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Abstract

Purpose of Review The promise of cell and gene therapy (CGT) products for a multitude of diseases has revitalized inves-
tigators to advance novel CGT product candidates to first-in-human trials by pursuing the investigational new drug (IND)
mechanism administered by the United States (US) Food and Drug Administration (FDA). This review is intended to famil-
iarize academic investigators with the IND governing regulations set forth by the FDA.

Recent Findings CGT products are extraordinarily complex biologics and, therefore, early-stage evaluation programs must be
customized to satisfactorily address their unique developmental challenges. The US FDA continues to foster the development
of transformational technology that will facilitate the broad application of safe and effective gene therapy products that have
the potential to alleviate many conditions previously out of reach of therapeutic intervention. FDA is committed to working
with the scientific community and industry to facilitate the availability of these treatments to patients.

Summary The pathway to meet regulatory compliance during early stage IND programs can be daunting to academic inves-
tigators interested in CGT product development that typically don’t progress beyond phase 1/2. However, by keeping abreast
of current regulatory framework and building upon FDA’s supportive infrastructure, an investigator can be well-positioned
to advance innovative scientific discoveries towards early stage clinical assessments.

Keywords FDA - Regulatory - IND - Cell and gene therapy

Introduction

Under US federal law, chemical or biological articles that
are intended to diagnose, cure, treat, mitigate, or prevent
disease, or are intended to affect the structure or function
of the body, are defined as drugs. Biologics, such as cell
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and gene therapy (CGT) products that share such attributes
as described above are therefore drugs. Drugs and biologi-
cal products intended for use in humans in the USA are
regulated by the Food and Drug Administration (FDA), an
agency under the US Department of Health and Human Ser-
vices (HHS). A set of federal laws and codifications of regu-
lations, Code of Federal Regulations (CFR), as described
under the Federal Food, Drug, and Cosmetic Act (FD&C
Act) and the Public Health Service Act (PHS Act) bestow
such authority to FDA [1]. The FDA is composed of nine
center level organizations. Of these, the Center for Drug
Evaluation and Research (CDER), Center for Devices and
Radiological Health (CDRH), and the Center for Biolog-
ics Evaluation and Research (CBER) are primarily tasked
with regulatory oversight of clinical trials involving inves-
tigational drugs and biological products. Each center has
several offices to oversee various aspects of the regulatory
framework. CBER’s mission is to protect and enhance the
public health through the regulation of biological products
including blood, vaccines, allergenics, human cells or tissue,
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and CGTs. The office of Tissues and Advanced Therapies
(OTAT) within CBER is currently charged to oversee cel-
lular therapies.

CGT products encompass cellular products that include
stem cells and their derivatives, cellular immunothera-
peutic, and gene therapy products that include viral and
nonviral-based vectors and ex vivo manipulated bioengi-
neered immune cells. The field of CGT products has over-
come early periods of great uncertainty which saw serious
adverse events leading to skepticism towards the durability
of such treatments and has now entered an era of exciting
and promising growth [2—5]. It must be noted that clini-
cal trials with experimental treatment modalities, includ-
ing CGT-based approaches, can lead to unforeseen adverse
events and deaths which must be promptly reported to the
FDA using established reporting mechanisms. These reports
may also be disseminated to key stakeholders via presenta-
tion at prominent meetings, publications in scientific and
media outlets to inform clinicians and the interested public
on the current state on the usage of such therapeutic inter-
ventions [6, 7]. In 2019, the majority of CGT-based IND
submissions were geared towards the development of thera-
pies against hematological and solid cancers while the inves-
tigational agents to combat infectious diseases, autoimmune
disorders and other diseases constitute the remaining pool
of applications (Fig. 1) [8]. Both technological advance-
ment and growing experience in conducting clinical trials
have contributed to an increase in benefit to risk ratio of
such therapeutics. Such refinements have drawn renewed
interest within the biotechnological companies to capitalize
on this market alongside traditional academic investigators
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Fig. 1 Distribution of product indications for all cell and gene immuno-
therapy IND submissions to the FDA in 2019. Reproduced with permis-
sion: Copyright © 2020 Galaro AK & Saeui C. Published by Cell and
Gene Therapy Insights under Creative Commons License Deed CC BY
NC ND 4.0: https://www.insights.bio/cell-and-gene-therapy-insights/
journal/article/1787/FDA-perspective-on-the-preclinical-development-
of-cell-based-immunotherapies
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restricted primarily to early stage developments. Conse-
quently, the number of IND submissions have risen exponen-
tially over the last 5 years with more than 900 applications
last year (2020) alone compared to about 150 submissions in
the year earlier [9]. Keeping up with such a meteoric growth
is FDA'’s prediction that from year 2025 onwards the agency
may approve between 10 to 20 CGT based therapeutics every
year [10e]. Investigators in academic centers will continue
to be valuable players in this space which benefited from the
early-stage developments of a majority of approved products
with genetic modifications that were initiated in academia
[9]. Currently, there are nineteen FDA-approved cellular and
gene therapy products of which the included eight blood
products are regulated in a different manner than the major-
ity of the CGT products. [11]. With the intent to benefit
patients with significant unmet clinical needs comes the risk
of introducing potential serious adverse events. Such effects
may include the potential for inappropriate cell proliferation,
risks of insertional mutagenesis and onset of cytokine storm
after adoptive transfer, all of which continue to direct drug
development programs. Towards this end, the FDA’s modern
regulatory framework supports risk mitigation strategies to
increase efficiency in the much-needed exploration of these
therapy approaches.

