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Executive Summary

Gene therapy holds great promise and has sparked great
interest among researchers, healthcare providers, and patients
alike because it offers the possibility of cures, particularly for rare
diseases with a genetic basis. However, the field is in its nascent
stages, and the ideal methods and solutions for unlocking the
full potential of gene therapy are still being developed.

The specifics of gene delivery, from finding a reliable means of
introducing genetic material into target cells to reducing the risk
of adverse events, can complicate the development process.

In addition, it can be difficult to determine the appropriate
approach to securing regulatory approval.

Introduction

Gene therapy is an experimental technique that can effectively
deliver nucleic acid into a person’s cells through a delivery
vehicle known as a vector.! Gene therapy can be used to':

* Replace a defective gene due to disease associated mutation
e Silence a gene that contributes to disease pathogenesis

» Edit a gene to correct a disease-promoting sequence to a
disease-preventing sequence

* Genetically modify cells to increase therapeutic potential (ie,
chimeric antigen receptor T-cell [CAR T] therapy)

Despite risks associated with gene therapy, the field is growing
as a promising treatment for various diseases.' Currently, only
5% of all gene therapies are in post-phase?® status.2 We will
provide a general background of the gene therapy process

and discuss hurdles to the development of viral vector gene
therapies, with specific considerations for AAV-based gene
therapies, challenges to initiating a clinical trial with a gene
therapy, and how Precision for Medicine can help develop gene
therapy programs from bench to bedside.

CAR T, CRISPR, and messenger RNA-based technologies will
not be addressed in this paper.

In this white paper, we explore general principles to optimize the
likelihood of preclinical and clinical trial development success
and provide a more specific focus on considerations for adeno-
associated virus (AAV)-based gene therapies. We describe
regulatory guidelines and explain how pharmaceutical sponsors
can ensure a scientifically valid gene therapy development

plan. Finally, we outline how Precision for Medicine can assist
sponsors in developing gene therapy programs from bench to
bedside, including preclinical studies, companion diagnostic
development, clinical trial execution, regulatory applications, and
postmarketing efforts.

Gene therapy vs small molecule-based therapies

Currently, the most common therapeutic agents are small
molecules, but in many cases they only treat the symptoms,
not necessarily the cause of a disease. Gene therapy is
primarily aimed at the cause of disease by regulating the gene
expression. However, it also bears a number of limitations (ie,
immunogenicity, delivery, etc).!*4 Potential solutions to these
limitations will be discussed later.

Delivery mechanisms of gene therapy

Gene therapy can be delivered either in vivo or ex vivo, meaning
that genes can be delivered directly into the body using viral or
nonviral vectors or by genetically modifying patient-derived cells
before their reintroduction into the patient.*s Varying vectors
have specific characteristics, benefits, and drawbacks (Table 1)2:

¢ Viral vectors: Transgene delivery by encapsulating transgene in
AAVs, lentiviruses, and adenovirus vectors

* Nonviral vectors: Direct injection of transgene®
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Benefits

Gene Delivery Sy S Char:

W Derived from replication-
defective parvovirus

AAY vectors W Episomal vector DNA in
cells
R N Vector DNA integrates into

genome

Limitations

B Size limitation

¥ Long-term expression
limited to post-mitotic cells

W Preexisting immunity in
humans

B Nonpathogenic,
nonintegrating vectors

B Long-term transgene
expression achievable

B Accommodates large
transgenes

W Sustained transgene
expression in dividing cells

B Low immunogenicity

¥ Low production yields
W Increased risk for
insertional mutations

W Episomal DNA in cells
M =50 human serotypes
identified

Adenoviral vectors

M Able to elicit strong
antiviral immune response

¥ Long-term expression
limited to post-mitotic cells

W Accommodates large
transgenes
B High transduction efficiency

W Various approaches can be

Nonviral used to deliver gene

W Lower transfection
efficiency
W Transient gene expression

W Low risk of immunogenicity
and insertional mutagenesis

Table 1: Characteristics, Benefits, and Limitations of Viral and Nonviral Vectors

To date, one of the safest strategies for gene therapies is the
use of recombinant AAV (rAAV) particles lacking any viral genes.
They can be cell type-specific, efficient, and lack pathogenicity
because they need a helper virus to replicate.”

