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Importance of Systematic Reviews
and Meta-analyses of Animal Studies:
Challenges for Animal-to-Human Translation

Zahra Bahadoran,! Parvin Mirmiran,? Khosrow Kashfi,? and Asghar Ghasemi*”

Results of animal experiments are used for understanding the pathophysiology of diseases, assessing safety and efficacy of
newly developed drugs, and monitoring environmental health hazards among others. Systematic reviews and meta-analyses
of animal data are important tools to condense animal evidence and translate the data into practical clinical applications. Such
studies are conducted to explore heterogeneity, to generate new hypotheses about pathophysiology and treatment, to design
new clinical trial modalities, and to test the efficacy and the safety of the various interventions. Here, we provide an overview
regarding the importance of systematic reviews and meta-analyses of animal data and discuss common challenges and their
potential solutions. Current evidence highlights various problems and challenges that surround these issues, including lack
of generalizability of data obtained from animal models, failure in translating data obtained from animals to humans, poor
experimental design and the reporting of the animal studies, heterogeneity of the data collected, and methodologic weak-
nesses of animal systematic reviews and meta-analyses. Systematic reviews and meta-analyses of animal studies can catalyze
translational processes more effectively if they focus on a well-defined hypothesis along with addressing clear inclusion and
exclusion criteria, publication bias, heterogeneity of the data, and a coherent and well-balanced assessment of studies’ quality.
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Animal experiments are scientific studies of animals for
gaining new biologic knowledge or solving specific medical or
biologic problems.?> The use of animal models in biomedical
research has a long history;?*% the first animal experiments are
attributed to the Greek physician—scientists Aristotle (384 to 322
BC) and Erasistratus (304 to 258 BC).3> Animal experiments have
been involved in our understanding of human biology and have
paved the way to improving human health.># Various medical
achievements including the development of some vaccines
(smallpox, anthrax, typhoid, cholera, and plague), treatment of
ancient diseases (beriberi and rickets), development of blood
transfusion, and discovery of insulin highlight the importance of
animal studies.? About 90% of Nobel prizes awarded for physi-
ology or medicine since 1900 have been dependent on research
using animals.”? Currently, NIH annually spends 12.0 to 14.5
billion dollars on animal experiments, and approximately 47%
of grants awarded have animal-research-based components;
this number has been fairly stable over the last decade.’

However, experiments on animals have been a frequent
subject of debate.’” Some believe that animal studies cannot
appropriately and accurately predict human outcomes and are,
therefore, unsuitable for assessing interventions or the toxicity
of a substance in human.?*# In the evidence-based medicine
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hierarchy, animal research is considered to provide the lowest
level of evidence for both prognostic and therapeutic studies;
however, they can provide biologic plausibility.'*

To provide more valid conclusions regarding the potential
clinical usefulness of animal studies, systematic reviews and
meta-analyses of existing animal experiments have been used in-
creasingly during the past 3 decades and offer an important step
forward.” However the questions of how and when systematic
reviews and meta-analyses of animal experiments would be
useful tools to address challenges of translational process have
remained unclear. Our aim here is to provide an overview on the
importance of systematic reviews and meta-analyses of animal
experiments, to discuss the most relevant common challenges,
and to offer some potential solutions.

