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Introduction: The Biotech Delusion

“Biotechnology’s promise is real—but so is the distance between 
promise and practice.”

Biotechnology has long been heralded as offering solutions 
to humanity’s greatest challenges: curing incurable diseases, 
improving food security, and addressing environmental threats 
[1]. The fi eld has indeed delivered remarkable achievements—
most notably the rapid development of mRNA COVID-19 
vaccines, life-saving gene therapies for rare diseases, and 
precision diagnostics that have transformed clinical medicine. 
Yet alongside these accomplishments, persistent structural 
problems threaten to undermine both scientifi c credibility 
and public trust: an entrenched culture of exaggeration, 
reproducibility failures, and governance frameworks that have 
not kept pace with technological capability.

The concern is not that biotechnology consistently fails 
to deliver—it clearly does not. CRISPR, synthetic biology, 
and AI-driven drug discovery are genuinely powerful tools. 
The challenge is that their application has been persistently 

distorted by economic incentives and institutional pressures 
that prioritize short-term commercial returns over long-term 
public benefi t. These distortions are not inevitable; they are 
addressable through structural reform.

This commentary identifi es three interconnected themes 
that structure its analysis: (1) the ethics and governance 
of high-stakes biotechnological applications, (2) the 
reproducibility crisis and its systemic drivers, and (3) the path 
toward accountable, equitable innovation. By acknowledging 
both the fi eld’s genuine successes and its structural failures, 
this paper aims to contribute constructively to ongoing debates 
about the responsible governance of biotechnology.

The Cure That Isn’t: Hyped Therapies and 
Empty Promises

“High-cost, high-promise therapies require equally rigorous 
scrutiny of evidence and access.”

A recurring challenge in translational biotechnology is 
the gap between early-phase promise and confi rmatory 
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clinical evidence. Gene therapies, once hailed as the potential 
end of genetic disease, have demonstrated genuine effi cacy 
in conditions such as spinal muscular atrophy (SMA) and 
haemophilia B; yet their pricing—with single-treatment costs 
exceeding $2 million in some cases—raises acute questions 
about equitable access and health system sustainability [6]. 
The therapeutic promise is real; the commercial framework 
around it warrants reform.

Meanwhile, the hype machine churns on. Alzheimer’s 
research has become a case study in wishful thinking. After 
decades of failed amyloid-beta trials—culminating in the 
controversial FDA approval of Aduhelm (aducanumab), a drug 
with disputed clinical benefi t—the industry simply rebranded 
failures as ‘stepping stones’ [7,8]. Compounding concerns, 
subsequent investigations raised questions about the integrity 
of foundational amyloid-beta research, and independent 
assessors concluded that the approval proceeded despite the 
advisory committee’s near-unanimous rejection [9].

Even when therapies work, their delivery is often 
impractical at scale. CAR-T cell therapies require harvesting a 
patient’s immune cells, shipping them for genetic engineering, 
and reinfusing them—a logistical challenge limiting access to 
major academic medical centers. For all the discourse about 
‘personalized medicine,’ the reality is a two-tiered system: 
cutting-edge care for the wealthy, and inadequate solutions 
for everyone else.

Synthetic Biology’s Ecological Gambles

“Ecological interventions demand precautionary governance 
proportional to their potential for irreversibility.”

The fi eld’s answer to pesticide-resistant superweeds is 
CRISPR-edited crops that produce even stronger toxins. The 
solution to invasive species is gene drives designed to eradicate 
them—with no undo button [10,11]. Oxitec’s GM mosquitoes, 
released in fi eld trials to combat dengue, showed reduced wild 
populations in short-term assessments, but the long-term 
ecological impacts remain inadequately characterized. Yet 
the trials proceed, guided by the ‘move fast and break things’ 
ethos—a reckless approach when the thing being broken is a 
food web [12].

