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What do we mean by “gene therapies”?

Focus for today

Its what is on the outside that counts, not what you call it.
If you administer a cell it will behave like a cell; if you administer a virus it will behave like a virus
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There are many routes of administration,
each with their own unique challenges
Ocular

The ideal target cell type is one that
divides slowly.
The effect of the gene therapy will wane
when cells divide

Intravenous

The challenge is to get a sufficient
amount of the gene therapy to the
right cells in order to restore normal
function without delivering the gene
to the “wrong” cells
intramuscular
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Adapted from
Bordet T, Drug Disc Today. 2019; 24(8): 1685-1693. doi:10.1016/jdrugdis.2019.05.038
Hocquemiller M, Hum Gene Ther. 2016; 27(7):478-96. doi: 10.1089/hum.2016.087

Adeno-associated virus (AAV)

▪ Nonpathogenic parvovirus composed of a 4.7 kb single-stranded DNA genome within a
non-enveloped, icosahedral capsid
▪ Efficiently infects dividing and non-dividing cells, with stable transgene expression for
years in the absence of helper virus in postmitotic tissue
▪ After entry into the cell and second-strand synthesis, AAV forms high molecular weight
concatemers or circular DNA that persist extrachromosomally in nondividing cells
▪ Cell-type specific promoters are often used to restrict the expression of the transgene
▪ Recombinant AAV vectors are engineered so are not capable of site-selective genomic
integration
– The genomic integration of recombinant AAV vectors occurs at a low background frequency
Naso M, BioDrugs. 2017 Aug;31(4):317-334. doi: 10.1007/s40259-017-0234-5
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Some of the challenges for gene therapy
There are many unknowns
▪ How virus is taken up into cells (e.g. active or passive)?
▪ What is the minimum number of viral genomes required to produce enough protein to “rescue” the cell?
▪ How large of an area needs to be transfected for efficacy?
▪ Are there toxicities related to over-production of the transgene protein?
▪ How long will the therapy last for?
▪ Is retreatment required?
▪ Is retreatment feasible?
▪ What is the optimal age at which to treat the patient?
▪ What is the impact of pre-existing antibodies and treatment-induced antibodies on efficacy and/or safety?
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AAV Uptake – it’s complicated

The mechanism(s) of uptake and relative contributions of receptor-mediated and non-specific uptake are poorly
understood. The role of AAVR (a non-specific receptor for AAVs) and glycans in the uptake of AAVs requires further
elucidation.
If pathways can be saturated, then empty capsids may compete with the full capsids and theoretically change the
biodistribution of the GTx
Colella P, Mol Ther Methods Clin Dev 2017; 8, 87-104. doi: 10.1016/j.omtm.2017.11.007
Boulant S, Viruses 2015, 7(6), 2794-2815; https://doi.org/10.3390/v7062747
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..... as is tissue tropism
Tissue

Optimal Serotype

Vector

Tissue Tropism

Putative Receptors include

CNS

AAV1, AAV2, AAV4, AAV5, AAV8,
AAV9

AAV1

Muscle, heart, CNS

N-linked Sialic acid

AAV2

CNS, retina, liver

Heart

AAV1, AAV8, AAV9

Kidney

AAV2

Heparan sulfate proteoglycan (HSPG), 5β1
and vβ5 integrin,
Hepatocyte Growth Factor receptor (HGFR),
Laminin receptor (LamR), FGFR1, CD9

AAV3

Liver

HSPG, FGFR, HGFR, LamR

Liver

AAV7, AAV8, AAV9

AAV4

CNS, lung, RPE

O-linked Sialic acid

Lung

AAV4, AAV5, AAV6, AAV9

AAV5

Lung, RPE, retina, CNS

N-linked Sialic acid, PDGFR

AAV6

Lung, heart, spinal cord,
retina

N-linked Sialic acid, EGFR

AAV7

Muscle, liver

Not known

Pancreas

AAV8

Photoreceptor Cells

AAV2, AAV5, AAV8

AAV8

Liver, muscle, eye, CNS

Laminin receptor

RPE (Retinal Pigment
Epithelium)