Figure 1 highlights an advance and a setback for the field of AAV
gene therapy.® "

Lessons Learned From GT

Problem: Jesse Gelsinger had omithine transcarbamylase (OTC)
deficiency. He lacked a functional enzyme to break down ammonia.®

Solution: He was administered a recombinant adenoviral vector that
carried the OTC gene into the hepatic artery. However, he developed a
severe immune response to the vector, experienced systemic
inflammation, and had multi-organ failure. He died 4 days after receiving
the injection. It was thought that certain protein components of the vector
capsid, which were necessary for the vector to function, inadvertently
triggered an inflammatory response.® This was a major setback in the
history of gene therapy because his was the first publicly identified death
related to gene therapy trials. This trial raised major safety considerations
about viral vectors and appropriate reporting of adverse events.

FDA Approves Luxturna®

Problem: Young children with untreated RPE65-mediated inherited
retinal dystrophy were blind and unable to detect light of any
intensity, which limited their quality of life.

Solution: Luxturna (voretigene neparvovec-rzyl) is an adeno-
associated virus vector-based gene therapy that carries the RPEG5
gene for treatment in patients with confirmed biallelic RPE65
mutation-associated retinal dystrophy. After treatment, patients who
were previously blind were able to navigate independently in low-to-
moderate light conditions with mild-to-moderate ocular adverse
events.'® This is the third gene therapy approved for use in the

United States after Kymriah® and Yescarta® but the first to correct an
inherited genetic mutation,'" bearing great promise for gene therapies.

FDA, Food and Drug Administration; GT, gene therapy.

Figure 1: Two case studies highlight a death that occurred in the late 1990s and the first FDA-approved gene therapy for a genetic disease
nearly 2 decades later
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Development of a gene therapy vector

The first step to developing gene therapy is to understand
disease pathogenesis and the underlying genetic defect that
needs to be modified. The genetic defect can help identify a
target product profile, which is the anticipated product label
that demonstrates safety and efficacy.

Afterward, a transgene construct can be created for in vitro gene
transfer, used in larger animal studies, and implemented
in clinical trials (Figure 2).

Gene transfer in

small animals

Vector devglop_ment In vitro gene transfer g
& characterization
|

Efficiency, persistence, tissue preference,
toxicity/immunogenicity

Proof of concept

preclinical trials

Animal models of
human diseases

Specific target
areas of therapy

Feasibility studies

in large animals

(primates or pigs)

Adapted from Fan Y, Wu J. Polylipid nanoparticle, a novel
lipid-based vector for liver gene transfer. In: Gene Therapy
Tools and Potential Applications. IntechOpen; 2013:chap 5.
http://dx.doi.org/10.5772/54270.

Clinical Trials
(1-111)

Figure 2: Progression of potential gene therapy from vector development to clinical trial

Challenges in vector development

The road from vector development to clinical trials bears many
challenges, including (1) vector immunogenicity, (2) potency and
efficacy, (3) genotoxicity, and (4) persistence, but solutions can
be implemented in preclinical studies (Figure 3).1
¢ Vector immunogenicity: Viral vectors can lead to innate
and adaptive immune responses, which lead to reduced
efficiency of gene transfer. When using AAV as a vector, there
are specific considerations related to immunogenicity. Both
humans and animals have ongoing exposure to AAV and
may have developed humoral and cell-mediated immunity
directed toward the AAV capsid. This immunity may result in
neutralizing antibodies (NAbs) and/or cytotoxic T cells directed
against the AAV-transduced cells and thus compromise both
safety and efficacy of AAV vectors. Although NAbs neutralize

the activity of AAV, the impact of NAb levels associated with
neutralization of AAV activity is not well understood?