CRISPR crops, meanwhile, are marketed as sustainable 
alternatives to traditional GMOs, yet they repeat earlier 
mistakes. Herbicide-resistant ‘gene-edited’ soybeans 
dominate fi elds, encouraging heavier herbicide use [13]. The 
promised precision of CRISPR is compromised when corporate 
profi t dictates the end product. Horizontal gene transfer—
the leakage of engineered DNA into wild relatives—is often 
dismissed as ‘unlikely,’ despite evidence that biological 
systems routinely defy such categorical odds.

The most signifi cant irony is that many ‘problems’ 
synthetic biology aims to fi x are of our own making. Pesticide 
resistance arose from industrialized agriculture’s overreliance 
on chemicals. Rather than reforming the system, the fi eld 
layers on riskier interventions—technically impressive but 
systematically misaligned.

The Replication Crisis in Biotechnology

“Scientifi c credibility depends not only on positive results, but on 
the reproducibility of those results.”

Several high-profi le cases illustrate the consequences of 
insuffi cient scientifi c rigour in biotechnology. The Theranos 
collapse—a company valued at $9 billion before its proprietary 
diagnostic platform was found to produce systematically 
unreliable results—demonstrated that investor enthusiasm 
and media attention cannot substitute for validated evidence 
[4]. While Theranos represents an extreme case, it highlights 
systemic vulnerabilities: the primacy of narrative over data, 
and the reluctance of institutional actors to apply normal 
scientifi c scrutiny to high-profi le ventures.

In the Alzheimer’s research fi eld, high-profi le publications 
repeatedly promoted amyloid-beta as the defi nitive disease 
mechanism, yet drug after drug failed in clinical trials. 
Subsequent investigations have raised serious questions 
about data integrity in certain foundational amyloid studies—
throwing substantial areas of the fi eld into reassessment [16]. 
The human cost has been enormous: billions in misdirected 
research funding and, more critically, false hope raised then 
withdrawn from patients and families.

Even in the absence of explicit misconduct, the pressure 
to publish groundbreaking results generates problematic 
research practices. Studies have found that substantial 
fractions of high-impact biotech papers contain incomplete 
or problematic data analysis, from cherry-picked endpoints to 
p-value manipulation [17]. The result is a literature replete with 
non-reproducible fi ndings that evaporate when independent 
laboratories attempt replication [5,14,18].

Systemic Drivers of Biotechnology’s Chal-
lenges

“Structural incentives shape scientifi c practice—and structural 
reforms can reshape it.”

Venture Capital’s ‘Fail Fast’ Culture

The Silicon Valley model has entered biotechnology: ‘Move 
fast and break things’ may work for consumer software, 
but not for life sciences. Investors demand rapid returns, 
pushing startups to prioritize demonstration over rigor [19]. 
The result is a cycle of abandoned projects and incompletely 
characterized therapies sacrifi ced to investor timelines. When 
next-generation hype cycles arrive—mRNA, then CRISPR, 
then AI drug discovery—capital migrates, leaving previous 
investigations without follow-through.

Academic Incentive Structures and the Publication Trap

The ‘publish or perish’ imperative has evolved into ‘publish 
sensationally or perish faster.’ Research has shown that papers 
in high-impact journals are disproportionately likely to contain 
overstated conclusions compared to those in specialized 
journals [20]. A single Nature paper can determine tenure, 
grant funding, or startup formation—creating incentives 
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that systematically undermine scientifi c integrity. The STAP 
stem cell case illustrates the stakes: Obokata and colleagues 
published—and then were compelled to retract—papers in 
Nature that described a simple cell reprogramming method 
subsequently found to involve research misconduct [21]. These 
researchers were not aberrant actors; they were responding to 
the incentive structures of contemporary science.

