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The promise of gene editing to correct underlying genetic defects has long captivated the medical community. 

For many inherited disorders, current treatments merely manage symptoms, leaving the root cause unaddressed. 

This unmet need drives intense research into therapies that could fundamentally alter disease trajectories.

But translating laboratory success into safe and effective human treatments is a formidable challenge, 

particularly with novel technologies like gene editing. The first-in-human trials for these advanced therapies 

are critical junctures, often revealing the stark realities of biological complexity that preclinical models cannot 

fully capture.

K E Y  TA K E AWAY S

º The Pivot: Early human trials for gene editing therapies are designed primarily to assess safety and 

feasibility, not necessarily efficacy.

º The Data: Unforeseen immune responses or delivery challenges can compromise the therapeutic intent 

of gene editing constructs.

º The Action: Clinicians should maintain cautious optimism, understanding that initial setbacks are part of 

the iterative development process for revolutionary technologies.

Many severe genetic diseases stem from single-gene mutations, leading to dysfunctional proteins or a complete 

absence of essential gene products. Conditions like cystic fibrosis, sickle cell disease, and Duchenne muscular 

dystrophy exemplify this, where a precise genetic correction could theoretically restore normal cellular function. Current 

standard-of-care often involves symptomatic management, organ transplantation, or enzyme replacement therapies, 

which are frequently burdensome, costly, and do not offer a definitive resolution to the underlying genetic error. This 

creates a compelling rationale for gene editing, a technology that aims to directly modify DNA sequences to correct 

these pathogenic mutations.

Gene editing technologies, such as CRISPR-Cas9, operate by introducing a molecular 'scissor' that can precisely cut DNA 

at specific locations. This cut can then be repaired by the cell's own machinery, either by inserting a correct sequence 

(gene correction) or by disrupting a faulty gene (gene knockout). The delivery of these editing components into target 

cells is paramount. For ex vivo approaches, cells are removed from the patient, edited in a laboratory, and then reinfused. 

For in vivo applications, the editing machinery is delivered directly into the patient's body, often via viral vectors like 

adeno-associated viruses (AAVs), which are engineered to carry the genetic payload to specific tissues. The choice of 
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delivery method is dictated by the target tissue, the size of the genetic material to be delivered, and the desired duration 

of expression.

The Intricacies of Delivery and Specificity
The primary hurdle in first-in-human gene editing trials often revolves around the safe and efficient delivery of the editing 

machinery to the intended target cells. Achieving therapeutic levels of gene editing in a sufficient number of cells, without 

causing widespread off-target effects or eliciting a detrimental immune response, is a delicate balance. Early preclinical 

studies, typically conducted in cell lines and animal models, aim to optimise these parameters. But human physiology, 

with its complex immune system and diverse tissue environments, presents a far more challenging market. The sheer 

scale of cells requiring modification in a human body, compared to a mouse, is immense, and the systemic distribution 

of viral vectors can lead to unintended consequences.

One significant concern with viral vectors, particularly AAVs, is immunogenicity. Patients may have pre-existing 

antibodies to common AAV serotypes, which can neutralise the vector before it reaches its target, rendering the therapy 

ineffective. Even in the absence of pre-existing immunity, the introduction of a viral vector can trigger a robust immune 

response, leading to inflammation, cellular damage, and rapid clearance of the therapeutic agent. This immune reaction 

can manifest as liver toxicity, systemic inflammatory responses, or other organ-specific adverse events, which are closely 

monitored in initial human trials. Managing this immune response often requires concomitant immunosuppression, 

which carries its own set of risks and complications for patients already suffering from severe genetic conditions.

Unforeseen Biological Responses
Beyond delivery, the actual editing process within human cells can present unexpected challenges. While CRISPR-Cas9 

is celebrated for its precision, off-target editing remains a theoretical and practical concern. This occurs when the 

editing machinery makes cuts at unintended locations in the genome, potentially leading to new mutations, chromosomal 

rearrangements, or activation of oncogenes. The consequences of such off-target events could range from benign to highly 

deleterious, including an increased risk of malignancy. Rigorous preclinical screening is performed to minimise these 

events, but the sheer complexity of the human genome means that some off-target activity may only become apparent 

in a living patient over time.

Another biological consideration is the efficiency of gene correction. Even if the editing machinery reaches the target 

cells, the rate at which the desired genetic modification occurs can vary significantly. Some cells may undergo successful 

editing, while others may not, leading to a mosaic of corrected and uncorrected cells. The therapeutic threshold, or the 

minimum percentage of corrected cells required to achieve a clinical benefit, is often unknown at the outset of a trial. If 

the editing efficiency is too low, the clinical impact will be negligible, despite successful delivery and minimal off-target 

effects. This is particularly relevant for diseases where a high level of gene expression or correction is needed across a 

large organ system, such as the liver or muscle.