AAV1, AAV2, AAV4, AAV5, AAV8

AAV9

CNS, lung, liver, muscle,
heart

N-linked glycans, Laminin receptor

AAVrh10

Not known

Skeletal Muscle

AAV1, AAV6, AAV7, AAV8, AAV9

Pleura, CNS, amacrine
and bipolar cells

Tissue tropism may differ between animals and man
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Lisowski L, Current Opinion in Pharmacology 2015, 24, 59-67
https://doi.org/10.1016/j.coph.2015.07.006

The contributions of the DMPK scientist
▪ What we do
– Describe the biodistribution of the
vector
– Describe the expression of the
transgene
– Describe the immunogenicity
– Lots of Due Diligences
– Say no (a lot)

▪ What we don’t do
–
–
–
–
–

Describe the metabolism of the vector
Conduct DDI studies
Conduct PK studies
Calculate PK parameters
Detailed modeling to predict efficacious
dose or impact of intrinsic factors on
efficacy

It’s more about the bioanalytics than anything else
8
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What are Biodistribution and Shedding?

▪ Biodistribution is the dissemination and persistence of the
virus/vector throughout the body
– Biodistribution is the D in ADME
– Biodistribution refers to the distribution of the virus/vector, not the
expression of the transgene
▪ Shedding is the dissemination of the virus/vector through secretions
and/or excreta of the patient.
– Shedding is the E in ADME
– Shedding isn’t a mass balance assessment
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Why do we conduct biodistribution and shedding studies?
▪ Sponsors conduct studies to help them understand whether the virus gets to
where it needs to get to and expresses the transgene sufficiently (i.e. efficacy)
▪ Health Authorities expect that they are performed (focus on safety)
– Mentioned in several guidances from FDA and EMA
– White paper on BD studies by IPRP (International Pharmaceutical
Regulators Programme)
– ICH has created an informal WG (ICHS12) – Nonclinical biodistribution
studies for gene therapy products
▪ Most extensive details can be found in the FDA Guidance “Long Term Follow-Up
After Administration of Human Gene Therapy Products (FDA, draft July 2018)”
which is an update to an existing guidance, and in the IPRP White Paper
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Why do HAs ask us to conduct biodistribution and shedding studies?

▪ To determine the distribution of the product in non-target tissues and
the persistence of the product in both non-target and target tissues
following direct in vivo administration of the product
▪ To support toxicology study design and assess on-target and off-target
tissue localization
▪ Shedding studies are performed to understand the potential risk
associated with transmission to third parties and the potential risk to
the environment
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Biodistribution studies - some design aspects
▪ Use an animal species that permits vector transduction
– No mention of age of animal relative to age of intended patient population
– Anatomy in animals (particularly at a young age) can differ from human anatomy

▪ Use both genders or justify the use of a single gender.
▪ At least 5 animals/gender/timepoint for rodents, or 3-5 animals/gender/timepoint for non-rodents.
▪ No useful guidance provided on duration of study or number of timepoints
– Sacrifice of animals at the expected time of peak GTx product detection and at several later time points to evaluate
clearance of product sequences from tissues.
– Evaluate until vector cannot be detected or until the persistence has plateaued
– Implies a large number of timepoints

– Usually 3 timepoints are evaluated (e.g. ~ 1 week, 1-3 months, 6 months)
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Biodistribution studies - some design aspects
▪ One dose level (e.g. clinically relevant dose), although inclusion of additional
dose levels is encouraged
– We may not know what a clinically relevant dose is at the time that the study is
conducted

▪ Can be performed either as a separate study or as a component of a toxicology
study
– Then how can the BD study inform the design of the toxicology study?

▪ Choose a method for tissue collection that avoids the potential for cross
contamination among different tissue samples.
▪ GLP status – not mentioned in EMA/FDA guidances but is a hot button for MHRA
– This is achievable at a CRO but will be an issue for academic companies who perform the studies in
house
– Will HAs reject INDs/CTAs that are supported by non-GLP biodistribution studies?
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Biodistribution studies - tissues to be evaluated
▪ FDA (and IPRP) proposes that the following panel of tissues are evaluated, at a
minimum:
– Blood, injection site(s), gonads, brain, liver, kidneys, lung, heart, and spleen.
– Consider other tissues for evaluation, depending on the product, vector type and tropism,
and transgene(s), as well as the route of administration (e.g., draining lymph nodes and
contralateral sites for subcutaneous/intramuscular injection, bone marrow, eyes, etc.).
– The limited set of tissues doesn’t help identify which tissues to analyze in the Tox study
– Blood should be used rather than serum or plasma
– The DNA content of serum and plasma are different
– Vector will be associated with cellular fraction rather than serum/plasma

