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Abstract 

The advent of clustered regularly interspaced short palindromic repeats (CRISPR) technology 

has quickly ushered in a new era of gene editing and offered exciting potential for the 

development of biomedical products. While the breadth of applications for CRISPR 

encompasses nearly the entire field of medical science, its utilization to produce next-generation 

CAR T cells stands to benefit most substantially in the short-term. These novel therapeutics are 

now beginning to enter the clinical trial phase of the numerous approval pipelines, but does the 

existing regulatory framework have the capability to adequately review and approve these new 

age research endeavors? This analysis will illuminate the similarity and differences between 

CRISPR developed interventions and existing techniques used to produce biomedical products. 

Further, the “gray area” surrounding CRISPR regulatory oversight will be explored and 

recommendations will be made to facilitate the elimination of inconsistencies that currently exist 

in the assessment of this work prior to the initiation of associated clinical trials.   

 

Background 

Clustered regularly interspaced short palindromic repeats (CRISPR) technology is one of the 

latest additions to the existing toolkit of strategies that can be harnessed for the development of 

biomedical products. Specifically, CRISPR technology has piqued a tremendous amount of 

interest for the applications in genetic engineering and the promise of human gene therapy1.  

In the late 2000s, endogenous CRISPR sequences and associated proteins were identified in a 

wide array of archaea and a number of other prokaryotic organisms. It was at this time that 

CRISPR mechanisms were identified to function as a subcellular acquired immune system. It 

was hypothesized to have evolved to allow various unicellular organisms to degrade, capture, 

and integrate foreign invading nucleic acid molecules into their own genomes. The purpose of 



this mechanism was to generate immunogenic memory to similar (potentially pathogenic) 

invasive exogenous nucleic acid molecules8.  

On the heels of the observation of the immune system-like function of CRISPR elements, 

researchers further elucidated the specific biochemical processes to reveal the system’s 

capability for highly directed gene targeting and editing. This system includes the use of a 

[single] guide RNA (sgRNA or gRNA), which can be designed to target specific loci within the 

genome, and a Cas (CRISPR associated) endonuclease protein. When complexed, the 

CRISPR/Cas elements can be precisely targeted to exact DNA sequences to execute a number 

of editing functions1.   

Recently, Chimeric Antigen Receptor (CAR) T type cellular interventions have enjoyed great 

clinical successes in the treatment of numerous cancer indications, most notably hematological 

derived malignancies. While [autologous] CAR T directed immunotherapy is considered to be 

cutting edge, it still faces challenges associated with scalability, manufacturing, and 

implementation as a standard of care treatment across many potential indications. Today, some 

of these challenges are being overcome through the use of CRISPR/Cas technologies for the 

development of next-generation CAR T cells. This includes the ability to more completely 

optimize the nature of the CAR T cells through the utilization of CRISPR/Cas’ multiplexed 

genome editing functionality10. The question that arises is how does this novel application of 

biomedical technology fit into the existing regulatory framework for evaluating safety and 

efficacy in the clinical setting (i.e. clinical trials)? Additionally, from a regulatory perspective, 

what are the biosafety considerations for these endeavors?  

 

 



Stakeholder Analysis 

The Food and Drug Administration (FDA), in conjunction with the National Institutes of Health 

(NIH) are jointly tasked with safeguarding public health through the oversight of technologies 

associated with drugs, biological products, medical devices, and cosmetics. This purview is 

mandated through the Federal Food, Drug, and Cosmetic Act of 1938, the Public Health Service 

Act of 1944, and their respective amendments. From their inception, the attempt to oversee 

research with, and applications of novel techniques has been far from uncommon, as the 

existence of amendments to these acts would indicate6. In the context of novel drugs and 

biologics, the FDA’s authority resides in its ability to review pre-clinical data in order to grant 

approval of an Investigational New Drug (IND) application prior to the initiation of clinical trial 

research. At the conclusion of clinical trial data collection and evaluation, the FDA ultimately has 

the ability to approve a New Drug Application (NDA) or Biologics License Application (BLA) 

depending on the nature of the intervention. For biologics that employ recombinant or 

genetically engineered components, the NIH oversees research (basic, pre-clinical, and clinical) 

via the Office of Science Policy (OSP) and The NIH Guidelines for Research Involving 

Recombinant or Synthetic Nucleic Acid Molecules (NIH Guidelines). At the most fundamental 

level, the FDA is primarily concerned with the safety and efficacy of emerging interventions, 

where as the NIH focuses on the biosafety practices and containment principles associated with 

their implementation9. 

