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a b s t r a c t

The value of animal studies to assess drug safety is unclear because many such studies are biased and
have methodological shortcomings. We studied whether post-marketing serious adverse reactions to
small molecule drugs could have been detected on the basis of animal study data included in drug reg-
istration files. Of 93 serious adverse reactions related to 43 small molecule drugs, only 19% were identi-
fied in animal studies as a true positive outcome, which suggests that data from animal studies are of
limited value to pharmacovigilance activities. Our study shows that drug registration files can be used
to study the predictive value of animal studies and that the value of animal studies in all stages of the
drug development should be investigated in a collaborative endeavour between regulatory authorities,
industry, and academia.

� 2012 Elsevier Inc. All rights reserved.
1. Introduction

By law, new therapeutics have to be studied in animals before
they can be tested in humans (US Congress, 1938; EU Parliament,
2004). An extensive set of guidelines, issued by the International
Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH), offers prac-
tical advice on the planning and execution of these non-clinical
studies, covering all aspects of drug safety. The vast experience
with, and the volume of historical data from, animal studies have
made laboratory animals the ‘gold standard’ for evaluating the
safety of new drugs. However, the value of routine animal studies
for drug development is increasingly debated (Hackam, 2007; Har-
tung, 2008; Lemon and Dunnett, 2005; Pound et al., 2004; Wall and
Shani, 2008). Although the pharmaceutical industry and regulatory
authorities rely on animal studies to predict the safety and efficacy
of new therapeutics in humans, it is striking that few attempts
have been made to demonstrate this predictive ability (Fletcher,
1978; Freireich et al., 1966; Owens, 1962; Rozencweig et al.,
1981; Schein et al., 1970).

Two large studies that assessed aspects of the predictive value
of animal studies have been published in the last 20 years. In
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1995, a Japanese industry consortium studied whether the phar-
macological effects in animals of 104 therapeutics were associated
with adverse reactions in humans. Of 43 established non-clinical
pharmacological endpoints, 10 (23%) were statistically significant
correlated with clinically relevant adverse reactions in humans
(Igarashi et al., 1995). In 2000, Olson et al. evaluated the sensitivity
of animal models to detect toxicity in humans, using 150 therapeu-
tics. In total, the concordance between human and animal toxicity
was 71% for rodent and non-rodent species, 63% for non-rodent
species, and 43% for rodent species (Olson et al., 2000). Moreover,
up to 43% of the toxicities identified in clinical trials were related
to the pharmacological action of the drug under investigation
and could have been anticipated on the basis of the drug’s mecha-
nism of action.

Most studies investigating the value of animal studies in drug
development have methodological shortcomings. Datasets are of-
ten limited in size or scope. For instance, most studies have focused
exclusively on anticancer therapeutics. Incorrect statistical defini-
tions have also been used, leading to an overestimation of the util-
ity of animal studies (Matthews, 2008). In the studies of Olson et al.
and Igarashi et al., limited inclusion criteria were used which may
have introduced selection bias. It is thus challenging to make an
unbiased and comprehensive analysis of whether animal studies
are of value in predicting short- and long-term clinical safety
(Zbinden, 1991). This requires a method that minimizes bias and
allows an evidence-based assessment. The study we performed is
part of a larger project to assess the value of animal studies in drug
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development (Top Institute Pharma, 2010). We retrospectively
studied whether animal studies that were part of the drug registra-
tion file of a new small molecule (SM) could have identified serious
adverse reactions (SARs) which required a safety related regulatory
action after market approval. Our method was set up to minimize
bias in two ways in order to improve on previous designs; first, by
using SARs requiring a safety related regulatory action as the
starting point of our database which allowed random selection of
therapeutics and secondly, by using the drug registration files to
minimize publication bias.
Fig. 1. Distribution of serious adverse reactions and small molecules over anatom-
ical therapeutic chemical class. SAR, serious adverse reaction; SM, small molecule;
nSAR = 93; nSM = 43.
2. Methods

For this study, chemically synthesized, drugs marketed in the
European Union after 01-01-1985 and which prompted safety-re-
lated regulatory action between 01-01-1999 and 01-01-2010 were
identified by searching the websites of the EMA and Medicines
Evaluation Board for Product Safety Announcements or Direct
Healthcare Practitioner Communications, including the Medicines
Evaluation Board internal databases (European Medicines Agency;
Medicines Evaluation Board; Mol et al., 2010). Safety-related regu-
latory actions were defined as either Product Safety Announce-
ments or Direct Healthcare Practitioner Communications
communicating a serious safety risk that necessitated changes
being made to chapter 4 of the summary of product characteristics
or box labelling as a result of new clinical or pharmacovigilance
findings, and also market withdrawal due to safety reasons. Prod-
uct Safety Announcements or Direct Healthcare Practitioner Com-
munications for the same drug but with different warnings were
pooled. SARs were identified and classified by organ class, as de-
fined by the Medical Dictionary for Regulatory Activities. To pre-
serve confidentiality, therapeutics were classified according to
the Anatomical Therapeutic Chemical classification system (World
Health Organization Centre for Drug Statistics Methodology).

