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Abstract
Animal studies in pharmaceutical drug discovery are common in preclinical research for compound evaluation before
progression into human clinical trials. However, high rates of drug development attrition have prompted concerns regarding
animal models and their predictive translatability to the clinic. To improve the characterization and evaluation of animal
models for their translational relevance, the authors developed a tool to transparently reflect key features of a model that
may be considered in both the application of the model but also the likelihood of successful translation of the outcomes to
human patients. In this publication, we describe the rationale for the development of the Animal Model Quality Assessment
tool, the questions used for the animal model assessment, and a high-level scoring system for the purpose of defining
predictive translatability. Finally, we provide an example of a completed Animal Model Quality Assessment for the adoptive
T-cell transfer model of colitis as a mouse model to mimic inflammatory bowel disease in humans.
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INTRODUCTION
The study of animals as surrogates for humans has significantly
contributed to our understanding of human health and disease
for nearly 2 thousand years.1 We have recognized consistencies
and conservation in mammalian biology across animal species
and relied on those consistencies to make reasonable, though
imperfect, extrapolations of what we learned in animals to what
we understand about the human species. Those consistencies
are reflected across all levels of biological hierarchy from genetic
homology to cellular and systems physiology to morphology and
even response to injury. The study of animals has in turn enabled
progression in our understanding of basic human biology, the

causes and pathogenesis of human disease, and approaches
to treating disease and even preventing it. Our confidence in
animal studies has progressed to the point that they are a
regulatory expectation and a requirement for demonstrating
the safety of a novel agent before administration to humans.2

Accordingly, a significant infrastructure has developed to pro-
duce and maintain very controlled and standardized species
and strains of animals as reproducible “models” of the human
condition.3

In translational biomedical research, individual animal “stud-
ies” are routinely conducted in animal “models” to either gain
novel insights into human biology and disease or to test an
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intervention that might eventually be applied to humans. The
intent of these studies has been broadly considered as either
exploratory or confirmatory, representing differences in the size
and procedural rigor of the studies as well as the proximate
application to humans.4 In drug development, these distinctions
are likely not binomial but rather represent a continuum or
spectrum from early exploratory studies to validate targets and
optimize promising candidate drugs to more rigorous tests of
efficacy and safety that will support decisions to move into more
expensive clinical trials. Accordingly, the “models” are gener-
ally intended to provide clear insights into human biology and
pathobiology. The human relevance of the outcomes is depen-
dent on both the model and the analytical rigor of the study
design. This work focuses on evaluating the human relevance
of a model.

High rates of drug development attrition and challenges in
reproducing specific animal studies have fueled concerns that
current animal studies may be a weak link in our approach
to translating basic biomedical research to beneficial human
applications.5 Sources of those weaknesses have been varied
and include failure to adequately report the design of a study,
poor alignment of the study design to the clinical intent, lack
of statistical power, mitigation of bias, and even biological dif-
ferences in the animal model relative to the human interest. A
number of strategies6–8 have been proposed to minimize these
weaknesses and ensure that the animal studies are optimized
for their human relevance and translation.9

Animals of varying species, though predominated by mice,
are used as models of either normal biology, as spontaneous
models of a disease, or through experimentally induced disease
to provide useful insights into the relevance of a pharmacologic
target (ie, target identification and validation) for modulating a
disease, guiding drug design, characterizing biodistribution and
metabolism of a drug candidate, and identifying potential safety
liabilities. Historically, animal models have inconsistently repro-
duced the full spectrum of etiology, mechanisms, pathogenesis,
and morphology of human disease. The most translationally
successful models have been those that reasonably recapitu-
lated disease across all of those levels. Models where this might
be expected include diseases that are simpler in their etiol-
ogy, for example, due to single gene mutations or in infectious
diseases with pathogeneses similar to that in humans.10, 12

Alhough there has been a shift to more molecular pharmaco-
logical targets for chronic and complicated diseases, approaches
to animal modeling have not similarly shifted and are likely
still too reliant on recapitulation of the morphology of a disease
rather than the mechanism of that disease. This is further com-
plicated by our lack of understanding of the primary molecular
mediators of many complex human diseases. Recognizing inher-
ent weaknesses in current approaches, multi-model strategies
are often applied with the potential for a biased focus on those
studies that provide the outcomes of most interest.

