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The promise of cell and gene therapies 

Cell and gene therapies are promising new therapeutic modalities used in the treatment of
inherited and acquired diseases [1]. These therapies have experienced a dynamic renaissance,
particularly since the first market approvals of gene therapy products in 2017, and have become
areas of great accelerated growth and promise in drug development to address unmet medical
needs [2−4].

While both cell and gene therapies try to introduce biological function to the patient, the
introduction mechanisms are very different. In gene therapy, the faulty gene is modified, and
normal function restored by introducing genetic material (exogenous DNA or RNA) into targeted
cells via a viral or nonviral delivery, whereas cell therapy involves the engineering and transfer of
entire cells [1]. The vectors used in these therapies are designed to target specific cells or tissues
and viral systems have demonstrated high transfection efficiencies. However, concerns have
been raised over potential mutations, potential oncogenic effects and high costs. Nonviral
vectors (such as lipid nanoparticles) have raised less safety concerns due to their relative
simplicity [4]. 

These new therapeutic modalities are unique as they target previously ‘undruggable’ targets and
have formed the third major drug platform after small- and large- molecule therapeutics [4].
Stephanie Pasas-Farmer, President and Founder of Ariadne Software, LLC (KS, USA),
commented on the departure from traditional medical treatments: 

“Cell therapy is the treatment of a disease through the injection, grafting or implanting of
bioengineered cells that elicit a specific medicinal effect. This represents a significant

departure from traditional medical treatment, primarily because the drug is no longer a single
or collection of molecules but is an entire cell. This shift in treatment design demands a shift

in the required bioanalytical approach where the scientist is required to determine the
concentration of whole cells in biological matrices which, in turn, requires different analytical

instrumentation.”
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Hundreds of these new drug candidates are currently under evaluation in clinical trials [1].
However, as well as understanding the biological nature of the therapy, it is important to
recognise that the efficacy of the bioanalytical methods used plays a vital role in therapy
success [4]. 

The bioanalytical tools used to support cell and gene
therapies

Due to the inherent differences, cell and gene therapies can require different bioanalytical
tools to support the preclinical and clinical studies beyond the commonly used
chromatographic and ligand-binding assays (LBA) of most traditional small- and large-
molecule drug products. A host of different techniques are required to assess biodistribution,
persistence, efficacy and immunogenicity [1]. Evaluating the PK of the therapy is essential in
discovery research as well as preclinical and clinical development. The bioanalytical tools used
to support these programs are varied and can include quantitative polymerase chain reaction
(qPCR), droplet digital PCR (ddPCR), flow cytometry and next generation sequencing. Each
platform presents benefits and challenges. The qPCR assays are known for their high
sensitivity, accuracy and practical ease, but face challenges of assay contamination and cross
reaction with other sources [4]. As an alternate ddPCR assays are considered more precise,
providing an absolute quantification of copies/ml without the use of a standard curve. While
ddPCR can reduce the amount of background DNA allowing for a greater detection of low copy
amplicons, it has a smaller dynamic range and is more expensive [5].

Owing to the diverse range of analytical platforms that support these modalities, access to
laboratories with a broad variety of bioanalytical capabilities is essential to ensure success [2].
As this field has grown so has the demand for viral vector manufacturing and companies who
offer access to experts and assets for product development. It has become common for
innovators to outsource the manufacturing and downstream processing stages due to product
complexity and challenges with dosing, undefined analytics and long-term traceability [3].
Pasas-Farmer emphasised the key questions being asked of those developing these products:
 
“Some key questions being asked are ‘how do we validate a pharmacokinetic approach for
cell and gene therapies?’ and ‘how do we measure an entire cell to examine the impact of a
cell therapy?’ Although not fully validated and regulated for bioanalysis, flow cytometry is a

good platform to measure whole cells.”



The regulatory landscape of cell and gene therapies

Bioanalytical labs have inconsistent approaches during preclinical and clinical phases. These
inconsistencies are due to the use of various platforms and reagents as well as the lack of
detailed regulatory guidance of method validation. 

https://www.cellandgene.com/doc/unprecedented-growth-and-challenges-in-gene-therapy-0001





Although guidance documents exist for cell and gene therapy products, there are currently no
specific regulatory guidance documents for bioanalytical validation of these assays [4]. 

“At this time, there are no clearly defined method validation parameters with their
associated acceptance criteria for cell and gene therapy platforms. The data output is also

very different when compared to more traditional drug development bioanalytical platforms
such as LBA and LC−MS/MS data sets, thereby leading to confusion for quite a few of us.
We need to come together as a community to address these questions with best practices

that can then be suggested to regulatory agencies to be formalized into guidance. Although
this process has begun through a few consortiums, we need to be more open with what has

been working for us and what doesn’t,” – remarked Pasas-Farmer on the state of current
regulations.

The regulatory landscape is therefore incomplete, and gaps include a lack of guidelines that
describe expectations for bioanalysis of transgene protein expression by LC–MS or other
methods and on the methodologies to conduct cellular immune response assessment. The
data output is also different when compared to more traditional drug development
bioanalytical platforms such as LBA and LC−MS/MS data sets leading to confusion when less
experienced auditors or regulatory reviewers are presented these types of data in support of
preclinical and clinical studies [2]. The guidelines published by the US and European agencies
reflect on the general principles of cell and gene therapy development but have a limited
description of bioanalysis specific questions, with some guidance’s stating that gene therapies
are excluded. Therefore, with companies having to navigate validations without a specified set
of regulatory guidance documents it is paramount that both regulators and industry leaders
work together to educate each other on what is and isn’t appropriate to follow. It is hoped that
a more comprehensive guidance will be published in the future [2,5].

Summary

From reviewing the current trends, it is reasonable to expect that the number of cell and gene
therapy products will continue to increase [5]. With this expansion and considering the
complexity and diversity of the bioanalytical platforms related to in vivo and ex vivo cell and
gene therapy modalities, more established documentation and aligned guidance is required
[2]. It is also likely that discussions will continue around the relevance of certain tests and the
degree of analytical method fit-for-purpose validation [5]. 

In the future, it is expected that cell and gene therapy approaches will be treated as separate
entities due to their significant differences and the different bioanalytical tools used to study
them. However, as processes and analytical platforms are optimized and a better
understanding of the required end points are obtained, the cell and gene therapies of the
future will be more widely embraced. The ultimate end goal is that the complete capabilities of
cell and gene therapies will be uncovered, enabling the treatment of individuals with
previously fatal genetic disorders [2,5]. 
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