At the institutional level, clinical research endeavors are vetted by local oversight committees 

such as the Institutional Review Board (IRB) and the Institutional Biosafety Committee (IBC). 

These local entities derive their position and local authority from the FDA and NIH-OSP, 

respectively3. The IRB is generally tasked with evaluating the application of ethical standards 

and protections for human research participants with respect to each unique clinical trial. In a 

similar manner, the local IBC is charged with review of the scientific aspects of each clinical trial 



against the requirements of the NIH Guidelines. Specifically, the IBC’s review processes aim to 

safeguard study staff, their facilities, and the local community. This is accomplished through the 

implementation of the appropriate level of biosafety practices based on the nature of the 

research conducted5, 14.  

At the national and local level, regulations exist to ensure safe, efficient, and effective 

investigation of novel therapies for the advancement of medical science. The driving force 

behind these innovations are predominately private [bio]pharmaceutical companies vying to 

bring their newest technologies to market. While the motivations of the [bio]pharmaceutical 

industry are complex, it is undeniable that public health is among the beneficiaries. Ultimately, a 

cogent set of regulatory standards are required to safeguard public health when engaging in this 

level of innovative research.  

 

Regulatory Considerations  

Currently, potential therapeutics and biomedical products developed with novel CRISPR 

technology are beginning to enter the clinical trial phases of the approval pipeline. The question 

is whether the existing review and approval processes are adequate to evaluate this research. 

As discussed, prior to initiation of testing in human subjects, interventions developed with 

recombinant or synthetic nucleic acid molecules require an approved IND as well as local IRB 

and IBC approval3. In general terms, the IND and IRB processes focus on patient/subject safety. 

These reviews entail examination of pre-clinical data, potential adverse event reports, and other 

aspects of the proposed study “to ensure that subjects will not face undue risk of harm”7. This 

review paradigm has been applied successfully for a number of years in the context of clinical 

research with genetically engineered technologies for human gene transfer. Technologies that 

have been reviewed and granted IND and IRB approval involve biomedical products developed 

with recombinant adenoviruses, adeno-associated viruses (AAV), retroviruses, and 



lentiviruses11. Notably, related interventions have received FDA (BLA) approval and entered 

mainstream medicine (i.e. KYMRIAH®, LUXTURNA®). Given the similarity in the nature of 

these interventions and CRISPR technologies (from a methodological standpoint), it appears 

that the current IND and IRB regulatory processes are robust enough to be applied to 

biomedical products that have been developed with CRISPR techniques.  

However, in addition to approval of IND and IRB regulatory processes, genetically engineered 

interventions must also undergo IBC review and approval prior to the initiation of clinical trials. 

IBC review of such technologies falls under the purview of the NIH Guidelines Section III-C-1, if 

the interventions meet the following criteria for the deliberate transfer into human research 

participants: “(1) recombinant nucleic acid molecules, or DNA or RNA derived from recombinant 

nucleic acid molecules, or (2) synthetic nucleic acid molecules, or DNA or RNA derived from 

synthetic nucleic acid molecules, that meet any one of the following criteria: (a) contain more 

than 100 nucleotides; or (b) possess biological properties that enable integration into the 

genome (e.g., cis elements involved in integration); or (c) Have the potential to replicate in a 

cell; or (d) Can be translated or transcribed”13. As previously described, CRISPR technology 

employs versatile genome editing functions that utilize synthetic guide sequences (gRNAs) of 

about 20 nucleotides12. In essence, this nuance concerning the length of synthetic nucleotides 

(<100) exempts CRISPR developed biomedical products from the NIH Guidelines, Section III-C-

1 and subsequent IBC review. This makes it possible to initiate a CRISPR associated clinical 

trial without an assessment of the study/study agent’s appropriate level of biosafety practices, 

which are intended to safeguard study staff, their facilities, and the local community. Given the 

methodological similarity to existing gene editing/gene therapy techniques (of which are 

regulated under Section III-C-1), this is an obvious and glaring loophole in regulatory oversight.  

