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Preclinical methodologies have increased crucially in animal research regarding 
measurement sensitivity and specificity in the last ten to fifteen years, e.g. by dedi-
cated positron emission tomography (PET) and single photon emission computed 
tomography (SPECT). 

In 2012 we published an essay1 in the Journal of European Nuclear Medicine and 
Molecular Imaging under the title “Can Animal Data Predict Human Outcome? 
Problems and Pitfalls of Translational Animal Research”, where we pointed out 
that refined preclinical methodologies on one hand have somewhat raised expec-
tations regarding human outcome prediction of preclinical data, whereas on the 
other hand there is increasing scepticism about the essentiality of animal models 
for medical progress in general.

Statements like “virtually every achievement of the last century has depended 
directly or indirectly on the research with animals” are often found in literature 
to emphasise on the importance and necessity of animal models used in drug 
development and medical science. Robert Matthews2 has discussed the validity 
of this particular statement in a critical article in 2008 and has concluded that 
this statement is anecdotal and does not generally hold true. Gill Langley3, in 
her critical paper in 2009, has concluded that relying on animal surrogates of 
human illnesses is a flawed approach in science. Her own investigations, as well 
as several published systematic reviews of the reliability of animal models have 
shown that fewer than 50% of animal studies have predicted human outcomes 
sufficiently. 

We believe that preclinical animal research needs to improve on different levels to 
yield better prediction for human patients. Animal models of diseases need to be 
as reliably reflective for patient’s situations as possible and it should be considered 
to what extent experimental parameters need to be homogenized or if a controlled 
heterogenization might be appropriate. Furthermore, general aspects of experi-
mental planning and performance should be brought to a higher level. Regulatory 
authorities as well as journal editors and peer-reviewers should pay increasing 
attention to features like sample size calculation, blinding and randomization. And 
finally, efforts should be taken to reduce publication bias in animal research litera-
ture to increase the reliability of meta-analytic analysis of studies in order to identify 
reasons for insufficient prediction of models.

http://link.springer.com/article/10.1007%252Fs00259-012-2175-z
http://link.springer.com/article/10.1007%252Fs00259-012-2175-z


In order to contribute to the efforts necessary mentioned above, we are perform-
ing meta-analytical research by ourselves. Furthermore, we are co-editing a book 
discussing the issues and possible solutions of translational animal research in 
detail. Based on our research background of the past in the field of molecular 
imaging, we are focussing on cancer drug evaluation in our on-going research. 

1 Marianne I. Martić-Kehl, Roger Schibli, August Schubiger, Eur J Nucl Med Mol Imaging (2012) 
39:1492–1496.
2 Matthews RAJ. J R Soc Med 2008;1001:95-98.
3 Langley G. RSDA 2009;1:161-168.

This symposium is certified by the Swiss Association of Cantonal Veterinarians as 
“1 Tag Weiterbildung für Versuchsleiter/-innen und Versuchsdurchführende”.

The symposium takes place within the context of the subject “Reproduzierbarkeit, 
Vorhersage, Relevanz” which is the main topic of the fellow periode 2009–2014 of 
Collegium Helveticum. 
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We are convinced that animal models can be useful tools in biomedical research, 
but undoubtedly, it has frequently been observed that effects found in animal mod-
els, cannot be translated to the clinic1. 

In order to investigate on that topic, we decided to perform a systematic review and 
meta-analysis in order to assess the experimental situation regarding the preclini-
cal experimentation standard in the development of anti-angiogenic drugs against 
cancer. The rationale for choosing anti-angiogenic drugs as a subject of study 
mainly lies in the fact that the concept of anti-angiogenic therapy was introduced in 
the 80ies of the last century by Judah Folkman, who postulated the idea of starving 
cancers by cutting them off from blood supply. The concept then still took some 
time to release a research boom which started in the late 1990ies leading to sev-
eral compounds tested in clinical trials, some of them were launched on the market 
at the beginning of this century (e.g. Sutent® (Pfizer) or Avastin® (Roche)). The fact 
of a rather restricted time frame of preclinical anti-angiogenic research allows an 
unlimited data search regarding time of study performance. Studies investigated 
are therefore all from a restricted time period of about fifteen years, which still 
enables an analysis of experimental quality over time but on the other hand does 
not produce too high inhomogeneity among the studies included in our review.

