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ABSTRACT

The advent of fecal microbiota transplantation (FMT) and the prospect of other types of microbiota
transplants (MT), e.g. vaginal, skin, oral and nasal, are challenging regulatory agencies. Although
FDA is regulating FMT (as a biologic), there is currently no widely accepted or agreed upon scientific
or legal definition of FMT or MT. The authors report on discussions regarding a definition of MT that
took place among a working group of stakeholders convened under a National Institutes for
Allergies and Infectious Diseases grant to address the regulation of MT. In arriving at a definition,
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the group considered the 1) nature of the material being transplanted; 2) degree of manipulation of
the transferred materials prior to implantation; 3) ability to characterize the transplanted product
using external techniques; and 4) origin of the stool product (single vs multiple donors).

The advent of fecal microbiota transplantation (FMT)
and the prospect of other types of microbiota trans-
plants (MT), e.g. vaginal, skin, oral and nasal, are chal-
lenging regulatory agencies. In the US, the FDA has
modified its position on regulating FMT several times
and has asked for comments on its most recent draft
industry guidance.'> While FDA has, at least for now,
classified FMT as a drug (a live biotherapeutic prod-
uct), it is currently exercising enforcement discretion,
i.e. not requiring an Investigational New Drug Appli-
cation (IND) for physicians performing the procedure
and stool banks providing fecal matter for individuals
with Clostridium difficile infection (CDI) not respond-
ing to standard therapies. Although the focus of
FDA’s industry guidance has been on whether to
require an IND in certain situations, the agency has
proceeded in its regulatory discussion without defin-
ing what it is regulating or considering whether FMT
is unique in ways that call out for treating it differently
from drugs. An alternative regulatory pathway would
be one that treated it as both a product and a proce-
dure by combining, for example, aspects of the ways
in which drugs and blood and human tissue for trans-
fusion and transplant are treated*” or treating the pro-
cedure as “the practice of medicine.”

A number of authors have commented on the dif-
ference between MT and more traditional drugs. For
example, Petrof and Khoruts argue that “[a]lthough
the FDA considers the fecal microbiota to be a drug,
like any agent used to treat, mitigate, or prevent dis-
ease, it is certainly not like any other drug. It is incred-
ibly complex, comprising hundreds of species of
microorganisms
biota varies among individuals and within individuals
at different times. The microbiota is alive, metaboli-
cally active, and highly dynamic in response to multi-
ple environmental factors such as diet. Most of its
microorganisms cannot be cultured in vitro, and cur-
rently, the therapeutic potential of microbiota can
only be adequately tested in patients.””

The regulation of MT has significant import both

.... The composition of the micro-

for their availability to patients and for the develop-
ment of new therapies that target the microbiome.
This is particularly true for FMT regulation which is
the focus of considerable controversy. At its most
basic, FMT consists of a fresh stool product diluted
with a liquid, like saline, and then delivered into the
intestinal tract of another individual. The procedure
can be done via enema, colonoscopy, sigmoidoscopy,
or nasogastric tube. However, several entities have
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developed or are in the process of developing stool
products that can be packaged, transported, commer-
cialized and/or more easily administered by physicians
or consumed by patients. These range from the most
basic, e.g., frozen stool, to freeze-dried stool, to more
sophisticated products such as capsules containing
synthetic stool grown in culture and assembled. If we
think of the products on a spectrum from the most
basic to the most processed, at one end of the spec-
trum are stool banks, such as OpenBiome and
Advancing Bio, that provide hospitals with screened
frozen fecal material ready for clinical use. Not too
much further along the continuum are products such
as RBX2660, cryopreserved filtered microbiota derived
from the stool of screened donors and administered
via an off-the-shelf enema delivery system,® developed
by Rebiotix. Also at this end of the spectrum is a
lyophilized powder that can be reconstituted for rectal
infusion developed by CIPAC Therapeutics.”®

