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KEY POINTS

e Animal research and testing are justified, by those who accept them, by weighing the
balance between harm to the animal subjects with consequent benefits to humans,
but the harm is often underappreciated, while claimed human benefit is exaggerated
or absent.

e The translation of animal research to human biology and benefit is poor, because one spe-
cies cannot serve as a reliable model for any other, due to significant and intractable ge-
netic and other biological differences. This leads to human harm from poor understanding
of diseases, harmful new drugs, and the terminated development of drugs that might have
been sufficiently safe in humans.

Variability within species means that data are difficult to extrapolate between individuals
of the same species, and a full understanding of human diseases and drug responses
must incorporate human variability.

e A shift away from animal research and testing toward human-focused new-approach
methodologies is urgently needed, for an acceptable level of translation to human biology
and greater and more reliable clinical benefits.

e Greater awareness of these issues among professionals in all biomedical fields is crucial.

This includes the field of anesthesiology, as it affects the preclinical knowledge base and,
ultimately, clinical decision-making.
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INTRODUCTION

Each year, about 200 million laboratory animals worldwide are subjected to scientific
procedures that would be considered immoral in human beings, but which often cause
them to suffer pain, distress, lasting harm, and death. Most of the animals are rodents,
but an estimated 200,000 are non-human primates and 160,000 are dogs. The aim of
this research is ostensibly to increase understanding of human biology and diseases,
and risks to human health, with a view to their avoidance, treatment, and manage-
ment." Here, we consider whether the use of animals as surrogates for humans can
be considered scientifically justifiable and ethically acceptable.

THE SCIENTIFIC METHOD

Since the seventeenth century, the scientific method has been the basis for the acqui-
sition of scientific knowledge. This can lead to hypotheses, tentative propositions
which are tested by experimentation. The accumulation of evidence can lead to the
adjustment or abandonment of hypotheses, but sometimes, as confidence in the
probability that a hypothesis is correct increases, a theory can be proposed to explain
what is now known. As with hypotheses, the validity of theories must be regularly and
vigorously reevaluated, as more evidence is accumulated. This aspect of critical eval-
uation is rarely applied rigorously to the use of animals in research, and, if it were, a
considerable amount of animal use in science would not be permitted.

ETHICS AND BIOMEDICAL RESEARCH

Ethics includes the consideration of what individuals and organizations must/must
not do or may/may not do in particular circumstances, that is, those circumstances
under which certain actions are obligatory/prohibited or permitted/forbidden. To
address these ethical obligations requires making judgments about goodness, mo-
rality, freedom, and responsibility, and whether actions are right or wrong, or just or
unjust.

We all have to deal with both personal ethics and societal ethics, including profes-
sional ethics. There can be clashes between personal and professional ethics, which
can cause a moral conflict. Some people avoid this by recognizing what is expected of
them in terms of personal ethics, whilst accepting that they are also subject to codes
of ethics in their professional lives. For example, doctors and lawyers must work ac-
cording to standards laid down by the professional bodies without whose recognition
they cannot practice.

There are no specific codes of ethics or conduct about how scientists should
behave, though the Three Rs (reduction, refinement, and replacement) concept pro-
posed by Russell and Burch? in 1959 provides guidance on how humane biomedical
research should be conducted. On the whole, however, this depends on the personal
ethics of the scientists, especially when they are involved in blue skies research or
basic research aimed at increasing knowledge which might somehow be applied to
particular human diseases in as yet unspecified ways. By contrast, there are laws
and regulations which require the use of animal studies, as, for example, in the testing
of chemicals and chemical products for potential toxic effects, and, in the case of
pharmaceuticals and vaccines, also for efficacy. Here, scientists can, and do, justify
their actions by referring to the requirements of their employers and the regulatory au-
thorities, rather than to scientific evidence of their predictive relevance and reliability.

There are also laws and regulations designed to offer some protection to animals in
laboratories, which ban or limit the use of certain procedures and regulate others,
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including breeding, housing, and the use of anesthesia and analgesia. They also
require a weighing of the balance between the likely benefits to humans and the po-
tential harm caused to animals.

Ethics provides the essential link between science and society, in terms of what is
done in the name of science and its value and moral acceptability. The trust that the
public places in doctors and scientists is much higher than that for other professionals,
but that trust should be earned and maintained, not assumed. The ethical evaluation of
animal experimentation is particularly important, since the application of the results
obtained may mean that while some humans may benefit, others may be exposed
to hazardous chemicals, products, or treatments, which may cause serious adverse
effects, and even death.

