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Abstract

Food products in the United States (U.S.),
including dietary supplements, may contain live
microorganisms and can be promoted for
general health, nutritional, or structure/function
claims. In contrast, such preparations used
with the intention of having a preventive or
therapeutic effect in humans are regulated by
the Food and Drug Administration (FDA) in the
U.S. as biological products, specifically as live
biotherapeutic products (LBPs). Discussion of
considerations in the early development of
LBPs may aid in preparation of an
Investigational New Drug Application (IND) that
is designed to collect clinical data to support
marketing approval of a LBP in the U.S. for a
specific clinical use. Product information is an
important component of an IND to support a
proposed clinical study.

Introduction

This article is intended to provide an overview
of the regulatory issues in the U.S. for early
development (Phase 1) of a live biotherapeutic
product intended for use in the treatment or
prevention of human disease.

The term live biotherapeutic product (LBP)
refers to products containing whole, live
microorganisms (i.e., bacteria, yeast) with an
intended therapeutic or preventive effect in
humans, regardless of the route of
administration (oral, intravaginal, topical, etc.)
(Ross, 2006; Vaillancourt, 2006). LBPs may
contain commensal microorganisms isolated
from a human host and/or recombinant
microorganisms. For example, most food
(FD&C Act, 1938) and dietary supplement
(DSHEA, 1994) products containing members
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of genera Lactobacillus and/or Bifidobacterium,
could be developed as LBPs (Tannock 2003).

Intended use determines how FDA regulates a
substance. The terms drug (FD&C Act, 1938)
and biological product (PHS Act, 1944), are
regulatory terms relating to use of a substance.
Legal definitions of regulatory terms are
summarized here. A drug is an article intended
for use in the diagnosis, cure, mitigation,
treatment, or prevention of human disease. A
biological product is any virus, therapeutic
serum, toxin, anti-toxin, or analogous product
applicable to the prevention, treatment or cure
of diseases or injuries of man and covered by
the FD&C Act. Thus, a biological product is
defined as a drug. In addition, historically,
“virus” referred to minute living causes of
infectious disease. The definition of a virus in
this context encompasses products containing
microorganisms such as bacteria and fungi.

Currently, FDA's Center for Biologics
Evaluation and Research (CBER) regulates live
biotherapeutic products. A LBP may undergo
clinical development for potential licensure, i.e.,
marketing approval, in the U.S. for a specific
clinical use based on supportive safety and
efficacy data from clinical trials. Typically, a
LBP is evaluated for a specific clinical use in
FDA-reviewed clinical trials designed to
evaluate safety and efficacy conducted under
an IND (Part 312, 2006). Chemistry,
manufacturing and control (CMC) information is
an important component of an IND to support a
proposed clinical study.

Chemistry, Manufacturing and Control
(CMC)

Significant overlap exists for CMC
requirements between LBPs and vaccines, as
both may be live bacterial products. Guidance
documents describing vaccine IND
submissions (Guidance for Industry, 1995) and
other relevant material on CBER’s website,
http:/lwww.fda.qgovi/cber/quidelines.htm, may be
consulted.

A dietary supplement or other food component
proposed for use in the treatment or prevention
of human disease may not have undergone
sufficient product development to support an
IND application. In particular, it is not adequate
for a LBP evaluated in a clinical study under
IND to be manufactured according to the less
stringent current Good Manufacturing Practices
(cGMP) for food (Part 110, 2006). A common
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misconception is that microorganisms
designated as GRAS (Generally Recognized
As Safe) for specified food use (Part 170,
2006) are automatically safe for use as a
component of a drug or biological product;
however, food terms do not apply to biological
products.

If the sponsor of an IND is not the manufacturer
of the LBP, then the sponsor may discuss
arrangements for the submission of CMC
information with the manufacturer prior to IND
submission. CMC information obtained from
the manufacturer can be submitted by the IND
sponsor as part of the IND. Alternatively, CMC
information can be submitted separately by the
manufacturer in a Master File (MF) (Part
314.420, 2006) to CBER. Typically, a MF is
used when the manufacturer deems details of
the CMC in whole or in part as intellectual
property, or the product is evaluated under
multiple INDs.

Product Characterization

Detailed information regarding source and
history of the microorganism(s), such as strain
passage from the original isolate to the current
stock, is critical for the evaluation of a product
to be used in a proposed clinical study under
IND. The health status of the host, whether
human or animal and diseased or healthy, from
which the microorganism was derived and the
methods and media used in propagation should
also be provided. It is insufficient to merely cite
intermediary sources such as procurements
through commercial providers.