Working in a large and global pharmaceutical company, we
are committed to judicious and effective use of animal studies in
our efforts to develop safe and effective new medicines. At Glax-
oSmithKline (GSK), we are particularly interested in the chal-
lenges of optimizing the biological and pharmacological trans-
lation of animal models and studies to patient outcomes. Others
have shared this interest and suggested a disease-specific func-
tional deficit approach,13 incorporation of a scoring system,14

and, more recently, development of the Framework to Identify
Models of Disease (FIMD), which includes factors to help
interpret model similarity and evidence uncertainty.15 For our

purposes, we developed an Animal Model Quality Assessment
(AMQA) tool to provide a consistent framework for evaluating
a particular animal model that could be used to support its
selection for a specific application or question across the
spectrum of uses in drug development (ie, the evaluation
outcomes would rationalize the usefulness of the model for
a particular context of use). The aim of the evaluation was to
develop a discrete line of sight to the clinical intent of the model
that would optimize the likelihood of clinical translation of the
outcomes.

Aside from supporting animal model selection, the AMQA has
other possible uses (Table 1). In drug discovery, every novel phar-
macological target presents a different biological challenge that
may require a better understanding of the contextual biology
or role in disease not previously characterized in a particular
animal model. A critical and transparent assessment of the
model provides insights into those knowledge gaps that could
prompt additional characterization. The decision to progress a
novel drug candidate involves an integrated evaluation of all the
evidence supporting its potential benefit to patients, its safety,
and acceptance by healthcare payers. A critical assessment of
the translational relevance of the models used to produce that
evidence enables more informed decision-making and insights
into the likelihood of clinical success. Lastly, recognized gaps
or weaknesses in our ability to model human-relevant biology
in an animal model highlight areas for focused development of
non-animal approaches.

Use of the tool could additionally support harm–benefit anal-
ysis (HBA). The HBA assesses whether the harm to the animals
is outweighed by the potential benefit of the experiment.16 For
example, a scientific justification is considered in an ethical
review process but not always rigorously challenged. Although
the expected harms to the animals are anticipated and mit-
igated, committees often base scientific justification on the
scientist’s citations of published data or previous work. The
AMQA tool extends this and provides, in the context of transla-
tional research, the opportunity to better understand the model
quality and therefore a consideration of the “likelihood of suc-
cess” of a specific experiment in a given model.

THE DEVELOPMENT OF THE AMQA
As part of its commitment to the 3Rs, GSK has a component
of its corporate animal welfare and ethics group focused on
design and delivery of an animal research strategy. Broadly, the
strategy consists of a focus on improving animal research prac-
tices, application of iterative learning to understand preclinical-
clinical concordance, and defining a future state with decreased
dependency on animals. While establishing the strategy, a crit-
ical review across several therapeutic areas was conducted to
gain insights into the types of animal models being used, how
the models were selected, how those models were justified at
ethical review (eg, in Institutional Animal Care and Use Com-
mittee reviews), the design of the studies in which the models
were being used, and the ultimate clinical outcomes.

As is widely recognized, the outcomes of clinical testing for
novel drug candidates is often unsuccessful with insufficient or
lack of efficacy or benefit often contributing to drug develop-
ment attrition17,18. Accordingly, we conducted an internal after-
action review on a number of key assets with recent successful
and unsuccessful clinical outcomes to identify key points of mis-
alignment between the preclinical animal pharmacology studies
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Table 1 Value summary for assessing the translational relevance of an animal model in a structured framework.

Potential values for a structured assessment of the human translational relevance of an animal model

• Guide for an investigator with limited in vivo modeling experience
• Prompt for multi-disciplinary partnership in assessment of a model and development of a study design
• Transparent representation of translational strengths and weaknesses of an animal model
• Opportunity to mitigate weaknesses through alternative modeling approaches or filling knowledge gaps
• Quality context for evidence derived from the model to inform decision-makers
• Support harm–benefit analysis by an institutional ethical review committee

and the clinical trials those studies supported. That exercise
was instructive and quickly identified potential sources of trans-
lational weakness. We particularly considered features of an
animal model that might contribute to differences in response
between the animal and human patients. Several key features
were identified and represented in our assessment, including
our fundamental understanding of the human disease of inter-
est, the biological or physiological context of the organ systems
affected, historical experiences with pharmacologic responses
in the model relative to human, how well the model disease
reflected the human disease etiology and pathogenesis or pro-
gression, and the model’s replicability or consistency.

From that review, it was clear that a more consistent approach
to establishing and recording the relevance of an animal model
for a particular human disease or condition could be helpful.
It was expected that such an assessment would involve multi-
disciplinary collaboration (eg, investigator with laboratory ani-
mal veterinarian and/or pathologist), transparently reflect the
translational quality of the model and thus the data derived
from the model, and provide insights into the weaknesses of
a model that could be filled through either additional knowl-
edge/investigation or mitigated by using an alternative platform
(eg, complex in vitro modeling system). Notably, once a model
is justified for its intended translational usefulness, the indi-
vidual study design should also receive appropriate peer review
with the biostatistician central to the design to ensure bias is
minimized.

