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Pre-existing Immunogenicity: How Will Cell and Gene 
Therapies Change Our Testing Approach?

When bringing a therapeutic to market, 
determining its potential to elicit an 
immune response and understanding 
the molecular and cellular interactions 
involved is essential. In some patients, 
it is possible that a previous exposure 
event to certain antigens associated 
with the therapeutic can prime the 
immune system for re-infection. The 
resulting pre-existing immunogenicity 
may affect both the safety and efficacy 
of the drug in these patients.

As we move into a new era where cell and 
gene therapies (C&GTs) are frequently 
gaining approval for use, it is important 
to consider how best to approach pre-
existing immunogenicity assessment for 
these relatively new modalities. With 
the C&GT space expanding so quickly, 
developers must exhibit flexibility 
in their bioanalytical decisions and 
methods – ready to weather regulatory 
requirements as they evolve. 

In this article, Chief Scientific Officer 
at BioAgilytix, Jim McNally, Ph.D.,  
explores why bioanalysts should 
prepare for the impending wave of 
C&GTs entering the development 
pipeline and the considerations 
they must make in their pre-existing 
immunogenicity assessments

How Pre-existing Immunogenicity Can 
Determine Therapy Success
When developing any biologic therapy, it is 
essential to understand the prevalence and 
potential impact of patients’ pre-existing 
immunogenicity. Previous exposure of an 
individual to environmental antigens can 
trigger an immune response which may be 
cross-reactive to a biological therapy– from 
monoclonal antibodies (mAbs) to cell and 
gene therapies (C&GTs). For a sub-class of gene 
therapies, those that use adeno-associated 
viruses (AAVs) as the vector, it has been well-
established that there is a significant incidence 
of pre-existing immunogenicity since AAV is 
present in the environment and anywhere 
from 40-70% of the global population has 
been exposed and has antibodies against 
the AAV (Boutin, et al. 2010). There are three 

key areas where the presence of pre-existing 
immunity can influence the success of a 
gene therapy product: safety, efficacy, and 
commercialisation. 

• Safety 
The risk associated with pre-existing 
anti-drug antibodies (ADA) has been a 
concern for biotherapeutics and only 
increased since AAVs became one of the 
main vectors for gene therapy delivery. 
However, for biotherapeutics, the impact 
of these pre-existing antibodies on 
safety has been limited and infrequent 
based on an industry survey (Xue, et al. 
2013). In most cases, these pre-existing 
antibodies have little known impact on 
the biotherapeutic at all.

But, due to the high incidence of anti-
AAV antibody positive individuals, there is a 
reasonable concern around safety issues and 
an immunogenicity risk assessment suggests 
that this should be monitored closely in 
individuals receiving an AAV-based gene 
therapy. For some AAV-based gene therapy 
programs, this concern has led to a decision 
to exclude anti-AAV positive patients from 
clinical trials to avoid the risk of a safety event. 
However, excluding these patients from clinical 
trials in the absence of a safety risk can be 
counter-productive for the development of the 
gene therapy program, as a significant portion 
of the patient population would be eliminated 
from the potential benefit of the gene therapy. 

• Efficacy
As well as safety, pre-existing immuno-
genicity may impact the efficacy of the 
therapy. Neutralising antibodies (nAbs) 
in circulation with specificity towards the 
viral vector may neutralise the benefit 
of the gene therapy by preventing the 
viral vectors from delivering the gene 
of interest to the intended target cells, 
resulting in reduced efficacy.

With 40–70% of individuals in certain 
areas of the world believed to carry nAbs 
towards AAV, these nAbs could be a serious 
challenge to achieving the desired effects in 
a high proportion of individuals.7 However, 
the evidence surrounding the impact of 
nAbs on the efficacy of gene therapies is still 
ambiguous.