Pros and Cons of Animal Experiments

An estimate of worldwide laboratory animal use in 2005
reports that 115.3 million research animals are used annually.34
Despite policies toward minimizing animal use for research,
overall numbers of animal use are increasing according to data
from the United Kingdom*’ and United States.?” Areas of animal
experiments are basic and applied research, testing of drugs
and other products, and educational purposes.'® However,
just how much animal experiments benefit human health has
been a controversial issue for a long time. In 1976, the relative
contribution of basic science research compared with clinical
research in terms of important medical advances was reported
to be 62%.1 In 197882 the British Medical Journal published a
commentary implying that contribution to medical practice
obtained from animal studies had not been as much as reported
earlier'® and, in 2004, the journal highlighted this challenge by
publishing another commentary, entitled “Where is the evidence
that animal research benefits humans?””7
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Benefits from animal experiments can include making
possible genetic manipulations,? studying effects of newly de-
veloped drugs,? and understanding disease pathophysiology.**
Animal studies provide a framework that makes environmental
and genetic manipulations a reality. This approach is rarely
feasible in humans.? Preclinical evaluations are helpful for
toxicity screening and establishing safety profiles of newly de-
veloped compounds and treatments? and can prevent testing
of new treatment modalities in humans when the preliminary
assessment in animals is not satisfactory. Several examples
in the literature have shown that the adverse side effects and
toxicity determined in animal studies have translated quite
well into humans. The concordance rate between animal and
human toxicity data is reported to be as high as 71%, and the
sensitivity for predicting carcinogenic observations in animals
that have applied to humans has been reported as 84%.%
Moreover, depending on the species, types of drugs, and target
organs, 37% to more than 70% of adverse drug reactions in
humans were predicted from animal studies.>® Despite con-
cerns about reliability of animal toxicity testing and its failure
regarding translation to humans,® this methodology has been
the stalwart basis of ensuring safety of in-human clinical testing
and use.>*88 Moreover, regardless of the consensus regarding
the urgent demand for human-focused alternative methods of
predicting human toxicity>® and the development of several in
vitro substitutes (i.e., physicochemical methods, tissue culture,
microbiologic systems, stem cells, DNA chips, micro fluidics,
computer analysis models, epidemiologic surveys, and plant-
tissue-based materials),* the lack of an appropriate alternative
to study the whole-body pharmacokinetics and pharmacody-
namics of drugs and their subsequent metabolites* implies the
critical role of animals.

Animal experiments also provide a unique opportunity for
evaluating the mechanistic actions of drugs, discovering new
drug targets and biomarkers, and assessing pharmacodynamic
and pharmacokinetic parameters of drugs.? Furthermore,
animal studies provide unique insights into human biology,
pathophysiology and the underlying mechanisms of diseases;
new hypotheses are generated during animal experiments
that can be used for conducting preventive and/or therapeutic
clinical trials.2%-3385

Conversely, animal experiments have been criticized because
therapeutic efficacy in animals often does not translate into the
clinical domain.?® Evidence shows that few results obtained
from animal research is reproduced later in human trials; one
study® reported that among highly-cited papers published in
prestigious journals, only 37% (95% CI, 26% to 48%) were rep-
licated in human randomized trials, 18% were contradicted by
randomized trials, and 45% remained untested. Of the 700 effec-
tive treatments in animal models of acute ischemic stroke, only
aspirin and very early intravenous thrombolysis or fibrinolytic
therapy with alteplase (recombinant tissue plasminogen activa-
tor) have proved to be effective in humans.®76%” The average
rate of successful translation from various animal models of
cancer to clinical cancer trials has also been reported to be less
than 8%.% Focusing on 6 systematic reviews of animal studies
that were published up to 2004 and evaluating the evidence
for leading to clinical trials, one group concluded that “The
contribution of animal studies to clinical medicine requires
urgent formal evaluation.””

However, despite some limitations, well-designed and -con-
ducted animal research likely will long remain an essential
step for testing hypotheses at the whole-organism level and for
validating human data.® Moreover, although no animal model

is a complete replica for a process within a human body, intact
animals do provide a useful model of the complex interaction
of the physiologic processes.* The pros and cons of animal
experiments from translational research point of view are sum-
marized in Figure 1.

Systematic Review and Meta-analysis:

Clinical Versus Preclinical Point of View

Definition and a brief history. Systematic review provides a
transparent mean for gathering, synthesizing, and appraising
the findings of studies on a particular topic or question by
using scientific methodology.*>%3 Systematic reviews can help
researchers and clinicians keep up with literature by summariz-
ing a large body of evidence and helping to explain differences
among studies on the same question.!” Meta-analysis is the
statistical method used to combine results from relevant studies,
and the resultant larger sample size provides greater reliability
of the estimates of a treatment effect.? The critical appraisal and
synthesis of research findings by using a systematic method was
developed in 1970s, and the term ‘meta-analysis’ was coined in
1976.70 Now, meta-analysis is highly valued in evidence-based
medicine and is considered the top of evidence hierarchy.!*