Safety-related regulatory actions issued as class warnings or
due to dosing interpretation error, production error, drug–drug
interactions, viral resistance, contraindications due to lack of effi-
cacy, and quality or safety-related regulatory actions derived from
post-marketing animal studies were not included in this study. The
non-clinical expert report in the drug registration file for the drugs
investigated was obtained from the Medicines Evaluation Board.
Primary and secondary pharmacodynamic data, safety pharmacol-
ogy data, and single and repeat dose toxicology data were
reviewed to identify in vivo events in any rodent or non-rodent
species and at any dose or time point that could be considered to
be associated with the SAR described in the Product Safety
Announcement or Direct Healthcare Practitioner Communications.
Other sections of the registration file, such as those dealing with
carcinogenicity, reproductive and developmental toxicity, local tol-
erance, or special toxicology studies were also studied if these
were relevant to the SAR. Non-clinical events, such as pathological,
immunohistochemical, haematological, or biochemical changes,
were considered true positive if they were causally identical to
the corresponding clinical adverse reaction. An associated but not
true positive event was one in which a pathological, immunohisto-
chemical, haematological, or biochemical change occurred in the
target organ, but which did not necessarily lead to an SAR in the
animal species investigated. SARs without a corresponding non-
clinical event were considered false negative. All non-clinical
events identified were evaluated by the first author and were
verified by three independent external experts (a non-clinical
assessor, a toxicologist, and a medical doctor). The classification
had to be unanimously agreed upon by the expert panel. Per drug
investigated, the total number, associated, and true positive non-
clinical findings were summed and grouped by the corresponding
highest level of system organ class and anatomical therapeutic
class. Sensitivity was calculated as follows: sensitivity =ntrue positive/
(ntrue positive + nfalse negative).
3. Results

To identify SARs, we collected 244 Direct Healthcare Profes-
sional Communications and Product Safety Announcements issued
between 01-01-1999 and 01-01-2010 from the websites of the
European Medicines Association (EMA), and the Dutch Medicines
Evaluation Board, including their internal databases (Mol et al.,
2010). Duplicates, updates on existing issues, and press releases
not relevant to this study were removed, leaving, 178 Direct
Healthcare Professional Communications and Product Safety
Announcements. Of these, 51 communications/announcements
did not mention a regulatory action, and a further 37 did not meet
our inclusion criteria. The remaining 90 communications/
announcements informed healthcare practitioners of SARs associ-
ated with 49 drugs. The non-clinical expert report of 6 drugs could
not be retrieved, and so the final database consisted of 43 drugs, for
which 93 SARs were identified after market approval (Fig. 1). The
drugs were distributed over eight anatomical therapeutic classes
(Fig. 2). Of the 93 SARs, 59 (63%) did not have a non-clinical coun-
terpart and were considered false negative, and 34 (37%) were
accompanied by non-clinical events in the relevant target organ
in the species, doses, and time points tested (Table 1). Most of
these non-clinical events occurred at doses that were a multiple
of the intended clinical dose and after prolonged exposure. In many
cases, the incidence of these events was low and did not always
occur in multiple species. In 18 of the 34 cases, the non-clinical
events were identified as true positive events because they had
the same mechanisms as the SAR. In the remaining 16 cases, the



Fig. 2. Flowchart of the data collection leading to the selection of 43 drugs with 93
serious adverse events requiring a safety related regulatory action. DHPC, Direct
Healthcare Practitioner Communication; PSA, Product Safety Announcement; SAR,
serious adverse reaction.

Table 1
Detection rate and distribution of associated and predictive non-clinical events for
serious adverse events by anatomical therapeutic class.

SM SAR Detected non-
clinical event (%)

Associated non-
clinical event (%)

True positive non-
clinical event (%)

43 93 34 (37) 16 (17) 18 (19)

SAR, serious adverse reaction; SM, small molecule.
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non-clinical events affected the relevant target organ but did not
give rise to the reported SAR and were considered associated
events (see box text for examples). Accordingly, the sensitivity of
the animal studies for detecting SARs in humans was 19%.
4. Discussion

Our study was designed to minimize bias. We had a unique
opportunity to access drug registration files, which contain all
the experimental data generated by the company. Because animal
studies described in the non-clinical section of the drug registra-
tion file are designed to give a complete overview of the safety
and efficacy of a new therapeutic, this section contains both
positive and negative data, thereby limiting publication bias. To
minimize selection bias, we focused on adverse reactions serious
enough to require regulatory action after marketing. Since Direct
Healthcare Professional Communications were issued across al-
most all therapeutic classes (Mol et al., 2010), the drugs included
in this study could be considered a random selection.

