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Abstract

This paper explores what we can learn from the humanities and social sciences about how standards operate in and around
science, in order to understand more about how ‘the gold standard’ can be shifted away from the use of animals in research
and testing, and toward New Approach Methodologies (NAMs). These fields allow us to consider potential futures of
NAMs as alternatives, replacements, or complements to animal use in testing and research. As we demonstrate, the
questions that we pose and how they are framed are as important as the answers that result. Rather than asking how to
‘redefine the gold standard’, norms and expectations for NAMs must be actively debated and transparently defined. These
considerations would be based, in part, on what has been learned in the past from non-human animal models and systems,
but also use the norms within the fields from which the NAMs derive in light of the rich broader contexts within which they
are being developed. As we argue, notions such as ‘a gold standard’ are limited and must be replaced by contextualised
standards that depend on the scientific, sociocultural and other factors that contribute to our understanding of a particular
method (new or otherwise) as ‘good’ for a particular purpose.

Keywords

animal alternatives, animal models, NAMs, New Approach Methodologies, standards, scientific change, social studies of
science

Introduction interdisciplinary turn associated with the Three Rs that has

resulted in humanities and social science scholars being
enlisted to consider questions about replacement, reduction
and refinement,' a turn on which this paper builds. As the
animal welfare scholar Herwig Grimm and his co-authors
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state: “The humanities and social sciences are not the fifth
wheel: they are as important as natural science and bio-
medicine in the project of advancing implementation of the
3Rs and developing the 3Rs themselves”.”

When reflecting on NAMs and how they might be
positioned, justified and understood in relation to non-
human animal experimental methods, many initial re-
sponses are likely to be grounded in scientific consid-
erations, particularly relating to what counts as evidence
for success or equivalency, and what the standards should
be for such evidence. However, studies of science
— including history, philosophy and geography, together
with other socioculturally focused fields, including reg-
ulation, law and ethics — can also make important
contributions, especially when we wish to understand and
drive changes in scientific practices, in part through
standard setting. Such fields are well-suited for investi-
gation into the drivers of, and barriers to, change (and
stability), how practices emerge in particular contexts and
are sustained or evolve over time, and even how pur-
poseful or intentional change can be fostered.

This paper explores what we can learn from these fields about
the potential futures of NAMs as alternatives, replacements, or
complements to animal use in testing and research. As we
demonstrate, the questions that we pose and how they are framed
are as important as the answers that result. Thus, rather than
asking how to ‘redefine the gold standard’, norms and expec-
tations for various types of NAMs must be actively debated and
transparently defined. These considerations should be based, in
part, on what has been learned in the past from non-human
animal models and systems, but also use the norms within the
fields from which the NAMs derive (e.g. stem cell or model
organism research) in light of the rich broader contexts within
which they are being developed. As we argue, notions such as a
‘gold standard’ are limited and must be replaced by con-
textualised standards that depend on the scientific, sociocultural
and other factors that contribute to our understanding of a
particular method (new or otherwise) as ‘good’ for a particular

purpose.

Standards are best understood as
sociocultural and material practices

Standards are essential for gauging success or progress in
the sciences, but the work and activities associated with
establishing standards, and the material possibilities and
limitations associated with these activities, are all too often
overlooked as secondary to the scientific work that stan-
dards and materials make possible.®> We tend to focus on the
ends created through standards and materials (the trans-
formative knowledge that they make possible), rather than
on the means (the standards and materials themselves).
Standards can appear to be boring, but they are far more
interesting than they initially appear. Science studies scholars

approach standards as ‘sociocultural projects in themselves’
— projects that rely, for their success, on being rendered
invisible or taken for granted.* By approaching them as so-
ciocultural projects in themselves, we develop a richer un-
derstanding of the conceptual, social and cultural processes
involved in establishing and maintaining standards within
communities of scientific and regulatory practice over time.

When viewed from a social science perspective, stan-
dards are not material ‘things’, but practices that extend over
time and space. Standards are generally developed in one
context, and then are disseminated to be used in others.
Their codification — for example, in law, guidelines and
institutional requirements — help standards to ‘travel’ and
give them duration and sometimes longevity. However,
such travel is not guaranteed, as local contexts differ and
practices diverge. Work to align international standards,
through what the geographer and social theorist Andrew
Barry calls the development of ‘technological zones’, can
facilitate collaboration and co-ordination in science through
agreed standards of evidence through which scientists make
their norms about methodology explicit.” However, these
patterns of scientific collaboration are also strongly shaped
by government and funder priorities, investment strategies
and local research cultures, among many other factors.