Compared with clinical research, systematic reviews of ani-
mal studies have not been common practice in the past.” The
scientific rationale for systematic reviews of animal studies
was initially outlined in a commentary published in Nature,”8
where the authors called for systematic reviews to examine the
human clinical utility of animal experiments and emphasized
the comparison of such results with those of the correspond-
ing clinical trials. Soon thereafter, various authors®.73-7577.79
further emphasized that systematic reviews and meta-analyses
of experimental investigations can clarify whether and how
translation from animal to clinical research could progress and
can provide a unique opportunity to review the appropriateness
of the animal models used.

Applications and usefulness. Meta-analyses of clinical trials
are generally conducted to estimate overall effect sizes (Figure
2) of specific interventions and have a critical value for decision-
making in clinical practice.’! In contrast, systematic reviews and
meta-analyses of preclinical studies are more exploratory and
their findings are generally used to generate new hypotheses
and also to help researchers to design human clinical trials.3
The main applications of systematic reviews and meta-analyses
of animal studies may include: 1) addressing gap of knowledge
and generating new hypotheses; 2) providing new insights for
clinical studies that help the translational process; and 3) ad-
dressing weaknesses and improving the quality of future animal
studies (i.e., study design, reporting and ethical issues). System-
atic reviews and meta-analyses of animal studies determine the
extent of current knowledge in the field, provide new insights
regarding unanswered questions, and minimize unnecessary
duplication of animal studies.? Compared with clinical trials,
animal studies are more heterogenous, and exploring possible
sources of this heterogeneity using meta-analysis can provide
seeds for thought® and therefore prompt new experiments.!8

Meta-analysis combines findings from several experi-
ments and increases the power of the analysis; consequently,
knowledge about efficacy and side effects of a treatment or
intervention may be more robust and thus provide new insights
for clinical research.®® Because animal studies are subjected
to possible sources of bias, including selective analysis and
outcome-reporting biases or excess significance bias,!'7* us-
ing systematic review and meta-analysis combine the results
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Pros

Cons

Have led to several medical advancements for humans
Have led to new hypotheses
Provide an opportunity to investigate:
¢ The toxicity and safety of new compounds and treatments

® The mechanistic actions of drugs, discovering new drug

Therapeutic efficacy in animals often does not translate into
clinical practice
Are expensive

Differences in response to newly developed drugs leading to
adverse human effects undetected in animal studies
(e.g., TGN1412 [also known as CD28-Super-MAB]; the
arthritis drug Vioxx; some NSAID, including Oraflex,
Zomepirac, Bromfenac, and phenylbutazone)

targets and biomarkers

* A complete life cycle

¢ Environmental and genetic manipulations, which are not

feasible in human

* Human biology, pathophysiology, and the underlying
mechanisms of diseases
* Novel targets for clinical treatments

Figure 1. The pros and cons of animal experiments from the point of view of translational research”®

Step

Explanation

Framing the question

Defining eligibility criteria

Transforming the research
question into a search strategy
Searching databases and

collecting references

Screening and selecting studies

Extracting data
Assessing the quality of the
included studies

Conducting meta-analysis on
extracted data

® Formulating a focused, unresolved and explicit research question consisting of Participants,
Interventions, Comparisons, Outcomes, and Study design (PICOS)

e Specifying study characteristics (such as PICOS, length of follow-up)
* Specifying report characteristics (such as years of publication, language, publication status)

 Transforming research question into search strategy using key words or terms and Boolean operators
including ‘or,” “‘and,” or ‘not’

e Identifying appropriate databases and sources of studies (general biomedical and topic-specific
databases) and checking other sources, including reference lists
e Saving references (titles or abstracts) in a reference manager software

* Unifying citations of all databases into one file in reference software and remove citations that appear
more than once

¢ Initial screening of titles and abstracts of the references and identifying papers based on potential
relevance

