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Taking the leap toward human-specific nonanimal methodologies: The need
for harmonizing global policies for microphysiological systems
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With a recent amendment, India joined other countries that have removed the legislative barrier toward the use of human-relevant
methods in drug development. Here, global stakeholders weigh in on the urgent need to globally harmonize the guidelines toward
the standardization of microphysiological systems. We discuss a possible framework for establishing scientific confidence and regulatory

approval of these methods.

Introduction

In March 2023, the Indian government
passed an amendment to the New
Drugs and Clinical Trials (2023) whe-
reby several human-specific nonan-
imal methodologies (NAMs), including
cell-based assays, microphysiological
systems (MPS), and computational
modeling, are now included in the list
of nonclinical testing methods, along
with animal studies. MPS is an um-
brella term that has been used for
miniature human cell-based in vitro
constructs, including, organoids, th-
ree-dimensional (3D) tissues, and or-
gan-on-chip (OoC) models that aim
to mimic human physiology. With
this move, India joins several coun-
tries, including the United States, the
European Union (EU), Canada, Brazil,
South Korea, and Japan, that have
made legislative strides toward NAMs.
Removal of this legislative barrier pro-
vides incentives and confidence to the
industry to accelerate the development
and incorporation of these methods in

their internal portfolio for decision
making or through dynamic indus-
try—academia partnerships.

An anonymous survey conducted
by the International Consortium for
Innovation and Quality in Pharma-
ceutical Development (also known as
the IQ Consortium) among MPS sup-
pliers and end users indicated the suc-
cessful application of MPS models at
various stages of drug development,
including lead identification, preclini-
cal safety, and drug efficacy (Beauriv-
age et al., 2019; Ewart et al., 2022; Fos-
ter et al., 2019; Marx, 2020).

MPS are also becoming an important
instrument for informing the design of
clinical trials. They can become a crit-
ical tool in cases such as rare or pediat-
ric diseases, where it is often difficult to
find adequate representation in clin-
ical trials. Recently, a study investi-
gated the cardiac liability associated
with the polytherapy of repurposed
drugsusing cardiac MPS akin to a Phase
I safety trial (Charrez et al., 2021).

Despite its promise and the inc-
reasing usage in academia and indus-
try, the uptake of MPS globally has
been slow for different reasons,
including the lack of globally harmo-
nized standards and performance-
related issues (Ewart and Roth, 2021).

In a recent multistakeholder round-
table discussion including policy-
makers, regulatory bodies, researchers
and industry stakeholders organized
by the Centre for Predictive Human
Model Systems, Atal Incubation Cen-
tre-Centre for Cellular and Molecular
Biology (India), and Humane Society
International/India, many of these im-
pediments were raised and discussed.
Many of these concerns are global,
and stakeholders across the world
need to work together to address them.

The global standards for OoC and
MPS devices

Standardization of performance met-
rics and the implementation of stan-
dard operating procedures are crucial
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factors in driving innovation and facil-
itating the widespread adoption of sci-
entific methods. These standardization
efforts recognize that the field will
benefit from a diversity of human spe-
cific NAMs, which use different form
factors and endpoints, but that drug de-
velopers and regulators need the tools
to assess the performance and predic-
tive validity of these models; standard-
ization efforts therefore focus on the
evaluation of mode quality and ensure
that their use is consistent rather than
focused on constraining model design.
Several recent documents serve as valu-
able resources in this pursuit of promot-
ing responsible reporting practices and
refining experimental protocols (Har-
tung et al., 2019).

The Good Cell Culture Practice task
force was established in 1989, and this
subsequently led to the formulation of
an initial guideline that has now been
updated to incorporate new technolo-
gies, such as induced pluripotent stem
cells and microphysiological systems
including OoC technologies (Pamies
etal., 2022). This effort has been aligned
with the internationally recognized
Economic Cooperation and Develop-
ment (OECD) guidance document on
Good In Vitro Method Practice.

The European Commission Joint
Research Centre and the European sta-
ndardization organizations CEN (Euro-
pean Committee for Standardization)
and CENELEC (European Committee
for Electrotechnical Standardization)
organized the workshop “Putting Sci-
ence into Standards” (Piergiovanni
et al., 2021) to identify the needs of
and priorities for the development of
standards. To facilitate a complete
characterization of OoC devices, a gen-
eral analysis of the required technolog-
ical/engineering characteristics and
biological components was proposed.
Standardization needs for biosciences
include the characterization of cells
and tissues, biomaterials, and extracel-
lular matrix properties, as well as end-
points and reference compounds. The
engineering aspects to be standardized

were divided into sensing and integra-
tion, interoperability, and microflui-
dics (Piergiovanni et al., 2021). Such
checklists can assist regulators in better
determining the relevance and reli-
ability of MPS devices.