The AMQA tool evolved through consultation with various
disciplines, including in vivo scientists/investigators, patholo-
gists, comparative medicine experts, and non-animal modelers,
and completed 3 rounds of pilots and iterative design. The
challenge was to ensure applicability across a broad portfo-
lio of models and appropriateness for both well-characterized
and novel models. Once designed, feedback from investigators
using the tool prompted refinement and addition of further
questions. Mohanan et al., 201919 described a workshop where
the principles and tool were formally shared with discovery-
focused pathologists and comparative scientists. Such discus-
sions offered opportunity for further improvements.

The assessment itself is a questions-based template that
guides an investigator through key questions and considerations
related to evaluating and justifying an animal model for a
specific human disease interest. The questions in the template
define a holistic set of information that often requires the
multidisciplinary collaboration that was used to develop the
tool. This question-based approach has been described broadly
by de Visser.20 The question-based approach is useful in drug
development and is designed to make the input explicit rather
than implicit, focusing on the relevant questions being asked.
We aimed to provide a simple and practical output that clearly
identifies strengths and weaknesses of a particular animal
model being evaluated for a particular drug development

interest. Different approaches were considered for reflecting
the translational quality of the features evaluated, including
quantitative and qualitative methods. An absolute quantifica-
tion (score of 1, 2, 3, 4, 5) was considered difficult due to the
subjectivity and variability in expertise of internal expert (from
preclinical to clinical) opinions in scoring specific features and
the recognition that clinical experience may not exist in novel
areas. Secondly, it became difficult to objectively distinguish
between scores that deflected from the intent to focus on an
overall assessment of model quality and to identify key areas of
weakness.

Accordingly, a semi-quantitative scoring system was devel-
oped using a stoplight or red–amber–green (RAG) assessment,
which is admittedly subjective but provides some measure of
the strength of the evidence. The users of this tool (project
team, early discovery group, academic investigator) evaluate
what is known regarding the specific questions and then reflect
the response in the appropriate box. In general, red = major
weakness and/or differences; amber = some similarities or fair
concordance, where unknowns or known weaknesses should be
noted; and green = good concordance/similarities. Peer review of
the outcomes of the assessment by an independent investigator
would increase confidence in the assessments, and the RAG
scoring can be incorporated into the larger candidate selec-
tion/drug progression considerations of pharmaceutical devel-
opment.

This scoring system was not designed to rank one animal
model vs another but to represent the strengths and weaknesses
of a particular model in the context of its intended use and to
provide an opportunity to focus effort on filling in knowledge
gaps. It could be used, if required, to comparatively support the
decision to use one animal model over another in a context of
the intended use, for which an AMQA of each model of interest
would be required.

The primary aim of the AMQA tool is to help investigators
in selection of their animal models and to aid decision makers
by increasing the transparency of the translational quality of
animal-derived evidence.

FRAMEWORK OF THE AMQA
The AMQA is considered at 2 levels of detail represented as
primary and secondary assessments (Figure 1). The primary
assessment serves as an overarching framework of important
considerations for an animal model intended to support phar-
macological research. The questions are purposefully broad and
probe fundamental principles related to the concordance of the
animal model to the human condition, the underlying disease
pathobiology, and previous experience with pharmacologic
responses. The secondary assessment questions are more
specific to the general themes probed by the primary assessment
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Figure 1: The Animal Model Quality Assessment (AMQA) framework. The primary assessment is divided into 5 sections: Human Condition, Model Physiology, Model

Pharmacology, Model Disease and Reproducibility, each with a broad overarching question. The secondary assessment consists of more granular questions relating

specifically to the primary areas.

questions. The purpose of these questions is to obtain a
more granular understanding of the disease in humans and
the alignment with the characteristics of the animal model.
Information developed for the tool helps to evaluate the
translational quality of the animal model, where quality
relates to human relevance, preclinical/clinical continuity, and
pathobiology.

ASSESSMENT QUESTIONS
Human Condition

Understanding the biological system of interest is fundamental
to developing, selecting, or applying an effective “model” (ie, you
cannot model what you do not know). This is a bit of a challenge
when one considers that we are still trying to fully understand
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many of the more common and chronic progressive diseases in
human society today.

Clinical human disease is the culmination of several progres-
sive events beginning with an initiating event (an etiology), an
adaptive or maladaptive host response, and progression to injury
and organ dysfunction (pathogenesis). Modern medicine mostly
attempts to either prevent disease onset or mitigate disease that
has already initiated. Drug therapy is generally aimed at altering
or reversing the progression or pathogenesis of a disease that has
already initiated. Because many of the pharmacologic targets
that are the focus of drug development today are mediators of
pathogenesis, it is important to replicate as much as possible
key events in the initiation and progression of disease when
modeling the potential effectiveness of a novel therapeutic.