▪ EMA seems to imply that a far larger tissue list of tissues is required (guideline
refers to a guideline on repeated dose toxicology studies)
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Biodistribution studies - sample analysis
▪ A quantitative, sensitive assay (e.g. PCR) should be used to analyze the
samples for vector sequences
– The assay should be able to differentiate between the product and endogenous virus.
– Current “gold standard” is qPCR, although droplet digital PCR (greater sensitivity) is
becoming more common although sensitivity is not an issue

▪ The assay should have a demonstrated limit of quantitation of
<50 copies/μg genomic DNA
– It is unclear as to why this LOQ was selected
– Is this limit appropriate if a tissue has low DNA content?
– How will HAs respond to data reported as copies/diploid genome or in other units?
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Biodistribution studies - sample analysis
▪ PCR assays are not the most robust assays
– They are subject to interference from endogenous compound (e.g. myoglobin) that
can be overcome by the addition of albumin to the assay mixture
– PCR assays have stopped working due to changes in source of albumin and changes
in buffer composition

▪ If viral vector is detected in a tissue, the expression of the transgene (by mRNA
or protein) in that tissue should be assessed
– This will be challenging if the mRNA or protein sequences are highly similar or
identical
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Biodistribution studies - sample analysis
▪ The GTx product may be detected in a tissue but its presence may be of
limited, if any, consequence
– If the appropriate transcription factors aren’t present the gene will not be transcribed
– The vector may not be taken up into the cells if a receptor-mediated process results in
vector uptake and that receptor isn’t present in the tissue (i.e. vector is present in the
interstitial fluid and not within the cell)
– The vector may have been phagocytosed by blood cells and the detected vector may
represent “dead virus” being cleared by the cells of the reticulo-endothelial system
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Biodistribution studies - some opportunities
▪ Enhanced understanding of mechanism(s) of uptake of viral vectors
– May enable design of AAVs that have enhanced distribution to certain
tissues/cell types

▪ Development of more robust PCR assays (e.g. ddPCR)
▪ Re-evaluation of how the data are reported
– Express data as copies/tissue, copies/g tissue, copies/mL, and/or as % of
dose?
– For the same copies of the vector, the tissue with the higher gDNA
content/mg tissue will have the lower concentration of vector/µg DNA
– If DNA content changes over time in a particular tissue, how valid is it to
compare data across time
– Impact may be greatest in studies performed in newborn animals.
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Biodistribution studies - some opportunities
▪ Development, and acceptance, of alternative detection techniques
▪ Will be applicable to platform studies in animals
▪ Follow the capsid, not the transgene
Ex vivo approaches

In vivo approaches

Add a linker to the capsid and incorporate 14C into the
linker. Analyze by 14C counting or autoradiography.
Could use AMS for enhanced sensitivity

Add a DOTA cage to the capsid and incorporate a
radioisotope (e.g.177Lu)
Use luciferase as the transgene
Use a Na/I-symporter as the transgene, administer
99mTcO −, and image by micro SPECT/CT.
4