There is some evidence nowadays that anti-angiogenic drugs might trigger early 
metastatic progression of cancer as an evasion strategy due to restricted nutrition 
and oxygen supply. The study by Ebos2 and colleagues has shown that this phe-
nomenon can be simulated in mouse studies when metastatic models of cancer 
are investigated. This is a good example of the predictive value of animal models 
if investigations are performed in a relevant way. 

1 Martić-Kehl MI, Schibli R, Schubiger PA. Eur J Nucl Mol Imaging 2012;39:1492-1496.
2 Ebos JML, Lee CR, Cruz-Munoz W, Bjarnason GA, Christensen JG, Kerbel RS. Cancer Cel 
2009;15:232-239.
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Alternative animal models of disease: the unique strengths of the dog

Dr. Carlos E. Alvarez 
Principal Investigator, Associate Professor, Center for Molecular and Human 
Genetics, The Research Institute at Nationwide Children’s Hospital and
Departments of Pediatrics and Veterinary Clinical Sciences, The Ohio State 
University Colleges of Medicine and Veterinary Medicine, Columbus 
carlos.alvarez@nationwidechildrens.org

A major question in pharmaceutical development is why preclinical animal models 
are often poor predictors of human clinical utility. Everyone knows the answer lies 
in physiological relevance that is rooted in genetics. Thus the question is how to 
validate, first, the clinical relevance, and then the biochemical pathway targeted. 
While the mouse offers the highest level of experimental tractability of any mam-
mal, it suffers from limited genetic variation, natural disease occurrence and other 
aspects that diminish its human relevance. For example, unlike human cancer 
malignancies, mouse models often lack an active immune system, the setting of 
old age and the critical feature of metastasis. Here we make the case that dog 
models have several outstanding strengths that make them complementary to 
rodent models. Humans are genetically – and thus biologically – more similar to 
dogs than they are to mice. Humans and dogs both receive sophisticated health 
care; and the similarities of their natural medical conditions and treatments are well 
established. This clinical context has led to the characterization of approximately 
400 inherited diseases in dogs. Most importantly, there are hundreds of dog breeds 
that form isolated breeding populations. Each breed is on the order of 100-fold 
simpler than the whole population. As a result of this reduced heterogeneity, each 
breed has increased risk of a dozen or so inherited conditions. In addition, dogs 
share human environments, age 5 to 8-fold faster than humans and generally 
live to old age. These various aspects yield powerful advantages in many areas, 
including clinical phenotyping, genetic mapping of complex traits, and pharmaco-
genetics. Here we present the strengths and weaknesses of dog models, and pro-
pose that their greatest potential is in translational medicine and proof of concept 
preclinical studies.



Ethical Aspects on the Use of Animals in Translational Research

Dr. Dr. Karin Blumer
Senior Manager Scientific Affairs Novartis, Novartis International AG, Basel
karin.blumer@novartis.ch

Animal research in biomedical sciences serves two overarching objectives. In 
fundamental research living organisms are used to study physiological and patho-
logical mechanisms as well as the complex interactions of an individuals’ (innate) 
nature with the external environment. This research aims to understand mecha-
nisms of disease, the ultimate precondition for the development of new diagnostic 
tools and therapeutic interventions. In applied research, i.e. in translational or pre-
clinical research, animals are used to better understand the effects of new thera-
pies on (mammalian) organisms. These studies are usually the last step--following 
a series of in silico or in vitro tests--before a new therapy is for the first time used 
in man. They are mandated by complex regulatory mechanisms enacted in the last 
decades to protect the safety of human patients.