e Potency and efficacy: Transgene expression levels required to
achieve therapeutic efficacy can differ based on the inherent
pathophysiology of the targeted disease and the transgene
product

e Genotoxicity: Viral vectors may be subject to random

insertional mutations that can disrupt gene expression (ie,
tumor suppressor or oncogenes), leading to cancer.3 While
AAV vectors typically do not integrate into the host DNA,

rare instances of random integration into the host genome
have been reported in neonatal mice, which has led to tumor
formation.'? To date, no insertional events in humans after
gene transfer resulted in tumors's:'

The Institute@Precision is part of Precision Medicine Group,
an organization purpose-built for precision with services spanning
discovery to commercialization and featuring experts from:

PRECISION “':g'— PRECISION AQ" 4

for medicine

=%



OPTIMIZING SUCCESSFUL DEVELOPMENT OF VIRAL VECTOR GENE THERAPIES, "gST'TUTE
GENE THERAPY TRIALS, AND COMPANION DIAGNOSTICS

¢ Persistence: Long-term transgene expression may be
difficult to achieve in dividing cells'?
Because there are many challenges to developing a vector,

a consensus recommendation from a group of gene therapy g )

experts is that a gene therapy product should be optimized early

in development before starting investigational new drug (IND) S
Transgene

activities.™ ]

Transgene Genotoxicity
clin

-t

Viral vectors (ie, AAV,
lentivirus, adenoviral)

Transgene Persistence
Pre I: T

Figure 3: Challenges in vector development with solutions that can be
implemented during preclinical studies

FDA guidance on gene therapy

Published

Guidance Document

Date
Guidance for Industry: Potency Tests for Cellular and Gene Therapy Products 1/2011
Guidance for Industry: Preclinical Assessment of Investigational Cellular and Gene Therapy Products | 9/2013
Guidance for Industry: Considerations for the Design of Early-Phase Clinical Trials of Cellular and Gene 6/2015
Therapy Products
el bR B e e e i el e 2 e ik —
Final Guidance for Industry: Human Gene Therapy for Retinal Disorders ‘ 1/2020
Final Guidance for Industry: Human Gene Therapy for Rare Diseases ‘ 1/2020
Final Guidance for Industry: Human Gene Therapy for Hemophilia ‘ 1/2020
Final Guidance for Industry: Long-term Follow-up After Administration of Human Gene Therapy Products | 1/2020
Final Guidance for Industry: Chemistry, Manufacturing, and Control (CMC) Information for Human Gene
o e 1/2020
Therapy Investigational New Drug Applications
Final Guidance for Industry: Testing of Retroviral Vector-Based Human Gene Therapy Products 1/2020
for Replication-Competent Retrovirus During Product Manufacture and Patient Follow-up
Draft Guidance for Industry: Interpreting Sameness of Gene Therapy Products Under the Orphan 1/2020

Drug Regulations

Table 2: FDA Guidance Documents for Industry That Provide Recommendations for Vector Testing, Preclinical Development, Clinical Trial Design,
and FDA Approval of Gene Therapies
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In light of the many hurdles to successful gene therapy
production and increasing efforts to create therapeutic products
using gene therapy, the US FDA has provided some guidance
for industry regarding cellular and gene therapy. Table 2
highlights some of the guidance documents related to the
development and application of gene therapies, which the FDA
has finalized or added in 2020.

Regulatory guidance in gene therapy development

Because safety is a major consideration for vector development,
it is important to evaluate safety thoroughly in preclinical studies.
The FDA has outlined some recommendations related to
preclinical study design in “Guidance for Industry: Preclinical
Assessment of Investigational Cellular and Gene Therapy
Products.'® Understanding the design and conduct of preclinical
studies can refine regulatory decisions that will help define safe
administration of an investigational gene therapy product to
humans.'®

The recommendations are nonbinding and are related to (1) use

of the investigational gene therapy product, (2) proper selection

of animal species that enable permissiveness or susceptibility of

animal species to infection and model disease, and (3) proof-of-

concept studies. Specifically, for the proof-of-concept studies,

the following recommendations were included!s'6:

 Vector-specific considerations: Perform long term preclinical
studies to identify any delayed adverse events or potential
immune responses

* Transgene-specific safety considerations: Conduct long-
term preclinical studies and test for quantitative transgene
expression or monitor for potential immune responses

¢ Biodistribution: Evaluate biodistribution data, preclinical safety
end point, and tissue and biological fluid analysis at the
molecular level

These considerations are important for preclinical studies

because they establish feasibility and rationale for clinical use

and characterization of the gene therapy’s safety profile.

