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Translating basic science and pre-clinical research into
meaningful, affordable outcomes for patients is a critical challenge
in biomedical research. Despite decades of research and billions
of dollars invested in animal-based models of human biology,
circuits, systems, and disease states, effective treatments for
many debilitating and deadly human diseases remain elusive. The
“translation gap” between data emerging from biomedical
research and understanding/treating human health is due, in part,
to the limitations of animal models.

Species differences in anatomy, physiology, and gene
expression—affecting developmental trajectories, metabolism,
immune responses, disease susceptibility, and more—make
translating data from an animal experiment into a human-relevant
preventative measure, treatment, or cure extremely difficult.
Animal models are often oversimplified and
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pathology, with targets that may be meaningful in an animal
laboratory but are ultimately inadequate for humans. Poor study
design combined with the confinement and unnatural conditions
of laboratory life further undermine the internal validity of animal
research. Depending on the disease area of interest, novel drugs
for humans fail in clinical trials between 90 and 100% of the time.
The vast majority (90%) of “highly promising” basic science
discoveries (most of them from experiments on animals) make no
difference at all for human patients (Contopoulos-Ioannidis 2003).

The failure of animal-based research models and assays is
contributing to the increased costs of drug development and the
public’s declining trust in science. If our finite public funds are to
be used responsibly, they must fund reliable research and test
methods that lead to effective treatment of diseases and
protection of human health.

Motivated by both the ethical concerns surrounding animal-based
experimentation and testing as well as the limited translatability
of animal-based data, advances in novel, non-animal methods
(a.k.a. novel alternative methods or NAMs) like complex, 3-D
cellular models, such as microphysiological systems, organoids,
spheroids, and 3-D bioprinted structures derived from human cell
lines and based in human biology have expanded in the past
decade. Many of these models simulate human physiology and
disease more accurately than traditional in vivo animal models do
because they do not have to overcome the translational species
hurdle. Currently, these tools are accessible to researchers
working directly on their application and development. However,
given their potential to improve preclinical and basic research as
well as ongoing advances in their design, it is essential that
investigators with knowledge or access gaps have the opportunity
to take advantage of these cutting-edge in vitro methods. We
cannot know how much progress might have been made if funding
agencies had already made novel, non-animal methods a priority,
but there is now a chance for them to catch up. It is both
scientifically and ethically imperative that the NIH make the
shifting of funding priorities toward non-animal methods and away
from animal-based methods its agency-wide priority.

There are many examples that demonstrate the scientific utility of
non-animal methods over animal-based research for advancing
progress into understanding specific biological processes or
human states, including currently underserved areas of
biomedical research. Here are just a few of the papers that
demonstrate or describe their potential to
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If non-animal methods (a.k.a. novel alternative methods or NAMs)
are to live up to their potential to transform biomedical research
and catalyze discovery, their adoption must be commensurate
with intense rigor. Otherwise, we risk abandoning critical
methodologies and experiments not because they are
fundamentally incorrect, but because they were improperly used.
This would be a tragedy. Good laboratory and good cell culture
practices are imperative. To aid in ensuring the robustness,
replicability, reproducibility, and reliability of the technologies and
the ensuing datasets, the NIH can provide dedicated funding for
researchers in different laboratories to repeat experiments and
fund accessible, public data repositories to promote transparency
and data sharing. The NIH should also mandate that grantees
adhere to high quality reporting standards, several of which have
been recommended in the literature (see Supporting Resources).
The UK’s National Centre for the Replacement, Refinement, and
Reduction of Animals in Research (NC3Rs) is currently undertaking
a user testing study of its Reporting In Vitro Experiments
Responsibly (RIVER) guidelines and have recently made a preprint
available on these recommendations (The RIVER Working Group).
These recommendations should ideally be in place for all research
funded or undertaken by the NIH, but are increasingly important
for non-animal methods so that their value is fully
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While there are research methods that can be used to study living
humans (such as imaging), most methods are necessarily
reductive. It will likely be the case that researchers or research
groups need to use several non-animal methods (a.k.a. novel
alternative methods or NAMs) in order understand a biological
system or disease state. The benefit of non-animal, human
biology-based methods is that, unlike animal-based
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entirely different species. Many of these platforms can even be
used to study systems and states in the individual patient of
interest, using tissue and cell samples or genetic data, for
example.

A key strategy for bolstering technology readiness and the
reliability of these technologies and ensuring their successful
integration across research approaches and potential solutions is
to increase funding for, access to, and training in these
methodologies. This could be done by 1) making funding for
non-animal research more readily available, 2) prioritizing
non-animal research methods in training opportunities, and 3)
establishing and expanding animal-free biomedical research
resources.

1) Make funding for non-animal research more readily available:
Decisions about grant funding must prioritize applicants who
currently use non-animal methods, are making the transition from
animal to non-animal methods, or are developing and/or
validating non-animal methods. The NIH should offer Program
Project Grants or Center Grants (P01/P30/P50) to investigators
interested in establishing centers for non-animal methods at their
institutions. The NIH should offer grant supplements to
investigators who want to switch to non-animal methods
mid-funding.

2) Training opportunities must prioritize non-animal research
methods. The NIH should offer Institutional Training Grants to
trainees at the undergraduate, graduate, and postdoctoral levels
to receive training that would allow them to make the transition
from animal to non-animal research methods. It should place
particular emphasis on post-doctoral training fellowships that
allow young scientists to receive training in non-animal methods.
The NIH should offer Continuing Education Training Grants with
the explicit purpose of establishing educational programs to train
researchers on available non-animal methodologies. The NIH
should offer awards to early stage investigators who are looking to
switch from using animal models to conducting non-animal
research. The NIH Director’s Early Independence Award should
prioritize applicants who currently use non-animal,
clinically-applicable methods; are making the transition from
animal to non-animal methods; or are developing and/or
validating non-animal methods. The NIH Bench-to-Bedside and
Back Program should prioritize pairing basic science researchers
using animal models with Intramural Research Program (IRP)
clinical researchers. The goal should be to assist those
researchers interested in permanently switching from
animal-based research to clinical work. The NIH Graduate
Partnership Program should prioritize those students who are
hoping to use non-animal
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at their home institution. These are just a few ideas.

3) Establish/Expand Animal-Free Biomedical Research Resources:
The Office of Strategic Coordination—within the Office of the
Director—should use the NIH Common Fund to establish multiple
centers for non-animal methods across the U.S., as we suggested
in a recent submission to an NIH Common Fund RFI. The NIH
should establish Core Facilities at the NIH IRP that will provide
investigators with access to resources and experts in the use of
non-animal methods. Suggestions for such core facilities include a
microphysiological systems core, an animal-free antibodies core,
and a three-dimensional tissue printing core. The NIH should
expand the current Human Tissue and Organ Research Resource.
The NIH should require grant recipients to share their human bio
samples with the "All of Us Research Program" biobank.

As mentioned above, it is imperative that with increased funding
for non-animal methods comes a mandate of rigorous practices,
reporting, and data sharing.
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