Stakeholders engaged in developing CGT-based drug
products that are intended to be evaluated for investigational
use only are exempted under FD&C Act 505(i) from filing a
New Drug Application (NDA). The route to apply for such
exemption is called an Investigational New Drug Applica-
tion (IND) which is codified in Title 21 of the Code of Fed-
eral Regulations, Part 312 (21 CFR 312). It is assumed that
such investigational drugs would require interstate shipping
for evaluation and testing purposes. The exemption from
the federal law, 21 CFR 312.1, that authorizes movement
for drugs requiring an approved marketing application such
as NDA or Biologics License Application (BLA), allows for
such free movement of the investigational drugs across the
country [1]. A distinguishing feature of the IND is that it is
neither approved nor disapproved. The sponsor applies for
an IND designation, receives a receipt from FDA acknowl-
edging the filing and waits for a mandatory period of 30 days
from the receipt of such a letter before commencing the
clinical trial. However, the FDA has the authority to ask
for clarifications, place a partial or a full hold on the pro-
posed clinical trial under 21 CFR 312.42. The sponsor must
produce enough evidence to clarify any concern from FDA
before proceeding with the trial. If a partial hold is in place,
then the sponsor can start the trial with the components not
under hold. However, no portion of the trial can be initi-
ated if the full hold is in place and the trial can commence
only after the underlying cause of such an action is resolved
[12]. Besides the FDA, the investigator or sponsor must also
adhere to procedures set forth by the host institute to enable
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studies with biological materials. Such policies are enacted
upon the guidelines provided by the federal authority such as
National Institute of Health (NIH) and regulations on pub-
lic health and environment protection from state and local
communities. The key governing bodies that are charged to
enforce such directives are listed in Table 1.

The primary objective of the FDA is patient safety
while creating a supportive and encouraging environment
by affording freedom, at the early stages of innovative drug
development, to the investigator for selecting proper study
designs and rationale for a clinical trial. Towards this end,
the FDA issues guidance documents at appropriate inter-
vals [13, 14]. At any time the FDA sees appropriate, such
as to clarify and/or update an existing document, it pub-
lishes draft guidance documents in the Federal Register
which is governed by the National Archives and Records
Administration, and provides a time period for comments
from the stakeholders prior to the issuance of the final
document. After taking into accounts of such responses,
the FDA publishes the “final guidance document.” Stake-
holders should adhere to the recommendations as set forth
in these documents. However, considering the unique
diversity and biology of the CGT products, tailor made
developmental pathways are often crafted in consultations
with the FDA. The latest guidance document to impact
CGT-based product developments acknowledges that
the materials for pre-clinical testing may differ from the
final therapeutic products for early-stage clinical trials. In
such circumstances, it is recommended that an early stage
IND submission describes such differences with regard
to product safety, especially for their proposed use in first
in human (FIH) trials and activity [15ee]. The guidances
are nonbinding and legally nonenforceable recommenda-
tions unless specific regulatory or statutory requirements
are cited. The FDA relies upon the user-dependent under-
standing and interpretations to align them to its current

Table 1 Examples of host institution research oversite

thinking. If the FDA feels that such user-reliance leads
to occasions where the user is not taking full advantage
afforded by an existing guidance, then a new guidance
document is issued.

An IND can originate from (i) commercial enterprise
such as pharmaceutical/biotechnological/governmental/non-
academic entities or (ii) an individual academic investigator.
In contrast to a commercial venture that typically has access
to resource and logistics for preparation of an IND document
and partake multi-site clinical trial, an academic investiga-
tor can find it challenging to navigate the complex network
of regulatory requirements towards an IND submission and
to conduct single site trials. The FDA considers phase 2
and 3 submissions commercial. Investigators may submit a
waiver should the sole focus of the studies be for research
purposes only. This review describes the IND mechanism as
it relates to such an investigator engaged primarily in early-
stage evaluations of investigational CGT products.