As in all scientific research, the ethical value and acceptability of animal studies
depend on high standards of experimental design and performance, no fabrication
or biased selection of data, no falsification of outcomes, no misrepresentation of
the work or the views of others, and no attempts to deceive anybody.

If these standards are not met in every aspect and at every stage, the work cannot
be ethically acceptable, and human and economic resources and the lives of animals
used will have been wasted.

Even if all the standards are met, there are important reasons why the ethical
acceptability of research should be questioned. These include the interests, rights,
and welfare of humans as well as animals, social issues and values, and conflicts of
interest.

However, it must be recognized that we do not live in a world with only right or
wrong, so informed, objective, and independent judgments are necessary, as com-
plex cases and many different situations have to be considered. Nevertheless, in
the rest of this article, we will consider some problems which seriously limit the scien-
tific value and/or preclude the ethical acceptability of animal studies, and compelling
reasons why they should be replaced as rapidly as possible to the benefit of humans
and animals alike.

UNSOLVABLE PROBLEMS WHICH LIMIT THE VALUE OF ANIMAL STUDIES

A number of related and insoluble problems severely limit the applicability and trans-
latability of knowledge gained from animal studies to human situations.’®

The Nature and Use of Models

The use of mice and rats as models for humans began to be fashionable among sci-
entists in the late 1800s, and animals gradually came to be regarded simply as
research tools. By the 1930s, supplying the animals and associated equipment was
very lucrative, and, in the 1980s, the development of techniques for the genetic manip-
ulation of rodents opened up new commercial and scientific opportunities. Neverthe-
less, the unquestioning reliance on animal models as the default approach to
understanding and preventing or treating human diseases, or testing chemicals and
products for adverse effects, is fraught with danger—for humans as well as for
animals.

In general, models are informative representations of what is being modeled. They
can be physical models, as of a ship or plane, or abstract/conceptual models, such as
mathematical models. Models seek to represent reality, whereas theories seek to
explain reality.

Physical models are based on similarity to what is being modeled, with a selective
emphasis on the features considered, which depends on what the modeler considers
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to be relevant. In the biomedical context, overreliance on “similarity” can lead to
drastic and disastrous consequences. Russell and Burch? warned of the high-fidelity
fallacy —the assumption that, since other mammals are generally similar to humans, as
they all have hearts, kidneys, livers, and lungs, and endocrine, immune, and nervous
systems, they can provide relevant and reliable information about human diseases
and the effects on humans of chemicals and chemical products, including pharma-
ceuticals. However, what are badly needed are high discrimination models, ideally
not involving laboratory animals, with a very high specific similarity to what needs to
be modeled.

The fact is that general similarity is not enough—the model should be as identical as
possible to what is being modeled. The inescapable problem for biomedical research
and testing is that, overwhelmingly, not enough is known about what is being modeled
or about the model being used for there to be significant confidence that the informa-
tion obtained from the animals can reliably and safely be translated to human situa-
tions. It is like looking into a black box to see what could happen in a different black
box. That is irrational and unscientific, and therefore it cannot be considered to be
ethical.

Species Differences

To a zoologist, the very idea that members of mammalian orders such as the Rodentia
(guinea pigs, mice, and rats), Carnivora (dogs), Lagomorpha (rabbits), or subgroups of
the order Primates, such as New World monkeys (marmosets), Old World monkeys
(macaques), or other Hominini (chimpanzees) could serve as “models” of Homo sapi-
ens would be ridiculous. Whatever may have been the features of their shared ances-
tors in the very distant past, and whatever superficial general similarities they may
share, the fact is that there are major qualitative and quantitative differences in the
structures and functions of the organs and systems of the various currently living
mammalian species, because of the different ways in which they have evolved and
adapted to their particular lifestyles and habitats. In particular, there are morphologic
and physiologic differences between the cardiovascular, digestive, immune, nervous,
and respiratory systems, which make it impossible to translate knowledge gained from
laboratory animals to human situations.

Despite the vast investment of human and economic resources in the search for reli-
able animal models, very little progress is being made in relation to many serious hu-
man conditions, including Alzheimer’s disease, amyotrophic lateral sclerosis (motor
neuron disease), cancer, type 2 diabetes, human immunodeficiency virus (HIV) ac-
quired immunodeficiency syndrome (AIDS), Huntington’s disease, Parkinson’s dis-
ease, rheumatoid arthritis, asthma, chronic obstructive pulmonary disease, multiple
sclerosis, and sepsis (acute inflammatory disease). What tends to happen is that, as
more becomes known about a current animal model, its comparability with the human
condition becomes less and less certain, until the model has to be abandoned alto-
gether. A related problem is that what is classified as one disease can actually involve
a wide spectrum of conditions, which will differ fundamentally, both in themselves and
in particular individuals. For example, dementia is an umbrella term for more than 200
different conditions, so it is inconceivable that one animal model, or a small number of
models, could be appropriate for all forms of dementia or for all human patients.