Standards around evidence — such as how much and
what types of data are relevant, what they are understood
to show and whether they are adequate to support ar-
guments about which methods are preferable — may be
readily adopted, if they align with state, commercial and
scientific interests. Equally, they may be resisted, if
signing up to new standards involves the loss, or per-
ceived loss, of influence, assets or control. Ongoing
conversations about harmonising regulatory practices
around animal research are testament to some of these
geographical challenges.®’ These struggles may also be
present in attempts to move away from use of animals
and animal-derived tests, as in the case of efforts to
establish synthetic alternatives for use in the Limulus
Amoebocyte Lysate (LAL) assay which, in its standard
format, uses horseshoe crab blood. A synthetic substitute
for horseshoe crab blood was introduced in 2001 and
became commercially available in 2003.% It is now an
additional test in the European Pharmacopoeia guidance
but remains a non-pharmacopeial test in the USA. The
validation and uptake of this replacement alternative has
been limited by this lack of international harmonisation,
the market dominance and ready availability of the
standard LAL assay, worries about the sourcing and
supply of the synthetic alternative, and the lack of
regulatory requirements to replace or reduce animal use
in this case.””""

These insights clearly illustrate that standards never exist
in isolation but must always be viewed in their sociocultural
contexts.
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There is no such thing as ‘a gold standard’

A further implication of focusing our attention on the
sociocultural domain is that it forces our thinking away
from the concept of a standard (gold or otherwise) to
plural standards. The idea of the gold standard has
connotations of singularity, of something being the
pinnacle of a hierarchy of possible forms of evidence
gathering, as it prioritises one form of experimental
methodology, the rest of which are inferior by compar-
ison. The idea of a gold standard comes from the eco-
nomic idea that the standard monetary unit should be
based on a fixed quantity of gold. This concept provided a
grounding for value, but reduced flexibility, and tended to
orient the global economy around one or a small number
of nations. The concept was abandoned (and reinstated) at
various points in the 20th century, as governments os-
cillated between managing currency volatility and con-
straining other actions and actors.'” The concept of a gold
standard implies an anchoring of value to one material
object (in this case a fixed quantity of gold) that appears to
exist outside of context yet is actually deeply situated
socially and economically.

In the scientific context of developing and adopting
NAMs, the use of rodents in drug development and testing,
for example, is often identified as the gold standard that
needs to be replaced. Yet, to focus on redefining this gold
standard is to presume that the gold standard exists in the
singular, and that it can be clearly defined in an agreed way
such that something (singular) could be substituted for it.
These assumptions are largely sufficient for those seeking to
shift biomedical research away from its reliance on animal
experiments. However, animal-dependent models are
probably not the gold standard (whatever is meant by that
term) in the first place. The deficiencies of experimental
animal models are well recognised, and indeed these de-
ficiencies are part of what drives the movement toward
NAMs, in the hope that they can address some of the
challenges that have been well recognised in failed attempts
to translate the results from laboratory animal studies to the
human clinical context.'>™'*

The most rapid moves toward NAMs are happening in
regulatory contexts where, as science and technology
studies scholar Sheila Jasanoff explains, knowledge for
regulatory policy is produced in institutional settings and
under criteria of validity that differ from those in ‘basic’ or
‘research’ science.'> In many other contexts — for example,
in pharmacological testing and many forms of biomedical
research — such animal models currently remain the best,
albeit imperfect, ‘tools for the job’.'® In many ways, animal
models more closely resemble working standards, which
require constant calibration that permits them to become as
closely aligned as possible to the reference standards that are
meaningful to that community.

The standards associated with animal research and its
replacements are now extremely diverse. These include:

— standards for safety testing and drug licensing;

— quality assurance standards around animal models
or tissue cultures;

— gold standard protocols for studying different
diseases;

— national animal care and welfare guidelines;

— institutional researcher conduct guidelines; and

— international standards from journals and learned
societies that are associated with publication and
open science.