Roadmap for an Early-Stage CGT
Product-Based IND Program

The IND mechanism provides a springboard for investi-
gators to carry their preliminary evaluations to advanced
clinical stages. The critical attributes to navigate an early-
stage IND pathway are as follows: (i) identification of the
drug candidate and its evaluation in a nonclinical setting,
(ii) implementation of scientific and regulatory strategies
to transition the potential therapeutic benefits derived from
pre-clinical animal models towards FIH trial as required
for IND filing, and (iii) conduct the clinical trial pursuant
to the regulatory oversights of the host institution and the
FDA. Key steps that are typically encountered during such
a journey are described below.

Host institutions research oversite (examples)

Oversite responsibilities

Institutional Review Board (IRB)

Data Safety and Monitoring Board/Committee
(DSMB/C)

Institutional Biosafety Committee (IBC)

Tasked to review any investigation comprising of human subjects

Ensure that study protocols provide provisions to ensure the safety of trial participants
and monitors all aspects related to data integrity such as its accuracy and validation

Entrusted to oversee all safety assessments and contingency plans to manage exposure

to engineered genetic material and other biohazardous agents

Investigational Drug Service (IDS)
Research Health and Safety Committee (RHSC)

Management and dispensing of investigational drugs
Review research conducted with, but not limited to, biological toxins, samples of

human origin including human cell lines, tissues, arthropods, nanoparticles, and
microorganisms

Institutional Animal Care and Use Committee IACUC

Oversite of animal care (applicable to pre-clinical IND studies)

CGT-based IND studies are typically approved by the IRB pursuant to a satisfactory review by both IBC and DSMB/C as well as the receipt of a

“Study may Proceed” letter from the FDA upon request from the sponsor
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Exploratory Studies to Evaluate the Suitability
of the Investigational Drug for IND Designation

As described below, an investigational drug development
scheme is initiated by undertaking preliminary evaluation
which intensifies to studies suitable for IND filling, assum-
ing the product shows therapeutic benefit and is deemed
potentially safe for human trial.

Discovery Phase with Pre-clinical POC Studies. Basic
research on a conceptual idea takes shape during this time.
In this phase, initial identification and evaluation of the inno-
vative drug candidate and its disease modifying action is
evaluated. Towards this end, decisions are drawn on exist-
ing literature or new ideas on the selection of several com-
ponents such as (i) adoptive cell product, either naive or
gene-modified, (ii) cell source such as established or primary
cell lines with the desired properties or discovery/develop-
ment of a new cell line, (iii) viral vectors for either ex-vivo
cell manipulation or in vivo vector delivery, and (iv) poten-
tial phase compliant GMP manufacturing procedures. The
proof-of-concept (POC) studies, in the initial stage, typically
involve both in vitro and in vivo animal (nonclinical) studies.

Outcomes from animal model-based evaluations of
the investigational product are important determinants for
its potential progression to a clinical trial. Therefore, the
selection criteria of an animal model are crucial and are
based on various factors such as (i) recapitulation and
pathophysiology of the targeted disorder and (ii) permis-
siveness to the therapeutic modality [16]. The investiga-
tor must be aware of limitations posed by the employ-
ment of in vivo models in their abilities to closely mimic
human response to the administered test product. Immu-
nocompromised hosts, such as NOD SCID mice are often
employed when the product candidate is a human cell-
based therapy. However, their use is limited, and evalua-
tion of drug-induced immune responses is not possible, as
these mice are immunocompromised. During the design-
ing of animal studies, the investigator is encouraged, in
principle, to (i) follow the recommendation from National
Toxicology Program Interagency Center for the Evalua-
tion of Alternative Toxicological Methods (NICEATM)
to reduce animal use by adhering to the three ‘R’ prin-
ciples of replace, reduce, or refine their usage without
compromising on safety and toxicity data [17], (ii) plan
for study durations with scheduled evaluations at several
time points to adequately capture biological response,
(iii) incorporate sufficient number of animals to derive
targeted biological response with statistically meaning-
ful outcomes, and (iv) incorporated a strategy of blinded
studies where the research staff do not know the controls
from the drug product candidate.

@ Springer

Pre-clinical IND Enabling Studies. The main objective of
such studies is to evaluate if the investigational product has
the appropriate risk to benefit profile for the intended indica-
tion. Towards this end intensification and refinements to the
pre-clinical studies are designed to include pharmacological
and toxicological profile of the investigational drug along
with its efficacy, biodistribution, starting dose, and dosing
regimen as described later [17]. Evaluation of pre-clinical
toxicological studies are typically required to be performed
at a testing facility compliant to Good Laboratory Practice
(GLP) as per 21 CFR part 58 [18, 19]. However, toxicologi-
cal studies with CGT-derived products frequently require (i)
unique on-site animal care, and (ii) in-house expertise for
end point analysis from animals exposed to bioengineered
products. Such studies can be undertaken non-GLP provided
those aspects of GLP not performed are identified and the
studies performed in-house in facilities that are subjected
to oversight by an independent quality assurance unit/per-
son to fulfill the requirements set forth in 21 CFR 58.35. In
anticipation for progression to the clinical stage, the investi-
gator is encouraged to (i) use the exact clinical test material
or material that closely matches the characteristics of the
presumed clinical product, (ii) identify avenues to generate
sufficient cGMP product to support an early-stage clinical
assessment, and (iii) develop robust assays that are specific,
sensitive and reproducible.