Reflecting this, the biopharma industry 
does not fully agree that individuals with 
these pre-existing antibodies should be 
excluded from clinical studies. As so many 
viral vector particles are delivered to each 
patient over the course of a gene therapy 
treatment, it could be considered a numbers 
game: a low-level immune response would 
likely not be able to significantly hinder its 
efficacy. With greater experience in the gene 
therapy space and inclusion of pre-existing 
positive individuals into studies, we will be 
better able to determine the impact of these 
antibodies and perhaps make these therapies 
available to more individuals that desperately 
need the benefit they could provide.

• Commercialisation 
As previously discussed, the presence of 
pre-existing immunogenicity in patients 
could prevent this population from being 
included in clinical trials and prevent 
them from receiving the therapy once 
commercialised. In addition to stopping 
these patients from experiencing the 
possibly life-changing advantages of a 
vital therapy, the target audience could 
be diminished to a point where it would 
no longer be cost-effective to produce 
the drug, or it would be prohibitively 
expensive and severely limit access. 

From a sponsor perspective, assessing 
whether pre-existing immunogenicity could 
impact the safety and efficacy of the patient 
population is vital. By understanding this link, 
a balance between risk to safety and efficacy 
vs the effect of the disease could help form an 
argument for the inclusion of these patients 
for treatment. 

In cases where pre-existing antibodies 
are used as an inclusion/exclusion criteria, 
this may mean that assays to assess this 
will also need to be commercialised as 
companion diagnostics to support the gene 
therapy program. This would also slow the 
development of these therapies and increase 
the overall cost of the drug.

New Considerations for a New Drug 
Modality
Although pre-existing immunogenicity can 
impact safety, efficacy, and commercialisation 
for all biological therapeutics, there are 
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additional considerations gene therapy 
developers must keep in mind.

As these types of therapeutics are 
relatively new, risk assessments generally 
point towards monitoring the impact of pre-
existing immunogenicity more closely for 
C&GTs. Indeed, with gene therapies using viral 
vectors as tools for delivery - particularly AAV 
- the complexity of the immunogenicity risk 
assessment increases significantly and should 
begin early in the development process. Early 
engagement with the regulatory agencies is 
encouraged to best design an immunogenicity 
monitoring plan for these clinical trials.

Another factor to consider is that it is 
more likely that viral vector gene therapies 
will elicit both cellular immune responses 
and humoral immune responses (as 
opposed to just a humoral response alone) 
when compared with mAbs. This is because 
viral vectors enter the target cell and express 
a transgene which may be foreign to the 
patient. As a result, characterising cellular 
immune responses may be more important 
in the gene therapy space than traditional 
biologics. The use of ELISpot has grown 
in importance to support these programs 

along with flow cytometry to characterise 
and quantitate cellular immune responses. 
Both are platforms have not typically been 
used for regulated bioanalysis but do 
have published white papers to guide the 
development and validation of assays. As 
a result, for example the immunogenicity 
assessment for gene therapies typically 
relies on more assays than usually employed 
for a monoclonal antibody. Total antibodies 
and neutralising antibodies against the viral 
capsid and the transgene product, ELISpot to 
assess cellular immunity against the capsid 
and transgene product, and possibly flow 
cytometric measures amount to six assays 
that may be needed and with data that must 
be integrated to develop an overall picture 
of the immunogenicity of the AAV-based 
gene therapy.

Keeping Re-treatment in Mind
Another important consideration that gene 
therapy developers must be aware of when 
assessing pre-existing immunogenicity is the 
potential impact on redosing. 

C&GT modalities are in their infancy and 
their effects could have the potential to last 
many years. However, there is relatively little 

data surrounding the longevity of these 
treatments and their impact because they 
are so new and relatively few patients have 
received them. As much as we hope that 
gene therapies provide a permanent cure, 
we can’t know that with certainty and re-
treatment could be necessary in the future. 
If nAbs are generated following the first 
treatment, this could ultimately prevent 
vector re-dosing, leaving the patient in a 
position where they may have to face their 
disease again. Fortunately, there are many 
approaches being investigated to counter 
this – from modulation/suppression of the 
immune system to vector engineering to 
limit immune recognition. 