In these varied domains, there are likely to be different ideas
of what the gold standards are (or should be). Some of these
standards may align with others — for instance, the in-
creasing emphasis on transparent reporting standards is
closely related to standards about experimental replicability,
publication practices and research integrity.!” However,
there may also be divergent understandings related to
standards — for example, about the continued use of oral
gavage as the gold standard for drug delivery in drug de-
velopment, which is now considered to be suboptimal based
on animal welfare standards.'®

Where differences and tensions exist, changing standards
will require an understanding of the complexities associated
with a range of diverse practices. This problem is further
complicated by the range of heterogenous scientific prac-
tices that are typically grouped under the label of NAMs, all
of which come with their own standards. These include stem
cell-based assays,'® organoids and computer simulations,
along with a range of other in vitro, in silico, or chemistry-
based methods. Furthermore, NAMs are not always about
replacement: the idea of ‘replacing the gold standard’ as-
sumes that experimental animals (most likely rodents) will
be replaced by an equivalent and even superior non-animal
standard. However, many scientists view NAMs as adjuncts
or components of experimental systems that are most useful
when utilised in conjunction with animal-based, and
sometimes human, research. Hence, NAMs are likely to be
frequently integrated alongside animal models as a form of
calibration toward the (usually) human reference standard.’

Considerable work will be required to develop and
disseminate both the formal data and the practical know-
how that are needed to shift practices toward NAMs, and to
consider how evidence is produced and used with these new
methods, and how risks and benefits (notably the benefits of
not using animals as compared to the risks of not generating
accurate information due to the use of less established
methods) are understood in any one research domain and
how it relates to others. Successful development and
adoption of NAMs requires reflection on what is needed to
co-ordinate evidence and embed practices across diverse
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standards for disease modelling, drug licensing, quality
assurance, researcher conduct, funder requirements and
publication ethics.

Standards evolve over time and are
enacted in different ways

Ideas of a gold standard that are based on experimental
animals often mask the complications associated with such
animals, which are simultaneously material entities and
models.>! Tt is well recognised that the use of animal models
assumes that another species, typically simpler in relevant
ways, can be used as a so-called ‘model’ for more complex
organisms, notably humans.?* What is less well recognised
(particularly by scientists) are the contingencies, social and
economic relationships and path dependencies that char-
acterise the history of certain organisms (especially rodents)
becoming the gold standard for biomedical and many other
forms of research.”*’

Understanding how standards become established in the
first place, as well as how they are sustained and change
over time, are crucial initial steps for any processes intended
to elicit intentional change (such as the greater use, or re-
placement, of animal models by NAMSs). Importantly,
processes of establishing and maintaining standards must
address sociocultural issues as much as relevant scientific
factors, because standards come into being and change
through a range of processes that go well beyond scientific
or technological requirements.”® For example, from the
historian Robert Kohler’s account of how Drosophila
melanogaster became a model organism, we learn that the
ways in which the fruit fly was embedded in specific forms
of human community and practices (e.g. via the ‘Fly Group’
and the ‘Fly Room’) were as important as its biology (in-
cluding its small size, visible chromosomes and rapid re-
productive cycles) in accounting for its success.”’ More
recently, geographer Bronwyn Parry has explored how the
specific mouse strains provided by the Jackson Laboratory
have functioned as a ‘gold standard’ that supports a global
biotechnological commons of material and knowledge
exchange.*”

Norms that are understood as standards can travel far
from their original intended context of use and prove to be
remarkably persistent or deeply embedded into scientific
practices once established, through notions ranging from
experimental control to animal care and more. For instance,
the historian Karen Rader argues that the genetically
standardised mouse succeeded as a standard organism, even
though the science for which it was created (mammalian
genetics) initially did not, in part because of the limits of the
available technologies.””' This demonstrates how the
development of standardised organisms reflects changing

social as well as disciplinary ‘ecologies of knowledge’.>’

Rader cites the etymology of a ‘standard’, which includes
older meanings such as ‘banner’ and ‘rallying point’, and
shows how the use of a particular animal model can become
entangled within institutional, disciplinary, and even per-
sonal, identities — for example, users of standardised mice
were known as ‘mouse people”' in the same way that
‘drosophilists’ were thought of as ‘fly people’.”” Hence,
standards are always accompanied by a rich network of not
only scientific and technological factors, but also socio-
cultural, historical, conceptual and other considerations that
help to establish and maintain them. We can expect to see
similar issues emerging around the different materials and
technologies involved in NAMs.