Today the use of animals in translational research is increasingly questioned. 
Two arguments prevail. The scientific argument claims that “man is not a 70 kg 
mouse”(Leist and Hartung 2013) and argues that animal research does not deliver 
sufficiently relevant data. The moral argument claims that sentient animals have 
some fundamental rights and that their basic interests must prevail over man’s 
interest in advancing science and technology. This argument has recently been 
put forward by over one million signers of the European Citizen’s Initiative “Stop 
Vivisection” (2013). 

But what is the position of philosophy and ethics in this debate? Can the use of 
animals in R&D be justified and if so, what arguments can be used? Does research 
depend upon a narrow anthropocentric thinking that would only acknowledge a 
moral status to human beings or is it possible to classify animals as intrinsically 
valuable beings and still allow their use in an experimental setting? I will propose to 
use the position of a moderate biocentrism as starting point for all moral consider-
ations and conclude with a strong call for the global application of the 3R principles 
proposed by Russel and Burch in 1959. 

Quotes:
European Citizen’s Initiative „Stop Vivisection“ (2013). URL: http://ec.europa.eu/citizens-initiative/pub-
lic/initiatives/finalised/details/2012/000007/en
Leist M, Hartung T. (2013): Inflammatory findings on species extrapolations: humans are definitely no 
70-kg mice. Arch Toxicol 87: 563-567



Study Design

Prof. Dr. Michael F.W. Festing
MRC Toxicology Unit, University of Leicester 
michaelfesting@aol.com

The randomised controlled blinded experiment is one of the most powerful tools 
available for gaining new knowledge. But there is increasing evidence that such 
experiments are often poorly designed, incorrectly analysed and the results are 
poorly presented. As a result the research is unrepeatable leading to a loss of sci-
entific resources and the needless death of laboratory animals. The principles of 
good experimental design are relatively simple: 1. There should be a clearly stated 
hypothesis which the experiment is capable of answering. 2. There should be a 
deliberate intervention (the “treatment”). 3. The experiment should be comparative, 
i.e. there should be two or more treatment groups, one of which may be called the 
“control” group. 3. The subjects of the experiment (the experimental units) need to 
be correctly identified. 4. There should be independent replication of the experi-
mental units: any two experimental units should be capable of being assigned to 
different treatments. 5. Experimental units should be allocated to treatments using 
formal randomisation, and the investigator(s) should be blinded to the treatment 
allocation. In addition, experiments need to be capable of detecting any effect 
of clinical or scientific importance. A power analysis may be used to determine 
sample size taking into account inter-individual variation and the acceptable prob-
abilities of false positive and false negative results.

The “external validity” of the experiment should also be considered. Are the 
results similar for both sexes, different genotypes, different diets or different envi-
ronments? These factors can often be studied at little extra cost using factorial 
designs. Finally, scientists are advised to use the ARRIVE or similar guidelines 
when preparing their manuscript in order to ensure that they have not omitted any 
important details.

mailto:michaelfesting@aol.com


Mouse Models of Advanced Spontaneous Metastasis for Experimental 
Therapeutics

Prof. Dr. Giulio Francia
BBRC Biological Sciences, The University of Texas at El Paso
gfrancia@utep.edu

An enduring problem in cancer research is the low rate of success in reproducing 
some encouraging preclinical therapeutic findings, using transplanted or spontane-
ous primary tumours in mice, in clinical trials of patients with advanced metastatic 
disease. There are several reasons for this, including the failure to model meta-
static disease in mice. We summarize our experience in experimental therapeutics 
using mouse models of human cancer, including breast and colon cancer, and in 
the development of postsurgical models of metastatic disease.  We also note that 
while simpler murine tumor models can sometime provide useful information on a 
therapeutic regimen, in some cases therapies that are effective at controlling the 
growth of metastatic disease can have minimal impact on the growth of primary 
tumour models. We propose that the use of preclinical mouse tumor models which 
mimic postsurgical adjuvant or metastatic therapy may be a promising strategy to 
help improve our ability to predict subsequent clinical outcomes.