Species differences are also important in relation to pharmacokinetics (drug ab-
sorption, distribution, metabolism, and excretion [ADME]), which can affect pharma-
codynamics (the effects of drugs and their mechanisms at the system, organ,
tissue, cellular, and molecular levels). In relation to metabolism, there are both inter-
species and intraspecies differences in the presence, levels, and expression of
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drug-metabolizing enzymes which confound the translation of data, not only from one
species to another, but also from one individual to another within a species.

It is obvious that fundamental biological differences between species matter, but
there is also increasing evidence to support these important differences and their im-
plications. Comparative studies of gene complement and expression belie superficial
claims of interspecies similarity. Defenders of animal research claim that since we are
genetically very similar to non-human primates, biological processes in humans, the
diseases they suffer from, and their responses to drugs and other chemical products
must also be similar. But the evidence resoundingly shows otherwise. We now know
why biological differences matter when using animals in research and why translation
from animals to humans is, and can only ever be, very poor. Even when different spe-
cies share identical or similar genes, their expression is affected by their location in the
genome, the types of genetic material nearby, small differences in multiple genetic
control mechanisms, and so on. There are immensely powerful and consequential dif-
ferences in all aspects of gene expression between species that may affect the
expression of hundreds or even thousands of genes, from chromosome and chro-
matin structure through RNA splicing and editing to post-translational modification.
Many of these differences are associated with different manifestations of the major
diseases on which little progress is being made.*°

More and more scientists are now seeking new approaches to tackle persistent
biomedical problems. It is heartening that many researchers are turning to human-
focused methods in place of animal approaches. However, it is disappointing that
some are content to tinker with the same ‘tools’ that have led to the problems in the
first place. For example, developers of organ-on-a-chip technologies have often
bemoaned difficulties in attracting funding, while funders were providing multi-
million euro or US dollar support for projects such as the European Mouse Genome
Mutagenesis Program, and the National Institutes of Health International Knockout
Mouse Project. At the time of writing (February 2024), the UK government’s Medical
Research Council has just committed more than £20 million (US$ 25 million) “to inves-
tigate key disease areas using the mouse as the main model organism” (https://
www.ukri.org/news/new-mouse-genetics-funding-to-tackle-human-ageing-demen-
tia-and-diseases/).

Animal Variability

There is no such thing as the dog, the rhesus monkey, the mouse, or the rat, since
there are immense variations within each species. No studies with a small group of an-
imals can reflect what would happen in that species as a whole. No study in animals of
one species or order could be used to model what might happen in another. If rats
cannot be acceptable models for rats in general or for mice, how could they be
acceptable models for humans?

Variations in rats and mice include many behavioral differences, such as sociability,
performance in cognitive tasks, and responses to injury. Different strains also respond
differently to drugs, both in their effects and toxicities. There are also sex and strain
differences in many biological systems, conditions, and diseases, including neuroim-
munity, obesity, diabetes, aging, the cardiovascular system, liver diseases, and can-
cer. Mice also differ in responses to pain and sensitivity to analgesia, due to genetic
mechanisms which are ‘large and heritable.’®

Another important example is that of genetic variability among different populations
of conspecific macaques, which means they have a variety of physiologic and behav-
ioral differences and can differ from each other as much as from another species. For
example, differences in mobile or transposable DNA elements which can move around
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the genome are known to affect gene complement and expression, and in turn the
susceptibility to, and pathologies of, various diseases. Associated duplications of
DNA sequences, which are a source of intraspecies genetic variation, affect suscep-
tibility to diseases, the formation of tumors, responses of the immune system to infec-
tious agents, and more. Interspecies and intraspecies variations in major
histocompatibility complex or, in humans, human leukocyte antigen (HLA) genes, pro-
foundly affect the immune system. In rhesus macaques, the equivalents are ‘Mamu’
genes, variations in which lead to significant variations in immune functions in ma-
caques from different geographic regions, with implications for the extrapolation of
data from research involving these animals to humans. One example is in the use of
macaques in HIV/AIDS, polio, and malaria research, in which such subtle genetic var-
iations led to major pathologic differences in those infections.®

Human Variability

Species differences become even more important in the light of the huge scale of hu-
man variation, which is affected by a very wide range of factors, including age, sex,
race, occupation, lifestyle, and previous or concurrent illnesses or therapies, against
a background of immense genetic variation.