Though we often attempt to simplify our understanding of
disease initiation and progression to facilitate our modeling,
individual human responses can be quite variable as can clinical
phenotypes for the same disease. That variability should be
considered and may restrict the context of use of a particular
model. In fact, deliberate heterogenization, including different
housing/environmental conditions, ages, sex, test times, and
alternate test systems, has been proposed as an approach to
improving the translation of animal studies to real human con-
ditions.21 Additionally, key measures of disease biology (ie, a
“biomarker”) can be useful bridges from the human condition
to an animal model to provide qualification and confidence in
the relevance of that model.

Model Physiology

Mammalian biology is complex, integrated, and adaptive,
enabling survival in the presence of perpetual environmental
change and challenge. Much of biomedical research today is
increasingly reductionist and quantitative in nature, focusing on
increasing levels of molecular resolution to build understanding
of the very roots of health and disease. That has the inherent
danger of losing sight of a bigger “physiological picture” that
significantly influences individual molecular events. Determin-
ing that a human biological target is conserved in an animal
model is fairly straightforward. Ensuring that engagement and
modulation of that target is quantitatively translatable from one
species to another is more challenging. For example, fatty acids
as a substrate for energy production in the mammalian heart
are conserved across species. The quantitative dynamics of that
process is likely very different in a human with a heart rate of
70 beats/min and a rat with a heart rate of 350 beats/min. That
does not make the rat an irrelevant model of cardiac physiology,
but it does affect the human extrapolation of rat cardiac biology.

Model Pharmacology

Although science based and regulated, drug development is
still a relatively new endeavor of 100 years or so even though
humans have taken natural or synthetic substances to mod-
ify health for hundreds if not thousands of years. That expe-
rience provides an unprecedented opportunity to understand
how humans respond to pharmacologic agents against which
animal responses can be compared and qualified. Most modern
medicines were supported by preclinical animal studies. Suc-
cessful medicines with concordant efficacy in the supporting
animal model may provide confidence in the potential for trans-
lation of the respective animal model. Paradoxically, even fail-
ures in translation can be useful because they provide insights
into potential modeling weaknesses that should be explored

further. Alternatively, and also important to consider, an animal
model may have a limited “domain of validity” exceeded by a
novel candidate therapeutic engaging a novel pharmacologic
target, thus the need to consider the full spectrum of primary
and secondary assessments of animal model quality.

Model Human Disease

As noted above, understanding what we do and do not know
about the human disease or condition of interest is fundamental
to a strategy for modeling that disease. Other than very simple
etiologies, like an infectious disease or a disease originating from
a heritable single gene mutation, the complexity of a human dis-
ease is exceedingly difficult to reproduce in a modeling system.
Accordingly, modeling of that disease may need to be targeted
to key biological events in the initiation and progression of that
disease. For example, though a diabetic state can be induced in a
rodent model with streptozotocin producing a human-like clini-
cal phenotype, human diabetes is not initiated by streptozotocin
and likely contributes to significantly different pathogeneses
in the 2 species. A model of streptozotocin-induced diabetes
may be useful for modeling the consequences of chronic hyper-
glycemia but might not be useful for modeling mitigation of
pancreatic islet cell loss that drives the progression of diabetes
or peripheral tissue insulin resistance that potentiates it.

Reproducibility

The ultimate aim of an animal study, particularly in drug devel-
opment, is to enable a conclusion about the outcomes and a
decision. In the case of drug development and pharmacology
modeling, the conclusion likely relates to the likelihood that
an intervention will modulate a disease and the decision to
progress a drug candidate. The ability to reproduce the outcomes
of that experiment or study enables confidence in the decision.
Much of the current interest in animal study reproducibility
has focused on how well a study or experiment is reported,
how well the analytical outcomes are supported by appropriate
statistical power, and control of bias. Another “reproducibility” of
interest is the ability to reliably replicate the normal or perturbed
biology of interest. Though biological variability is inherent to
the human condition and arguably useful for a modeling system,
that variability can significantly challenge the ability to make
a defensible conclusion from an animal study (Voelkl, et al.21).
Large studies with significant biological variability interrogating
broad questions have to be considered against more discrete
studies interrogating discrete hypotheses in models with clear
lines of sight to the human clinical condition.

SCORING USING SEMI-QUANTITATIVE
INDICATORS
Responses to questions in the framework can be represented
as colors depending on the strength of the evidence supporting
that key feature, for example, RAG. Assigning these colors should
reflect the best scientific judgement of the team developing the
assessment. Red should be used to indicate major weakness
and/or differences, that is, those differences likely to contribute
to lack of meaningful translation to clinical outcomes. Amber
should be used when there are some similarities/or fair concor-
dance though not complete replication of the human features
(it is useful to note known weaknesses). And green should be
used to indicate good concordance/similarities. The RAG system
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provides a high-level, rapid visualization of the strengths and
weaknesses in the animal model and its concordance to the
human condition. Assignment of a specific color to a primary
assessment should represent the integration of the secondary
assessments, and it is recommended that if there is any red in
the secondary assessment that a primary assessment for that
section cannot be green.

