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In Part 1 of this publication we provided a partial
history of preclinical systematic reviews in both
the UK and the Netherlands during the years
2000–2022.1 Here in Part 2, we conclude by consid-
ering some of the evidence generated by these
reviews, and its implications for preclinical research
and for medicine.

Evidence from systematic reviews
In 2008, Michael Bracken, at Yale University, sum-
marised some of the developments in the field,
highlighting the worryingly poor quality of animal
studies and making the case for more preclinical sys-
tematic reviews.2 Between 2005 and 2010, Korevaar
et al.3 estimated that 163 preclinical systematic
reviews had been published, while 246 were identified
between 2009 and 2013 by Mueller et al.4 As more
and more animal studies were scrutinised as part of
the systematic review process, it gradually became
apparent that much animal research was conducted
to a low standard and was therefore unable to gen-
erate robust, reliable data. This made uncomfortable
reading for animal researchers, who were found to
report low rates of random allocation, allocation
concealment and blinded outcome assessment.5–7

Studies that take these accepted precautions to
reduce biases are less likely to suggest differential
effects than studies that do not observe these precau-
tions. It soon became evident that large bodies of
animal research had overstated the benefits of their
experimental interventions. Tsilidis et al.8 demon-
strated this clearly in the field of preclinical neuro-
logical research, as did Crossley et al.9 in the field of
preclinical stroke research. The accumulating preclin-
ical systematic reviews also revealed that animal sam-
ples are typically small, leading to underpowered and
therefore unreliable studies, as Emily Sena, convenor

of CAMARADES, showed in her 2014 overview.10

In short, systematic reviews provided overwhelming
evidence that animal studies suffer from poor exper-
imental design and a lack of scientific rigour, raising
doubts about the robustness of their findings and
consequently, their clinical relevance.

Selective analysis and biased outcome reporting –
the practice of reporting only the most positive out-
comes and analyses from among the many performed
and studied – was also revealed to be a problem in
animal research.8 Again, this leads to an overestimate
of beneficial treatment effects, ultimately creating a
body of evidence with an inflated proportion of stud-
ies with positive results. Incomplete reporting was
revealed to be another limiting factor. Even basic
information, such as the number of animals used in
experiments, was found to be missing, as was report-
ing on attrition.11 This – the loss of animals through
death or exclusion – can dramatically alter the results
of a study and, again, have the effect of making
animal studies appear more positive than they actu-
ally are. Publication bias (the phenomenon whereby
studies are more likely to be published if they present
‘positive’ findings) was found to be a significant prob-
lem,3,4 leading once more to the benefits of animal
studies being overstated.12 And citation bias, first
reported in the clinical field,13 was found to be an
issue in animal research. A German study of 109
investigator brochures, the documents presented to
ethics review boards by those applying to conduct
Phase I and II trials in humans, revealed that only
6% of the preclinical animal studies referenced in the
brochures reported an outcome demonstrating no
effect; the vast majority – 82% – were described as
reporting positive findings.14

Unsurprisingly then, when scientists from Astra
Zeneca reviewed 255 protocols for forthcoming
animal experiments, they found that over half
needed amending to ensure proper experimental
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design, appropriate sample sizes and measures to
control bias.15 And when pharmaceutical companies
conducted in-house validation of data coming from
academia, they found that much of it was irreproduc-
ible16; in other words, the experiments did not pro-
duce the same results when independently repeated.17

This problem – which has come to be known as the
reproducibility crisis – is due to poor experimental
design and poor scientific conduct and is com-
pounded by incomplete reporting. A number of key
papers were written on this topic, including by
Ioannidis,18 Leist and Hartung19 and Begley and
Ioannidis.20 Although it is beyond the scope of this
article to describe them, many initiatives were devel-
oped to improve the quality of animal study design
and reporting, and to address problems such as pub-
lication bias, one of the most famous of which is the
ARRIVE guideline.21 Another initiative is European
Quality in Preclinical Data (EQIPD),22 an EU con-
sortium that has assembled preclinical researchers
from both academia and industry to identify how
the quality of preclinical science could be improved.
One of its outputs, for example, is a systematic review
of existing guidelines for preclinical animal studies,
resulting in 58 recommendations.23