Considerations in initiating clinical trial using a gene therapy product

Given that human clinical trials with gene therapy are time-
consuming and require much planning, ensuring a scientifically
valid and sound trial design is essential.’> Some of the key
issues to consider when initiating a gene therapy trial include: (1)
expedited review of gene therapy products, (2) low recruitment
and biostatistical challenges associated with small sample sizes,
(8) inclusion/exclusion criteria for patients, (4) biomarker data
and antiviral antibody status, and (5) interactions with the FDA.

Accelerated approvals for gene therapies

With the new guidance from the FDA, therapies for serious

or life-threatening conditions with significant unmet needs

are eligible for accelerated approval through regenerative
medicine advanced therapy designation, breakthrough therapy
designation, fast track designation, accelerated approval, and
priority review.'”'® However, gene therapy for symptomatic
therapy undergoes the traditional approach, which is not
expedited.™

Biomarker data and viral antibody status

In clinical trials, biomarkers are integral as measurable
substances whose presence can influence the

characteristics of the trial (ie, recruitment, efficacy, safety).
Biomarkers should be considered in preclinical models because
investigators can leverage this information to identify and
validate biomarkers that are important for the disease of interest.
Depending on the disease, some of these biomarkers are closely
linked to the underlying pathophysiology of disease; restoration
of the disease pathway can yield clinical benefit.'® Biomarker
choices and examples of these are described in Figure 4.2922 |n
rare diseases, biomarkers can be used to guide dose selection
and monitor drug efficacy.?'

Recruitment and statistical challenge

Most rare diseases have genetic origin (~80%),23 making them
amenable to gene therapy. Although rare diseases can result
from aberrations in a single gene, the types of mutations within
that gene can vary; some of these include missense, nonsense,
and frameshift mutations, in addition to insertions, deletions, and
translocations.?
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BIOMARKERS

(02)

o [ .

Predict clinical benefit in Identify correct patient Select patients with a
trials and help with population for clinical rapid rate of disease
regulatory decisions benefit progression

BRCA, breast cancer gens.

Figure 4: Descriptions of biomarker choices with examples

Noting the specific type of mutation may be important because
safety and effectiveness of gene therapy may be linked to
genotype in unpredictable ways. Thus, the specific type of
mutation should be considered and tested for during the
recruitment process.'® Additionally, the inheritance patterns for
genetic diseases (ie, dominant or recessive, X-linked recessive)
could be important to consider for patient recruitment.?*2% For
example, for X-linked disorders, random X-linked inactivation
can result in high phenotypic variability among female carriers
of X-linked genes. As a result, disease heterogeneity due to
gender can occur and should be considered during the study
design. 825

Similar to other rare disease trials, gene therapy trials may face
challenges in recruitment and adherence. From a statistical
standpoint, small sample sizes along with high intersubject
variability can diminish study power to detect treatment-related
effects.'® Intersubject variability refers to how a measured end
point varies across subjects. For some rare diseases, rare
pathogenic variants have been linked to some severe Mendelian
early-onset disorders that are highly penetrant with little
phenotypic variability, making them somewhat predictable. Thus,
the intersubject variability may be smaller in these well-defined
populations because the nature of the disease is deterministic.?®
For example, patients with the same mutation can have a
predictable phenotype, considering no environmental factors,
which can result in a study that is well powered with small
sample sizes.?”

EXAMPLE: NAbs
assays to evaluate viral
antibody load and

determine eligibility
status for GT trials?®’

EXAMPLE: BRCAT1/2
mutations in women
with breast cancer to
assess likelihood of
second breast cancer??