There is no such thing as the human, and one human subpopulation cannot be a reli-
able model for all human subpopulations. There are major differences in susceptibility
to diseases, and a drug which can help some patients may be lethal for others. It is not
surprising that the results of early testing in humans, which normally involves young
and healthy males, are unlikely to be indicative of what will happen in the wider pop-
ulation. There are particular problems with establishing the tolerance to some thera-
pies in children and elderly people, where ADME may be different from that in the
young adult. In addition, there can also be ethical problems, since children and indi-
viduals with certain illnesses could not be expected to give their informed consent.
The use of juvenile or aging laboratory animals would be unlikely to give the clear in-
dications needed.

For many years, human immune responses to infectious agents have been known to
vary substantially. Common genetic variations in humans affect susceptibility to infec-
tion by severe acute respiratory syndrome coronavirus 2 (coronavirus disease 2019),
influenza virus, respiratory syncytial virus, human immunodeficiency virus, human
T-cell leukemia virus, human papilloma virus, hepatitis B and C viruses, herpes sim-
plex virus, norovirus, rotavirus, parvovirus, and Epstein-Barr virus (EBV).” Variants of
the HLA genes are associated with differences in EBV and rubella virus levels in
infected individuals.® Even minor variations in gene or protein activity can elicit major
effects: for instance, levels of the abundant protein, HSP90, powerfully affect the con-
sequences of genetic variation in humans.®

This is also true for responses to drugs, both in terms of efficacy and adverse ef-
fects. The genes involved in pharmacokinetics and pharmacodynamics are highly var-
iable. For example, 4 in every 5 patients carry a genetic variant that may have
functional effects on drug efficacy for the 100 most prescribed medications in the
United States, and the frequencies of these variations differ substantially in different
human populations. This issue is so serious that many major medical institutions
have genotyping protocols for pre-emptive pharmacogenetic testing, though only a
very small proportion of drug-related genes can be covered.™ It is not surprising
that the extrapolation of data from another species to ‘humans’ collectively is unreli-
able and unrealistic. The aim must be to provide human-derived cell lines incorpo-
rating human biological diversity to facilitate the reliable modeling of human biology,
human pathology, and human responses to xenobiotics.
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OTHER ISSUES WITH SCIENTIFIC AND ETHICAL IMPLICATIONS
Standards and Bias

There has long been concern about the overall standard of medical research, much of
which is flawed, cannot be repeated, and/or has only limited value or no use at all.
There is also concern about the quality of animal studies, which is one of the reasons
why clinical trials fail. A related problem is the failure of many biomedical scientists to
understand statistical methods and to use them properly.

These problems can result from the poor design of studies; the poor conduct,
collection, and analysis of data; and the inadequate reporting of what has been
done and what can be concluded from it.

A particularly serious problem is that of bias, since, despite the lack of systematic
and objective reviews of its benefits and oft stated commitments in support of the
Three Rs, animal experimentation remains the established norm in biomedical
research. Bias can seriously prejudice the quality of the work and has serious implica-
tions. Bias can impact study design, data presentation, and interpretation for many
reasons, including, but not limited to ensuring academic and research appointments
and advancement, ongoing research funding, and, in some cases, personal financial
gain. The use of animal data in publications in the scientific literature, in regulatory re-
quirements for the testing of drugs and other chemicals and products, and even in the
application of laws aimed at giving protection to laboratory animals represents
inherent bias toward using animals without considering the alternatives. It should be
a matter of concern that the world’s two leading scientific journals, Nature (London)
and Science (New York) both have a long history of accepting articles involving animal
experiments without question, while paying scant recognition to the concept and use
of replacement alternatives.

Harm Versus Benefit

In the United Kingdom, the Animals (Scientific Procedures) Act 1986 requires the Home
Secretary to “weigh the likely adverse effects on the animals concerned (in research)
against the benefits likely to accrue as a result of the program of work,” before animal
research can be approved. However, little consideration has been given to precisely
how this harm-benefit analysis (HBA) should be done.®>'" In particular, relatively little
attention has been paid to how human benefit should be evaluated. Likely benefit has
tended to be assumed, based solely on the inherent seriousness of the medical problem
to which the work was claimed to be relevant, alongside an underlying assumption that
laboratory animals are sufficiently like humans for studies on them to be meaningful. The
European Commission has tried to improve this process in recent years, for example,
via new legislation (Directive 2010/63/EU, replacing Directive 86/609/EEC) that requires
some retrospective assessments of actual harm and benefit following research pro-
grams, but it is too early to evaluate the impact of this.

