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OPINION
Likelihood Ratios in Assessing the Safety of New Medicines
Robert A. Coleman

Until we know the true predictive value of animal-based methods
for predicting clinical safety issues, it is impossible to assess
the advantage or otherwise of non-animal based approaches

The use of animals in the discovery and development
of new medicines has generated debate for decades.
For much of this time, contrasting views have been
primarily polarised on the basis of practicality versus
ethics, with proponents arguing that for the development of new medicines to treat human disease,
the end justifies the means, while the opponents’
chief objection has been the associated animal suffering. Commercial and public health pressures over
the years have ensured that those in the ‘practicality
camp’ have held sway.
More recently, however, the issue has become
increasingly complex, with growing concerns that,
irrespective of ethical considerations, data generated
in animal (i.e. non-human) models are not necessarily
or sufficiently relevant to human patients.1–3 There is
now general consensus that inter-species variability is
a real issue, and that animal models are far from perfect for the purpose of ensuring either the efficacy or
the safety of potential new medicines intended for
human subjects. Supporters of the continued use of
animals argue that, while they do not provide an
absolute indication of either efficacy or safety, in the
absence of any other approach, one that is somewhat
unreliable is better than none at all.
Such an argument has some merit, if indeed it is
valid. However, in this field, all may not be entirely
as it seems. Firstly, human-based in vitro and in silico
alternatives are becoming ever more sophisticated,4
thus overcoming many of the criticisms originally
directed toward them. For example, it has long been
held that it would be impossible to model the complexity of the intact patient through a study of isolated cells and tissues, and while this problem may
never be wholly overcome, the gap gets ever smaller.
Secondly, it is important to understand that we really
don’t know how good existing animal-based methods
are. In the field of efficacy, there is a wealth of evidence that results obtained by using experimental
animals can be hugely misleading.5–11 Here, we have

the advantage that drugs that promise efficacy in
patients on the basis of animal data can advance into
clinical testing, and their utility can be directly
assessed. For the majority of these drugs, the clinical
outcome has been disappointing. With safety, the
issue is different, as drugs with identified safety
issues in animals will seldom, if ever, advance to clinical testing, thus the relevance of the animal data to
safety in humans may never be determined. However,
what we do know is that many drugs identified as
safe in pre-clinical profiling eventually prove to cause
serious and use-limiting side effects in human subjects.12 The key question is, “Could such failures have
been avoided, had we relied on human-based test
methods?” Until we know how frequently non-animal
methods could have identified safety issues that were
missed by animal tests, it is impossible to assess the
advantage or otherwise of those methods. It is a fact
that, despite the continued use of animals as human
surrogates in pharmaceutical research, there has
never been a solid, published, peer-reviewed study
demonstrating fitness for purpose, whereas reviews
identifying the shortcomings are abundant.

Assessing the value of animal
studies
It is for this reason that any information that sheds
light on the actual value of animal-based testing for
its intended purpose is of inestimable worth. Until
recently, much evidence, while valuable, has been
indirect. For example, a recent telling study demonstrated that pre-clinical fast-tracking (i.e. abbreviated safety testing) of potential new medicines
resulted in no increase in the proportion of candidates that subsequently proved toxic in human subjects.13 In another study, the ability of animal studies
to detect serious post-marketing adverse events was
demonstrably poor.14 While such reports add to the
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volume of data providing witness to the shortcomings
of animal-based approaches to ensuring clinical
safety, they do not provide a robustly measurable
metric of predictive efficiency. In view of the colossal
amount of data generated over the years in pre-clinical safety studies on thousands of new potential
medicines, many of which have progressed to clinical
testing and even to market, it is amazing that, until
recently, no comprehensive analysis of such data has
been applied in order to explore the value of the current approach to safety testing.

Likelihood ratios
In the light of such a background, it is of considerable
significance that serious attempts are now being
made to extract intelligence from the wealth of
information available in publicly accessible sources,
in order to shed more light on the actual predictive
power of animal-based safety testing. A particular
example is the utilisation of the Safety Intelligence
Programme (SIP),15 which overcomes semantic issues
to extract valid information from all available data
sources. SIP has been used, for example, to explore
the predictive power of animal models for the detection of liver toxicity associated with a wide range of
human medicines,16 highlighting the highly variable
efficiency of different models in combination with
different drug toxicities. More recently, SIP has been
used to particular effect in two studies that have
explored directly the value of dogs, mice, rats and
rabbits in predicting safety issues in human subjects.17,18 While most previous studies have relied on
determining ‘concordance’ between animal and
human data, that tells only a part of the story, and is
too simplistic a measure to be of much real value. Its
problem is that it only deals with positive correlation,
i.e. the frequency that toxicity in experimental animals and in human subjects coincide, ignoring the
issue of true prediction. What is needed is a determination of likelihood ratios (LRs),19 both positive
(PLRs) and negative (NLRs), to gain a more complete
picture. What emerged when LRs were determined
was that, although there was indeed some measure
of concordance between positive toxicity data
between animals and humans, in terms of LRs, none
of the species proved to offer any useful level of real
predictive power. Although the studies and their conclusions did not escape criticism from some
quarters,20 the suggested limitations, real or perceived, are arguably irrelevant to its overall
validity.21
What did emerge from the application of this
approach were absolute values for both PLRs and
NLRs for a wide range of specific drugs. The importance of this is that, for the first time, such measures
can provide a robust yardstick against which to evaluate the relative merits of alternative approaches to
toxicity testing.

Conclusions
To summarise, the use of more-rigorous approaches
to the evaluation of animal models as predictors of
the likelihood that any chemical will be similarly
toxic or non-toxic in human subjects provides not
only a realistic measure of their actual fitness for
purpose, but crucially, also a basis by which the efficiency of other, ideally human-based, approaches can
be evaluated through their exposure to the same
range of drugs. The use of the same drugs ensures
that any criticisms related to potential bias, or other
potentially confounding factors, are negated. Such a
prospective study would be of inestimable value.
Dare we hope that the government and pharmaceutical companies will take up the challenge and fund
such a study?
Dr Robert A. Coleman
Independent Consultant
UK
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