One method to reduce intersubject variability for patients with
rare diseases is to conduct natural history studies to help define
patient populations based on the specific type of mutation and
select proper end points to ensure sufficient power to detect
efficacy.?® For example, a treatment outcome that never occurs
in the natural course of the disease can be a good end point,
resulting in a well-designed small study.®

Given potential recruitment difficulties for gene therapy trials,
the FDA recommends collecting pertinent data (ie, adverse
events, efficacy outcomes, biomarkers) to inform patient
selection, randomization in early stages of development,
stratified randomization based on disease stage/severity (if
relevant), intrasubject control (if possible), and single arm trials
using historical controls. The FDA also recommends conducting
first-in-human studies as a randomized controlled trial to provide
efficacy and safety results to support registration but realizes
there may be feasibility limitations. In that case, historical
controls may be considered, but knowledge of the natural
history of the disease is still essential.’® As a result, conducting
natural history studies early is necessary to obtain robust data
and end points in small studies.'®
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Eligibility criteria for gene therapy

Eligibility criteria for patients undergoing gene therapy can

be evaluated based on expected risks and potential benefits
determined from preclinical studies. The study population can
also affect the ability to detect the product’s efficacy. As a result,
inclusion of patients with varying severities of disease should
be considered carefully. Healthy volunteers should be excluded
in most gene therapy trials. Early-phase gene therapy trials
may sometimes only enroll patients who do not have any other
acceptable treatment options. Additionally, patients who may
have characteristics that influence the safety or efficacy of the
therapy may also be excluded from trials, as these can affect
results.?

Development of companion diagnostics

When used with gene therapy, companion diagnostics (CDx)
can help inform treatment decisions. Thus, the identification

of appropriate CDx has been proposed in multiple guidelines
relevant to gene therapy.'®%%2" CDx are often in vitro diagnostic
devices that provide information essential for safe and/or
effective use of a corresponding drug or biological product.

CDx can help identify patients who are likely to benefit from
therapy or those likely to experience treatment-related adverse
events. These tools may facilitate the monitoring of treatment
response, enabling healthcare providers to adjust therapy and
achieve improved safety or effectiveness.® A few examples

of approved CDx include polymerase chain reaction kits to

detect mutations in patients and immunohistochemistry or

enzyme-linked immunosorbent assays (ELISAs) to detect protein
expression related to disease or treatment. Current regulatory
guidance recommends the development of CDx assays for gene
therapy and were updated to use CDx not only for safety but for
efficacy as well.

e Tests used to confirm genetic disorders: For diseases caused
by a genetic defect, genetic testing should be performed. In
the absence of a readily available, reliable means of obtaining
the necessary genetic diagnosis, CDx may be needed and
should be considered early in development of the gene
therapy'®

Importance of interactions with the FDA

The complexity of trial design in most gene therapy trials,
whether preclinical or clinical, reinforces the need for early
correspondence with the FDA to ensure a development program
that can support a marketing application. The FDA recommends
meeting with the Office of Cellular, Tissue and Gene Therapies
early (ie, before IND submission) for sponsors who are
developing gene therapy for rare diseases or those who are
unfamiliar with the IND process.'®2° Gene therapy experts agree
on the importance of discussing plans early with the FDA.'®

e Tests to evaluate preexisting antibodies: To ensure the
therapeutic potential of a gene therapy product, sponsors
should consider developing CDx to detect total antibodies
(TAbs) and NAbs in patient serum. If CDx are needed to
appropriately select patients for clinical trials and, ultimately,
for treatment, then submission of the marketing application
for the CDx and the biologics license application for the gene
therapy should be coordinated to support contemporaneous
marketing authorizations'

Key considerations for development of CDx for
a gene therapy

Ideally, CDx development should occur in parallel with drug
development (Figure 5).% As with development of CDx for any
other type of drug, development of CDx for a gene therapy
should begin with a clear definition of the assay’s use and what

it measures, as well as the risks and benefits associated with it.
In addition, it is important to define which patient population(s)
would benefit from use of the assay in conjunction with therapy.®

The investigational device exemption (IDE) for the CDx to be

used in clinical studies will be based on the level of risk because

the IDE regulation distinguishes between nonsignificant and

significant device risks®:

* Exempt: CDx has no direct effect on treatment

* Nonsignificant-risk IDE: A wrong result with CDx does not
constitute a safety risk
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e Significant-risk IDE: A wrong result with CDx constitutes

a safety risk
Sponsors are advised to carefully consider the risks because
the type of CDx and how it is used in phase 2 studies can have
either a positive or negative impact on phase 3 study design.