Crucially, human harms are not (yet) factored into the HBA process.'? These may be
direct or indirect.

Direct harm can result when new drugs, considered to be sufficiently likely to be effi-
cacious and safe after preclinical testing, lack efficacy and/or have serious adverse
side effects when tested in clinical trials. Sometimes, this can result in the most
extreme human harm—death. Two of many examples are particularly noteworthy,
since they involved how the animal test data were used, rather than only considering
the quality of the data themselves. First, the improved glucose tolerance brought
about by benfluorex in an animal model of insulin resistance suggested a wider ther-
apeutic application in man, to include the treatment of type 2 diabetes. But it turned
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out that the preclinical studies were misleading. The drug was patented by a French
pharmaceutical company between 1976 and 2009, during which time it was thought
to have caused between 500 and 2000 deaths as a result of heart disease. Secondly,
TGN412 was a humanized T-cell activator monoclonal antibody given to human volun-
teers at a dose based on data from tests in rats and macaques. Six of the eight volun-
teers rapidly developed multiorgan failure. They survived after 30 days in intensive
care, but were warned to expect an early death. Why was it assumed that animal
test data would be relevant for a product deliberately engineered to be human
specific?

The classification and labeling of many types of chemical and chemical products
(including pesticides) are also highly dependent on animal testing requirements and
guidelines stipulated by national and international regulatory authorities. As for drugs,
the relevance and reliability of the data are questionable, and the use of these data can
lead to direct human harm as a result of exposure at home, work, or in the environment.

Indirect harm results, for example, from the nonavailability of drugs which might
have been sufficiently efficacious and safe in humans if their development had not
been stopped, due to lack of efficacy or adverse effects in animals. It is not possible
to quantify this, but there are known cases where animal data could have stopped the
development of drugs found to be effective in humans. For example, tamoxifen, which
is effective for certain types of breast cancer and was subsequently found to induce
liver tumors in rats. Gleevec caused severe liver damage in dogs but not in human cells
in vitro, so clinical trials proceeded with no signs of serious liver toxicity in humans,
when used to treat chronic myelogenous leukemia. Other examples of useful drugs
nearly lost as a result of animal data are cyclosporine, aripiprazole, and esomeprazole.

The European Union Registration, Evaluation, Authorisation, and Restriction of
Chemicals System

In 2007, the European Union (EU) introduced a new system for the Registration, Eval-
uation, Authorisation, and Restriction of Chemicals (REACH), managed by the Euro-
pean Chemicals Agency (ECHA), based in Helsinki.

Because safety data are lacking for 86% of the chemicals that were on the EU mar-
ket before the current system for testing new chemicals came into use in 1981, about
27,000 companies have to fill in knowledge gaps on the toxicity of and uses of about
30,000 chemicals. It has been estimated that if this involved testing according to the
traditional test procedures, between 18 and 54 million laboratory animals would be
needed. The REACH regulation states that one of the purposes of the system is to pro-
mote alternative methods, and that animal testing should only be used as a last resort.
It also requires the European Commission to regularly review the test method regula-
tions and update them, in order to replace, reduce, or refine animal testing. How this
works in practice is a matter of great concern. The ECHA appears to do little to
encourage the use of non-animal test methods and to be willing to accept data
from animal tests when alternative methods are available.® That is not scientifically
justifiable or ethically acceptable. An overriding question remains unanswered: Where
is the evidence that the REACH system is contributing meaningfully to the greater pro-
tection of human beings and the environment?

Dosage and Exposure

Risk = hazard x exposure, so the assessment of risk to humans depends on the qual-
ity of both the qualitative and quantitative estimates of hazard and the likely route,
scale, and frequency of exposure. This is particularly important in relation to major
aspects of human toxicity, such as carcinogenicity, cardiovascular toxicity,
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neurotoxicity, and reproductive toxicity, in all of which risk assessment is highly
dependent on predictions based on the outcomes of toxicity tests in laboratory
animals.