Incorporate an MRI agent (e.g. gadolinium) into the
capsid and image by MRI
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Biodistribution studies - some opportunities
▪ Conduct one BD study per vector per route of administration
– The biodistribution of a vector is dependent upon what is on the outside and
not what is on the inside
– Expression of transgene will differ between GTx of the same serotype
when different promoters are used
– Theoretically one robust BD study for an AAV vector that is administered by
a particular route (e.g. intrathecal) can be used to support the next AAV
GTx of the same serotype administered by the same route
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Biodistribution studies - some opportunities
▪ Do we need to follow the letter of the guidance or the spirit of the
guidance?
– Do what is scientifically valuable and justify deviating from guidances
– What would happen if we didn’t conduct a biodistribution study prior to FIH?
– What would happen if we never conducted a biodistribution study?
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Biodistribution in product label (Luxturna)
▪ Biodistribution of Luxturna was evaluated at three months following subretinal
administration in non-human primates. The highest levels of vector DNA
sequences were detected in intraocular fluids (anterior chamber fluid and
vitreous) of vector-injected eyes. Low levels of vector DNA sequences were
detected in the optic nerve of the vector-injected eye, optic chiasm, spleen and
liver, and sporadically in the stomach and lymph nodes. In one animal
administered with Luxturna at 7.5 x 1011 vg (5 times the recommended per eye
dose), vector DNA sequences were detected in colon, duodenum and trachea.
Vector DNA sequences were not detected in gonads.
Red text indicates differences in SmPC compared to the US label
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Biodistribution in Product Label (Zolgensma)
▪ Biodistribution was evaluated in two patients who died 5.7 months and 1.7
months, respectively, after infusion of ZOLGENSMA at the dose of 1.1 x 1014
vg/kg. Both cases showed that the highest levels of vector DNA were found in
the liver. Vector DNA was also detected in the spleen, heart, pancreas, inguinal
lymph node, skeletal muscles, peripheral nerves, kidney, lung, intestines,
spinal cord, brain, and thymus. Immunostaining for SMN protein showed
generalized SMN expression in spinal motor neurons, neuronal and glial cells
of the brain, and in the heart, liver, skeletal muscles, and other tissues
evaluated.
Nonclinical data did not appear in the Label
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Shedding in clinical trials
▪ Secreta (e.g. saliva, tears, nasal swabs) and excreta (urine, feces) are
collected in the First Clinical Trial
– Samples are collected relatively intensively for the first 1-2 months and less often
thereafter
– Only “spot” samples are collected rather than all excreta collected over a certain time
window
– No clear definition as to how long samples should be collected for
– May need to be collected in the long-term follow-up (LTFU) study
– A rational approach is to collect and analyze samples until vector is not detected in
3 consecutive samples
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Detection of vector in blood in clinical trials
99% of vector in blood is
associated with cells,
continuously decreasing
with cell-specific lifespan.
DNA in plasma is highly
fragmented.

Adapted from Rangarajan S et al. N Engl J Med. 2017 Dec 28;377(26):2519-2530. doi: 10.1056/NEJMoa1708483
and Torres R et al (poster at ASGCT 2019)
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Shedding into excreta - An inexact science
The majority of the vector is excreted within 4 weeks
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Adapted from Rangarajan S et al. N Engl J Med. 2017 Dec 28;377(26):2519-2530.
doi: 10.1056/NEJMoa1708483
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Shedding in Product Label (Luxturna)
▪ LUXTURNA vector was shed transiently and at low levels in tears from the
injected eye in 45% of the subjects in Study 2, and occasionally (7%) from the
uninjected eye until Day 3 post-injection.
▪ Transient and low level shedding of LUXTURNA may occur in patient tears.
Advise patients and/or their caregivers on proper handling of waste material
generated from dressing, tears and nasal secretion, which may include storage
of waste material in sealed bags prior to disposal. These handling precautions
should be followed for up to 7 days following LUXTURNA administration.
Handling precautions are 7 days in US and 14 days in EU
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Shedding in Product Label (Zolgensma)
▪ Vector DNA was shed in saliva, urine and stool after infusion of ZOLGENSMA, with much
higher concentrations of vector DNA found in stool than in saliva or urine. The vector DNA
concentration in saliva was low on Day 1 after infusion and declined to undetectable levels
within 3 weeks. In urine, the vector DNA concentration was very low on Day 1 after infusion
and declined to undetectable levels within 1 to 2 weeks. In stool, the vector DNA concentration
was much higher than in saliva or urine for 1 to 2 weeks after infusion and declined to
undetectable levels by 1 to 2 months after infusion.
▪ Temporary vector shedding of ZOLGENSMA occurs primarily through body waste. Advise
caregivers on the proper handling of patient feces; recommended procedures include sealing
disposable diapers in disposable trash bags and then discarding into regular trash. Provide
instructions to caregivers and family members regarding proper hand hygiene when coming
into direct contact with patient body waste. These precautions should be followed for one
month after ZOLGENSMA infusion.