In 2012, the National Center for
Advancing Translational Sciences
(NCATS) launched the Tissue Chip
for Drug Screening program in collab-
oration with the NIH and the US Food
and Drug Administration (FDA). This
program has been instrumental in
developing various high-throughput
assays and 3D cellular microsystems
that represent several organ systems,
such as kidney and heart (MacQueen
et al., 2018). This significant effort
based on in vitro methods has demon-
strated the vast potential of these
methods within the regulatory frame-
work. In 2016, NCATS partnered with
the International Space Station Na-
tional Laboratory to announce the Tis-
sue Chips in Space project, in which
tissue chips are being used to study
the effect of microgravity on the hu-
man body. The project also anno-
unced awards for setting up Tissue
Chip Testing Centers for independent
testing of tissue chips to determine
their functionality, reproducibility, ro-
bustness, and reliability.

Framework for establishing
scientific confidence and promote
regulatory acceptance of MPS

One of the most critical aspects to be
addressed to enhance regulatory acc-
eptance of MPS devices is defining
their Context of Use (CoU) and ens-
uring that they are fit for the purpose
for which they are proposed (Box 1).
MPS devices are usually designed start-
ing from biomedical research ques-
tions; thus, it is crucial to define a
CoU that fits in the regulatory decision
making. In an OoC Organ-on-Chip In
Development Strategy workshop con-
ducted in 2019, four main CoUs were
identified, including improving under-
standing of human disease mecha-
nisms and etiology, predicting drug ef-
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ficacy in humans, predicting drug
toxicity in humans, paving the way
to personalized (or precision) medicine
(Mastrangeli et al., 2019).

A general annotated toxicity test
method template (ToxTemp) has
been developed to fulfill the require-
ments listed in the OECD Guidance
Document 211 (GD211), which de-
scribes method documentation for
the purpose of safety assessment, as
well as to guide end users on the types
of answers and information required,
the definition of acceptance criteria,
and the level of cell model character-
ization. Such templates can assist
both method developers to keep note
of the required deliverables while
designing the system and regulators
in terms of what information would
be required to make a regulatory deci-
sion (Krebs et al., 2019).

To test the predictive value of these
test human-based systems, the ulti-
mate reference data or the gold stan-
dard of the endpoints being assessed
should be human data. These data
could include human clinical, epidemi-
ological, imaging, genomic, proteomic,
or gene expression analysis data. How-
ever, in cases in which high-quality hu-
man data are not available, the compar-
ison to animal data could be based
on certain parameters (van der Zalm
etal., 2022). The reproducibility of ani-
mal tests and its variance is the current
baseline that regulators accept. This
could be used to determine confidence
intervals and performance benchmarks
of data generated using NAMs.
Recently, initial recommendations on
how to evaluate data generated using
a battery of in vitro assays suitable for
developmental neurotoxicity have
been provided. Performance bench-
marks and a flexible framework could
be used to assess the predictive capacity
of NAMs (van der Zalm et al., 2022).

Data generated using MPS could also
be compared to historical data gener-
ated using more simplistic in vitro
models or animal test results (Ingber,
2022)—for example, by testing drugs
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Box 1. Definitions of CoU and fit

for purpose

Fit for  An assessment of whether the

purpose method and the endpoints are
suitable and adequate for the
purpose for which the test
was designed.

CoU A description of the

circumstances under which
a 3Rs testing approach
(replacement, reduction,
and refinement of animals
used in research, teaching,
testing, and exhibition) is
applied in the assessment
of human or veterinary
medicinal products and
the limitations within
which the available data
adequately support the use
of the 3Rs testing approach.

that have been shown to be safe and
effective in preclinical animal testing,
but failed in clinical trials due to
toxicity or lack of efficacy.

Because NAMs provide mechanistic
insights on the molecular, cellular,
and tissue mechanisms underlying
drug or chemical effects, their human
biological relevance can also be shown
by the recapitulation of specific key
events from an Adverse Outcome
Pathway (AOP). AOPs are structured
and mechanistic representations of
how molecular, cellular, and organ-
level key eventslead to an adverse event
upon exposure to a toxin/substance.
An MPS does not need to cover all of
the key events within an AOP to be use-
ful. Data obtained through MPS could
also be integrated with data provided
by, for example, in silico tools, simple
in vitro test systems, and read across,
and contribute to the weight of evi-
dence for safety and/or efficacy of
medicines.

Accuracy can also be evaluated by
testing NAMs against positive and
negative reference compounds for
which sufficient data are available.