Ideally, both the hazard and exposure components of the equation should be based
on realistic and reliable predictions which are realistically relevant to humans, but the
uses of animal studies which have evolved over time continue to be the subjects of
debate and controversy. For example,

a. The two-year rodent bioassay has long been regarded by some scientists and reg-
ulators as the gold standard for identifying chemical carcinogens. The treatment of
the animals (usually rats) begins a short time after their birth and continues for
24 months. The test item is given daily on 7 days per week to 50 animals per group
per sex, at three dose levels, one of which is usually the maximum tolerated dose
(the highest dose which produces toxicity without causing death or a decrease in
body weight of more than 10%). Critics say that the two underlying assumptions,
that rodent carcinogens are human carcinogens and that the effects of higher
doses are indicative of what would occur at lower doses, are both incorrect.’ It
has also been estimated that, if the number of animals per group were increased
from 50 to 200, virtually all the chemicals tested would be deemed to be rodent
carcinogens.

b. Chemical toxicity used to be classified according to the median lethal dose acute
toxicity value, the dose which killed 50% of the animals in a test group. This led to
situations where animals were given immense doses in order to provide a value,
resulting in immense suffering, so limit tests were introduced, which did require
dosing above certain levels. Three alternative procedures are now accepted by
the Organisation for Economic Co-operation and Development, which still require
acute effects but cause less suffering. The 3T3 neutral red uptake in vitro test has
now been accepted for certain purposes, such as determining starting doses, and
other promising non-animal tests await full regulatory approval.

¢. Hartung'® has pointed out that about 5,500 of the 30,000 chemicals covered by
REACH would need to be tested. It is estimated that about 2.5% of them (138 sub-
stances) are true reproductive toxicants in humans, and the goal of the testing
would be to identify them. Testing according to the current test guidelines, first
in rats, then in rabbits or mice for chemicals found to be non-toxic, 116 of the
true reproductive toxins would be identified, but 3,454 non-toxic chemicals would
give false-positive results. These results might restrict the use of a large number of
substances that are already widely used. He also pointed out that the tests for each
substance require about 3,200 animals for a single test—a total of 17.6 million an-
imals for 5,500 substances, which raises questions about ethical acceptability, as
well as scientific and economic wisdom.

d. The Draize eye irritation test involves adding a small amount of the test item to the
eye of a restrained rabbit, ensuring that it does not leak out, then observing for
signs of irritation or other damage for up to 14 days. The test was controversial
for scientific reasons, because of differences between human and rabbit eyes,
the enormous variability of the results obtained, and the fact that no entry of a
chemical into the human eye would involve leaving it there and waiting for days
to see what would happen. The test was also criticized on the grounds of inhu-
manity, since, while many toxicologists would take steps to avoid high scores,
others would adhere to the standard operating procedure, at whatever cost to
the animals. Non-animal tests are now available, which can reduce the need for
the animal test, though it is still performed.
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e. A selection from about 2,500 food additives is deliberately added to processed
food, to preserve, color, flavor, sweeten, or thicken what we eat. These additives
must be assessed for safety. Some toxicologists and authorities would favor ani-
mal testing for long-term, repeated-dose toxicity, carcinogenicity, neurotoxicity,
and reproductive toxicology, but the traditional methods for such testing would
require exposure at doses far higher than humans would ever be likely to experi-
ence. That would be costly, scientifically questionable, and ethically unacceptable.
One approach to this problem is to consider thresholds of toxicologic concern
(TTC), that is, levels of human intake or exposure that are considered to be of negli-
gible risk, when the structure of a chemical is known, but only limited toxicity data
for it are available.'® The key question is how the TTC value would be determined,
which opens up the possibility of using new-approach methodologies.

Pharmaceuticals

For therapeutic drugs, both animal and human data are available, because humans
are deliberately exposed to them in clinical trials, after mandatory preclinical studies
involving rodents and non-rodents (dogs or macaques).

An independent analysis of 12,728 drug development programs between 2011 and
2020, using the Biomedtracker database, found that the probability of progressing
from a phase | clinical trial to US Food and Drug Administration approval was just
7.9% —a failure rate of more than 92%, for drugs entering clinical trials based on favor-
able animal data with regard to efficacy and toxicity/safety. Cardiovascular and
oncology drugs were among the biggest failures, with a mean failure rate of 95%.°
It has been estimated that 40% to 50% of these failures are due to poor efficacy,
with another 30% due to unmanageable toxicity, and 10% to 15% due to poor phar-
macokinetic properties.