* Retrieving full texts of the potentially relevant reports

o Assessing full-text reports for compliance of studies with eligibility criteria

® Making final decisions on study inclusion and proceed to data collection

¢ Extracting information including details of methods, participants, setting, context, interventions,
outcomes, results, publications, and investigators

 Assessing quality of study report using published scales (e.g., Jadad scale, Newcastle-Otawa scale, and
the STROBE statement for human studies)

¢ Determining the likely nature of outcome data (dichotomous, continuous, ordinal, counts and rates, time-
to-event data)

e Calculating an effect size for each comparison

* Weighting the effects sizes

¢ Calculating a summary of effect size

¢ Calculating the heterogeneity

¢ Deciding whether random-effects meta-analyses, fixed-effect meta-analyses or both methods will be used

Figure 2. Eight key steps to conducting a systematic review and meta-analysis!&345

of studies to provide a more reliable conclusion.® Systematic
reviews and meta-analyses of animal research improve the
precision of estimated effect sizes used in calculating the power
of proposed human trials and reduce the risk of false-negative
results.” Such analysis also provides a good estimation of the
power of the reported effect size and reproducibility of the
results.’®

Systematic reviews and meta-analyses of animal studies
contribute to improving the methodologic quality of animal
experiments, evidence-based selection of animal models,
evidence-based translation of animal data to the clinic, and

implementation of the 3Rs (Replacement, Reduction, and Re-
finement) to conduct more ethical animal experiments.'8 Such
studies can provide insights into limitations of animal models
and help to improve the relevance of animal models to clinical
trial design;73 they also help researchers to identify and remedy
deficiencies in conducting and reporting studies.”

Key steps to conducting a systematic review or meta-analysis.
Despite differences in the purpose, design, and conduction of
systematic reviews and meta-analyses of preclinical and clinical
studies,® 8 key steps provided here (Figure 3) are common to
both; interested readers can consult other papers®*4%7” for details
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Effect size

A standardized scale free estimate of the relation between an exposure and an outcome.

This term is applied to any measurement of the difference in the outcome between study groups

Heterogeneity

Any kind of variability among studies in a systematic review may be termed heterogeneity:

¢ Clinical heterogeneity: variability in the participants, interventions and outcomes studied
® Methodologic heterogeneity: variability in the study design and risk of bias
* Statistical heterogeneity: variability in the intervention effects being evaluated in the different studies

Fixed-effects meta-analysis

Fixed-effects meta-analysis assumes there is a common treatment effect across all study settings

Any differences between observed effect sizes are attributed to sampling error
The summary treatment effect in a fixed-effects model is a weighted average of study-specific effect sizes

Random effects meta-analysis

Under the random-effects assumption, treatment effects are supposed to vary from study to study

The differences in observed effect sizes are attributed not only to random error but also to variation in true

treatment effects

The summary treatment effect in a random-effects model is an estimate of the average of the distribution of
treatment effects across various study settings

Publication bias

The tendency on the parts of investigators, reviewers, and editors to submit or accept manuscripts for

publication based on the direction or strength of the study findings

Outcome reporting bias

A specific form of bias arising from the selective reporting of the set of study outcomes, defined as the selection

for publication of a subset of the original recorded outcome variables on the basis of the results

Excess significant bias

Selective reporting biases favoring statistically significant or positive results

Selective analysis and outcome reporting biases appear when there are many analyses that can be performed,
but only the analysis with the best results is presented resulting in misleading findings

Figure 3. Common terms used in systematic review and meta-analysis®-

regarding systematic review and meta-analysis of experimental
studies.36:5489

The first step is framing a clear, complete, and unresolved
question; defining the question will guide the rest of the pro-
cess® and, along with the rationale for conducting a systematic
review, constitutes one of the most pivotal parts of the s’cudy.64
The problem addressed should be specified in the form of an
unambiguous and structured question (refer to PICOS struc-
ture, i.e., Participants, Interventions, Comparisons, Outcomes,
and Study design).# A specific question for animal research
generally includes 4 components: 1) intervention or exposure;
2) disease or health problem of interest; 3) animal species; and
4) outcomes.>*