Moving toward the other end of the spectrum, sev-
eral pharmaceutical companies and biotechnology
start-ups are developing various stool-based products
to treat CDI and other conditions.” These companies
are taking “a more targeted approach.” They are identi-
fying “groups of specific bacterial strains (a consortia)™
purified from stool samples and aimed at treating a
particular disease or condition. The approach “enables
greater specificity and quality control.” For example,
Massachusetts-based Seres Therapeutics has several
products in various stages of development and clinical
testing including a drug product to treat recurrent CDI
called SER-109. The substance, an “ecobiotic,” com-
prises bacterial spores enriched and purified from stool
donated by healthy and screened individuals, packaged
in capsules and designed to restructure a dysbiotic
(unhealthy) microbiome to a healthy microbiome.'*""
Moving closer to the typical biologic drug development
process, Vedanta Biosciences is identifying and cultur-
ing “bacterial strains that have been shown to suppress
inflammation and are decreased or missing in patients
with chronic gut inflammation.” Similarly, researchers
in Canada have developed a “microbial assemblage”
derived from stool and grown in culture called
RePOOPulate to treat recurrent CDI made from puri-
fied intestinal bacterial cultures derived from a single
healthy donor and grown in a laboratory.'?

The different formulations and processing levels of
these materials arguably could have implications for
their regulation.'” The variety of products under
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development to treat gut-related illnesses and condi-
tions derived from fecal matter calls for clarification of
what constitutes an MT. There is currently no widely
accepted or agreed upon scientific or legal definition
of the term. As a result, it is not clear where one would
draw the line on the spectrum of products currently in
use or now in development as to which constitute an
MT and which do not.

One might also ask whether MT is distinguishable
from probiotic products on the market or being devel-
oped for the market. While probiotics do not have a
legal definition, there is a commonly accepted definition
of the term that is attributed to the work of a Joint
FDA/WHO Expert Consultation. The joint report
defines probiotics as “live microorganisms which when
administered in adequate amounts confer a health ben-
efit on the host.” Under this broad definition it appears
that there is likely some overlap, i.e., that some MT
products are probiotics or that all MT materials come
under the broad umbrella of probiotics. One difference
that may distinguish the 2 is that traditional probiotics
generally do not engraft for the duration observed and
expected with MT. They typically need to be taken con-
tinuously because they are generally not adapted to the
gut environment although evidence is emerging that
some bacterial species absent in the gut microbiome of
individual humans and administered as a probiotic
over several weeks can become resident under certain
conditions. '* Further, the fact that traditional probiot-
ics are defined and grown in pure culture significantly
limits the safety risk posed by probiotics, as the risk of
introducing pathogens can be more tightly controlled.

In the marketplace, most items labeled probiotics
are foods or dietary supplements that have a small
number of well-defined microbial strains of bacteria
added to them. While none have yet been approved,
several probiotics are going through the clinical trial
phase for drug approval.

MTs, as currently conceived, would not be consid-
ered foods. Nor are they likely to be classified as die-
tary supplements.'””> However, “the public and many
physicians may not distinguish” the approach to well-
ness taken by MT from that of probiotics or dietary
supplements.” Yet, as Petrof and Khoruts have argued,
FMTs, which result in “large-scale alteration of the
intestinal microbiota,” work very differently from pro-
biotic and dietary supplement products on the market
and “require a different set of definitions” and consid-
erations for regulation than these products.”
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The question of how MT should be defined was
posed to a working group assembled as part of an
NIH-funded study'® to address the regulation of MT.
The working group included microbiome experts and
microbiota transplantation researchers, physicians
performing FMT, food and drug law attorneys, patient
advocates, bioethicists, industry representatives, legal
academics with expertise in health and/or food and
drug law and experts in the regulation of blood and
human tissues and cells.”

At a meeting in December 2015 the co-investigators
of the study asked working group members to con-
sider the following definition of microbiota transplan-
tation: “microorganisms transplanted from one
human to another.” While participants agreed this
was a good starting point for discussion they also
agreed it left out several critical aspects of the product/
procedure.

The first critical omission identified was the charac-
terization of the material that was being transplanted.
Working group members noted that it is important to
incorporate in the definition the fact that what is being
transplanted is not simply microorganisms but rather
a group of microorganisms in a biologic matrix. To
distinguish MTs from therapies that use only a single
organism or small number of organisms as the active
agent(s), participants suggested the following language
to describe the transplanted material:

® “Set of organisms existing at a human site”

e “Community of organisms” (noting that “com-

munity” has connotations of interaction)

e “System of organisms” (noting that “system”

implies interaction with the host)

¢ “Community of interacting microbes in a defined

environment”

e “Assemblage of interacting microbes”

The group believed that this concept was essential
to the definition of MT because in addition to distin-
guishing MTs from most conventional probiotics, it
distinguishes MTs, which are designed to change an
entire ecosystem, from most drugs that aim at single
targets like an enzyme or receptor.”’ In addition, the
group considered the non-microbial components of
the material being transplanted and their possible
importance in the success of the transplant.