Key Sections of an IND Application

The content and format of an IND submission to the FDA
should adhere to 21CFR 312.23 and the application must
contain information on three components: (i) Chemistry
Manufacturing and Control (CMC), which describes the
critical components such as the choice of cells and vector
types along with the design and conduct of pre-clinical stud-
ies with those components in a manner that is amenable to
clinical setting, (ii) pharmacology and toxicological profile
of the investigational drug, and (iii) the design of the pro-
posed clinical study such as dosage, administration routes
and the manner it will be conducted. Investigators may pro-
vide a Letter of Authorization (LoA) for nonclinical sec-
tions, which allows the FDA to cross-reference the stated
sections of other active INDs or Drug Master Files.

CMC. The contents of this section are to be addressed with
respect to the phase of the IND developmental program and
the scope of the proposed trial as per 21 CFR 312.23(a)
(7)) [15e¢]. However, the primary focus at every IND stage
is geared towards safety consideration and manufacturing
controls associated with the drug. For initial IND submis-
sions, the following key aspects of the investigational drug
development are generally expected to be addressed: (i)
history, and derivations of starting materials such as cells,
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tissues and viral banks, (ii) detailed description including the
mode of action with intended clinical use and characteriza-
tions of (i) the drug substance (DS) which is defined as the
active pharmacological ingredient, as per 21 CFR 312.23(a)
(7)(iv)(a), such as the vector for ex vivo cell manipulation,
that gets incorporated into the final drug product, and (ii)
drug product (DP), defined as “the finished dosage form” as
per 21 CFR 312.23(a)(7)(iv)(b), such as the bioengineered
cell product that contains the DS; (iii) manufacturing proce-
dure and controls with respect to phase specific regulatory
requirements such as GMP compliance; (iv) analytical tests
to assess quality attributes of DS and DP and if needed;
(iv) compliance to donor eligibility criteria that depends
upon the cell source, whether autologous or allogeneic,
as described in 21 CFR 1271 [15ee]. It must be noted that
the FDA acknowledges that a clear distinction between DS
and DP may not be possible for some CGT products and
that an explanation of how DS and DP are defined in the
IND submission would suffice. The latest guidance docu-
ment includes FDA’s expectations while describing certain
aspects of DS and DP such as their manufacturing and ana-
Iytical test procedures in the IND application [15ee].

CGT products are inherently complex and are rife with
inherent variables such as (i) homing of the adoptively trans-
ferred cells to target sites, (ii) off-target effects, (iii) aberrant
proliferation of cells that may lead to tumorigenesis, (iv)
interaction with immunodepleting and immunosuppressive
agents used prior to adoptive transfer or to counteract overt
immune stimulation that may occur after adoptive trans-
fer, respectively, (v) lack of consistent control of ex vivo
cell expansion strategies to achieve a clinical starting dose,
(vi) inflammatory response to transplanted cells, vii) dura-
tion of in vivo persistence of the vector, (viii) potential for
vector-borne insertional mutagenesis; and (ix) uneven bio-
distribution of administered vectors and cells. Therefore,
the acquisition of complete CMC data on CGT products are
challenging during pre-clinical studies and thereby neces-
sitates an extensive follow up of enrollees in early stages of
clinical trials to capture meaningful safety, PK, and efficacy
data. Thus, compared to small molecule or antibody-based
studies, CGT-based drug development programs are inher-
ently different especially in the context of measuring safety,

feasibility, and tolerability [20]. In recognition of the burden
on the investigator to gather complete CMC information to
qualify the investigational product for phase 1 or 1/2 trial
that employs only small number of participants thereby
requiring limited amounts of products while the manufac-
turing and analytical procedures are still being refined, FDA
has waived the requirement to furnish comprehensive CMC
data during early-stage IND filing [15e¢] but does require
long-term follow-up of patients to ensure safety.

The manufacturing attributes of an investigational drug is
governed by the stage of drug development (Fig. 2). Produc-
tion of GCT materials are typically performed under, GLP
during the pre-clinical development stages and advances to
GMP manufacturing procedures for products fit for clinical
trials as proposed in the IND application. During such pro-
gression in the manufacture of the investigational product,
an investigator can encounter changes in product quality that
can affect the level of the proposed clinical utility. This find-
ing is not surprising given the changes associated between
making stage-specific components in terms of equipment,
materials, purification methods, or processes performed
differently between the manufacturing grades. The cGMP
manufacturing process must adhere to regulatory compli-
ance which is driven by three key aspects.