Companion diagnostics regulatory strategy

If CDx are eligible, the Breakthrough Devices Program could
facilitate FDA approval. The Breakthrough Devices Program
replaced the FDA's Expedited Access Pathway and Priority
Review Program for 510(k), de novo device, or Premarket
Approval (PMA) submissions. To be eligible for the Breakthrough
Devices Program, the sponsor must demonstrate evidence
suggesting that the CDx would provide for more effective
treatment or diagnosis of a life-threatening or irreversibly
debilitating disease or condition. The FDA released final
guidance on the Breakthrough Devices Program in December
2018.%

Another regulatory approach that serves as an alternative to de
novo or PMA pathways is the Humanitarian Device Exemption,
which is similar to a PMA but exempt from requirements for
clinical trial effectiveness.

Phase 1 Phase 2
First-in-human Effectiveness and
Dmg study for safety, safety in small
Development dose range, groups

side effects
Feasibility

CDX 4 y h

Design )

VD, in vitro diagnostic.

A Humanitarian Use Device is defined as a medical device
intended to benefit patients in the treatment or diagnosis of a
disease or condition that affects or is manifested in fewer than
8000 individuals in the United States per year.®

Recently we have seen two examples where alternative
regulatory routes were sought. For the approval of Zolgensma®,
patients were enrolled in the clinical trial using titers measured
with a laboratory developed test; FDA did not require approval
of CDx commensurate with Zolgensma approval. In contrast,
BioMarin submitted its gene therapy for hemophilia A to the
FDA for approval, while ARUP submitted its TAb assay for
premarket approval in parallel for commensurate approval with
the therapeutic. We can see from these examples that the
regulatory environment is fluid. Given this, careful consideration
is necessary in the development of a CDx strategy.

Phase 3
Effectiveness, side effects,
commonly used treatment
comparison, safety in large

groups

Post Launch
Effectiveness, side
effects, safety after
commercialization

Launch
Performa

Figure 5: Example of drug and IVD/CDx development processes occurring in parallel, aligning CDx development with clinical trials
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Antiviral NAb assay development

In vitro cell-based assays provide a functional physiological e Bear in mind that NAb assay development can be difficult
system for NAb detection. Such assays are used primarily for for several reasons. Two essential considerations are: (1) the
development of AAV-based gene therapies, although some of skill required to effectively validate a cell-based therapy, and
the principles apply to other viral vectors such as adenovirus, (2) critical reagents for these assays include cell lines, which
herpes simplex virus, and lentivirus. However, these assays require the creation of master cell banks.

are complex to develop and use in a regulatory setting because
they must reflect the mechanism of action of the gene therapy
product. Key steps in assay development include (1) selecting
a suitable cell line, (2) choosing the proper cellular response

or end point, (3) identifying proper controls, (4) optimizing
assay parameters, and (5) validating the assay for its intended
purpose. Figure 6 provides an example of how a NAb assay
may be performed.

* Sponsors who are developing an AAV NAb assay should
also note that these assays are generic measurements of the
delivery vehicle and are not necessarily specific to the gene
therapy. Thus, communications with the FDA should focus on
the ultimate intended use of the NAb assay.