Due to a general lack of stringent and comprehensive analyses of the human-
predictive nature of preclinical (animal) tests of new human drugs, we set about con-
ducting our own study. We analyzed an extensive toxicity data set for over 2,300
drugs, for which both animal and human data had been independently collected
and classified. On the advice of eminent statisticians, we calculated likelihood ratios
(LRs) for the data set, which included tissue-level effects and Medical Dictionary for
Regulatory Activities level 1 to 4 biomedical observations. The resulting LRs showed
that the absence of toxicity in dogs provided virtually no weight of evidence that
adverse drug reactions (ADRs) would also be absent in humans. The LRs did suggest
that the presence of toxic effects in dogs can sometimes provide evidential weight for
a risk of potential ADRs in humans, but this was highly inconsistent, varying by over
two orders of magnitude for different classes of compounds and their effects. We
went on to compare the data from three other preclinical test species (rat, mouse,
and rabbit) with the human data, and came to the same conclusion. In a third article,
we presented further data from non-human primates, which supported our previous
conclusions, and also showed, in particular, that test results indicating an absence
of toxicity in one species provided no evidential weight with regard to toxicity in any
other species, even when data from non-human primates and humans were
compared. Subsequent published analyses from investigators in the pharmaceutical
industry agreed with our conclusions. Following the publication of the authors’ series
of papers, we asked the British Home Office, the Association of the British Pharma-
ceutical Industry, the UK Medicines and Healthcare products Regulatory Agency,
and the European Medicines Agency for meetings to discuss the implications of our
studies, but none of them, nor even the National Centre for the Replacement,
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Refinement and Reduction of Animals in Research, were prepared to meet us for
worthwhile discussions.'”~29,

This situation makes it clear that new and directly human-relevant methods and ap-
proaches are needed, before new drugs can be satisfactorily evaluated in clinical tri-
als. This must include recognition of the importance of human variation and its
consequences in terms of drug efficacy and the induction of adverse effects.

One notable example of this need and of the capabilities of human-focused
methods to much more effectively predict human adverse effects from new drugs is
drug-induced liver injury (DILI), a leading cause of failed clinical trials and of post-
marketing drug withdrawals. A recent (2023) paper from the organ-on-a-chip com-
pany, Emulate, reported the performance of its human liver chips with a blinded panel
of 27 small molecule drugs of established hepatotoxicity or non-toxicity. The liver
chips demonstrated 87% sensitivity at clinical concentrations, including 11 drugs
that were responsible for 242 human deaths. Importantly, the preclinical animal test
data had indicated an acceptable therapeutic window. The liver chips also showed
a specificity of 100%. This approach showed significant reliability in predicting human
DILI, as well as predicting which drugs should progress into clinical trials with no un-
acceptable safety risk. It was concluded that the routine use of these chips in drug
development programs could be worth up to US$ 3 billion per annum to the pharma-
ceutical industry, or even an estimated US$ 24 billion, if used alongside four other
chips modeling common toxicities associated with drug attrition.?

Anesthesiology

The scientific and ethical issues discussed in this article are no less important for those
practising and using anesthetics than for professionals in any other biomedical
discipline.

Anesthetic agents are often used in research procedures involving animals, and
some important differences in the process of anesthesia underline the problem of spe-
cies differences and why and how they matter.

Although there are some interspecies commonalities and similarities, differences
necessitate specific approaches to and/or requirements for preanesthetic assess-
ment, preoperative fasting, preoperative and anesthetic medications, the monitoring
and induction of anesthesia, recovery from anesthesia, and more.??> Anesthetics
also have highlighted variable effects between species, even for minor procedures
in non-human primates.?® Ketamine, for example, is known to reconfigure brain con-
nectivity networks in rodents, with some similarities between rats and mice, but also
some incomplete concordance and inconsistencies. Ketamine elicits variable antide-
pressive effects in rodents that are both species and strain dependent, alongside the
effects of laboratory-related stresses/stressors. These anti-depressant effects also
occur in humans, which has led to the use of ketamine as an off-label anti-depressant,
with resultant concerns for teratological effects on developing fetuses. This research
has revealed differences in the neurodevelopmental effects of ketamine between ro-
dents and non-human primates, evidenced by species differences in necrosis and
apoptosis that are underpinned by temporal and mechanistic differences in cell pro-
liferation, neuronal differentiation, dendritic development, and synaptogenesis.?*2°