Raw material practices. FDA defines components as any ingre-
dient used in manufacturing including those that do not appear
in the final product. For clinical products, including viral vector
products, additional considerations for components are needed.
For example, the cell substrate used to manufacture the viral
vector must originate from qualified sources (such as Master
Cell Bank and Master Working Cell Bank) which has been
extensively tested and characterized and shown to be suitable
for manufacturing as directed under 21 CFR 210.3(b). To lower
or eliminate the risk of zoonotic transmission of adventitious
agents, reagents should be free of animal derived components
wherever possible and if needed, serum, such as Fetal Bovine
Serum, need to be appropriately sourced to avoid the occur-
rence of bovine spongiform encephalopathy (BSE). These
requirements are in addition to normal expectations for control
of raw materials (RMs) such as use of appropriate grade (GMP,
USP), establishment of RM specifications and unique identi-
fiers of all components used in the batch, qualification of RM

Fig. 2 Manufacturing charac- —
te?istics of a CGT priduct from Preclinical Preﬁ\lll Blcal Early Phases Late Phase
development through market POC enabling Phase 1 & 2
approval Pl Lab & Shared Academic GMP _ Academic & CDMO  Commercial Entity
Core Facility Core Facility GMP Facility CDMO Facility
-Small scale -Modest Scale-Up  -Phase I/l scale -Phase Il scale
-Research Grade -Pilot Grade -Clinical Grade GMP -Commercial Grade and
-Lab Purified -GMP compatible materials, process, fully GMP compliant
-Research materials & facility
Materials purification
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suppliers, and the implementation of procedures for the receipt,
quarantine, testing, and subsequent release for use or rejection
of RM based on testing results. The FDA, in its recognition
to the sky-rocketing manufacturing needs of CGT products,
has released its latest guidance to reduce the burden of clinical
bridging studies when small changes in the manufacturing are
made that do not result in transformation of the manufactured
product [14]. To safeguard the manufacture of CGT products
while the world is being upended by COVID-19 infections, the
FDA has published suggestions to prevent product contamina-
tions with the disease causative SARS-CoV-2 virus. Broadly,
those recommendations are to (i) review cGMP manufacturing
practice to prevent unintended amplification of the viral loads
in cellular therapeutic products and (ii) incorporate additional
risk assessments to mitigate viral propagation [21]. To date,
there is no evidence of such a disease transmission through a
pharmaceutical product.

Quality practices. Quality systems (QS) establish confi-
dence in the quality of manufactured products which are
predictable and reproducible by operating under pre-deter-
mined manufacturing procedures with quality assurance
(QA) oversight while the process parameters are continually
being evaluated and improved through a controlled and doc-
umented process [22]. Such systems can be (i) paper based
which is frequently employed in academic core facilities
and/or early startups, or (ii) validated software driven opera-
tions more commonly employed in larger pharmaceutical
manufacturers. Quality systems are implemented to ensure
strict control of all GMP sub-systems used in manufactur-
ing and analytical testing. The QS covers various pre-, in-
process, and post-manufacturing operations to ensure quality
by design manufacturing and includes, but are not limited to,
production and process controls, deviation/corrective action
and preventive action (CAPA) management, document con-
trol, change control, risk management and facility/equipment
controls. As mentioned, modern manufacturing facilities
typically integrate and automate their QS using specialized
software commonly referred to as a Quality Management
System (QMS) that aids with all quality aspects of 21CFR
210 and 211 compliance. These regulations may also apply
to suppliers of raw materials procured for cGMP produc-
tion. The tenants of the QS are instilled by a quality control
unit that comprises of QA and quality control (QC) teams.
Coordinated efforts between QA and QC impart efficiency in
the manufacturing procedures that lead to the production of
reliable and safe CGT products. QA is deemed independent
and is not subordinate to any groups/units within the organ-
ization. Major functions that QA is entrusted to oversee
include (i) documentation practices, such as review of batch
records (BR), product release certificates and assay reports
from qualified quality control laboratories, (ii) review and
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approval of raw materials used in cGMP manufacturing, and
(iii) audits, both internal and external, and analysis of trends
to track and uphold the strict performance driven factors
essential to produce materials with high quality. The key
aspects of QC involve release of raw materials, in-process,
and final product release testing and ensure that the manu-
facture is performed under pre-determined acceptance and
specification criteria. Pre-established QC testing procedures
fit for the evaluation of traditional pharmaceuticals are dif-
ficult to practice with cell and gene therapy products due to
their built-in complexities such as limited availability and
short life spans of the samples. Therefore, the FDA encour-
ages investigators for mutual engagements to identify and
develop novel and/or flexible methods that are conducive
for quality determinations of CGT-based IND candidates.

Facilities and Equipment. Manufacturing unit and associ-
ated apparatuses must be validated to be compliant with
FDA requirements. Such units typically comprise of dedi-
cated areas specific for the type of production such as viral
vector production and cell processing. Generally, the logis-
tical and operational requirements for clinical production
is beyond the purview of the investigator and is typically
assigned to an in-house facility or outsourced to external
manufacturers such as contract development and manufac-
turing organizations (CDMOs) and contract manufactur-
ing organizations (CMOs) that are specialized in this field.
However, a general knowledge of the manufacturing pro-
cess can benefit an investigator to package such information
adequately under the CMC section as required.