The second step is defining and prespecifying eligibility
criteria for including and excluding studies, an step that dis-
tinguished a systematic from a narrative review.% Eligibility
criteria are combinations of study characteristics (according
to aspects of the study question, PICOS) and report character-
istics (such as years of publication, language, and publication
status).!834

The third step is transforming the research question into
a search strategy, which is obtained by splitting the research
question into search components (PICOS), identifying relevant
search terms for each component, and combining search terms
by using Boolean operators.3#>* The search strategy for system-
atic review needs to be comprehensive and include all relevant
databases.®* To be as comprehensive as possible, the search
strategy must include synonyms, related terms, and variant
spellings; using truncation and wildcard symbols (searching
technique used in databases in which characters within or end of
aword be substituted by a symbol such as * or ?) can also facili-
tate capturing keyword variations.?* The search strategy needs
to be written in such a way that it can be repeated by others.®

The fourth step for conducting a systematic review and
meta-analysis is searching databases and collecting references;
to prevent missing relevant studies, searching at least 2 data-
bases (e.g., PubMed, Embase) equipped with thesaurus terms
is recommended.'®>* Some critical tips regarding designing
and performing a comprehensive search strategy to identify
potentially relevant animal studies on a specific research topic

21,34,41,42,68,85

have been discussed previously.54 Beyond the general medical
databases, other literature-searching databases are available
that contain specific information on animal science.’>8! For
more information on alternatives thesaurus terminology for
animal science refer to https:/ /pubs.nal.usda.gov/animal-use-
alternatives-thesaurus-terminology-alphabetical-listing.

The fifth step is appraising the studies retrieved during data-
base searching and making decisions regarding which studies
to include in the review; a typical process34 for selecting studies
is summarized in Figure 3.

The sixth step to conduct a systematic review and meta-
analysis is data extraction from the obtained references; the
information includes details of methods (study design, study
duration, allocation, blinding), participants (total numbers,
setting, diagnostic criteria, age, sex), outcomes (definition,
diagnostic method, name of scale, definition of threshold,
timing, unit of measurement), interventions (doses, route of
delivery), results (numbers that will be required to perform
meta-analysis), publications, and investigators.34 For preclinical
studies, 2 types of information including the predefined study
design characteristics and outcome data (including the outcome
measure used, the number of animals, the aggregate value of
effect such as mean, median, and, where applicable, a measure
of group variance) must be extracted.®

The seventh step is formal assessment of the quality of the
included studies; quality may include 3 components including
internal validity (risk of bias), external validity (applicability /
variability), and reporting quality.”! The GRADE (Grading of
Recommendations, Assessment, Development and Evaluations)
system for rating the overall quality of the papers included
in a systematic review is recommended.?® Several quality-
assessment tools for preclinical and clinical studies have been
developed;34 these tools include scales that are scoring systems
for various components of quality or checklists in which specific
questions are asked.?* To assess quality of preclinical studies
some tools like SYstematic Review Centre for Laboratory ani-
mal Experimentation (SYRCLE) and Collaborative Approach to
Meta-Analysis and Review of Animal Data from Experimental
Studies (CAMARADES) facilitate and improve the critical ap-
praisal of evidence from animal studies.?*!
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The eighth and final step is conducting meta-analysis on
extracted data, which can be dichotomous or continuous; the
most common approaches for dichotomous data are pooled
estimations of the risk ratio or odds ratio, whereas the common
approach for continuous data is standardized mean difference
(SMD) estimation.?! The results of a meta-analysis are displayed
in a forest plot, which allows readers to visualize and interpret
findings.%® Heterogeneity (variation across studies) analysis,
sensitivity analysis, and evaluation of publication bias are
further analyses.?!3 Definition of common terms in systematic
review and meta-analysis are presented in Figure 2.