NOTE: No quantitative data are presented
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Why is immunogenicity important?
▪ An immune response to any compound can have an impact on its safety and
efficacy
– This applies to antibody drugs, therapeutic proteins, cell therapies, gene therapies,
and even, in rare instances, to LMW compounds

▪ For a viral-based, in vivo GTx the immune response, before and after
treatment, can have an impact on safety and/or efficacy
– May limit the number of patients that can be treated
– May limit the ability to retreat patients
– May cause harm to the patients
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The immune response
Humoral response
Anti-AAV Abs
Cytokine release

Anti-transgene Abs

Complement activation

Cellular response
Cytotoxic T-cell
response

https://www.creative-diagnostics.com/innate-and-adaptive-immunity.htm
30 Gene Therapy for DMPK Scientists

Immunogenicity risk assessment
▪ A concept that is used for mAbs and therapeutic proteins but can be applied to
gene therapies

▪ Analysis of risk factors
– Summarizes evidence versus uncertainty regarding potential influence of intrinsic and
extrinsic factors on risk of clinically impactful immunogenicity
– Alignment of potential risks with strategy for evaluation and mitigation, including linkage to
manufacturing, formulation and product quality control strategy

▪ Risk-based immunogenicity program
– Explicit linkage to the output of the immunogenicity risk assessment to justify rationale for
design of risk-based program, including frequency and duration of sampling relative to dose
regimen and choice of clinical end points for assessing impact on efficacy and safety
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Anti-AAV antibodies – how are they measured?
▪ Samples, most commonly serum, are analyzed for binding antibodies or neutralizing
antibodies (nAbs)
– Data are expressed as the inverse of the greatest dilution (in a serial dilution) that still gives a
positive result
– A titer is not a “sharp” tool. The accuracy of the result depends upon the amount of each
dilution (e.g. 2x, 3x)

Neutralizing antibody assay

Binding antibody assay

nAb assays are really transduction inhibition assays
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How do binding Abs relate to nAbs?
▪ The immune response to an AAV, as occurs with any administered protein, will
result in a polyclonal humoral response
– These antibodies will bind to the administered AAV
– Some will be neutralizing, some will be non-neutralizing (i.e. nAbs are a subset of
binding Abs)
Monkey, anti-AAV5 Abs
– There is often a good correlation
between nAb titer and binding titer

▪ Can the binding Ab assay be used
in lieu of a nAb assay?
– Do we need a nAb assay?

Adapted from Salas D et al. Blood Adv. 2019 Sep 10;3(17):2632-2641. DOI 10.1182/bloodadvances.2019000380.
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R2 = 0.91

Immunogenicity assessments
The elephant in the room
▪ For antibody drugs the US PI will contain generic text similar to this
– The detection of an immune response is highly dependent on the sensitivity and
specificity of the assays used, sample handling, timing of sample collection,
concomitant medications, and underlying disease. For these reasons, comparison of
the incidence of antibodies to XXXXX with the incidence of antibodies to other
products may be misleading

▪ Data should not be compared with literature, with other clinical trials etc
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Bioanalytical costs

Another elephant in the room
▪

There’s a lot of assays that can be performed
–

▪

Binding Abs, nAbs, T-cell assays; Vector and transgene protein

But the costs aren’t cheap (total validation costs may be close to $2M)
–

Anti-AAV Ab and Elispot (for AAV) will be platform assays (i.e. no recurring costs)

▪

Human samples cannot be shipped from China and hence assays need to be established in China as well as
elsewhere (supporting ex-China Clinical Trials)

▪

It may appear to be cheaper to utilize academic laboratories for sample analysis. However, the assays may not have
been validated or if validated, not validated to the level of detail required by HAs with adequate data quality

qPCR

assay transfer AND validation
cost/matrix
$30K

anti-AAV Ab (binding Abs)
Anti-transgene product Ab
Elispot (2 antigens)

$250K
$250K
$150K-$200K

sample analysis
cost/sample (USD)
$250-300
Screening
Confirmatory
$50
$100
$50
$100
$200

Titration*
$500
$500

*: Price given on an estimation of 10 dilutions. Costs of a cell-based nAb assay aren’t included and will be higher than the binding assay
Reagent costs (cost of vector used to capture anti-AAV Abs) will be high
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Pre-existing anti-AAV antibodies
▪ Represents prior exposure to endogenous viral infection; seroprevalence differs
between regions
– A patient’s serotype(s) depends upon where they have lived, not their ethnicity
(a different type of demographic information needs to be captured)
▪ Pre-existing anti-AAVs may lead to lack of efficacy (clearing the vector and/or
reducing uptake into cells) or cause AEs (potentially activating complement)
▪ Impact of pre-existing antibodies is route-dependent
– Intravenous, intravitreal – high impact
– Subretinal – low impact
– Intrathecal - ???