Standards may also be reached through different modes
of action. Animal research is known to involve both en-
gineering standards and performance standards. Engineer-
ing standards are generally quantified outcome measures.
These tend to be preferred by regulators, who require
confirmed adherence to known standards, as in good lab-
oratory practice (GLP). Engineering standards can also be
used by centralised authorities seeking to move diverse
countries or activities toward a common practice, as in the
European Directive on animal research.’” Preferred in US
approaches to animal care, performance standards are
guidelines which identify a “desired outcome, [while pro-
viding] flexibility in achieving this outcome by granting
discretion to those responsible”.*> Engineering and per-
formance standards allocate authority, responsibility and
expertise to different bodies, and there can be conflict be-
tween them as different scientific and national cultures meet
in debates about harmonisation.” International movements
toward NAMs are likely to involve a similar mix of en-
gineering standards (as in the adoption of new regulatory
tests) and performance standards (as in the management of
novel tissue cultures). Awareness of the cultural, as well as
scientific, nature of standards — and the potential for
conflict between them — is vital if new standards are to be
implemented and adopted.

Regulation and policy will be critical
drivers, if structured appropriately

Scientific developments and technological innovations are
often incapable of generating behavioural changes on their
own. Hence, NAMs will not be used on a widespread basis,
unless this use is coupled with other drivers. It has been
argued that the replacement of animal models has been slow
in development, due not only to ‘scientific inertia’ but also
to conservatism in scientific practices, policy and existing
regulatory standards.>* An illuminating historical example
is that, despite having a clear scientific rationale supported
by technological advances, mid-20th century animal re-
searchers were slow to adopt purpose-bred standard
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laboratory animals for a number of reasons — not least of
which was their economic cost, preferring to continue to use
agricultural and domestic animal breeding networks to
source their animals.” Various approaches were deployed
to elicit behaviour change amongst researchers, such as
leveraging the extra-scientific persuasive power of national
and international governmental and non-governmental
bodies that established guidelines requiring the use of
laboratory-bred animals.*

Clearly, NAMs are most likely to be rapidly adopted if
they are encouraged or required by regulation. In some
senses, NAMs are often not actually new or novel
— instead, it is their use in a new setting, coupled with
allowances in regulatory and accompanying decision-
making processes, that permit them to serve as replace-
ments for, or complements to, traditional animal testing.
Thus, whilst there is increasing interest by regulatory au-
thorities (notably in recent years by the US Food and Drug
Administration) in the potential of NAMs, a key challenge
remains — namely that although confidence in the reli-
ability of NAMs is growing slowly, the level of confidence
in such replacements remains varied across different sectors
and jurisdictions.?’

Although current regulations regarding the assessment of
human health effects of industrial chemicals and pesticides
in the USA, Canada and the EU include some flexibility to
permit the use of NAMs, how this flexibility is interpreted
and when it is invoked or employed varies considerably
across product type and regulatory scheme.*® It is highly
likely that these types of interpretative differences will
remain part of the regulatory processes associated with
NAMs, creating many of the same social and political
drivers and inhibitors that occurred with the implementation
of the Three Rs.*” Even the absence of regulation can serve
as a driver — consider the recent increased use of em-
bryonic and larval fish models as alternatives to vertebrate
models in environmental toxicology. Such approaches are
often counted as NAMSs, and are even considered as not
involving animals, as regulations in many jurisdictions do
not include protection for the early developmental life
stages in non-mammalian species.*° Further, although those
working in chemical regulation appear to agree that fun-
damental reforms are needed, they cite the complexities
associated with the sheer numbers, combinations and per-
vasiveness of industrial chemicals in products and in the
environment as significant practical barriers to change.*'

The perceptions of companies that test and register new
chemicals will play a significant role in the uptake of NAMs
approaches and influence the extent to which conservatism
is likely. If companies perceive that there is a regulatory
requirement for animal study data, then NAMs will not be
used (even if such methods provide significant cost savings,
along with other obvious benefits). Thus, regulatory
agencies will not gain experience of, or confidence in, data

obtained by using these approaches, and consequently there
will be limited incentives to adopt or develop NAMs.?**?
Enhancing opportunities for discussion between regulatory
authorities and registering companies would help facilitate
the uptake and development of NAMs. Such discussion
would also ensure that resources are not wasted on de-
veloping and carrying out testing that is later found to be
incomplete or unacceptable. There is reported disparity
between regulatory authorities in their willingness to meet
with stakeholders in advance of submissions for consid-
eration for regulatory approval, but this type of engagement
would clearly save time and resources, as well as encour-
aging knowledge sharing on both sides.’’