There is no predefined weighting of the individual elements
of the AMQA, leaving the influence of the various elements to
the reviewer and the intended use of the model. We are not
aware that anyone has reported a systematic review of individual
models in the context of their relative translational alignment
for the various features evaluated to know how to weight them.
The “perfect” model would reproducibly reflect the morphologic,
molecular, and pathogenetic features of the human disease in
organ systems that are physiologically homologous and respond
similarly to pharmacologic intervention. That model probably
does not exist. Accordingly, professional judgement will influ-
ence model choice and response to the outcomes. The value
of the AMQA is the transparency that informs those decisions
and insights provided into model weaknesses that could be mit-
igated through additional characterization, alternative model
choice, or varying the study design (eg, longer duration, younger
or older animals, etc).

SOURCES OF INFORMATION UTILIZED TO
COMPLETE AN AMQA
Information to complete the AMQA may be obtained from a
variety of sources, including open access literature–searching
services, for example, Medline, Embase, PubMed, or similar;
search engines; animal model suppliers; and open access model
databases. To follow preclinical models and outcome of models
subsequently tested in the clinic, Trialtrove (PharmaIntelligence,
London, UK), Pharmapendium (Elsevier, Inc.), and Cortellis
(Clarivate, Inc.) may be useful. GSK also has internal systems,
including patent searches, target dossiers, and, for some models,
extensive historical data that are suitable for contextualizing
models utilized previously. Notably, the data sources are varied
and are mainly unstructured. Future evolution of the tool could
consider use of developing technologies eg, natural language
processing, to considerably reduce the manual requirement
to initially retrieve information. Additionally, individuals
considered subject matter experts within a field are also
consulted as required. When publications are utilized, the study
quality of the paper is important; statisticians may review the
methodology and analysis presented, or utilization of published
risk of bias tools may be useful.7

The benefit of a second peer reviewer following completion
of the AMQA has proved valuable, particularly to assess the RAG
indicators that have been assigned. The peer reviewer should be
independent from the initial assessor but with relevant biologi-
cal knowledge.

EXAMPLE APPLICATION: AMQA OF THE
T-CELL TRANSFER MODEL OF COLITIS
The completed AMQA for the T-cell transfer model of colitis as
a mouse model to mimic inflammatory bowel disease (IBD) is
shown in Figure 2.

Completing the AMQA secondary assessment questions
helps guide the overall RAG indicator for the primary assessment
questions. At a glance, the model’s strengths and weaknesses

are apparent, as discussed in more detail below. Supporting
evidence and information that resulted in the scoring color can
be found in the Supplementary Data. Because no model is a
perfect recapitulation of the human condition, the choice of
an animal model should also depend on the specific scientific
questions and the biological target being considered. Thus, the
output of an AMQA for a given animal model may differ when
in context for different biological pathways.

Specifically, we report here the AMQA generated for
representing the translational relevance of the mouse T-
cell (CD4 + CD45RBhigh) adoptive transfer model of colitis
for immunological therapeutic targets. This model is the
most widely used and best-characterized model of chronic
colitis induced by disruption of T-cell homeostasis. We do
not report specific information on the pathways of interest
for GSK research, but we recognize that the T-cell transfer
model of colitis is suitable to investigate the immunological
mechanisms and the related biological pathways responsible
for the induction, perpetuation, and/or regulation of chronic
inflammation. Because the target is not declared, note that
some questions, for example, 1C, 2C, 3C, in Figure 2 and are
not detailed in the text below.