Animal Housing and Handling

Dr. Simone Macrì
Section of Behavioural Neuroscience, Department of Cell Biology  
and Neuroscience, Istituto Superiore di Sanità, Roma 
simone.macri@iss.it

Living organisms adjust their behaviour to the specific requirements of the environ-
ment in which they mature and live. Such phenotypic flexibility occurs throughout 
the entire lifespan whereby precocious experiences may influence individual 
development at several levels including physiology, neurochemistry, morphology, 
and behaviour. Just as these adaptive mechanisms occur in several taxa ranging 
from plants to mammals, so also they pertain to laboratory animals. Thus, the 
reactions observed in laboratory rodents, and their validity as preclinical models of 
human disorders, is remarkably influenced by breeding, housing, and testing con-
ditions. Here, I discuss the implications of these concepts on the internal validity of 
experimental data. Internal validity is herein defined as the reproducibility of data 
obtained in identical experiments performed in different contexts. Several studies 
demonstrate that internal validity is often hampered by the elevated inter-individual 
variation observed in subjects belonging to the same experimental group. Part of 
this variation may be related to the fact that laboratory animals are not suited to the 
breeding, housing, and testing conditions to which they are exposed. I propose that 

mailto:gfrancia@utep.edu


precocious environmental conditions do not adequately forecast the challenges to 
which adult laboratory rodents will be exposed (phenotypic mismatch). Specifically, 
while the scientific community strives to provide neonate rodents with quietness 
and stability, the same community exposes adult experimental subjects to mul-
tiple stressors characterized by variable degrees of severity (e.g. injections, food 
restriction, etc.). Ultimately, phenotypic mismatch may partly explain the reduced 
reproducibility of experimental data. I propose that developing housing and test 
strategies capable of reducing such mismatch may improve the reproducibility of 
experimental data, ultimately providing a remarkable benefit to behavioural neu-
roscience. 

Rodent Models in Cancer Research

Prof. Dr. Jens Pietzsch
Department of Radiopharmaceutical and Chemical Biology,  
Institute of Radiopharmaceutical Cancer Research, Helmholtz-Zentrum Dresden-
Rossendorf and Department of Chemistry and Food Chemistry,  
Technische Universität Dresden 
j.pietzsch hzdr.de

Model systems in small and short-lived mice, rats, hamsters and, more recently, 
in long-lived mole rat species have provided important insights into cancer biology 
and biochemistry. Additionally, rodent models are widely used for the preclinical 
evaluation of cancer drug targeting, drug response and the evolution of resistance 
to targeted therapeutics. However, all of them are imperfect facsimiles of human 
cancers only partly reflecting the heterogeneity of human carcinogenesis from the 
initial genetic insults in single cells to multicellular, multistep malignant progres-
sion in a proper tissue environment. It has become evident that these models 
particularly cannot precisely recapitulate processes associated with, e.g., tumor 
inflammogenesis, angiogenesis, lymphangiogenesis, tumor-cell dissemination and 
organ-specific metastasis. In line with the large socio-economic burden of cancer, 
both on the academia and the health-care professionals, there is an essential need 
of novel improved, translatable, and more predictive rodent tumor models. This 
review provides a condensed overview on traditional, e.g., chemically-induced, 
ectopic xenograft, and orthotopic xenograft models, but also on more sophisticated 
primary human tumorgraft models and genetically-engineered mouse models. In 
particular, recent progress in manipulating the mammalian genome in a precise 
and predictable manner resulted in the generation of more reliable models of 
human cancer to test therapeutic strategies. Specific emphasis, in addition, is put 
on the use of dedicated small animal imaging modalities, e.g., positron emission 
tomography, that are increasingly adopted in rodent model testing for cancer drug 
discovery and development.