 

 



Regulatory Analysis & Recommendation 

The origins of the NIH Guidelines can be traced back to the Asilomar conferences held in 

California in the mid-1970s. These meetings were attended by pioneers in the scientific 

community to discuss the potential hazards that could be inherent in recombinant DNA 

research. Although these discussions took place well before the advent of human gene therapy, 

they set the foundation for the safe and ethical exploration of the associated genomic 

technologies14. Since this time, the NIH Guidelines have undergone several iterations of revision 

to keep pace with novel biomedical techniques employing recombinant and synthetic nucleic 

acid molecules. Among these amendments, changes were introduced to include an NIH-FDA 

bilateral review of gene therapy products. Although this relationship has been strained at times, 

its functionality today has led to the successful FDA approval of gene therapy-based 

interventions9.  

The debut of CRISPR developed biomedical products (i.e. next-generation CAR T cells) has 

challenged this bilateral regulatory oversight dynamic by circumventing NIH-IBC review based 

on a technicality. This “gray area” in regulation introduces a number of biosafety related risks 

when working with CRISPR associated biomedical products. “Numerous studies have reported 

unexpected genomic mutation and mosaicism following the use of CRISPR/Cas nucleases, and 

it is currently unclear how prevalent these disadvantageous events are…”4. Given the relative 

dearth of data surrounding CRISPR, especially in the context of clinical research 

implementation, it is apparent that interventions of this nature must undergo the same levels of 

regulatory scrutiny as their gene therapy/editing counterparts. Specifically, full IBC review prior 

to the initiation of clinical trials. NIH-IBC provisions exist to ensure proper handling of these 

technologies to safeguard investigators, institutions, and the environments in which this 

research is conducted.  



Section IV-A of the NIH Guidelines state that “motivation and good judgment are the key 

essentials to protection of health and the environment”, and that the intent of the Guidelines is to 

assist institutions and investigators in determining the appropriate safeguards to be associated 

with research endeavors. This leaves a level of discretion to those conducting research13. In the 

spirit of good judgment, investigators or institutions may seek IBC review of projects that may 

not explicitly fall under the purview of the Guidelines. This is akin to an institution’s ability to 

consider an expanded scope of dual-use research of concern (DURC) subject to IBC review2. 

Although this presents the opportunity for institutions or investigators to opt-in to IBC review for 

CRISPR related work, it is not a guarantee. The extant of this “gray area” will continue to create 

regulatory inconsistencies throughout the field of medical research science.  

In an effort to eliminate this “gray area”, it is the recommendation of this analysis that the FDA 

issue a guidance strongly advising CRISPR associated IND applicants to voluntarily submit to 

local IBC review prior to clinical trial initiation. Clinical research by its nature, may introduce risks 

that are not yet fully understood, and it is the responsibility of the investigators to ensure all 

possible hazards are assessed and mitigated to the highest degree.  

 

Conclusions & Future Directions  

CRISPR technology has opened the door to many promising opportunities for the development 

of biomedical products and interventions, but with this great power comes great responsibility. 

An intrinsic facet of research is the introduction and exploration of the unknown; it is especially 

crucial that all available precautions are taken when this research involves novel technologies 

applied in the clinical setting. As more data becomes available for the use and application of 

CRISPR technology in the biomedical field, the appropriate level of regulatory oversight can be 

adjusted accordingly. This may include amendment to the current version of the NIH Guidelines 



to explicitly identify CRISPR research with definitive regulations and guidance. However, until 

this time, all stakeholders must utilize all available resources in order to act in the greatest 

interest of safeguarding public and environmental health.  
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