Common Limitations and Pitfalls of Systematic
Reviews and Meta-analyses of Animal Studies

for Translational Purposes

Despite the critical role of systematic reviews and meta-
analyses of animal experiments that link basic sciences to clinical
practice, conducting such studies is not as straightforward as
those in human clinical trials.”! Overview of preclinical animal
literature demonstrates that the concordance between treat-
ment effect in animal experiments and humans clinical trials
is limited**8® and that the translational success rate is unpre-
dictable and ranges from 0% to 100%.% Potential explanations
for the failure of animal models to capture treatment effects in
humans can be summarized as: 1) intrinsic limitations of animal
models; 2) poor design and reporting of animal studies; and
3) factors limiting the applicability of systematic review and
meta-analysis of animal studies trying to obtain pooled treat-
ment effect (benefit or harm).

Intrinsic limitations of animal models. The diversity of animal
species studied, differences of experimental designs, and varia-
tions in animal characteristics are important limitations that may
lead to translational failure;*¢”5 in fact, human physiology and
the pathophysiology of diseases are not adequately captured
by animal models, a problem that makes animal studies mostly
impractical for translating to similar results in human clinical
studies.® The most important question prior to conducting a
systematic review and meta-analysis, therefore, is whether the
treatment effects or outcome of interest measured in animal
models can be generalized to humans. Lack of external valid-
ity (generalizability) of results obtained from animal models
that do not sufficiently reflect a disease in humans may be
considered as one of the most important problems that makes
animal data difficult to translate.®® Pathophysiologies of diseases
are not entirely simulated by animal models, a challenge that
cannot easily be overcome, unless more suitable new models
can be formulated.*>”* In some cases, animals are incapable of
providing a sufficiently good model for evaluating the safety
(e.g., evaluating sensitivity to potential renal toxicants) or ef-
ficacy of drugs (e.g., for Alzheimer’s disease) to yield relevant
information that can be translated to human health benefit.®®

Taken together, conducting a meta-analysis of animal studies
to estimate efficacy and translate it to humans requires adequate
consideration of relevance and limitations of the animal models
used.

Poor design and reporting of animal studies. Shortcomings
of the experimental design, conduct, and analysis and the
reporting of the results'>® are other causes of poor concord-
ance between preclinical and clinical outcomes; this issue can
be resolved fairly easily.*> Animal literature and the estimated
effect sizes derived from the animal experiments are highly
susceptible to the quality of experiments;***® lack of randomiza-
tion, allocation concealment, blinding of researchers regarding

Importance of systematic reviews and meta-analyses of animal studies

the treatment, and blind assessments of outcomes may lead to
overestimation of treatment effects.®>* Overoptimistic conclu-
sions regarding efficacy that is derived from methodologically
flawed animal studies may cause failure when translating the
experiments to clinical settings.3

In a systematic review of highly cited (median, 889; range,
639 to 2233) animal studies published between 1980 to 2000 in 7
leading scientific journals (Science, Nature, Cell, Nature Medicine,
Nature Genetics, Nature Immunology, and Nature Biotechnology),
only 49% were rated as being of good methodologic quality.3
Dose-response gradients, clinically relevant outcomes, and
long-term end points were determined in most studies, whereas
few studies included random allocation of animals, adjustment
for multiple-hypothesis testing, or blinded assessment of the
outcomes.’® Having a dose-response design is one of the most
important criteria that can increase the probability of translation
of study findings into human practice (odds ratio, 3.3; 95% CI
=1.1t010.1).%

Low sample size of animal experiments is one of the most
challenging issues that may lead to a decreased power of esti-
mated effect size in a meta-analysis and can severely disrupt the
process of research progression from experimental into clinical
settings.”® Low sample size has been estimated to contribute to
the low statistical power (median 21%) of observed effect sizes in
several specific fields of animal studies, such as neuroscience;!
such a low power of estimated effect size, in the absence of other
biases, provides unreliable findings due to low probability of a
true effect, low positive predictive value (PPV) of an observed
effect, and an exaggerated estimate of the magnitude of a true
effect.!> In some cases, adequate power of an estimated effect
size is only achieved once at least 100 experiments are included
in a meta-analysis;” to address this issue, various available
methods for determining the sample size of animal experiments
can be used.??