Final product testing must occur on materials, such as
viral vectors and cellular products, manufactured under
cGMP. The primary testing goals are to provide investiga-
tional drug-specific information such as (i) safety by pro-
viding evidence for sterility, absence of adventitious agents
that includes replication competent virus and mycoplasma;
(i) identity by testing for suitable biological features such
as cell surface markers; (iii) purity of the composition by
detecting for extraneous materials that may have been intro-
duced during the manufacturing process such as endotoxin,
protein, growth factors or other factors that may influence
final product characteristics; and (iv) potency/product char-
acterization to demonstrate (a) lot-to-lot consistency, (b)
comparability if changes are introduced during manufactur-
ing procedures, and (c) clinical suitability for pivotal trials
that require drug stability assessments [15ee, 23]. Stabil-
ity studies, required under 21 CFR 312.23, are integral to
an IND program and are applicable for all IND phases to
build quality into products. The goal of such studies is to
determine if the CGT product retains pre-established quality
limits that are sustained during the proposed clinical trial
duration although the intrinsic variabilities in these products
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can pose a challenge to accurately assess their shelf life and
storage conditions. These studies are performed on (i) in-
process materials to measure product integrity during the
cryopreservation period, and (ii) final product to establish
expiration dates. A stability study protocol generally incor-
porates (i) procedures to (a) capitulate maximum stress
conditions and (b) understand degradation via accelerated
studies; (ii) testing schedules, that includes evaluation at
time zero, and intervening periods followed by a suitable
end point; and (iii) justification of assay design, such as the
number of lots to test and the suitability of their application.
Due to the inherently complex nature of the CGT products,
the collection of comprehensive stability data to support the
entire period of the proposed human trial may be incomplete
or unavailable in some circumstances, such as during pre-
clinical stages. Therefore, the inclusion of a proposed plan to
determine stability will fulfill the requirements for initial an
IND submission with the provision that the FDA be notified
of timely updates on such data as they become available.

As per 21 CFR 312.23(a)(7), the amount of information
to be furnished on the IND application is dependent on (i)
the phase of the study, (ii) proposed duration and dose, and
(iii) available information. For early-phase IND submissions,
data reporting with nonvalidated testing methods are allowed
provided they incorporate scientifically sound quality attrib-
utes, such as specification and acceptance criteria.

Pharmacology and Toxicology (P/T). As set forth in 21CFR
312.23(a)(8), P/T data is a mandatory requirement in an IND
application. The primary goal of these studies is to gather
safety data of the investigational drug to make informed deci-
sion on whether the investigational drug can safely advance
to clinical testing [24]. Such data are sourced mainly from
appropriate animal models (and cell lines) that are integrated
into the pre-clinical studies which must be designed and
conducted to support the establishment of a safe starting
dose and dose escalation studies with due cognizance of
potential toxicities to reduce unwarranted exposure of trial
participants to suboptimal dose. Pharmacological evaluation
of an investigational drug consists of measurement of its
pharmacokinetic (PK) and pharmacodynamic (PD) profile.
PK for a traditional pharmaceutic consists of its absorp-
tion, distribution, metabolism, and excretion (ADME) pro-
file, whereas PD is defined as the mechanistic pathways by
which the drug exerts its action. Due to the inherent vari-
ability and novelty in biological features and characteristics
of CGT products, it is necessary to customize strategies to
determine such pharmacological determinants. Measure-
ments of PK of an investigational CGT product starts with
the adoptive transfer of the drug into the appropriate animal
model identified during the pre-clinical studies. At suitable
time points gathered from the previous studies, the expres-
sion, persistence, and tissue biodistribution profile of the

vector and the transgene are determined. Any adverse effects
that may arise during such study period must be reported and
assays are to be developed to relate such events to the viral
vector type, transgene expression level and size of the animal
cohort. The PD profile is evaluated by measuring the in vivo
efficacy of the investigational drug. The aim of toxicity stud-
ies is to determine the characteristic (identity and quantity)
of the investigational drug in an in vivo setting with respect
to potential local and systemic toxicities that may be acute
and/or chronic in nature. Evaluation of such studies is help-
ful to prepare patient monitoring plan.