A further inhibitor to the adoption of NAMs by com-
panies with globally distributed product target markets, is
the extent of international harmonisation of regulatory
testing guidelines. Organisations such as the Organisation
for Economic Co-operation and Development (OECD) have
developed mechanisms aimed at reducing the duplication of
testing, as well as harmonising test guidelines across
member countries. However, modernisation of regulatory
approaches is needed to maximise opportunities for the
timely uptake of NAMs. For example, a key stumbling
block has been the reliance of regulatory authorities on
‘predictive capacity’ for determining acceptance of a test
— a norm that is usually determined by comparison of the
new results with those obtained by using traditional animal
testing methods (reinforcing ideas of a ‘gold standard’).
NAMs will fail this type of test when they do not provide the
same information as animal models, even though this in-
formation may be more relevant to human health and
provide greater mechanistic insights.*?

An additional complication is that legislation governing
animal research ethics is often local to the jurisdiction where
the research occurs, particularly in the case of basic research
or preclinical drug development. There is limited consis-
tency between jurisdictions in the format or operation of
these laws, despite a few unifying features, such as a focus
on the Three Rs, and the requirements for harm-benefit
assessments by an ethics review committee comprising
certain types of members (e.g. biological researchers, eth-
icists, community representatives, and so on).*> Ethics
committees often lack biostatisticians who can analyse
complex study designs, as this role type is not typically
mandated.** The assessment of compliance with mandates
on replacement (or even reduction) requires that investi-
gators engage in due diligence to determine that valid al-
ternatives do not exist. This process equally requires that
ethics committee members have the requisite knowledge (or
access to the relevant research literature) and the necessary
skills to assess such claims.*’ This requirement is addi-
tionally challenging because research protocols are often
based in disciplines separate from the emerging, and often
interdisciplinary, fields where alternatives are being
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developed, such as the computer sciences, stem cell
research, or biotechnology, as was recognised long ago by
the philosopher Denise Russell.*®

These problems are not insurmountable, if there is im-
proved access to training in NAMs and the fostering of more
collaborative, transdisciplinary research networks. How-
ever, significant structural changes and investment will be
required for these to develop, as well as shifts in how key
standards associated with scientific methodology, such as
replicability and predictability, are understood. Animal
research legislation is generally silent on methods for
fostering these practices, for ensuring that they are occurring
where appropriate or, more generally, for creating positive
duties for institutions to undertake with regard to alterna-
tives. Hence, the regulatory process, in many jurisdictions,
is failing at the NAMs implementation stage, which in-
cludes the failure to establish the necessary standards
required.

The need to articulate shared social and
ethical norms

For those individuals and groups who have enthusias-
tically endorsed NAMs and are critical of animal-based
research, NAMs may appear to offer a way to circumvent
the ethical issues that arise in animal research. Most
obviously, if animals are not involved in research, then
they are not subject to the harms associated with such
research. In addition, those who work in animal research
(such as research scientists, animal care workers, labo-
ratory technicians, etc.) avoid the potential harms which
may accompany this work, including physical, physio-
logical and moral injuries.*”***

However, NAMs will not ‘solve’ all of the ethical issues
that are associated with biomedical research. For instance,
their uptake will not diminish the need to articulate justi-
fications for the questions pursued or for reflection on the
outcomes that may result, including whether and how
research is aligned with public benefit and social needs, and
what the risks are as compared to the benefits. NAMs are not
ethically neutral. In fact, they generate their own ethical
issues, albeit ones that are different from those typically
raised by animal research. For example:

— methods such as data mining can raise privacy
worries, and it also is not clear that data produced for
one purpose will be valid for another;

— environmental concerns may be associated with the
use of vast computing resources to run simulations;

— organoids and stem cell cultures are often accom-
panied by an array of challenges, particularly related
to informed consent; and

— the increased use of humans in lieu of experimental
non-human organisms may place pressures on the
most vulnerable members of society, who are more
likely to be targeted for recruitment for biomedical
research.