Spontaneous Tumor Animal Models

Prof. Dr. Andreas Pospischil 
Fellow at Collegium Helveticum, Zürich
pospischil@collegium.ethz.ch

All animals, especially vertebrates develop tumors comparable to humans. This is 
known since histopathologic oncologic diagnostics and research were established 
in the 2nd half of the 19th century. These investigations provide information for the 
understanding of cancer biology of tumors in humans. In the context of “Cancer 
Drug Development” model animals are preferred that are closely comparable to 
human cancer patients. Pet animals are the nearest human companions sharing 
human environmental conditions and sometimes food. Species most frequently 
kept in households are cats and dogs followed by fish, small mammals, birds, rep-
tiles and amphibians. Cats and dogs with spontaneous cancer are ideal models 
since they are outbred species like humans, many genes are directly comparable 
to human genes, spontaneous cancer progresses more rapidly compared to 
humans, their relative life span is shorter compared to humans and they respond 
similar to most treatment regimes used in humans. Several approaches like 
epidemiologic-, pathogenetic- and therapeutic models have been used in single 
studies. Many striking similarities with respect to morphology, age and sex depen-
dency, malignancy, epidemiology, environmental and genetic influence have been 
detected between feline, canine and human tumors like malignant melanoma, 
osteosarcoma, testicular tumors, tonsillar carcinoma, non-Hodgkin lymphoma etc. 
For a broader and more general application of these models the following require-
ments are necessary:
1. Population based cancer registries
2. Comparative investigation of cancer registry data from different species
3. Comparative (human/feline/canine) geographic and environmental risk assess-

ment for tumor incidences
4. Tissue / biobanks for tumor samples
5. Comparative testing of genetic / proteomic tumor markers



Ending reporting bias

Dr. Gerben ter Riet, MD PhD 
Department of General Practice, Academic Medical Center,  
University of Amsterdam
g.terriet@amc.nl

Reporting bias occurs when the aggregated (publicly) available evidence (the 
“pooled estimate”) for a particular parameter deviates from the truth due to sys-
tematic decisions (not) to make (publicly) available particular research findings. 
Reporting bias invalidates systematic reviews and meta-analyses and the cumu-
lative scientific record. In clinical medicine, reporting bias may invalidate clinical 
practice guidelines and harm patients. In basic science, it may invite needless or 
prevent necessary repetition and unduly hasten first-in-man studies. Reporting 
bias includes: (i) publication bias where whole papers go missing and (ii) parame-
ter reporting bias where at least one, but not all, measured parameters (risk factor-
outcome or intervention-outcome associations) go missing selectively. What may 
be done about it? First, and most fundamentally, registration of research protocols 
and their monitoring through extending the purview of (human or animal) research 
ethics committees may effectively prevent reporting bias. Second, public funders 
may play a role by withholding payment until all promised results have been 
reported on. Third, focusing on journal policies, we may initially submit manuscripts 
to scientific journals without any results to avoid results-driven rejections. If all that 
is unacceptable, we may go on educating ourselves and the next generation of 
scientists about the downsides of reporting bias (waste, patient care, ethics) and 
rigid “p-value thinking”. We may try to detect and repair these distortions by using 
techniques for missing data imputation. However, I think that effective prevention 
of future reporting bias through regulation assisted by clever nudging is feasible 
and the way forward.

Dr. Marianne Martić-Kehl
Swiss Federal Institute of Technology Zürich, Collegium Helveticum 
marianne.martic@collegium.ethz.ch

Prof. Dr. P. August Schubiger
Swiss Federal Institute of Technology Zürich, Collegium Helveticum
august.schubiger@pharma.ethz.ch

Prof. Dr. Gerd Folkers
Director of Collegium Helveticum
folkers@collegium.ethz.ch
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