36 Gene Therapy for DMPK Scientists

Anti-AAV1 antibodies
High seroprevalence with regional variability

Maternal anti-AAV antibodies can be found in newborns and decrease a few months after
birth before increasing again (at approximately 2 years of age)
Greenberg B et al, Gene Therapy (2016) 23, 313–319; doi:10.1038/gt.2015.109
37
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The immune response, safety and efficacy – finding the right balance
▪ In order to overcome pre-existing anti-AAV antibodies, patients can be excluded
from the clinical trial
– This may greatly reduce the number of subjects that can be treated

▪ In order to overcome pre-existing anti-AAV antibodies, higher doses of the GTx
could be used
– This may increase the capsid load to transfected cells, increasing the probability of T-cellmediated cell killing
– This may be exacerbated if the Gene Therapy contains a high level of empty capsids
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Risk mitigation is to screen patients for pre-existing Abs
▪ Although some sponsors have excluded patients based upon their pre-existing anti-AAV titer
being greater than a certain value, it is uncertain whether this exclusion is warranted in all
cases
– Some Sponsors no longer exclude patients based on their pre-existing anti-AAV titer

▪ Some Sponsors have exclusion criteria based upon both binding and neutralizing Abs
– This may lead to a exclusion of a large number of subjects

▪ Relationship of serum titer to titer in CSF or vitreous is not well established
– The exclusion criterion used for IV administration may not be relevant for IT or IVT administration

▪ The use of an exclusion criterion based upon serum anti-AAV Ab titer is not justified for
subretinal administration
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Pre-existing anti-AAV antibodies
▪ If an in vitro companion diagnostic is needed to appropriately select patients once
the GT product is approved, then submission of the marketing application for the
companion diagnostic and submission of the biologics license application for the
GT product should be coordinated to support contemporaneous marketing
authorizations.
▪ These companies have experience with developing and running immunoassays
– They have little, if any, experience with cell-based nAb assays
– It may not be feasible for a nAb assay to be implemented globally to identify patients that
are eligible for treatment
– Ensuring consistency in reagents (especially cell lines) will be challenging
– Therefore, exclusion criteria based on nAbs should not be used in clinical trials, or a
clear relationship between binding Abs and nAbs shown in order to remove the need
for a post-market nAb assay
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Pre-existing anti-AAV antibodies
▪ Service providers, e.g. Quest Diagnostics, may independently develop an antiAAV Ab assay as a LDT (Laboratory Developed Test)
– This obviates the need for a companion diagnostic
– The level of validation of these assays may be less than that performed for the assay that
was used in clinical trials
– These assays will have a limited dynamic range (e.g. 1:25-1:200) and should be used
only for patient screening and will have limited, if any, utility in other situations

▪ Multiple assays may exist within a country or globally
– How do we know that they perform similarly?
– How does the performance of these assays compare to the performance of the assay
that is used to support clinical trials?
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How do we reduce pre-existing anti-AAV antibodies?
Broad immune targeting
▪ Similar to approaches to that are taken for ERTs (Enzyme Replacement
Therapies)
– Methotrexate, bortezomib, rituximab, sirolimus have been proposed

▪ Prednisolone will not reduce anti-AAV Abs
▪ Removing pre-existing antibodies by broad immune suppression may
take up to 8 weeks (or even longer)
– Generation of new anti-AAV Abs should be ablated
– Preformed anti-AAV Abs will need to clear from the blood and interstitial fluid
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How do we reduce pre-existing anti-AAV antibodies?
Plasma exchange (plasmapheresis)
▪ Will remove all humoral immunity, clotting factors etc
– If donor plasma is used as a replacement, care must be taken that more anti-AAV Abs
aren’t replaced than are removed

▪ Plasma (autologous) exchange with
immunoadsorption may be required
– Immunoadsorption can be performed
to remove all IgGs
– Immunoadsorption using an AAV-column
could specifically remove anti-AAV Abs

Hamilton P in Aspects in continuous renal replacement therapy. DOI: 10.5772/intechopen.84890.
43 Gene Therapy for DMPK Scientists