Any moves away from animal models as the dominant way
of addressing research questions in biomedicine will nec-
essarily involve a shift in power relations and invoke ethical
concerns. For instance, during the period of transition to
NAMs, already vulnerable animal technicians and carers
may be exposed to the stresses of job precarity, as well as
increased stigmatisation — given that in the face of ap-
parently preferable alternative methods, animal-based work
may be increasingly regarded as unpalatable or even
immoral.

NAMs present clear opportunities for ethical and social
norms to play crucial roles in shaping their development and
uptake. Consideration of these norms by researchers and
regulators is important, as it can help to establish and
maintain the social licence that is central for good and robust
scientific and medical research.®”*° It will be essential to be
as transparent as possible about the assessment processes
associated with various types of NAMs, including their
inherent uncertainties and limitations. Intra- and inter-
agency collaborations also have been argued to be impor-
tant in strengthening scientific, regulatory and public
confidence in NAMs.?” Such processes can be supported
by:

— establishing independent review processes for each
type of NAM and its intended application;

— reviewing the associated standards, once norms
begin to be articulated;

— considering the use of registries and other open
communication networks; and

— publishing negative or null results and eliminating
various other sources of publication bias.

It also will be essential to revisit norms associated with research
integrity, including establishing standards for peer review re-
lated to the use of appropriate methodologies and the exper-
imental outcomes, reproducibility, and so on, rather than simply
transferring existing norms from animal experimentation to
NAMs. These existing norms are likely to be outdated and
inappropriate for use in their new context.

Conclusions

The complexities associated with standards discussed in this
paper through reflection on humanities and social science
research about animal experimentation, indicate why trying
to establish NAMs as the ‘gold standard’ requires consid-
eration of the nature of standards and their diversity, and the
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practices associated with standards. Any conversations
about changing from one gold standard approach in science
to another must be attentive to the kinds of standards being
discussed, and the problems associated with the concept of a
‘gold standard’. As noted by the science and technology
studies scholar Annamaria Carusi, “The age of the ‘gold
standard’ of animal tests seems to have passed, but it has not
yet been definitively replaced”.*® Efforts to promote NAMs
should always be accompanied by reflection on the rich
history of practices in the accompanying fields of research,
the underlying concepts and norms that ground those
practices, and the geography that situates past and current
practices. An understanding of all these factors is required to
begin to envision how change may be able to happen, in-
cluding the potential drivers of, and barriers to, such change.

Additional research in the humanities and social sciences
is needed, particularly on the following topics:

— analysis of drivers of and impediments to change in
scientific practices associated with NAMs, includ-
ing disciplinary, social and cultural norms, which
are likely to be simultaneously global and local, and
hence riddled with tensions;

— exploration of institutional structures and visions for
their roles in change in the context of NAMs: for
instance, universities will be as important as com-
panies, particularly as the former provide training
and instil norms for practising scientists;

— investigation of which types of research trajectories
are more readily (or likely to be) able to accom-
modate NAMs and thus transition to their use (and
which are not). For instance, academic and basic
researchers working on immune system responses
or the brain, tend to emphasise the need to study the
whole intact animal, whereas clearly toxicity testing
is already shifting to new approaches;

— articulation of the values and norms that should be
associated with training the next generation of re-
searchers and laboratory and animal technicians,
particularly during periods of transition, or in do-
mains where NAMs are likely to be used together
with animals; and

— exploring debates about what should lead change in
this domain. For instance, various advocates for
NAMs focus on standards for scientific evidence,
institutional governance, regulation and law, in-
vestment or economics, or social values, among
other factors.

However, what may be a highly efficacious pressure point
from one point of view might be in tension with, or in-
compatible with, other approaches to fostering change to
promote use of NAMs.

Debate and the explicit establishment of standards must
be key aspects of the processes associated with the de-
velopment and implementation of NAMs, although what is
deemed ‘best practice’ is likely to shift over time and vary
across different types of research, jurisdictions and other
sociocultural contexts. We must be cautious about how we
think about NAMs as a new ‘gold standard’, including their
potential advantages and likely shortcomings. It is critical to
establish shared and transparent norms well before NAMs
become entrenched simply by accretion or due to techno-
logical innovations.
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