Regulatory Capture and Accelerated Approval Pathways

Regulatory agencies have not been immune to these 
pressures. The FDA’s Accelerated Approval Program, designed 
to fast-track therapies for serious conditions, has been stretched 
to accommodate applications with limited confi rmatory 
evidence [22]. The approval of Aduhelm in 2021, over the 
near-unanimous negative recommendation of the FDA’s own 
advisory panel, exemplifi es this dynamic—with subsequent 
reporting revealing fi nancial relationships between committee 
members and the drug’s manufacturer [7,9]. Similarly, 
approvals of gene therapies for Duchenne muscular dystrophy 
despite equivocal clinical trial results highlighted how advocacy 
and commercial pressure can infl uence regulatory outcomes 
[23]. When regulatory bodies function as approvers rather than 
gatekeepers, patient welfare is ultimately compromised.

Exemplary Successes: When Biotechnology 
Delivers

“Biotechnology’s capacity to deliver transformative, 
equitable outcomes under sound governance provides the 
normative template for reform.”

A balanced appraisal of biotechnology requires examining 
not only its documented failures but also the conditions under 
which it has succeeded. Three cases are instructive.

mRNA COVID-19 Vaccines: Speed, Science, and Global 
Deployment

The development of the BNT162b2 (Pfi zer-BioNTech) and 
mRNA-1273 (Moderna) vaccines represents one of the most 
consequential achievements in modern medicine. Within 
eleven months of the SARS-CoV-2 genome publication, two 
vaccines had completed large-scale Phase III trials and received 
emergency use authorisation. Critically, this success was not 
accidental: it built on decades of publicly funded basic research 
into mRNA stability and lipid nanoparticle delivery; it was 
accelerated by coordinated public investment (Operation Warp 
Speed; CEPI) rather than speculative venture capital alone; and 
regulatory agencies maintained rigorous safety monitoring 
throughout [24]. The mRNA vaccine case demonstrates that 
speed and scientifi c rigour are not mutually exclusive—
provided governance structures are designed to enable both.

SMA Gene Therapy: Proof of Concept for Rare Disease 
Innovation

Onasemnogene abeparvovec (Zolgensma), approved by 
the FDA in 2019, offers genuine proof of concept for gene 
therapy in life-threatening paediatric disease. Children with 
spinal muscular atrophy type 1 who previously faced a median 

survival of less than two years have shown sustained motor 
function improvement following a single administration 
[6]. The scientifi c foundation was robust: preclinical data 
were reproducible across multiple independent laboratories, 
and clinical trial endpoints were clinically meaningful. This 
case also illustrates the residual challenge of access: at a list 
price exceeding $2.1 million, equitable global distribution 
remains unresolved. Nonetheless, Zolgensma establishes 
that the biotechnology pipeline can produce therapeutics of 
transformative clinical value when science is allowed to lead 
commercial strategy.

CRISPR-Based Sickle Cell Disease Treatment: A New 
Therapeutic Paradigm

In December 2023, the FDA approved Casgevy 
(exagamglogene autotemcel), the fi rst CRISPR-based therapy 
for sickle cell disease, developed by Vertex Pharmaceuticals and 
CRISPR Therapeutics. Clinical trial data demonstrated that the 
majority of treated patients were free of vaso-occlusive crises 
for more than twelve months—a result that would have been 
inconceivable a decade earlier [32]. The therapy’s development 
exemplifi es responsible translation: off-target editing was 
rigorously characterised; informed consent protocols were 
developed in consultation with patient communities; and 
regulatory review was thorough rather than expedited on the 
basis of commercial pressure. These features suggest that the 
problems identifi ed elsewhere in this commentary are not 
inherent to CRISPR technology but to the institutional contexts 
in which it is sometimes deployed.

Taken together, these cases reveal a consistent pattern: 
when public investment provides the foundational science, 
when regulatory review is insulated from commercial pressure, 
and when clinical endpoints are chosen for patient relevance 
rather than surrogate convenience, biotechnology delivers 
results that justify its promise. The governance reforms 
proposed in Section 7 are designed to generalise these enabling 
conditions.

A Path Forward

“Sustainable progress in biotechnology requires aligning 
institutional incentives with public benefi t.”