The practicality of reducing pre-existing anti-AAV antibodies
▪ The success of any approach to reduce pre-existing antibodies depends upon an
understanding of the relationship between titer and efficacy
▪ Removing pre-existing antibodies will remove
the Abs from the blood compartment

▪ The turnaround time for the commercially
available anti-AAV9 Ab assay is ~ 4 days
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– Impact on anti-AAV Abs in CSF is unknown
– However, new anti-AAV Abs will be generated
– Anti-AAV Abs will distribute from the tissue
interstitial fluid into the blood
– There will be a window of opportunity
of a few days in which dosing could occur

AAV8
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– This will be acceptable for the use of rituximab but not for plasma exchange/immunoadsorption

▪ A bed-side assay to determine the titer of an anti-AAV Ab would be desirable
Adapted from Monteilhet V et al. Mol Ther. 2011 Nov;19(11):2084-91. doi: 10.1038/mt.2011.108.
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Treatment-emergent anti-AAV Abs
▪ It is unlikely that treatment-emergent antibodies
will negatively impact efficacy in the manner that
pre-existing anti-AAV antibodies do

Human, anti-AAV1 Abs

– Most of the GTx will have cleared from the blood
before the treatment-emergent ADA response
arises.

▪ B-cell depletion with rituximab & sirolimus prior
to AAV exposure will successfully block immune
responses to the AAV capsid and transgene
▪ The use of prednisolone will not reduce the
generation of anti-AAV Abs
Adapted from Corti M et al. Hum Gene Ther Clin Dev. 2017 Dec;28(4):208-218. doi: 10.1089/humc.2017.146
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Anti-transgene antibodies
▪ Generation of anti-transgene protein antibodies can occur. The
“correct” protein may be regarded as foreign since the body may
regard the mutant protein as being normal.
– If the transgene protein is a secreted protein then the anti-protein Abs may neutralize the
protein leading to a loss of efficacy or even toxicity if the “endogenous” protein is partially
active
– If the transgene protein is a intracellular protein, the risk for an impact on efficacy is low.
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T-cell immune response
▪ The T-cell immune response, through the
activation of transgene- and vector-specific
CD8+ and CD4+ T cells, may lead to cell killing.
▪ The basis of the cell killing is the presentation of
peptides from viral vector coat proteins (classical antigen
presentation or cross-presentation pathways)
or transgene protein on cell surface
▪ It is hypothesized that some AAV capsids escape from the endosome and are processed
by the proteasome with subsequent presentation of capsid peptides on the cell surface by
MHC class I.
– Some studies indicate that full and empty capsids may be processed differently

Collela P et al, Molecular Therapy (2018) 8, 87-104; doi:10.1016/j.omtm.2017.11.107
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T-cell immune response
▪ Capsid-specific cytotoxic T lymphocytes have been implicated in the elimination
of AAV-transduced hepatocytes which resulted in therapeutic failure (transient
efficacy) and an increase in serum transaminases
▪ The T-cell response may be ameliorated by a short course of high-dose
steroids, although this does not work in all cases
▪ Most ELISPOT experiments are done with isolated PBMC (peripheral blood
mononuclear cells)
– Both freshly prepared and cryopreserved cells may be used
– Sample collection, storage, and shipping must be closely controlled

Collela P et al, Molecular Therapy (2018) 8, 87-104; doi:10.1016/j.omtm.2017.11.107
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Mitigation of the cellular immune response
▪ Limited options are available to prevent the generation of a cellular response
– Rapamycin (e.g. tolerogenic rapamycin nanoparticles)
– Proteasome inhibitors
– Alter degradation of capsid proteins, leading to reduced capsid peptide presentation
on MHCs

▪ Transient use of immunosuppressive agents (e.g. prednisolone) is used to
quiesce the cellular response
▪ Difficult to model in animals since the cellular response is more robust in
humans than in animals
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Mitigation of the innate immune response
▪ Currently, it is not common to prophylactically mitigate the innate immune
response

▪ If evidence of activation of the innate immune system is observed (or
suspected) the following “antidotes” may be administered
– Tociluzumab (anti-IL6R antibody) to treat cytokine release
– Eculizumab (anti-C5 antibody) to reduce the consequences of complement activation
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Challenges to readministration
Human, anti-AAV1 Abs

▪ Robust and durable humoral response
– Unknown how long the humoral response
will last for

▪ T-cell response
– Potential issue if AEs occurred after first dose

▪ Impact of treatment-emergent immune
response depends upon time
between treatments

Adapted from Corti M et al. Hum Gene Ther Clin Dev. 2017 Dec;28(4):208-218. doi: 10.1089/humc.2017.146
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How long
might the titers
of anti-AAV1
Abs remain
elevated?