* Alist of working group members can be found at the following link: https://
www.law.umaryland.edu/programs/health/events/microbiota/documents/
WG1_members.pdf

Another critical issue that participants felt was
missing from the proposed definition was reference to
the degree of manipulation of the transferred materials
before implantation into the recipient. The consensus
was that anything more than “minimal manipulation”
of the human material that is transferred from one
person to another would not constitute M T, but would
be considered a probiotic or other product that FDA
would likely regulate as a drug. However, many noted
that some degree of manipulation is necessary or inev-
itable but could not agree on whether there is - or
should be - a well-defined limit on the degree of
manipulation that would be appropriate to include
within the definition of MT. Prior to conducting an
FMT, feces are typically liquefied and filtered. This
alone might be considered minimal manipulation.
But, if part of the harvested material is killed during
the liquefaction process or other step, the procedure
could be considered more than minimal manipula-
tion. Participants suggested including the following
language about the transplanted material in the defini-
tion to indicate that MT
manipulation:

involves minimal
® “Organisms in native form with minimal manip-
ulation” where native means organisms that
occur naturally in the site or are present in the
harvested material;

e “Uncultivated materials,” i.e., materials that have
not been cultivated in the laboratory in a growth
environment or medium;

e Material “maintaining the integrity of the micro-
bial consortium of organisms.”

The concept of “maintaining the integrity of the
microbial consortium of organisms” grew out of the
concept of minimal manipulation used in regulations
governing the transplantation of human cells and tis-
sues (HCT/P). Minimal manipulation is defined by
FDA for cells or nonstructural tissues as “processing
that does not alter the relevant biologic characteristics
of cells or tissues.”"” Figure 1 depicts different levels of
manipulation used in preparing fecal material for use
in FMT. Although Figure 1 indicates equal spacing
between the products on the continuum, this does not
necessarily reflect the magnitude of manipulation
between the different products.

Other concepts discussed that could potentially
distinguish the product/procedures on the right of
the spectrum from those on the left and that could
be relevant for regulatory purposes are (1) the
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LEAST
MANIPULATED

Figure 1. Range of Fecal Material Manipulation for CDI Treatment.

inability of the stool product to be characterized,
and (2) whether the stool is obtained from a single
individual. By inability to characterize we mean
that external techniques cannot be used to probe
into the internal structure and properties of the
material and document those structures and mate-
rials. Characterization of live biotherapeutic prod-
ucts (a category of drugs) is required in the
regulatory  process.'®  Those characterization
requirements would be extremely difficult to meet
for fecal material used in FMT. It would be both
scientifically infeasible and prohibitively expensive
to use current whole community genome sequenc-
ing to identify and characterize to current stand-
ards all the microbes in the fecal material. In
addition, because stool differs from person to per-
son, the chemical and biologic components of the
stool product would “vary from batch to batch”
and would violate the regulatory “requirement for
consistency in product composition.”*>"?

The use of stool from a single donor whose stool is
given to a single or small number of recipients may
also be an important characteristic to consider in the
definition of FMT. This criterion describes FMT per-
formed by physicians who do not utilize a stool bank
but rely on the patient to provide the stool from a
friend or relative. This factor clearly distinguishes
among the different potential types of FMT and may
be a key distinction for regulatory purposes. In fact, in
its most recent draft industry guidance document on
regulating FMT, FDA seems to be making this distinc-
tion stating that it will exercise enforcement discretion
when “the stool donor and stool are qualified by
screening and testing performed under the direction
of the licensed health care provider for the purpose of
providing the FMT product for treatment of the
patient.”’ The statement appears to contemplate a

MOST
MANIPULATED

single donor and a single recipient, which would limit
public health concerns compared with universal
donors or pooled stool, both of which could negatively
affect the health of a large number of MT recipients.
Another regulatory consideration for pooled donor
stool is the unknown interactions between different
microbial communities and the increased risk for
infection that pooling raises.