1. Human Disease: How Well Understood Is the Human
Condition Being Modeled?

IBD is a multifactorial disorder characterized by chronic relaps-
ing intestinal inflammation. The 2 major subtypes of IBD are
ulcerative colitis (UC) and Crohn’s disease (CD). Although the
cause and unpredictable recurrence of IBD are still unclear, its
pathogenesis is partially known. The induction and the pro-
gression of IBDs arise from the complex interaction of 4 differ-
ent factors: genetic susceptibility, environment, gut microflora,
and adaptive/innate immune dysfunction.22–24 In the secondary
assessment, the relevant questions “How well characterized is
the cause of the patient disease?” and “How well characterized is
the pathogenesis of the patient disease?” were therefore shown
as amber (Fig. 2). There is also extensive variability relating to
demographics and comorbidity. It is estimated that more than
1 million US and 2.5 million European residents are affected
by these disorders. IBDs have also emerged in those countries
where industrialization is relatively new (such as Asia, South
America, and Middle East); thus, IBDs should be now considered
as a rising global disease. Extra-intestinal manifestations of IBDs
affecting the joints, eyes, and/or the skin can occur in up to 25%
of patients.25 More than 160 genetic variants or polymorphisms
are associated with IBD susceptibility. The intrinsic heterogene-
ity of the affected individuals is a cardinal feature of IBD. This
information is captured with the amber score in the correspond-
ing question: How variable might the target patient popula-
tion be with respect to demographics, genetic heterogeneity, co-
morbidities, etc? Translatable biomarkers currently used in the
clinic and applicable to animal models can be disease specific
(ie, body weight, diarrhea, colon histopathology, endoscopic/MRI
assessments) or reflect generalized inflammation (ie, systemic
cytokines).

2. Model Physiology: How Well Is the Systemic and
Molecular Physiology of the Intended Patient Replicated
in This Model?

One of the key matters in the comparison between our animal
model and human disease is to clarify how well the mouse T-cell
adoptive transfer replicates the human-relevant anatomy and

https://academic.oup.com/ilarjournal/article-lookup/doi/10.1093/ilar/ilac004#supplementary-data
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Figure 2: Completed AMQA for the adoptive T-cell transfer model of colitis in mice. The 5 areas of primary assessment are shown with an overall Red-Amber-Green

score; the secondary assessment questions are also shown with the relative indicator.

physiology at the gut level. Mammalian digestive tract biology
is strongly conserved. Given their shared omnivorous nature,
mice and humans are quite similar. This partly explains why
mouse models have been widely used in biomedical research.26

However, the anatomy, physiology, gut microflora, and immune
system of the mouse and the human intestinal tract exhibit
some differences that must be considered. The cells and path-

ways involved in the evolution of intestinal inflammation are
not conserved across these species’ boundaries.27,28 Close atten-
tion must be paid to the detail in translating these mechanisms
from mouse to human. This information is represented by an
amber score within the model physiology section of the AMQA
and specifically in relation to the question “How well does this
model replicate human systemic anatomy and physiology?”
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3. Model Pharmacology: How Well Does the Model
Replicate the Expected Pharmacology in Patients?

There is no pharmacological cure for IBD. Currently, medications
such as conventional anti-inflammatory drugs, immunomodu-
latory agents, biological therapies, broad spectrum antibiotics,
and metronidazole for some subgroups of IBD patients are used
to control symptoms or to create a period of remission that
improves long-term disease outcome. This model has been used
previously to answer both mechanistic questions (ie, transfer-
ring genetically naïve T cells from genetically modified donors
into recipient) or to predict efficacy of several IBD drug candi-
dates. When considering how well the mouse T-cell adoptive
transfer model of colitis has predicted clinical outcomes in the
past, we scored the model amber. Robust evidence supports
that pivotal drivers of inflammation are shared between this
model and the human disease. The CD45RBhigh adoptive transfer
model has been a very useful tool to predict the clinical outcome
of medications, mostly biological such as anti-TNF mAb and
IL-12/IL-23 (p40) mAb (see Supplementary Information). How-
ever, data also show some limitations of the adoptive transfer,
because there is not always a direct correlation between the
drug efficacy in humans and mice such as for CTLA4-Ig,29 ,30

cyclosporine,29–31 and anti-IL-1732–36 approaches.

4. Model Disease/Mechanisms: How Well Does the
Model Replicate the Etiology and Pathogenesis of the
Patient Disease?

Cause and pathogenic time course are undoubtedly among
the most important key drivers when assessing how the T-cell
adoptive transfer model of colitis mimics the human disease.
IBD is a chronic inflammatory condition, and mice with this
model develop chronic colitis due to T cells homing to the
intestinal mucosa and lack of functional regulatory T cells in
the host that allows the development of a TH1/TH17 adaptive
immune response to antigens derived from intestinal bacteria.
This model is generated by the transfer of a small number
of mouse naïve CD4+CD45RBhigh T cells in immunodeficient
mice.37 Obviously, such an approach does not mimic the cause
of IBD and justifies the red score shown in Figure 2 for the
secondary assessment question: “Is the cause the same in
the animal model and in humans?” The disruption of T-
cell homeostasis is at the center of the adoptive transfer
model and is recognized as one of the most important
pathogenic mechanisms in human disease. However, it is
impossible to replicate in a model the identical pathogenic
time course of a very heterogenous human disease such as
IBD. Therefore, the secondary assessment question “Is the
pathogenic time course similar?” scored amber. Nevertheless,
the mouse model replicates well the chronicity of the clinical
outcome seen in humans and scored green in the corresponding
question.