The definition of what represents a predictive outcome, and
what does not, is an essential aspect of these kinds of retrospective
studies. Olson et al. defined a true positive non-clinical event as
one in which ‘. . .the same target organ was involved in humans and
in animals in the judgment of the company clinicians and the toxicol-
ogists’ (Olson et al., 2000). While identifying toxicity at the target
organ level in animals may be useful for evaluating the safety of
a drug from a development perspective, it is inadequate when
attempting to establish the predictive value, because toxicity in
the target organ may give rise to several specific side effects in
humans. Because we think that a stricter definition of true positive
results is needed, we distinguished between target organ involve-
ment and non-clinical events that were either identical to the SAR
or causal to it. For this reason, non-clinical events which were
related to the target organ but which did not give rise a SAR by
similar mechanisms were not considered true positive.

The study had some limitations. We restricted our analysis to
true positive and false negative events identified in animal studies
because we only studied those drugs that had received marketing
approval. We did not have access to the safety data of drugs whose
development was terminated in the non-clinical or clinical trial
phase. As a result, we could only address the left portion of a
2 � 2 contingency table, meaning that the sensitivity of animal
studies was the only assessable parameter. We used the non-clin-
ical expert report included in the drug registration file. This report,
written by an independent expert, summarizes the results of all
animal studies that were conducted to support the drug applica-
tion for a given indication. It is possible that the expert did not dis-
cuss data from individual study reports that might have identified
a potential clinical adverse reaction. Moreover, several therapeu-
tics did not meet the inclusion criteria, which limited the size of
the dataset. We did not include SARs arising from healthcare prac-
titioner errors, such as administration of the therapeutic through
alternative, non-indicated, routes. We also did not include adverse
events due to drug-drug interactions because interaction studies in
animals are rarely conducted and if so, only for fixed combinations.
Finally, our dataset was limited to small molecule drugs. It did not
include biotech products and we do not yet know if there are
differences in the frequency of detection of post-marketing SARs
between these distinct classes of therapeutics.

One could argue that non-clinical studies are not designed to
identify rare adverse reactions that appear after market approval.
Although the number of animals used in non-clinical studies is rel-
atively small, the studies are designed to find important side effects
that are likely to occur in humans (International Conference on Har-
monisation of Technical Requirements for Registration of Pharma-
ceuticals for Human Use, 2009). However, as high doses are
administered for a prolonged period to elicit a complete toxicolog-
ical response in animals, this approach can also estimate potential
toxicities that could occur in humans. In 18 cases, true positive
events in animal studies correctly predicted post-marketing ad-
verse reactions. Nevertheless, the low incidence rate, high doses,
prolonged exposure, and species specificity were important reasons
to assume that these events were unlikely to occur in the clinical
trial population. In addition, the number of adverse reactions in ani-
mals that have no corollary in humans (false positives) increase
with increasing dose, suggesting that over-exposure might not pro-
duce meaningful results (Igarashi et al., 1995). Overall, 63% of all
SARs had no animal counterpart, not even at a target organ level,
and less than 20% of SARs had a true positive corollary in animal
studies. However, although animal data is not sensitive enough to
detect post-marketing adverse events, they will remain useful to
identify safe starting doses and to identify pharmacological effects
that can be monitored during clinical trials. Data from non-clinical
studies are nowadays added to risk management plans, which are
developed by pharmaceutical companies to monitor the safety of
the drug in the marketplace. Few drugs in this study required the
submission of a risk management plan because it was not the policy
to do so at the time of marketing approval (Committee for Medici-
nal Products for Human Use (CHMP), 2005). For most drugs, no new
adverse effects will be identified after marketing authorization that
requires a safety related regulatory action. Yet, our study suggests
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that for the majority of drugs animal data in these plans will be
redundant because animal data do not appear to be an optimal tool
for prospectively assessing risk in humans.

5. Conclusion

We showed that the animal studies performed to evaluate the
safety of new small molecule drugs are not sensitive enough to
predict post-marketing SARs. Therefore, it is not relevant to include
animal study data for prospective pharmacovigilance studies.
While we only analysed a small set of data, the method used can
be adapted to include all therapeutics on the market as well as
those that are still in development. Such a study will enable a full
assessment of the predictive value of animal studies in drug
development.