Immunogenicity Assessment for Ophthalmology GTx
▪ Immunogenicity is assessed in the serum/blood since that is an easy matrix to collect
– It isn’t easy to repeatedly collect ocular samples, although aqueous and vitreous humor samples
can be collected (although often not done)
– However, the relationship between IgG levels in serum and ocular matrices is unknown

▪ For sub-retinal administration, pre-existing Abs is unlikely to be an issue
– Anti-AAV Abs are unlikely to be present in the sub-retinal space)

▪ For intravitreal administration, pre-existing Abs may be an issue

▪ The eye can be susceptible to inflammation
▪ Low distribution of the vector from the eye to the blood and relatively low doses means
that it is unlikely that significant transduction of systemic tissues will occur
– Is it necessary to evaluate T-cell responses in the blood?
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Immunogenicity in product label – Luxturna
▪ US
– No subject had a clinically significant cytotoxic T-cell response to either AAV2 or RPE65.
– Subjects received systemic corticosteroids before and after subretinal injection of
LUXTURNA to each eye. The corticosteroids may have decreased the potential immune
reaction to either vector capsid (adeno-associated virus serotype 2 [AAV2] vector) or
transgene product (retinal pigment epithelial 65 kDa protein [RPE65]).

▪ EU
– To reduce the potential for immunogenicity patients should receive systemic corticosteroids
before and after the subretinal injection of voretigene neparvovec to each eye. The
corticosteroids may decrease the potential immune reaction to either vector capsid (adenoassociated virus serotype 2 [AAV2] vector) or transgene product (retinal pigment epithelial
65 kDa protein [RPE65]).
No meaningful information in label; Statement about use of corticosteroids is misleading/incorrect
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Immunogenicity in product label – Zolgensma
▪ In ZOLGENSMA clinical trials, patients were required to have baseline anti-AAV9
antibody titers of ≤ 1:50, measured using an enzyme-linked immunosorbent assay
(ELISA). Evidence of prior exposure to AAV9 was uncommon. The safety and
efficacy of ZOLGENSMA in patients with anti-AAV9 antibody titers above 1:50 have
not been evaluated. Perform baseline testing for the presence of anti-AAV9
antibodies prior to ZOLGENSMA infusion. Retesting may be performed if anti-AAV9
antibody titers are reported as > 1:50.
▪ Following ZOLGENSMA infusion, increases from baseline in anti-AAV9 antibody
titers occurred in all patients. In the completed clinical trial, anti-AAV9 antibody
titers reached at least 1:102,400 in every patient, and titers exceeded 1:819,200 in
most patients. Re-administration of ZOLGENSMA in the presence of high antiAAV9 antibody titer has not been evaluated.

No mention of T-cell response
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Immunogenicity - Some opportunities
▪ Enhance our understanding of
– The impact of anti-AAV Abs and T-cell response on safety and efficacy
– The presence and relevance of anti-AAV Abs in the eye (or CSF), and the
their relationship to serum anti-AAV Abs
– Seroprevalence of anti-AAV antibodies
– Changes in pre-existing anti-AAV Abs with time
– Impact of anti-AAV Abs on complement activation
– Persistence of humoral and cellular response
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Conclusions
▪ We may be doing too much (or too little) with respect to biodistribution and immunogenicity
– Keep it simple
– Create a plan that is based upon the biology of GTx and a robust immunogenicity risk assessment
– Be cognizant of the consequences of your actions (don’t generate data that you don’t need)

▪ We may not be as smart as we may think that we are
– There’s a lot of basic biology of GTx that we don’t know (yet)

▪ The assessment of biodistribution can benefit from the development of novel
technologies and approaches
▪ The reduction of pre-existing antibodies and the prevention of a treatment-induced
immune response is feasible, but not easily achievable
▪ Be brave, be prepared to say no, and be prepared to deviate from guidances (with good
justification)
▪ Remember – “it ain’t what you do its the way that you do it, and that’s what gets results”
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