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Painful truths: what systematic reviews reveal about the utility of animal research

Andrew Knight
SAFE, PO Box 28110, Kelburn 6150, Wellington 6011, New Zealand

After standardising to match European Union (EU) definitions of animals and experimental
procedures, it was estimated that 127 million living non-human vertebrates were used worldwide
for scientific and educational purposes in 2005. This remains the most robust, evidence-based global
estimate available (Knight 2008a; Taylor et al. 2008). The figures for Australia and New Zealand were
2.4 million and 261,000 respectively, making them the fourth and 28™-largest national users of
laboratory animals in 2005 (Knight 2013).

The most recent figures at the time of writing described 2015. 9.9 million animals were used in
Australia (HRA 2016), and 225,000 animals were used in New Zealand (MPI 2016), although these
latter figures have not been standardised to match EU definitions. The Australian figure, for
example, was increased by NSW counting 4.1 million native animals used in environmental studies
which involved observation only (HRA 2016). Clearly, very large numbers of animals continue to be
used within Australian and New Zealand research.

Additionally, animal research incurs other costs. The very substantial financial and scientific
resources consumed by animal research are consequently unavailable to other fields, some of which
—such as preventative healthcare or human clinical research — might well be expected to produce
substantial public health benefits.

Ongoing societal approval for the use of these animals and research resources rests on the principle
that the subsequent benefits are substantial, and represent the best use of limited research
resources. However, the best available evidence indicates that much animal research fails to meet
these standards.

Clinical and toxicological predictivity of animal research

A large number of systematic reviews of animal research have examined its utility for advancing
human healthcare. Of 20 published systematic reviews examining human clinical utility located
during a comprehensive search, animal models demonstrated significant potential to contribute
toward clinical interventions in only two cases, one of which was contentious. Seven additional
reviews failed to demonstrate utility in reliably predicting human toxicological outcomes, including
those associated with the greatest public health concerns, such as carcinogenicity and
teratogenicity. Results in animal models were frequently equivocal, or inconsistent with human
outcomes (Knight 2011).

Numerous additional reviews have since yielded similar results. Baker and colleagues (2014)
examined human neurological diseases. Extensive animal studies have yielded relatively few human
treatments (Cheeran et al. 2009; Vesterinen et al. 2010). Similarly, despite the efficacy of over 1,000
treatments in animal models of multiple sclerosis, very few have progressed to the marketplace
(Vesterinen et al. 2010). This usually indicates concerns about human safety or efficacy. Numerous
other examples exist (e.g. stroke studies: Cheeran et al. 2009).
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Limitations of animal models

A variety of factors appear responsible for poor translation of animal outcomes into human patients.
These limitations arise both from the animal models themselves, and from the ways in which they
are used.

Fundamental biochemical differences result in interspecies differences in absorption, distribution,
metabolism, and elimination pathways or rates, which may alter toxico- or pharmacokinetics (i.e.
bodily distribution). Toxico- and pharmacodynamics (mechanisms of action and biological effects)
may be similarly affected. Jointly these factors may alter organ systems that are impacted, and the
nature and magnitude of those effects (Hartung 2008; Knight 2011).

Biological variability and predictability for diverse human populations are frequently compromised
by restriction to single rodent strains, young animals, and single sexes. Common human co-
morbidities and lifestyle risk factors are usually lacking (Hartung 2008; Knight 2011).

Additionally, many toxicity tests rely on maximum tolerated doses (above which acute toxicity-
related effects preclude further dosing), and chronic dosing. Whilst maximising sensitivity to toxins,
thereby minimising false negative results, these conditions can also overwhelm physiological
defences effective at more environmentally realistic doses, resulting in false positive outcomes (Gold
et al. 1998; Hartung 2008; Knight 2011).