Phenotypic and genotypic characterizations are
critical components used to arrive at an
informed assessment of LBP safety. If the
organism has been genetically modified, then
details of the genetic constructions should be
provided. In addition, investigation of
alternative approaches available for selection
or maintenance of genetic modifications, i.e.,
those lacking antibiotic resistance genes, is
encouraged. Biochemical characterization
performed prior to a Phase 1 clinical study
should include, but not be restricted to,
methods for identification, antibiotic
sensitivity/resistance profile (using the actual
drug product microorganism), presence of
transmissible genetic elements, and analysis of
residual or masked virulence. Information
obtained on the LBP’s mechanism of action(s)
at an early stage can be extremely useful for
drug development, e.g., in selecting potency
assays.

Manufacturing
An IND should contain certificates of analyses
for all raw materials used in manufacturing,

including documentation for bovine, ovine, or
other animal-derived products used at any
stage in isolation, passage, or manufacture
(Restrictions..., 1998). Although not required
prior to Phase 1, sponsors are encouraged to
establish a working cell bank(s) as soon as
possible in development to ensure that the
supply of investigational product is not depleted
before clinical studies are completed.

A critical aspect of product development is
implementation of a manufacturing process that
is controlled and assures that a product can be
manufactured in a reproducible, consistent
manner. It is recommended that manufacturers
implement cGMP for biological products (Part
210-211, 2006) as early as possible. In
particular, safety related elements of biologic
cGMP are expected to be implemented prior to
initiation of a Phase 1 clinical study, and
include, but are not limited to, proper
identification of source material, a description
of master and any working cell banks, a
detailed description of the manufacturing
process, determination of extraneous
bioburden, safety testing, and applicable
adventitious agent testing. Results from in-
process and lot release testing to demonstrate
the safety, purity and potency of the product
are expected to be available prior to initiation of
a Phase 1 study. Lot release testing protocols
and results (raw data within specified ranges,
not just pass/fail) used to ensure safety,
identity, purity, absence of contaminating
microorganisms (bioburden) and potency
should be provided for the clinical lot(s)
intended for use. Early in development, cell
viability (ratio of live to dead cells) may
generally be thought to reflect LBP potency.
However, an alternative biochemical or
physicochemical measurement may be
identified during product development that
more accurately predicts potency and may then
be employed as a potency assay, e.g.,
production of an antimicrobicide by a
microorganism. The Microbial Limit Tests (U.S.
Pharmacopeia, 2007), is generally suggested
for determination of product contamination or
extraneous bioburden and to assess the
absence of known pathogens. An issue
relevant to LBP manufacture is the importance
of demonstrating that detection of
contaminating microorganism(s) is possible
given the large number of product
microorganisms. Final Quality Control and
Quality Assurance measures are rarely in place
prior to the initiation of a Phase 1 study, as
these systems are expected to be
incrementally refined as product development
proceeds. Prior to Phase 3 clinical studies, lot
release tests and specifications are expected to



be in compliance with regulations on general
biological product standards (Part 610, 2006).

Final Drug Product

The final drug product(s) for use in nonclinical
and clinical studies are expected to be
described in an IND, including well-
characterized excipients, adjuvants, stabilizers,
and buffers along with the quantities per dose
or concentrations with the dosage stated.
Differences and similarities to products used in
any nonclinical and clinical studies submitted in
support of a proposed IND clinical study should
be well-described.

Stability testing is conducted in order to
establish expiry dating (shelf-life). At a
minimum, the LBP should be stable for a period
of time equal to the duration of the proposed
Phase 1 clinical investigation. Tests used for
lot release are often utilized in stability testing,
including tests for potency, microbial
bioburden/contamination, and when applicable,
moisture and pH. In some cases, a LBP is
reconstituted and stored refrigerated by study
personnel and/or a study participant or
caregiver for a length of time. In this case, the
LBP should be tested to ensure stability under
actual storage and use conditions, not only as
stored prior to reconstitution.

The placebo product for use in a clinical study
should also be described in an IND. Careful
consideration should be given to the choice of
placebo. Use of a killed bacterial species or
strain is not usually a suitable placebo, since
ingredients contained in the killed product may
contribute to systemic reactogenicity or
contribute to activity/efficacy.

Conclusion

When products containing live microorganisms
are administered with the intention of treating
or preventing human diseases in the U.S., then
such proposed use exceeds the definition of a
dietary supplement or other type of food
product and instead meets the definition of a
biological product, i.e., a live biotherapeutic
product (LBP). Evaluation of a LBP in the
prevention and treatment of human disease in
the U.S. should be established by rigorous and
careful development in accordance with
established U.S. regulatory pathways.
Development of CMC information contributes
much to the success of clinical investigations
conducted under IND.
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