The overestimated treatment effect and lack of reproducibility
of animal experiments also contribute to inadequate reporting of
experimental methods and materials and study results.>? Cur-
rent animal literature suffers severely from a lack of rigorous
reporting of experimental details, including a lack of a state-
ment of the hypothesis, animal characteristics, animal numbers,
experimental design, and statistical analyses.*® Given that the
age of animals can affect disease phenotype and response to
treatment, poor reporting of age can also be considered as an
important confounding factor leading to translational failure.?*
Published papers that lacked information on randomization,
concealment of group allocation, or blinded outcomes assess-
ment resulted in overestimated treatment effect compared with
papers that reported these points of information.”

Factors limiting the applicability of systematic reviews and
meta-analyses of animal studies. High heterogeneity of data.
Synthesis of data from multiple animal studies is subjected to
bias due to high heterogeneity of the data. Sources of heteroge-
neity of data obtained from animal studies can be placed into
2 categories: 1) variations in the animals used for the experi-
ments (species, age, and sex) and 2) variations in study design
and methods.

The use of different species and different models for induction
of diseases in animals, as well as variations in timing, doses of
drugs, and route of administration, result in several challenges
to conducting meta-analysis; these diversities lead to unreliable
estimation of efficacy and toxicity in animals and uncertain
extrapolation of the models to the condition in humans.?>”> For
example, cross-species differences have been reported to result
in a 54% to 84% variation in extrapolated predictions of survival
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in humans?? and substantial (>90%) heterogeneity values.®®
Another source of bias and heterogeneity is sex bias, that is,
favoring the use of male over female animals or failing to report
the sex of the animals studied;!%? sex-associated physiologic
differences confound experimental results due to differences
in disease susceptibility, prognosis, and response to drugs.!? A
survey of published papers in the field of neuroscience noted
that 47% of reports failed to report animal sex in 2010 and 40%
demonstrated male bias in 2014.%? Translating male-biased ani-
mal experiments to humans may result in adverse consequences
for the health of women.!®! High heterogeneity can also be
related to differences in animal age.3¢

Using different methods to select animals for study, including
randomization methods, and the group chosen for comparison
(i.e., no treatment, placebo, vehicle), can also contribute to in-
creased heterogeneity of the studies and are a major source of
bias in meta-analysis.”

Publication bias. The validity of systematic reviews and
meta-analyses of animal studies is highly affected by publica-
tion bias.!® Unpublished studies, studies published in the gray
literature, and selective dissemination of positive or significant
results are major threats to validity when performing systematic
reviews and meta-analyses.®® Publication bias in the systematic
reviews of animal experiments may confound treatment effica-
cies and estimated pooled effects sizes;® for example, more than
30% of the efficacy reported in some stroke studies has been
attributed to publication bias.®

Methodologic weaknesses in systematic reviews and meta-
analyses. Another factor contributing to the failure of translating
animal data to humans are methodologic weaknesses in sys-
tematic reviews and meta-analyses of animal studies.®> An
increasing trend of massive production of unnecessary,
misleading, and often conflicting systematic reviews and meta-
analyses* raises concerns about obtaining pooled effect size
from animal experiments by meta-analysis and extrapolating
to humans. One group® conducting a survey on the methodo-
logic quality of systematic reviews of animal studies criticized
this approach due to poor methodologic features, including
nonexplicit testable hypothesis (30%); lack of assessment of
publication bias (17%), study quality (50%), and heterogeneity
(33%); and missing meta-analysis for quantitative data synthesis
(40%). Other colleagues, evaluating 266 published systematic
reviews between 2009 to 2013, reported that the majority of these
reviews did not assess methodologic quality (71%), heterogene-
ity (81%), or publication bias (87%).%

Potential misunderstanding in meta-analysis. Although sys-
tematic reviews and meta-analyses of animal studies can be
useful tools for translating animal research and data into human
practice, some potential misunderstandings around these prac-
tices”!” need careful consideration. These misunderstandings
include: 1) meta-analyses are generally better than narrative
reviews; 2) meta-analyses are more objective procedures; 3) a
meta-analysis provides the highest level of evidence; 4) a risk-
of-bias analysis resolves the bias; 5) random-effects models
solve heterogeneity; 6) assuming homogeneity between studies
when the statistical test fails to show heterogeneity; 7) funnel-
plot asymmetry proves publication bias; and 8) meta-analyses
speak for themselves. Meta-analyses also need interpretation
that considers validity, heterogeneity, and clinical relevance.”