Prioritize Translational Impact over ‘Moonshots’

The fi eld’s preoccupation with fl ashy moonshots has 
displaced attention from solutions that actually scale. The 
success of mRNA COVID-19 vaccines derived not from novel 
conceptual breakthroughs (the technology had existed for 
decades) but from deliberate, incremental engineering of 
delivery systems and stabilization [24]. Similarly, drought-
resistant crops developed through marker-assisted selection 
(e.g., the Water Effi cient Maize for Africa program) have 
generated substantial yield gains without CRISPR and without 
the associated ecological uncertainty [25].

Recommended actions:

• Redirect grant funding toward translational research 
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with clear public health applications (e.g., NIH RADx 
diagnostics initiatives).

• Establish priority review mechanisms specifi cally for 
neglected diseases, including tuberculosis and Chagas 
disease.

Mandate Open-Access Provisions for Publicly Funded 
Research

The current intellectual property regime often prioritizes 
commercial returns over public benefi t [26]. Moderna’s refusal 
to waive its mRNA vaccine patents during the acute phase of 
the COVID-19 pandemic—despite having received substantial 
public funding—exposed the moral incoherence of this 
arrangement [27]. The Human Genome Project’s model, in 
which data was released publicly on a daily basis, represents 
a contrasting approach whose downstream benefi ts continue 
to be realized.

Recommended actions:

• Strengthen Bayh-Dole Act provisions to ensure 
affordable access to therapies developed with public 
funding [28].

• Extend Open COVID Pledge principles to cover all public 
health emergencies, including antimicrobial resistance.

• Encourage voluntary open-sourcing of foundational 
research tools.

Redirect Resources Toward Demonstrably Critical 
Threats

De-extinction projects divert resources from crises with 
immediate consequences. Antimicrobial resistance, which 
could account for millions of deaths annually by 2050, 
currently receives a disproportionately small fraction of 
global pharmaceutical R&D investment [29,30]. A transparent 
prioritization framework is overdue:

Tier 1 (Fund immediately): Antimicrobials, climate-
resilient food crops, pandemic preparedness infrastructure.

Tier 2 (Proceed with caution): Technologies requiring 
global ethical consensus before deployment—gene drives, 
heritable genome editing.

Tier 3 (Reassess): Projects where expected private 
benefi t substantially exceeds public benefi t—de-extinction, 
enhancement applications.

Biotechnology will not save the world by pursuing Jurassic Park 
fantasies. It will serve humanity by ensuring that vaccines reach 
underserved communities, crops survive climatic disruptions, and 
science remains accountable to the public that funds it.

Conclusion: Biotechnology’s Identity Crisis

Biotechnology stands at a critical juncture. Its record is 
genuinely mixed: transformative achievements in vaccine 

development and gene therapy coexist with reproducibility 
failures, inequitable access frameworks, and governance gaps 
that have not kept pace with technological capability. This 
is not a counsel of despair—it is a call for structural reform 
proportional to the fi eld’s ambitions. The fi eld’s promise was 
never exclusively about scientifi c possibility; it requires moral 
responsibility and institutional accountability to be fulfi lled. 
The COVID-19 pandemic demonstrated that, under the right 
conditions of public investment and coordinated governance, 
biotechnology can deliver outcomes that genuinely serve 
humanity. The question is whether those conditions will be 
systematically created or remain exceptional.

This is not solely a resource allocation problem or a 
reproducibility problem—it is a question of identity. Will 
biotechnology remain a domain where million-dollar 
treatments constitute success metrics and de-extinction is a 
viable commercial model? Or will it return to its foundational 
mission: addressing human need rather than generating 
private return? That choice has rarely been more consequential. 
Climate change, pandemic risks, and antimicrobial resistance 
will not pause for VC funding cycles or accelerated approval 
deliberations [33].

Progress requires measuring outcomes in lives improved 
rather than patents fi led; designing for access before profi t; 
and rewarding reproducible science over scientifi c spectacle.

“The COVID-19 pandemic demonstrated that biotechnology can 
deliver transformative outcomes when aligned with human need. 
The question is whether it will pursue those outcomes only when the 
market demands it.”
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