One of the most obvious species differences is in perianesthetic mortality, which
can be up to 100-fold higher in birds, cats, dogs, guinea-pigs, and horses than in
humans. The benzodiazepines midazolam and diazepam are acknowledged as cen-
tral nervous system depressants and muscle relaxants in humans, but their effects
are highly species specific in animals: while some species are sedated, cats, dogs,
and horses often experience excitement and dysphoria, and midazolam has
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antinociceptive effects in sheep, unlike other species. Opiods are used across spe-
cies, but may cause postoperative hausea and vomiting in humans, which are uncom-
mon in animals, and which seem to be due to interspecies genetic variations in opioid
receptors. Some anesthetic agents are used in animals but rarely/not in humans, for
example, buprenorphine, butorphanol, urethane, and xylazine.?®

Different anesthetic agents, and different doses and routes of administration of
these agents, are known to differentially affect cortical electrophysiology. This has sig-
nificant consequences for animals used in neurophysiological research, as it intro-
duces bias in recordings and measurements of brain activity. Scientists need to
consider their choice of anesthetic in their research, in order to minimize impact on
the areas of the brain they are studying.?”

A combination of anesthetic effects and species differences in brain connectivity,
function, gene expression, and so forth make the translatability of non-human primate
neuroscience to human neurology even poorer.28

THE WAY FORWARD—THE AUTHORS’ OPINION

There is now a weight of multifactorial evidence that supports the phasing out of un-
reliable and misleading animal use in biomedical research and testing and the need to
focus rigorously on human biology. This article briefly summarizes much of the evi-
dence and the rationale supporting this.

There is increasing public opposition to the annual use of 200 million animals glob-
ally in research studies, each year, which causes much suffering and death. There is a
lack of application of the scientific method and critical thinking about animal experi-
mentation, and of constructive approaches to non-animal methods, in many fields,
in many institutions, and by many scientists. Ethical acceptability and recognition of
the true scale and depth of harm from animal research are overwhelmed by human
self-interest. Ethical questions are raised by harm to humans as a consequence of
false confidence in animal tests, leading to new chemicals and drugs that result in un-
acceptable adverse effects. Indirect costs result when research with animal models is
misleading, and other avenues of investigation would have been more predictive and
productive; leading, for example, to new drugs that would have been safe and effec-
tive in humans. Genetic and other biological differences mean that one species can
never be used—ethics aside—as a model for any other. Human variability can only
be factored into research and testing through the use of human-derived and
human-specific investigative methods.

Research in anesthesiology must also be affected by interspecies and intraspecies
variability in relation to the use and effects of anesthetics. This can affect the value of
experimental data, making them more unreliable than they already are, as a result of
species differences in what is being investigated.

All of the aforementioned negatively affects our knowledge of human biological sys-
tems and diseases being researched, and therefore our ability to understand them, and
ultimately to do much about them, either preventively or therapeutically. We know the
consequences of this—the how and the why of the failure of animal data to translate
to human biology. We know that animal research is not delivering, but is instead con-
founding, misleading, and delaying. To still not really know much about so many dis-
eases, well into the twenty-first century, is astounding. For example, we continue to
struggle to get to understand, and to find effective new therapies or vaccines for dealing
with, dementia, Parkinson’s disease, HIV/AIDS, stroke, and various cancers. The attri-
tion rate of pharmaceutical development is as great as it has ever been, mostly for rea-
sons of poor efficacy and adverse reactions not predicted by animal tests.
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Although opinions differ on whether the use of animals in laboratory experiments
can be considered to be right or wrong, or acceptable or unacceptable, the crucial
point is that they cannot be used to provide relevant, reliable, and applicable informa-
tion on the nature and causation of human diseases or the risks to humans resulting
from exposure to chemicals and drugs and other chemical products. Put simply,
the current reliance of so much of biomedical research on the use of laboratory ani-
mals cannot be justified on scientific grounds, so it cannot be ethically acceptable.
All concerned should act on the evidence, and phase in human-specific, patient-
derived advanced cell and tissue culture methodologies as a matter of urgency, to
more accurately model, reflect, and predict human biology, and treat human diseases.

CLINICS CARE POINTS

e Clinical care guidelines and advice (for example, developmental toxicology/teratology) that
are mainly based on animal data should be treated with significant caution. This is due to the
poor human relevance of animal data, underpinned by widespread interspecies biological
differences.

e Human data to underpin clinical care advice and decisions should always be sought.
Intraspecies variability may affect the applicability of general human data to some
individuals (due to environmental, genetic, nutrition, lifestyle, and other factors), but human
data will generally be more applicable than those from another species.

FURTHER READING

The authors have cited, and directed the reader toward, many of their own publica-
tions. This is for brevity and because their work contains many references to the
work of others that are highly relevant to this article.
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