The adoption of the precautionary principle by the regulatory
authorities and the relative ease with which this burden of proof
is accepted by the pharmaceutical industry – without attempts
to improve the current paradigm – has created a stalemate in
which animal studies, predictive or not, continue to exist with little
room for innovation. Stakeholders in industry, academia, and reg-
ulatory agencies, need to critically assess animal studies and dis-
cuss their predictive value in all earnestness and with the
scientific facts at hand. From this, possibilities based on scientific
facts may develop which allow new technologies to be imple-
mented that predict the safety and efficacy of therapeutics equal
to or better than animal studies do. A way forward would be for
the pharmaceutical industry to share clinical and laboratory data
generated at all stages of product development with collaborating
stakeholders, to enable a complete and transparent analysis of the
predictive value of animal studies for drug development.
True positive non-clinical event: Peripheral neuropathy was
a serious adverse reaction that led to a safety-related regula-
tory action. A 9-month repeat dose toxicity test in non-human
primates showed minimal to mild degeneration of the sciatic
nerve, consistent with axonopathy, in two female non-human
primates receiving high doses of the study drug after
3 months of treatment and in one female non-human primate
after 9 months of treatment. Axonopathy was more prevalent
in the sciatic nerves of female non-human primates and in
the spinal cord of male non-human primates than in controls,
with nerve fibres showing signs of Wallerian degeneration.

Corneal perforation or ulceration was an adverse effect
which occurred in less than 1:10.000 patients and was cause
for a change in the SPC. In non-clinical safety studies, corneal
atrophy and ulceration has been observed in high dose group
beagle dogs.

Gastrointestinal perforation and bleeding was reason for a
safety related regulatory action leading to a change of the
SPC. Non-clinical studies showed that rats in the high dose
group developed red lesions in the stomach and haemor-
rhage or inflammation of the stomach with gastric erosion.
High dose treated rats also showed increased inflammation
and haemorrhage of the intestine.

Rare cases of nephrogenic systemic fibrosis have been
reported which resulted in a change in the SPC. In non-clinical
studies, dose related renal cortical tubular cell vacuolation
was observed in rats. Kidney weight of drug treated rats
was increased compared to control treated animals although
this was not considered to be drug related. Similar increased
kidney weight increase was observed in monkey. Urothelial
hyperplasia was observed in all drug treated animals. In
atoxicity study in rats, one animal in the high dose treated
group and two animals in the mid dose treated group showed
increased tubular mitotic rate. Degeneration with regenera-
tion in the distal convoluted tubules and collecting ducts
was noted in one rat from each dose group in a repeated dose
toxicity study. Skin lesions were observed in a sub chronic
repeated dose toxicity study in rats. The lesions were scabs
or thickening of the skin with patchy hair loss. Similar skin
reactions were observed in dog. Foveolar hyperplasia and
focal increased interstitial connective tissue in glandular
stomach were noted in two males. Mineralized areas in the
superficial dermis were noted in 2 high dose treated rats.

False negative association: False negative associations have
no non-clinical counterpart. For instance, a therapeutic re-
ceived a safety-related regulatory action because of increased
risk of myocardial infarction. In the corresponding safety
pharmacology section of the non-clinical expert report, no
discernable cardiovascular effects were observed in animal
experiments or during repeated dose toxicity studies in multi-
ple species.

Associated non-clinical event: A safety-related regulatory ac-
tion was issued after reports of pure red cell aplasia. Animal
studies showed that the haematopoietic and/or lymphoid
systems were target organs in mice, rats, dogs, and monkeys
dosed orally for up to 12 months. Haematopoietic toxicity in
mice and rats was evidenced as decreased erythrocyte
parameters. Anaemia occurred in both species. In mice in-
creased granulocytic cells and megakaryocytes in bone mar-
row were also observed. Neonatal rats receiving the highest
dose had reduced red blood cell parameters, reduced bone
marrow cellularity, and increased splenic extramedullary
haematopoiesis. In dogs and monkeys, haematological side
effects were primarily decreased lymphocyte counts. How-
ever, while it was clear that the haematological system was
the target organ and anaemia was a likely side effect, pure
red cell anaemia could not be exclusively identified as an ad-
verse effect in animals. Therefore, these non-clinical events
were not considered true positive for this specific serious ad-
verse reaction.

Increased risk for depression, including suicidal ideation
and increased aggression was reported in addition to or in
combination with increased incidence of insomnia which re-
sulted in a safety related regulatory action. Interestingly,
behavioural studies showed that drug treated mice showed
anti-depressant like behaviour in the Porsolt forced swim
test. In addition, drug treated mice showed anxiolytic behav-
iour in the elevated plus maze. Because the drug clearly had
an effect on behaviour but was converse to that observed in
humans, the non-clinical events were considered target
organ related effects.

A safety related regulatory action was taken after reports
of sudden onset of sleep which was associated with the use
of a drug. In non-clinical studies, increased yawning was
seen in drug treated rats. In both cats and rats REM sleep
depression was observed in drug treated animals. Clearly,
these observed effects indicate that the central nervous sys-
tem, and in particular sleep, is affected but sudden onset of
sleep was not observed. The effects were considered target
organ related, but not predictive.
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