For the question “How well does the model replicate clinical
phenotypes?” a green score was given. This was chosen because
patients affected by IBD suffer from bloody diarrhea, abdominal
pain, nausea, fever, and weight loss. T-cell–transferred mice,
depending on the gene susceptibility of the recipient, develop
a chronic progressive disease that shares several symptoms
with both human CD and UC, such as weight loss, reduced
physical activity, diarrhea, and loose stools. Differently from
humans, there is no substantial amount of occult blood in the
feces of the affected mice. The location of the lesions (large
and small intestine), the histopathological profile (transmural

inflammation), and the mixed Th1/Th17 inflammatory response
approximate the adoptive transfer model more to CD than to
UC. In addition, the chronic temporal progression of the model
allows the therapeutic administration of drug in efficacy studies,
mimicking settings in clinical trials.

Although IBD disease biomarkers are currently used in diag-
nosis for the differentiation between CD and UC, most biomark-
ers currently used are not disease specific but reflect generalized
inflammation. With respect to the AMQA, the question in the
secondary assessment relating to translatable biomarkers of
disease scored green. Most IBD biomarkers, such as body weight
loss, diarrhea, histopathology, serum cytokine production, cal-
protectin measurements, and endoscopic assessment, can be
applied to this model.

5. Model Reproducibility: How Reproducible Are the
Biological Endpoints of Most Relevance in This Model?

Finally, our structured framework considers the reproducibility
of the endpoints in the model. Among all genetically engineered,
spontaneous, and chemical models of chronic colitis, the T-
cell transfer is the most widely used model. A standardized
protocol can induce a highly predictable and synchronized col-
itis. However, the severity of the symptoms can vary accord-
ing to strain, sex, and microbiota, and each protocol needs
to be carefully validated in different facilities. Once done, the
endpoints are usually robust and highly reproducible across
studies. This is represented by the green score for the question:
“Are the biological endpoints/features of most interest quan-
titatively consistent in this model?” Thinking further through
the reproducibility of endpoints, consideration is also required
around what is a reasonable or expected threshold of change
needed to answer the question. For this example, based on
pilot studies we have quantified the coefficient of variation for
colon density (colon weight vs length ratio, one of the main
endpoints of the model) as 25% among animals receiving the
same treatment. We can reasonably conduct experiments in
which colon density measurements are obtained on 10 animals
per treatment group.

Conducting a one-sided significance test in which the alter-
native hypothesis is that the active treatment causes a reduction
in colon density, setting a threshold for significance (alpha) of
5%, and aiming to achieve a power (1 − β) of 90%, we would
expect to achieve statistical significance if the active treatment
causes an approximately 30% reduction in colon density relative
to the control.

In brief, this model is regarded as being reasonably repre-
sentative of key features of human IBD (immune-pathology and
chronic disease). Although different animal models offer some
features of human diseases, none of them can be taken as a
perfect surrogate. The choice of the appropriate animal model
should depend on the specific question being proposed. This
model is suitable to study the induction and perpetuation of
colitis as well as the role of regulatory T cells in suppressing
or limiting the onset of intestinal inflammation. There may
be other models that are similarly suitable. Historically, the
CD4+CD45RBhigh adoptive transfer model has been a very
useful tool to predict clinical outcomes of drugs targeting
cytokines, especially biologics. In addition, it may be useful
to evaluate other models when targeting different pathways,
that is, epithelial restitution and proliferation, mucosal wound
repair in the presence of inflammatory response, or intestinal
fibrosis.
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SUMMARY
The AMQA was developed to assess the translational strength of
an individual animal model for a particular biological target or
pathway, particularly for support of drug discovery. The tool doc-
uments the considerations applied, through a consistent frame-
work and a questions-based approach, and ultimately guides an
investigator to consider key elements that rationalize the appro-
priateness of the model. Once completed, the output becomes a
context for studies conducted in the model, allowing decision
makers to consider the translational strength of the evidence
produced by using the model. Similarly, the output can be used
to represent the potential benefit or the likelihood of clinical
success when utilizing a given model, which is important for
HBA (ie, quantifying the “benefit”), and therefore can be utilized
as a useful scientific summary to support ethical discussions for
Institutional Animal Care and Use Committee, Animal Welfare
Body, or Animal Welfare Ethical Review Body.