It is also important to remember that the 
effect of the immune response on safety 
and efficacy could still be less harmful than 
the patient’s genetic disorder. Developers 
will need to determine if the response is 
something that even needs to be mitigated, 
as the alternative option to re-dosing could 
be far more harmful. 

Regulatory Requirements: Building the 
Airplane as it Flies 
The C&GT space has expanded rapidly, 
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with no sign of slowing down. Such rapid 
progress in the area has enhanced pressure 
on regulatory bodies to evolve just as 
quickly – bringing an element of “building 
the airplane as you fly it”. Regulatory bodies 
are trying to adapt to a fluid research area 
and developers are attempting to predict 
possible changes. This means that projects 
progressing through the pipeline could 
encounter new regulatory changes between 
phases. Developers must therefore be agile 
enough to deal with the ambiguity of a 
space that's not fully defined. 

In the C&GT space there is currently 
an aspect of trying to be prepared for the 
regulations to come; this is testing the “risk 
aversion” of therapeutic producers. Trying 
to anticipate all potential future regulatory 
expectations surrounding pre-existing 
immunogenicity could mean generating 
assays and holding them to standards that 
may ultimately not be needed. This could 
lead to greater scrutiny from regulatory 
bodies, as well as unnecessary costs. 

Alternatively, developers could take a 
very risk-driven approach. With a patient 
population that desperately needs gene 
therapy – such as those with a rare disease 
– the risk that pre-existing immunogenicity 
will be a deciding factor in its approval could 
be very low. 

Ultimately, taking the middle ground in 
preparing for new pre-existing immuno-
genicity testing regulations should be the aim. 
Care should be taken to consider whether 
the choices made will add value. Assessing 
the risk of pre-existing immunogenicity 
before the drug enters the clinic, determining 
the likelihood of it having an impact, and 
discussing these considerations with the 
agency is elevating in importance in the C&GT 
space.

Linking Therapeutic and Diagnostic 
Development
Following existing regulatory requirements 
for developing and validating the assays 
analysing pre-existing immunogenicity is 
essential – it is also necessary to understand 
how these assays become linked to the 
development of the product. This notion is 
particularly prominent when clinical trials are 
set up to exclude patients based on observed 
pre-existing immunogenicity. 

By making this decision to exclude 
candidates based on pre-existing immuno-
genicity, developers are saying, “this assay 
matters, and it matters whether a patient 

has these antibodies”. As a result, the assay 
used would be considered a companion 
diagnostic for patient screening, and then 
inclusion or exclusion for those patients 
ultimately receiving the care following 
approval. It will no longer be one piece of 
the data set, but one of the most critical 
aspects of development that decides 
whether patients could receive life-saving 
therapy.

Developers must be also aware that the 
companion diagnostic space is a very different 
beast. The two products (one diagnostic and 
one gene therapy) would be governed by two 
different governing regulatory bodies whilst 
being developed simultaneously, adding to 
the challenges and difficulties developers 
could face. 

A Look to the Future
The biopharmaceutical space is still at the 
beginning of its journey with C&GTs. Fitting 
these new modalities into a previously well-
defined area reserved for biotherapeutics 
is – and will continue to be – a challenge. 

Although testing pre-existing immuno-
genicity is largely similar between these 
therapies, there are several important 
considerations that developers must be 
prepared to make on their journey to C&GT 
commercialisation. 

With so many potential challenges that 
developers could face when deciding the right 
approach to pre-existing immunogenicity 
testing, there is value in partnering with 
bioanalytical CROs who service multiple 
customers in this space. Familiarity with 
the current regulatory landscape and 
experience with multiple C&GT programs is 
valuable experience that can be leveraged. 
Offering extensive expertise in assay design, 
development, and validation, their support 
will be essential as more and more novel 
C&GTs enter the space, and the importance 
of these assays increases. 
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