Clinical Study Design. Design of clinical trials to evaluate
CGT investigational products differs from those employed
to test traditional pharmaceutical agents. Towards this end,
FDA has provided specific regulatory guidance documents
to facilitate the preparation of early stage CGT-based IND
application [25]. The portfolio of nonclinical studies for-
mulated and performed to identify and capture information,
such as P/T profile of the investigational drug, critical for its
clinical stage advancement, form the basis to develop early
phase human trial. Several features of a CGT product such
as its characteristics, preclinical considerations, and manu-
facturing needs drive the design rationale. Such a design
takes into account the (i) goals of early-phase trials which
are primarily geared to access safety; (ii) evaluation of mini-
mum tolerable dose and dose regimen; (iii) considerations
on the characteristics of the clinical trial population such
as qualifications and the vetting process to recruit eligible
trial participants based on their disease stages and severities,
adequacy of response to existing therapies if available, lack
of treatment options, physiological and biological considera-
tions amenable to the proposed treatment; (iv) heightened
risk associated with a CGT product for a delayed adverse
clinical outcome that warrants the formulation of a long
term follow-up (LTFU) protocol as exemplified by the FDA
mandated time intervals to detect replication competent len-
tivirus (RCL) in patients administered with retrovirus-based
genetically engineered products, and (v) mitigation plan for
potential toxicities with established treatment options [26,
27]. Participation of healthy volunteers are discouraged for
most CGT-based trials since such therapies are directed
to induce permanent or semi-permanent genetic changes
while children can only be enrolled if additional safeguards
as described in 21 CFR Part 50 are incorporated in the pre-
clinical study designs.

IND Application Stage
Satisfactory completion the IND-enabling studies leads to
the preparation of the dossier to apply for IND designation.

To streamline the process of writing and submitting docu-
ments required for an IND application, electronic common
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technical document (eCTD) compliant templates that are
updated with the current regulatory requirements are com-
mercially available. It is important to recognize that prod-
ucts not intended to be distributed commercially, such as
investigator-sponsored INDs, are excluded from the eCTD
requirement. Investigators may submit a hardcopy IND sub-
mission by mailing their application in triplicate. Alterna-
tively, investigators may pursue DocuSign’s Part 11 Module,
which is compliant with 21 CFR Part 11. Host institutions
may provide regulatory support, including IND compilation
and review, through a Regulatory Affairs Office. Investiga-
tors working on investigational drugs that address unmet
medical needs are encouraged to seek advantage of special
regulatory provisions. FDA has designed four programs to
promote and accelerate the development of such drugs to
allow their prompt use in patients provided the therapeu-
tic efficacy justify potential risk [28]. The programs that
qualify for submission along with the IND application are
as follows: (i) “Fast Track” designation which can be based
solely upon pre-clinical data. Such a status is bestowed
under Sect. 506(b) of the FD&C Act if the following condi-
tions applicable to the investigational drug are met: (a) it is
to treat serious and life-threatening conditions, and (b) it
has demonstrated evidence to address unmet medical needs.
It is expected that either theoretic/mechanistic rationale, or
satisfactory therapeutic outcomes from pre-clinical animal
models, or both, would suffice for an academic investiga-
tor to request such designation during the early stage IND
application. Upon approval of such a request, a window of
various interactive opportunities with the FDA opens to the
investigator-sponsor to prepare and conduct studies appro-
priate for such designation, and ii) “Breakthrough Therapy”
designation status which is provided under Sect. 506(a) of
the FD&C Act to the investigational drug if it (a) is to treat a
serious disorder and (b) has been demonstrated to afford sig-
nificant improvement over existing drugs in a clinical setting.
Therefore, an investigator-sponsor is expected to request for
such a designation no earlier than the end of phase 1 but no
later than end of phase 2. The other two programs, “Acceler-
ated approval” and “Priority Review” are reserved for FDA’s
evaluation during product approval stages based on either
meeting a well-controlled clinical surrogate end point during
late stage human trials or demonstrated findings, submitted
with the BLA, that show compared to existing therapies,
the investigation product affords significant improvement in
critical quality attributes such as safety and efficacy profiles,
respectively.

Following the initial submission, any changes to an exist-
ing IND application, such as identification of new safety
concerns, and manufacturing procedures that can affect
product purity and composition, with the potential to influ-
ence the core nature of the study proposals must be declared
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by filling amendments as per 21 CFR 312.31. Annual
reports are also due, as per 21 CFR 312.33 to summarize
any major manufacturing or microbiological changes.

Meeting Opportunities with CBER/OTAT

The FDA provides and encourages opportunities to discuss
various aspects of the study sections, such as re-evaluation
of study design, drug safety data, concern for response to
drug and any critical/urgent issues for interactions with the
stakeholder during early-stage IND development studies as
summarized below [29].

Initial Targeted Engagement for Regulatory Advice on CBER
Products (INTERACT)

This is an Informal, early-stage meeting to review features
in preliminary studies, CMC, or P/T studies [30].

Pre-IND Meeting

This is a nonbinding meeting which is typically scheduled at
least after the satisfactory completion of preliminary evalu-
ations. The objectives of such a meeting is to obtain input
from the FDA on regulatory, and scientific aspects such as
advice on the plans for preliminary studies, design of animal
studies to support the rationale to advance to clinical testing,
and the format for the IND. Questions regarding the clinical
protocol can also be discussed.