Working group members also discussed whether
the definition of MT should include the concept of
“restoration” or “restoration to balance” or, like the
definition of probiotics, include the concept that MT
“confers a health benefit to the host.” In other words,
should the definition of MT indicate that the trans-
ferred materials must restore a “normal” or “health”
microbiome and/or restore the recipient to health?
Working group members noted that this is compli-
cated for several reasons. First, the microbiome of the
recipient before the MT may never have been in bal-
ance. Also, it is impossible to measure restoration of
the microbiome - other human health endpoints are
used instead. Some argued that implying a health ben-
efit (a claim that the transplanted material would treat,
mitigate, cure or prevent disease thus rendering the
material a drug having to go through the IND pro-
cess)*® would require clinical studies to demonstrate
the health benefit, thus limiting the use of the defini-
tion to MTs with established clinical effectiveness.
Others suggested that the definition should not
include therapeutic intent, a hallmark characteristic of
products regulated as drugs or biologics by FDA.

In written comments reacting to a definition that
included reference to conferring a health benefit,
working group members expressed different opin-
ions. Those against inclusion of language referring
to a health benefit noted that “there are numerous
cosmetic applications for a microbiota transplant
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that would not be covered under a definition that
included “health benefit” and that “if the definition
includes the concept of conferring a health benefit
it will not include ‘the still experimental’ for which
there is not yet evidence of efficacy.” One partici-
pant who recommended against inclusion of health
benefit language noted, “[s]Juppose I want to say
‘This microbiota transplant failed to confer a health
benefit.” By definition, I would be unable to do so
if conferring a health benefit is part of the defini-
tion of microbiota transplant.”

Some working group participants felt strongly that
health benefit language should be included and noted
the following:

e The transplant is always going from a healthy
human donor to a sick human recipient.
Whether the definition references a “health bene-
fit” or not, the reality is that’s the only reason
FMT gets
incomplete.

done and ignoring that feels
¢ Clinicians should not perform a procedure, with-
out the expectation that in so doing the benefits of
the procedure and/or product outweigh their risks.
Therefore, it is implicit that a microbiota trans-
plantation would be administered for the clinical
benefit of a patient with an acceptable risk of both
the product and the procedure. It would be unethi-
cal to administer a microbiota transplant without
the expectation of a clinical benefit that outweighs
the known and potential risks.

Many agreed that MT will almost always be used to
confer a health benefit, but others reiterated their con-
cern that stating so explicitly in the definition will
raise regulatory issues that could limit the use of MT
prematurely from a regulatory perspective, i.e., could
push it permanently into the drug/biologic category.
Ultimately, the group agreed to omit the concept of a
health benefit and refer instead to the transplant
affecting the recipient’s microbiota.

A separate definitional issue was raised regarding
whether the definition as written would cover autolo-
gous transplantations, ie., transplanting material
derived from the same individual as might happen if a
person banked their own stool before surgery to treat
potential sequelae of the surgery or hospital stay. Par-
ticipants agreed that autologous use should explicitly
be included in the definition because it presents a
unique set of regulatory issues. Autologous MTs in
which biologic material is removed and reintroduced

to an individual without manipulation of the micro-
biota may be the safest form of MT, while an autolo-
gous MT that included some form of microbiota
manipulation before reintroduction could raise many
of the same regulatory (safety and efficacy) issues as
donor material.

Based on the considerations above, the Working
Group adopted the following definition of MT:

A microbiota transplantation is the transfer of bio-
logic material containing a minimally manipulated™
community of microorganisms from a human donor
to a human recipient (including autologous use) with
the intent of affecting the microbiota of the recipient.

Conclusion

The current array of stool based products/procedures
being used, or under development, to treat patients
with CDI and other conditions calls for the establish-
ment of a definition which will help determine which
among them should be “labeled” FMT. Such a defini-
tion would arguably be a useful consideration in the
development of regulations governing their use. While
the definition and other considerations discussed in
this Commentary do not lead to a “bright line” rule
cutting across the spectrum of stool-based products
delineated in Figure 1, they do highlight potential
dividing lines where to the left are products/proce-
dures that would be considered FMTs and to the right
are products that would be other types of live biother-
apeutic products. While this paper has focused on
FMT, the proposed definition was developed to cover
other types of MTs being contemplated, including
vaginal, skin, nares, and oral. A regulatory definition
that defines the scope of MT generally will be useful as
microbiome-based treatments are developed for other
human microbiome sites beyond the gut.
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