DISCUSSION
The AMQA is the first attempt internally at GSK at qualifying
models from a drug discovery perspective. We know of some
similar efforts13 in both industry and academia in establish-
ing rating or scoring systems for animal models. One example
described by Denayer et al14 evaluated 5 criteria: (1) the relevance
of the species, (2) the complexity of the test system, (3) the
simulation of the disease, (4) the predictivity using a quantal
(yes or no) effect of a drug vs a graded or dose response com-
parison, and (5) the number of symptoms modeled in the test
system. For this system, a score is given based on relevance
(4 = high, down to 1 = low), and the intent is not to select one
optimal model but to have a set of models to provide maximal
validity for a target/program. Also, although not providing a
specific assessment approach, Henderson, et al38 systematically
reviewed animal experiment guidelines to identify the most
common recommendations for assessing a model with addi-
tional study design recommendations. Many of the construct
guidelines closely approximate features that are queried in the
AMQA. More recent developments have been described to make
more informative evaluations of animal models in the context
of given diseases. Ferreira at al15 described a FIMD similar to
above, but in more explicit detail allowing the investigator to
record information on (1) epidemiology, (2) symptomatology of
the disease, (3) genetics, (4) biochemical validation, (5) etiology,
(6) histological validation, (7) pharmacologic validation, and (8)
endpoint validation.

The FIMD assesses various aspects of the external validity
of efficacy models, with both similarities with and differences
from the AMQA. In terms of similarities, both include questions
on (1) patient population disease and demographics, (2) disease
symptoms or clinical phenotype, (3) the natural history or time
course progression of the disease, (4) biomarkers, and (5) etiology.
The main difference is that the AMQA places more focus on the
mechanism and biological pathways of the model and the model
pharmacology pertaining to clinical translation. Secondly, the
AMQA questions query the clinical translatability of the disease,
human physiology, and clinical trial design more than that of
the FIMD. Lastly, the FIMD introduces a weighting system in an
attempt to quantitate how well a model could simulate human
disease. It is clear that the weighting system could be a point of
debate due to differences in opinions of the relevance of each
question, but with repeated use of the tool, an idea of predictive

value could potentially be developed. As such, the intent of
this publication is not to provide an in-depth comparison of
the 2 tools or compare scoring systems but to have a way for
researchers to have an internal discussion about models and
record an assessment.

Although development of the AMQA is in overall alignment
with the other attempts reported in the literature, the current
framework takes not only the end disease into consideration
but also the knowledge of the biological target and pathway.
The AMQA uniquely considers the animal model holistically and
prompts consideration of the contextual biology as an important
mediator of both pathologic and pharmacologic outcomes. After
all, it is considered an imperative to ensure that a biological
pathway is operative and shared in the pathogenesis of the
disease and the animal model.

Another aim of this tool is to remain relevant with exter-
nal guidance such as that from the NIH’s working group on
enhancing rigor, transparency, and translatability.39 One of the
themes was to “improve relevance and use of animal models
by establishing a framework for investigators to explain the
rationale for their chosen model.” By developing the AMQA tool,
we believe we are setting a foundation, not only for ourselves, but
for others, because the tool itself could be adapted as required
for different needs and circumstances.

The overall goal of the RAG scoring system is to provide a
quick representation of key areas of strengths and weaknesses
of a model with more detail in the secondary assessments.
The scoring system prompts interdisciplinary collaboration in
animal model characterization, supports a rationale for model
selection, transparently represents strengths and weaknesses,
supports HBA, and contextualizes the decision-making outputs
of the study. The AMQA tool is of maximal impact when
the outputs are documented to allow future learnings and
iterative understanding of the scoring, firstly to refine the tool
itself but also to serve the broader scientific endeavors, for
example, interest in the same biological target for a different
disease. Of course, the experiments that are then executed
in a given model should ensure that methodological rigor
are applied with appropriate inclusion of statistical principles
to ensure adequate precision through power analysis and
to minimize bias (randomization and blinding) and in turn
reported using one of the recommended guidelines, for example,
ARRIVE.40

It is recognized that the AMQA tool is dependent on current
understanding of the human condition, the biology and patho-
biology represented in the animal model, and the reproducibil-
ity of the experimental endpoints. This relies on comparative
understanding of disease progression and pathologic changes
across species. As one would expect, the less known about
a disease, the more challenging the use of a model becomes
for the investigator. However, it does ensure that the gaps are
recognized such that an overreliance or emphasis is avoided on
a particular model or study.

With continued use, there is an opportunity to improve the
tool by developing a scoring system with weighting for particular
questions. The challenge is arriving at a consensus for which
primary or secondary assessments should hold a higher weight,
so further work is required before the tool could be used as a
standard across institutes.

Having formal recognition and documentation of the weak-
nesses of a model can also drive early consideration of non-
animal alternatives and provide opportunity for targeted devel-
opment of such alternatives. With some modification, one could
imagine that this approach could also be applied to non-animal
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modeling systems where human biological relevance and repro-
ducibility are just as important. An alignment of in vitro, in
vivo, and human disease processes would vastly improve the
translatability of the drug discovery and development process.

Supplementary Data
Supplementary materials are available at ILAR Journal online.
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