@ Select a suitable cell line and prepare @ Pre-incubate AAV
it for assay with serum sample

to allow NAbs
potentially in

96-well assay plate patient serum ABY-|ucifarase
to neutralize AAV + SErUm sampls
vector

Frepare cells for AAN-uciierase
transduction and pre-incubated
transduce cells with sampla
mixcture

Measure end point to determina the amaount
of NAbs in patient sarum

A A R oo

Figure 6: Major principles of NAb assay development and execution are described, with selection of cell line and end points being important steps
outlined here
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Precision for Medicine capabilities: from bench to bedside

Because of the inherent complexity of developing gene therapy Precision for Medicine has developed assays that evaluate

trials from a clinical and regulatory perspective, it is important T- and B-cell-dependent immunogenicity of gene therapy

to have a good partner throughout development. Precision vectors. For T cells, Precision for Medicine has an assay that
for Medicine has the infrastructure to support gene therapy characterizes T-cell responses via ELISpot and intracellular
programs from conception to commercialization, including cytokine staining. Precision for Medicine also has a NAb CDx
the ability to develop assays to evaluate safety and efficacy designed to characterize binding and neutralizing antibodies

of gene therapy, to correspond with the FDA for diagnostics to AAV serotypes, which can be used as a cell-based NAb
presubmission and premarket approval submissions, and screening method for study enrollment for either human trials or
to conduct the pivotal and postmarketing gene therapy nonhuman primate trials.

trials (Figure 7).%” Precision for Medicine has supported the
development of gene therapies in multiple vector types and has
experience in more than 50 rare disease trials and more than
100 orphan disease projects.

IND Enabling Clinical Proof
AAV total-/neutralizing- AAV total-/neutralizing- NAb assays — patient NAb companion diagnostic
antibody ont 2 P i
Pharmacokinetic Comprehensive FDA Regulatory
transgenes assays pharmacokinetic/ Submissions (de novo,
ELISpot — T-cell response pharmacodynamic assays ~ PMA, HDE, etc)
assays FDA CDx presubmission Complete analytical studies
Tissue distribution assay Protocol design and clinical studies
End-to-end trial execution ~ PIvotal trial execution
Branded recurrent
campaigns

IDE submission as required

Figure 7: Precision for Medicine capabilities to evaluate safety and efficacy for gene therapy trials. Here, specific capabilities with respect to AAV
gene therapies are listed
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Case study: NAb CDx for gene therapy

Problem:

Because preexisting antibodies may hamper transduction
efficiency and reduce efficacy of an AAV8 vector-based therapy,
the sponsor wanted an AAV8 NAb CDx to be developed and
validated to test human plasma samples for AAV8 antibodies to
determine inclusion in a clinical trial.

Conclusion

Development of a gene therapy is a complicated undertaking,
fraught with technical challenges and regulatory complexities.
However, as gene therapy development advances with better
technology and increased FDA regulatory guidance, there is
great promise for this therapeutic area to yield clinical benefit.
As the field advances, it is important to be able to successfully
navigate the complexities of gene therapy development
programs. Certain considerations should be made before
starting a gene therapy trial, including evaluating the need for
an accelerated FDA approval process, assessing biomarker
data and viral antibody status, reconciling challenges with low
recruitment and small sample sizes, clearly defining eligibility
criteria for patients, and having interactions with the FDA.

Solution:

Precision for Medicine was able to develop and optimize a
cell-based assay for detection and measurement of anti-AAV8
capsid antibodies capable of neutralizing the HEK 293 cell
transduction using the luciferase reporting system. This included
maintenance of the cell bank, running the assay, and testing
clinical samples to help select patients for the clinical trial.37
Precision for Medicine is also developing a single-site CDx
under the control of their ISO 13485-certified and FDA 21 CFR
820-compliant laboratory facilities. As of early 2019, Precision
for Medicine is also providing full regulatory, biostatistical, and
commercial services for the CDx, including both strategic and
tactical support for all activities throughout the product life cycle.

HDE, humanitarian device exemption; IDE, investigational device exception.

Companion diagnostics should be created prior to gene therapy
to alleviate some of these challenges. With careful planning and
conduct of preclinical and clinical studies, validated CDx, clear
FDA communications, and well-informed regulatory strategy,
sponsors of investigative viral vector gene therapies can increase
their likelihood of development success.
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