patient cells and transfection/amplification 
ex vivo and reinfusion after conditioning chemotherapy. These 
methodologies require multiple procedures and complex logistics 
from the participating sites, some of which will not have the 
appropriate experience or equipment. In addition, shipment of gene 

With the exception of oncology, the majority of gene therapy trials  
involve rare diseases (figures)
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therapy products may be subject to special regulations and require 
special couriers and regulatory permits. 

As the volume of experience increases, the technology to 
produce the gene therapies will tend to become less cumbersome; 
however, the safety concerns at the bedside remain of special 
interest. The treated patients require close follow-up in the first 
weeks after treatment to identify early and treat promptly the 
side-effects and the unwanted immune responses, e.g. against 
viral capsid proteins that may otherwise reduce the efficacy of the 
therapy. Arranging for adequate testing for these patients requires 
proactivity and special planning. 

In some rare diseases that have existing treatment options, 
recruitment can be challenging, even if the standard of care is 
suboptimal. Numerous factors can influence the patient’s decision 
to participate in such trials. Some are simple concerns around 
lack of long-term experience with gene therapy. Others are more 
complex, like issues around exposure to certain gene therapy 
technologies (in vivo transfection with AAV vectors) precluding 
future use of similar agents.

Long-term safety data collection – which can take up to 15 years 
– is expected in gene therapy. This is especially challenging, as 
patients often may lose the connection with their study investigators 
as their life circumstances evolve over time. 

To overcome the translational barriers from ‘bench to bedside’ 
in gene therapy, unified approaches and close collaboration are 
necessary from all parties. Modified clinical trial models such 
as various forms of adaptive trial designs are starting to become 
more prominent, and regulatory bodies around the world have 
recognised the need for flexibility in expediting the approval of 
promising therapeutic candidates whilst mitigating the potential 
risks of unregulated products. Clinical operational experts play a 
major role in finding the most appropriate sites to conduct trials 
with gene therapy, and also to respond to the specific challenges 
posed by the rarity of the diseases and the complex investigational 
treatments being studied. With consolidated collaborative efforts 
from all parties after decades of research and certain setbacks, it is 

anticipated that gene therapy will increasingly be represented in the 
pool of therapeutic options for many genetic rare diseases. 
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