Furthermore, animals used in laboratories commonly experience a significant array of stressors
incurred during handling, restraint, and other routine laboratory procedures, and particularly, the
stressful routes of dose administration common to toxicity tests. Combined with environmental
stressors (e.g. due to limited space and environmental enrichment) and social stressors (e.g. due to
aggressive interactions between conspecifics), these represent a significant body of stressors. These
can alter physiological, hormonal, and immune status, and even cognitive capacities and behavioural
repertoires, in ways which are not always predictable (Balcombe et al. 2004; Balcombe 2006;
Baldwin & Bekoff 2007).

Flaws of study design and conduct

Additionally, numerous recent studies and systematic reviews have confirmed the existence of
significant methodological flaws, in most published animal experiments (e.g. Knight 2008b). Indeed,
no systematic reviews have demonstrated that a majority of animal studies, when assessed against
appropriate objective criteria, were of good methodological quality.

In particular, a number of design features must be included within animal experiments, to minimise
the potential for bias. Hoojimans et al. (2014) described 10 types of bias that have the potential to
influence animal experimental results, which they grouped into selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other sources of bias.

Many of these flaws are highly prevalent within animal studies. Kilkenny and colleagues (2009)
conducted one of the largest and most comprehensive systematic surveys to date, assessing the
experimental design, statistical analysis and reporting of 271 published animal experiments. Some
were funded by leading grant agencies within the United Kingdom and United States.

Details such as animal strain, sex, age and weight are all scientifically important and can potentially
influence results (Obrink & Rehbinder 2000; Alfaro 2005). Nevertheless, in many cases these were
omitted.
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Knowledge of planned treatment (or lack thereof) is one of a number of factors that can
unconsciously influence the assignment of animals to treatment groups. Accordingly, randomised
selection of animals for treatment groups is mandated, to ensure that outcome differences are most
likely due to treatment effects (Festing & Altman 2002; Festing et al. 2002). Nevertheless, such
randomisation was reported in only 12% of these studies.

Another crucial feature of good experimental design concerns the assessment of outcomes. Where
qualitative judgements occur, it is crucial that assessors are blinded to the treatment (or lack,
thereof), of animals assessed — lest such knowledge subtly affects their judgement (Festing & Altman
2002). Nevertheless, only 14% of all papers that reported qualitative assessment of outcomes, also
reported the use of blinding. More recently, similarly low rates of measures designed to minimise
bias were found in an even larger study (Vogt et al. 2016).

Many factors can affect experimental outcomes, so the incorporation of measures to minimise
sources of bias are crucial to ensuring the reliability of research results. Animal research reviews
from the field of emergency medicine have demonstrated that estimates of treatment efficacy are
significantly reduced in studies that incorporate mechanisms to reduce risks of bias (Bebarta et al.
2003; Macleod et al. 2008). Similar results have been found in numerous other studies. Animal
studies incorporating the fewest measures to minimise bias tend to report the greatest effect sizes,
demonstrating that such effects are not entirely real, and are partly due to bias (Macleod et al. 2005;
Crossley et al. 2008; Vesterinen et al. 2010; Rooke et al. 2011; Hirst et al. 2014). The widespread
failure to utilise mechanisms such as randomisation and blinding appears to result in false
expectations of treatment efficacy, with the results that reported outcomes in animals often fail to
translate into humans.

Another problem commonly observed by Kilkenny et al. (2009) concerned the transparency of
reporting, and the robustness of statistical analysis. Almost 60% of surveyed publications were
deficient in these areas. Most studies failed to provide sample sizes, or adequate justifications of
these. And yet, studies using too many animals waste lives. Conversely, the results of underpowered
studies (with insufficient experimental subjects) cannot be extrapolated to wider populations with
sufficient certainty. Accordingly, power analyses or other simple calculations are widely used in
human clinical trials, to ensure sufficient subjects (but few extras) are present, to be able to detect
biologically important effects. The same principles should apply to animal studies (Dell et al. 2002;
Festing & Altman 2002).