Potential steps toward solving these problems. Better re-
porting of animal experiments, providing more transparency
regarding animal studies (e.g., registration of studies and data
availability), and conducting high-quality systematic reviews
and meta-analyses of animal data are some suggestions for

addressing current challenges regarding translational process
of animal experiments and their clinical usefulness. Indeed,
development of unified reporting requirements and a system
for registering animal experiments has been initiated by some
groups.?’”® Practical guidelines have been developed to improve
the methodologic reporting of animal studies; these guidelines
emphasize reporting of the sample-size estimation, whether
and how animals were randomized, whether investigators
were blinded to the treatment protocols, and data handling.>

One well-known guideline, ARRIVE (Animals in Research:
Reporting In Vivo Experiments), has been developed by us-
ing the CONSORT Statement as its foundation;*” this guide
(accessible at: http:/ /www.equator-network.org) provides a
20-item checklist describing the minimal required information
that should be reported for animal studies: sample size, specific
characteristics of animals (species, strain, sex, developmental
stage, weight, genetic background, and modification status),
details of housing, the experimental procedures (drug formula-
tion and dose, site and route of administration, anesthesia and
analgesia used, surgical procedure, and method of euthanasia),
statistical tests, and analytical methods (details of methods used
to reduce bias such as randomization, blinding and matching,
if applicable).®

CAMARADES provides practical tools, including quality
assessment tools and reporting guidelines to reduce bias and
improve the quality of methods and reporting in animal re-
search (http://www.dcn.ed.ac.uk/camarades/default.htm).
Other research groups including SYRCLE (www.umcn.nl/
Research/Departments/cdl/SYRCLE) are also involved in
promoting standards for systematic reviews of preclinical
studies. In addition, the use of evidence-based medicine stand-
ards, defined for human clinical trials, has been suggested as
a helpful guide in making the results of animal experiments
more robust and broadly applicable.®® Authors can consult a
recent paper regarding guidelines related to animal research
reports and the Harmonized Animal Research Reporting
Principle (HARRP).”!

To make animal research valid and improve its usefulness
in human practice, careful documentation and inclusion of all
collected data (both published and unpublished), may be as
supplementary data, is essential.*3 Optimal documentation that
enables access to raw data and analytical codes (computational
models, bioinformatics algorithms, and statistical methods)
increases transparency and allows researchers to integrate and
analyze multiple studies on the same topic and enhance reli-
ability of animal research.*?

Conclusion

Systematic reviews and meta-analyses of animal studies are
considered robust and informative tools for translating basic
sciences into clinical practice; however, they have been criticized
for some limitations. In addition to poor methodologic qual-
ity and publication bias that contribute to the poor estimated
effect sizes obtained from meta-analysis of animal data, the
failure of animal models to adequately represent human disease
and poor reporting of animal experiments are other causes of
translation failure. Methodologic weaknesses of systematic
reviews and meta-analyses conducted to summarize data from
original animal studies are another cause for the failure in the
translational process.

Researchers, therefore, should be cautious when conducting
systematic reviews and meta-analyses and extrapolating the
findings of animal research to the human clinical practice. The
methodology of systematic review and meta-analysis needs to
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be designed carefully and must follow available guidelines.
In addition to focusing on the quality of animal experiments
and their meta-analysis, the quality of clinical studies must be
considered, because they also may contribute to the current
translational failure rate. Finally, animal experiments are not
alternatives to human trials but are complementary. Although,
animal experiments are done to benefit humans, the results
obtained from these studies cannot directly be translated to
that end.
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