The IQ Consortium also frequently re-
leases publication series that analyze
reference compounds to assess specific
MPS models. The EU Reference Labora-
tory for alternatives to animal testing
library of reference chemicals is also a
catalog of chemical lists that can be
used to standardize, qualify, charac-
terize, or compare in vitro, in chemico,
and in silico methods and models.
There is a need for global guideli-
nes that clearly address the require-
ments for the acceptance of results
that are generated with a human-spe-
cific NAM for a particular CoU, inc-
luding the description of the CoU
and the qualification criteria, with a
detailed list of references. One such
example is the guideline on reproduc-
tive toxicology from the International
Council for Harmonisation of Tech-
nical Requirements for Pharmaceuti-
cals for Human Use (ICH S5(R3)).
Acceptance of such frameworks across
different regulatory bodies could help
harmonize data standards and accep-
tance criteria for MPS. In addition,
creating globally agreed-upon lists of
data-rich reference compounds that
can be used to support the qualifica-
tion of an assay or a battery of assays
within a particular CoU within drug
development would be instrumental
in harmonizing the qualification of
MPS. In 2018, ICH brought toge-
ther international regulatory agencies
(e.g., US FDA, European Medicines
Agency [EMA], Japan Pharmaceutical
Manufacturers Association, Health Ca-
nada, Swissmedic) to develop Q&As
(questions and answers) for the ICH
E14 and ICH S7B guidelines that
describe nonclinical and clinical risk
assessment strategies to determine
whether a new drug was associated
with a risk of cardiac arrhythmia.
This work was informed by the out-
comes of the Comprehensive in vitro
Proarrhythmia Assay, which had as
its objective the improvement of the
assessment of the proarrhythmic po-
tential of new drugs by integrating
three main nonclinical measure-

ments: in vitro assays to assess the ef-
fect of drugs on human ventricular
ion channels, in silico measurements
to determine the net effect on cardiac
action potential, and the use of inte-
grated biological systems, such as
stem cell-derived cardiac myocytes.
This initiative has helped to develop
best practices for the design, conduct,
analysis, interpretation, and reporting
of in vitro, in silico, and in vivo nonclin-
ical assays for predicting possible ar-
rhythmias by new molecules.

A flexible regulatory pipeline

Lack of a clear pipeline for the data
generated using human-specific NAMs
can also deter the end users. Many
countries, including the United States
and the EU have designed specific
routes for submission of these types of
data. For example, the US FDA allows
data submission through the Innova-
tive Science and Technology Ap-
proaches for New Drugs Pilot Program
from the Center for Drug Evaluation
and Research.

Moreover, the EMA Innovation Task
Force, a multidisciplinary group that
includes scientific, regulatory, and legal
competences that ensures coordin-
ation across the EMA and provides a
forum for early dialog on innovative
aspects and tools in medicines develop-
ment, now specifically covers the regu-
latory acceptance of NAMs, in close
collaboration with the EMA’s 3Rs
((replacement, reduction, refinement)
Working Party, to foster their integra-
tion in the development and evalua-
tion of medicines.

The EMA, in its guideline on the
principles of regulatory acceptance of
3Rs testing, allows for the voluntary
submission of data generated through
NAMs, such as MPS, along with data
generated through existing methods.
These data are not used to make prod-
uct-based regulatory decisions during
this period; however, this approach al-
lows gathering sufficient information
on an NAM before considering its
possible future regulatory acceptance.
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Such an approach could be used glob-
ally at the early stages of NAM devel-
opment, to build confidence in these
methods.

Conclusions

The success and effectiveness of MPS
will be determined in part by their
ease of use, the availability of off-the-
shelf solutions, their functionality
over time, understanding to what
extent they are fit for purpose within
a particular CoU, how reliable they
are in accurately recapitulating hu-
man and animal systems biology,
and whether their use can be stan-
dardized for decision making and im-
plementing advanced global policies.

Funding retrospective studies aimed
at comparing tools to determine why
some models are more successful than
others and establishing a system for
institutional learning are considered
reasonable proposals to improve mo-
del validity and trust (Scannell et al.,
2022). True qualification studies are
lengthy and expensive, and the fund-
ing of prospective studies to assist in
the generation of the needed trust-
building data, as required by regulatory
authorities, is also crucial.

Ultimately, the implementation of
human-specific NAMs for regulatory
purposes should preferably be harmo-
nized at a global level. This could be
achieved by international organiza-
tions, such as the ICH or the OECD,
which bring together regulatory au-
thorities and industry representatives
to develop specific guidelines in va-
rious sectors, such as pharmaceuticals,
industrial chemicals, pesticides, and
personal care products. Such interna-
tional and multistakeholder conversa-
tions would be critical and assist in
prioritizing CoUs and harmonize vi-
ews on qualification requirements.

Iteratively building upon successful
case studies would ultimately lead to
wider adoption and implementation.
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