The Design of Early-Phase Trials
First-in-human trials for gene editing therapies are typically Phase 1 studies, designed primarily to assess safety, 

tolerability, and pharmacokinetics/pharmacodynamics. Efficacy is a secondary endpoint, if assessed at all, and is often 

exploratory. These trials usually involve a small number of patients, often those with advanced disease and limited 

treatment options, who are enrolled in dose-escalation cohorts. The initial doses are extremely low, far below what is 
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expected to be therapeutically effective, to minimise risk. As safety is established at lower doses, subsequent cohorts 

receive progressively higher doses. This cautious approach is essential but means that early results may not reflect the 

full therapeutic potential of the intervention.

The patient population selected for these pioneering trials is also critical. Often, these are individuals with severe, 

life-threatening conditions for which no other effective treatments exist. This ethical consideration means that the 

risk-benefit ratio is carefully weighed, accepting higher potential risks in exchange for the possibility of a transformative 

therapy. But these patients may also have compromised organ function or other comorbidities that could complicate the 

interpretation of safety signals or exacerbate adverse events related to the investigational therapy. The Oxford Handbook 

of Clinical Medicine provides a comprehensive overview of managing complex patients in such scenarios.

Navigating the Regulatory Landscape
Regulatory bodies, such as the European Medicines Agency (EMA), approach gene editing therapies with extreme 

caution, requiring extensive preclinical data and robust manufacturing processes. The long-term safety profile of these 

interventions is largely unknown, particularly regarding the potential for insertional mutagenesis or sustained off-target 

editing over decades. This necessitates long-term follow-up of patients enrolled in gene editing trials, often for 15 years 

or more, to monitor for delayed adverse events. The ethical implications of irreversible genomic modifications also weigh 

heavily on regulatory decisions.

The manufacturing of gene editing components, especially viral vectors, is complex and costly. Ensuring consistency, 

purity, and potency across different batches is a significant challenge. Any variability in the manufacturing process can 

impact the safety and efficacy of the final product, leading to inconsistent results in clinical trials. This is a common 

bottleneck in the translation of advanced therapies from the laboratory to widespread clinical use. The scale-up from 

small research batches to commercial-scale production requires substantial investment and expertise, often leading to 

delays in development.

The Path Forward
Setbacks in first-in-human gene editing trials, while disappointing, are not necessarily failures of the technology itself. 

They are often learning opportunities that highlight critical biological or technical challenges that need to be addressed. 

These early trials provide invaluable data on human pharmacokinetics, immunogenicity, and the true safety profile of 

the editing machinery. This information then informs the redesign of vectors, optimisation of delivery methods, and 

refinement of editing strategies for subsequent trials. The iterative nature of drug development means that initial hurdles 

are expected, particularly with such a fundamentally new therapeutic modality.

The field continues to evolve rapidly, with new gene editing tools emerging that promise greater precision, reduced 

immunogenicity, and improved delivery. Base editing and prime editing, for instance, offer ways to make precise 

single-nucleotide changes without creating double-strand breaks, potentially reducing off-target effects. Non-viral 

delivery methods, such as lipid nanoparticles, are also being explored to circumvent the immunogenicity issues associated 

with AAVs. These advancements reflect a continuous effort to refine the technology and overcome the limitations 

observed in early human studies. The ultimate goal remains to deliver safe, effective, and durable genetic corrections for 

patients with devastating inherited diseases.
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CLINICAL IMPLICATIONS

The initial stumbles in first-in-human gene editing trials serve as a stark reminder that biological systems rarely 

conform to preclinical models. Clinicians must temper enthusiasm for these transformative technologies with 

a realistic understanding of the inherent complexities. The promise of a 'one-and-done' genetic correction is 

compelling, but the path to achieving it is fraught with technical and immunological challenges.

For patients and their families, these early results can be disheartening. It is important to manage expectations, 

emphasising that even with setbacks, the underlying scientific principles remain sound. The iterative nature of 

drug development means that each trial, even those that do not achieve their primary endpoints, contributes 

vital knowledge that refines future approaches. This is not a failure of the concept, but a necessary step in 

understanding human biology.

The industry faces immense pressure to deliver on the promise of gene editing, but these early trials highlight 

the need for meticulous preclinical development and cautious clinical translation. Investment in novel delivery 

systems and strategies to mitigate immune responses will be paramount. The regulatory guidelines will 

continue to demand long-term safety data, ensuring that the pursuit of a cure does not inadvertently introduce 

new, unforeseen risks for patients.
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