Poorly conducted, unreliable research has conse-
quences, for humans, animals and society. It can be
dangerous. Corticosteroids, for example, were found
to benefit animals with brain injury, and tirilazad was
beneficial for animals with acute stroke, but both
drugs increased the risk of people dying when they
proceeded to clinical trials.6 Systematic reviews have
also revealed a great deal of redundancy and waste in
animal research. In 2010, Sena et al. demonstrated in
a cumulative meta-analysis that the beneficial effects
of tissue plasminogen activator for stroke had been
well documented in animal models by 2001, but
research using several thousand animals continued
for several years afterwards.24 And of course, if the
results of preclinical studies are unreliable, then that
research is also a waste of time, resources and ani-
mals’ lives. In 2014, The Lancet held a conference on
research waste in both clinical and preclinical science,
highlighting that this could be avoided at every stage
of the research process, i.e. funding, conduct and reg-
ulation.25 It was a clear call to action and led, among
other things, to the founding of the Ensuring Value
in Research (EVIR) Funder Forum, an international
group of funders committed to avoiding waste and
increasing the value of funded research.26 Ritskes-
Hoitinga made contact with the forum, with the
upshot that a preclinical working group was estab-
lished, with Ritskes-Hoitinga as co-chair.

Also, in 2014, Pound returned to the field after an
absence of 10 years and teamed up with Michael

Bracken to review developments.27 Their paper,
again published in the BMJ, provided an overview
of the evidence accruing from preclinical systematic
reviews. They noted that shortcomings in almost
every aspect of the scientific design, conduct and
reporting of animal studies were contributing to an
inability to translate into benefits for humans. This
time their paper was warmly received, indicating that
the scientific climate had changed considerably. No
longer was it considered heretical to discuss the lim-
itations or challenge the validity of animal research.

In 2018, a BMJ investigation concluded that an
Oxford University research group had been selective
in the reporting of their animal study results to gain
funding and approval for human trials of a TB boost-
er vaccination.28 The group had gained funding for
the human trials, but the trials had ultimately failed.
An earlier systematic review of the animal data con-
cluded that insufficient evidence had existed to
support claims about the efficacy of the vaccine
booster and that the claims had been overstated.29

Highlighting the problem of selective outcome
reporting, the BMJ commented on the group’s
‘pick and mix’ approach, claiming that some of the
animal studies showing adverse effects had been
omitted from the preclinical evidence. In an accom-
panying editorial, Ritskes-Hoitinga and colleague
Kim Wever outlined steps that needed to be taken
to improve the conduct and quality of preclinical
research.30

More recent developments
In January 2017, SYRCLE moved out of the animal
facility and into the Department of Health Evidence
at Radboud University. The animal facility’s users
and research directors had begun to withdraw sup-
port for Ritskes-Hoitinga following an interview she
gave to the Dutch newspaper Trouw in 2013, in which
– having considered the evidence on the poor quality
and reporting of animal studies – she stated that
animal testing could be reduced by 80%. This had
shocked the Dutch animal science community, and
two colleagues – Professors Frauke Ohl and
Coenraad Hendriksen from Utrecht University –
had disagreed openly in a letter to the newspaper.
Ritskes-Hoitinga was advised that, as the manager
of an animal facility, her role was to provide a service
to users, not comment on the science. In her new
department she had greater freedom to investigate
the evidence and embarked on a series of studies,
including a collaborative project between Utrecht
and Radboud Universities that attempted to identify
factors contributing to translational success.
A scoping review performed as part of this project
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found that rates of translation from animal to human
studies ranged from 0 to 100 and appeared to be
random, with no indication of factors that might
increase its likelihood.31 At a symposium in 2019 to
mark the end of the project, epidemiologist John
Ioannidis stated his view that animal testing could
be reduced by 90%.32

Around this time Ritskes-Hoitinga and Pound
began to collaborate. They published on the problem
of external validity of animal studies, arguing that
even if all the problems of internal validity in
animal research were resolved, species differences
would continue to make translation to humans unre-
liable.33 In doing so, they were drawing attention to
the problem that Ibn Sina had highlighted a thou-
sand years previously. With colleague Christine
Nicol, Pound also conducted a retrospective harm-
benefit analysis by reanalysing the animal data from
Perel et al.’s 2007 study.6 Using Bateson’s Cube34 to
weigh the harms to animals used in the research
against the benefits to humans that resulted, and
taking into account the importance and quality of
the research studies, they concluded that fewer
than 7% of the 212 animal studies scrutinised
were permissible.35 In a later paper, Pound and
Ritskes-Hoitinga highlighted that, while prospective
preclinical systematic reviews (i.e. those conducted
prior to human trials) allow valuable scrutiny of
the preclinical animal data, they are not necessarily
able to reliably predict the safety and efficacy of an
intervention, or safeguard clinical trial participants.36

A systematic review is only as good as the studies it
includes and if the primary animal studies cannot
reliably predict safety and efficacy in humans, the
systematic review findings will reflect this.