Improving research quality

In 2010 Kilkenny and colleagues proposed the Animal Research: Reporting of In Vivo Experiments
(ARRIVE) guidelines. These comprised a checklist of 20 items, designed to provide minimum
information on experimental variables such as the number and characteristics of animals used (such
as species, strain, sex, and genetic background); housing and husbandry conditions; and the
experimental, statistical, and analytical methods employed. Multiple measures to reduce bias were
listed, including random allocation of animals to experimental groups, blinded outcome assessment,
statistical justifications of sample sizes, and the reporting of animals excluded from analyses,
exclusion criteria, and any investigator conflicts of interest.

Kilkenny et al. proposed that these items should be included within all scientific publications

reporting animal research, thereby allowing critical assessment of methods and results. Other
authors have proposed similar guidelines and checklists (e.g. Hoojimans et al. 2010).
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The ARRIVE Guidelines have since been endorsed by over 1,000 research journals (including those
published by the Nature Publishing Group, PLoS, and BioMed Central) (Reichlin et al. 2016). They
have been endorsed by major UK funding agencies (including the Wellcome Trust, the Biotechnology
and Biological Sciences Research Council, and the Medical Research Council), and they also form part
of the US National Research Council Institute for Laboratory Animal Research guidelines (Baker et al.
2014).

Despite this, a number of studies have demonstrated that compliance with such guidelines remains
poor (Baker & Amor 2012; Landis et al. 2012; Schwarz et al. 2012; Reichlin et al. 2016).

Compliance with each of the 3Rs, and with the ARRIVE guidelines and other best practice standards,
during the design, conduct and reporting of experiments, should be mandatory. Standards should
cover animal sourcing, housing, environmental enrichment, socialisation opportunities, appropriate
use of anaesthetics and analgesics, handling, non-invasive endpoints, and a range of measures to
minimise bias and ensure methodological quality. Full compliance should be necessary for securing
research funding, ethical approval, licencing of researchers, facilities and experimental protocols,
and publication of subsequent results.

Measures such as these would all increase the reliability of research results, and would facilitate
their use within systematic reviews. It might allow us to accurately predict treatment effects within
the animal species under study, and to address the current inability to reproduce many animal study
results (Reichlin et al. 2016).

However, interspecies differences will still remain in absorption, distribution, metabolism, and
elimination pathways or rates, resulting in differing toxico- or pharmaco- kinetics and -dynamics, and
subsequently, differences in the organ systems affected, and in the nature and magnitude of those
effects. Such factors, which reflect the intrinsic complexity of living organisms, will continue to pose
barriers to extrapolation to humans, that may remain insurmountable, in many cases.

Conclusions

Animals are rarely responsible for human health or societal challenges, many of which are of our
own making and preventable. Animal advocacy organisations such as SAFE, along with numerous
animal ethicists (e.g. Regan 1987; Nobis 2011), do not consider it ethical to harm animals in our
attempts to address these.

Nevertheless, millions of animal lives are annually consumed by animal research, along with very
substantial research and financial resources, which are subsequently unavailable for human clinical
or other research fields. Inaccurate human predictions resulting from poorly designed animal studies
threaten patient and consumer safety, delay the development of efficacious clinical interventions,
and deny potentially useful chemicals to society.

The essence of the scientific method is a willingness to engage in critical scrutiny - even of one’s own
practice. Instead of uncritically assuming the benefits of animal research, researchers should subject
it to much more rigorous and critical evaluation. Poorly designed, conducted and reported animal
research should never be considered acceptable. A broad range of measures should be implemented
to substantially improve methodological quality and 3Rs compliance, and to maximise reliability of
subsequent results (Knight 2011).

Social license to conduct animal research depends on ensuring that the societal benefits exceed its
very substantial costs. Where such research fails to meet the harm-benefit standards expected by
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society it should clearly cease, with resources directed into more promising and justifiable fields of
research and healthcare.
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