Meeting Type A. This is a formal meeting to resolve any
stalled drug developmental program such as a clinical hold.

Meeting Type B. This is an informal meeting such as in
pre-IND stage and formal meeting at the later stage such as
at the end of phase 1 (for products with Fast Track designa-
tion) and phase 2.

Meeting Type C. This meeting if for discussion of issues
that are beyond the scope of either type A or B such as seek-
ing recommendations to improve upon ongoing issues.

In addition to the established avenues of engagements,
it is the FDA’s desire to open additional interactive oppor-
tunities to improve upon the manufacturing processes and
enhance the understanding of critical quality attributes of
cell and gene therapy products [31]. Refinements in these
categories are critical to bring reproducible clinical out-
comes with interventions based on such products.
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Clinical Trials

The IND dossier is designed to support the rationale and
justification to advance the investigational drug for human
trials. The CGT product typically must meet trial-phase spe-
cific endpoints, which are either clinical or exploratory such
as a surrogate marker of the disease, to progress between
phases. It is only upon the satisfactory completion of the
last testing phase that the drug can qualify for the review of
commercial licensure, unless the drug meets specifications
for expedited approval mechanisms that exist in the early
stages. Below is a brief discussion of clinical phases that
are within the scope of early stage drug development by an
investigator-sponsor.

Phase 1. The primary goal at this stage is to evaluate the
safety and tolerance of the CGT product in recruited trial
participants. The drug product is administered at the pro-
posed starting dose and may include dosing escalations. The
best practice in the selection of a dosing strategy is built
upon the product characteristics and the intervention strategy
such as the safety profile of the IND product and its route
of administration. A cohort of very few (around 10 or less)
to 80 participants, selected based on factors such as disease
prevalence, funding, and existing clinical data, are enrolled
and their pharmacological and toxicological evaluations
are closely monitored for unwarranted adverse outcomes.
Besides drug safety assessments, a secondary objective is
the preliminary monitoring of indications for drug efficacy
and such a data can influence the design of later stages of a
clinical trial. Due to the uniqueness in CGT products such
as their persistence, biodistribution and durability of action,
the probability of success in early clinical phases often times
relies on the outcomes from well-defined pre-clinical studies
such as the derivation of a starting dose with minimal risk
from the organ toxicity profiles of pre-clinical animal mod-
els. Amount of CGT products required to conduct this phase
are within the production capacities of academic CGT manu-
facturing units. In addition, phase 1 testing should identify
drug dosing to be used in phase 2 testing.

Phase 2. The primary goals of this trial is to continue (i)
phase 1 safety assessments and evaluation of the effective-
ness of the CGT product on a larger cohort size that can
range up to a few hundreds. To accommodate the scale of
materials required for this phase such as viral vectors and
cell products, third-party manufacturers rather than aca-
demic core facilities, may be more suitable. The investigator-
sponsor should be aware of escalation in operational require-
ments and pre-plan for budgetary and logistical resources in
order to successfully navigate such a phase. (ii) In addition,
phase 2 studies should identify the drug dose to be used in
pivotal phase 3 testing.

Discovery  Pre-  Clinical
and Clinical Testing
POC Testing

Fig.3 Representation of the processes and agencies working together
for the successful clinical testing of a drug product candidate

Phase 3. The main goals at this stage are to continue to
collect data on the safety and efficacy profile of the investi-
gational drug. The scope and magnitude of the trial param-
eters at this phase are wide such that it (i) is designed to be
tested in various formats such as controlled, uncontrolled,
and expanded; (ii) recruits hundreds to thousands of par-
ticipants; and (iii) is conducted across multiple centers and
sites. Activities necessary to conduct phase 3 studies are
beyond the scope of this article as are phase 4 post-licensure
studies after market approval and requires extensive opera-
tional resources that are usually managed outside of the host
institution of the investigator-sponsor.

Conclusion

CGT-based therapeutics are transformative medicines
with life-altering prospects. Innovators engaged in bring-
ing such disruptive medical technologies must have a well-
chartered path to navigate their investigational products for
FIH assessment via the IND mechanism (which is summa-
rized in Fig. 3). Due to the uniqueness of CGT products, a
well-planned IND program must address the technical and
logistical hurdles that are intrinsic to their developmental
processes. Advancements in vector design and selection,
delivery mechanisms of CGT products, and their manufac-
turing strategies are potential avenues to increase efficiency
in evaluating such innovative products. An investigator
well versed in scientific skills must also be proficient on the
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knowledge of regulatory oversight mechanisms set forth by
the FDA, which is committed to safeguarding the health of
the nation while promoting exploration of innovative thera-
pies. Towards this end, fostering a robust investigator-FDA
partnership early during the preliminary evaluation stages
of drug development is a mission critical to fulfill the tenets
set forth in the IND application.
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