Despite a promising start, the number of preclin-
ical systematic reviews remains disappointingly low,
raising questions about the extent to which the
evidence-based approach has been accepted within
preclinical research. And although two more interna-
tional symposia on systematic reviews in laboratory
animal science were held, one in Edinburgh in 2013
and one in Washington in 2014, no further meetings
have taken place. Then in 2021, Radboud University
Medical Center suddenly decided to withdraw all
funding from SYRCLE; preclinical systematic reviews
were apparently no longer a priority for them.

Nevertheless, systematic reviews have been pivotal
in preclinical research. In highlighting the shortcom-
ings of animal studies, they enabled, for the first time,
an open and constructive debate about the value of
animal research – a debate that focused on the sci-
ence, rather than the ethics of this research. For dec-
ades, scientists had sidelined any challenges to the
practice of animal research as ethical rather than

scientific, referring back to the 3Rs and regulations,
but the challenge presented by systematic reviews
came from within the scientific community and
could not be ignored. Preclinical systematic reviews
have not only exposed shortcomings in the internal
validity of animal research (i.e. its design, conduct
and reporting); in highlighting the poor track
record of animal research in translation to humans,
they have also exposed its lack of external validity. In
this respect, two issues are now clear. First, the
inability of many, if not most animal models to rep-
licate complex human diseases; and second, the prob-
lem of species differences.

While some of the limitations of animal research
can, at least in theory, be addressed over time (i.e.
internal validity and some aspects of the animal
models themselves), the evolved differences between
species present an altogether different problem.
Evolutionary theory indicates that species differences
will always make the extrapolation of animal findings
to humans unreliable.33,37 Bearing in mind that this is
a fundamental flaw in the animal research paradigm,
and moreover one that is insurmountable, are proj-
ects that aim to improve animal models and animal
research a good use of scarce funding resources?

Many outside the field of animal research argue
that the way forward is not to try to improve this
research but to replace it with methodologies and
technologies that are directly relevant to humans.38

New approaches based on human biology include
in vitro cell models such as organoids and organs-
on-a-chip, as well as those using computer simula-
tions and artificial intelligence. While they face the
challenges that any research must deal with, in other
words the need to ensure internal validity and repro-
ducibility, they cut out the ‘noise’ that animal studies
introduce into clinical translation, producing data
that are applicable to humans and that are therefore
externally valid. Yet despite these new approaches
often performing better than animal studies (see for
example Dirven et al.39 on the relative performance
of in vitro and in vivo methodologies for predicting
drug-induced liver injury in humans), scientists
appear reluctant to relinquish traditional practices.
In a 2020 study, Pound and colleague Rebecca
Ram reviewed scientists’ opinions about the limita-
tions of animal models of stroke.40 They found that
while many viewed species differences as a significant
problem in preclinical stroke research, the vast
majority were reluctant to abandon their animal
models, with only 1 of 80 authors advocating a
focus on human-relevant research instead.

Consequently, two streams of research are pro-
ceeding in parallel and mostly in isolation from
each other. On the one hand, research based on
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human biology is being advanced and developed as a

direct response to the perceived limitations of animal

research, and – on the other – animal research con-

tinues as usual, albeit with an eye on research

improvement. In terms of the latter,

CAMARADES is still going strong,41 with several

projects underway, including the development of

‘living systematic reviews’.42 Nevertheless, change

seems to be coming. In the UK, a couple of high-

profile animal laboratories are set to close, the rea-

sons being ‘a move to using alternative technolo-

gies’43 and ‘a changing scientific landscape’,44 while

the Medical Research Council’s new ‘Experimental

Medicine’ programme45 funds research that focuses

on ‘the human as the ultimate experimental animal

for improving human health’, noting that this is now

possible due to advances in non-invasive techniques

such as medical imaging, sensors and ex vivo analyses.

The Dutch Parliament has a specific transition pro-

gramme, ‘Transitie naar Proefdiervrije Innovatie,46

which aims to ensure that the Netherlands is a front-

runner in the transition to innovate without using lab-

oratory animals. Meanwhile, the United States

Environmental Protection Agency has committed to

ending the use of mammals in chemical testing,47 also

aiming to be a frontrunner in the adoption of human-

relevant technologies.48 And in September 2021, the

European Parliament voted by a stunning majority of

667 to 4 to develop a coordinated plan to replace

animal experiments with innovative, non-animal

methodologies.49,50 Might this be the rumblings of a

scientific revolution?
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