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Abstract
Animal research plays a critical role in developing disease treatments. Most studies are
done in mice but larger species, phylogenetically closer to humans, are sometimes used. In
the genomic age,  numerous rare inherited diseases and attendant treatment challenges
have been characterized. The US Food and Drug Administration and similar international
agencies have enacted laws like the Orphan Drug Act for humans and the Minor Use and
Minor Species Animal Health Act for animals to incentivize therapy development for these
rare conditions. The remarkable curative potential of new cell and gene therapies (CGTs)
has  drawn  attention  to  the  drug  approval  process.  Questions  have  been  raised  about
whether  animal  findings  adequately  translate  to  humans.  One  justification  for  using
animals  in  research  has  been  the  potential  for  them  to  ultimately  benefit.  This  review
highlights the bidirectional interplay of human and animal studies in keeping with the One
Health - One Medicine concept. Examples of innovative drugs, sophisticated surgeries, and
CGTs  now  being  used  in  companion  animals  with  rare  diseases  are  provided.  Related
issues  discussed  in  the  paper  include  potential  reasons  for  inconsistent  translation  of
experimental  animal  findings  in  human  clinical  trials,  barriers  to  using  specialized
treatments more broadly, ethical concerns associated with rare disease treatments, and
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prospects for developing alternatives that would benefit animals and reduce their use in research. The goal of this
review  is  to  encourage  broader  use  of  advanced  therapies  for  rare  companion  animal  diseases  while  helping  to
ensure ongoing research is done responsibly.

INTRODUCTION
Animal models have been used since antiquity to define the basis of human health and disease

[1,2]
. This work

has been especially critical for rare conditions whose underlying causes often defy definition
[3]

. While most

studies have been done in mice
[4]

, larger species, including nonhuman primates
[5]

, pigs
[6]

, sheep
[7]

, dogs
[8]

, and

cats
[9]

, have been used [Figure 1]. These larger species are generally considered more like humans

phylogenetically than rodents
[10-13]

, with comparable size
[14]

, anatomy
[15]

, physiology
[15,16]

, and immunity
[17]

.

Dogs and cats have an added benefit of sharing the home environment with humans, exposing them to the

same infectious agents and potential toxins
[18]

. Moreover, pets are routinely assessed in veterinary practice

with sophisticated diagnostic tests that serve as outcome parameters in human clinical trials
[19]

. Use of these

same tests in preclinical research allows results to be directly compared to those from humans. Finally, the

relatively condensed life spans of dogs and cats have made them valuable sentinels for predicting disease

effects
[20]

.

Critical studies of normal function and development in companion animals include early landmark research

such as Pavlov’s use of dogs to define conditioning behavior
[21]

, Sir Charles Sherrington’s canine spinal cord

injury experiments establishing key aspects of reflex function including phantom scratching seen in

syringomyelia
[22,23]

, and the seminal work done by Hubel and Wiesel in cats that revolutionized our

understanding of visual processing
[24]

. The impact of these studies extends from defining general disease

concepts to understanding the basis of rare conditions, including Urbach-Wiethe disease (Pavlovian fear

conditioning)
[25]

, acute flaccid myelitis (disruption of spinal reflex pathways)
[26]

, and congenital cataracts

(amblyopia)
[27]

. Specific rare genetic diseases influenced by this research extend across body systems in

humans and companion animals. One example that involves fear conditioning and reflex function is

hyperekplexia (startle disease) seen in dogs and people
[28]

. More broadly, naturally occurring canine and

feline diseases have served as critical models for many rare human diseases
[ 8 , 2 9 , 3 0 ]

. This species

interconnectedness and bidirectional translation of clinical and research findings serve as a pillar of the One

Health - One Medicine concept benefiting both humans and animals
[31]

.

In addition to their role as disease models, dogs and, to a much lesser degree, cats have been used in tandem

with rodents through the US Food and Drug Administration’s (FDA) drug approval process in which two

species are tested
[32,33]

. Using this approach, the dog has been particularly valuable in identifying adverse drug

effects
[34,35]

. Nonetheless, recent papers have shown that animal preclinical findings do not consistently

translate to humans
[36-38]

. Additional ethical concerns have been raised
[39]

. Largely because of these issues, the

FDA Modernization Act 2.0 passed by the US Congress in 2022
[40-42]

 and further clarified by the 3.0 Act now

under consideration
[43]

 has removed the requirement for animals in drug approval and stipulated that

alternatives would be allowed. Use of so-called new approach methodologies/methods (NAMs), such as

cell/tissue culture, computer modeling, and “organ on a chip” technologies, has been encouraged to assess

drug toxicity
[44]

 and efficacy
[45]

. These initiatives are occurring in concert with changes in the conduct of

clinical trials, as greater focus is being placed on approving orphan drugs, often after accelerated review
[46]

.

The speed with which this shift has occurred, and the associated changes in the drug approval process, have

caused concerns that a loss of rigor could compromise patient care
[47,48]

.

One long-held justification for using dogs and cats in research has been the potential for translating

treatments to these same species as veterinary patients
[49-51]

. Encouragingly, we are now seeing progress at

multiple levels as specialized therapies are making a difference in animals’ lives. Examples in this Special
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Figure 1. Schematic of several large animal species used in gene editing studies for mostly rare diseases. Reproduced without modification
from Maynard et al.[13]. © 2021 The Authors. Published by Elsevier, under a CC BY-NC-ND license.

Topic extend across a range of innovative medical
[52]

 and surgical
[53,54]

 treatments that were once seen as

experimental and have now become part of the standard of veterinary care. These approaches are being

complemented by cell and gene therapies (CGTs)
[55-57]

 in which companion animal models were critically

important to establish proof of concept prior to human use.

This review also addresses challenges and opportunities facing the rare disease community. These include

hurdles for developing therapies and applying them broadly, the potential for using alternatives that will both

reduce experimental animal use and benefit dogs and cats with analogous conditions, and ethical issues

raised by animal research and patient care. A separate summary of the drug discovery process emphasizes

reasons for inconsistent translation of experimental findings to humans. The collective goal of the review and

associated papers in the Rare Disease and Orphan Drugs Journal (RDODJ) Special Topic is to encourage

broader use of advanced therapies for rare companion animal diseases while helping to ensure ongoing

research is done responsibly.

RARE DISEASE INCIDENCE CRITERIA AND DRUG DEVELOPMENT INCENTIVE PROGRAMS
While individual rare diseases occur infrequently, they collectively have a tremendous global impact,

affecting ~30 M people in the US, ~29 million in the EU, and ~ 400 million worldwide
[58]

 [Figure 2]. As a

result, there is strong patient advocacy for these conditions through organizations such as the National

Organization for Rare Disorders in the US
[59]

. This has facilitated passage of laws to enhance access and

incentivize drug development for affected populations
[60]

.
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Figure 2. Schematic showing the collective impact of rare diseases on the global population. From the European Animal Research
Association (EARA)[3]. Reprinted with permission.

To establish public policy and provide incentives to develop therapies, governments have established

guidelines defining the incidence of rare diseases
[61]

. Projecting through the US 1983 Orphan Drug Act
[62]

, the

FDA defines rare diseases as those affecting fewer than 200,000 people (~1 in 1,750; ~60/100,000) in the

US
[47]

. This act is intended to help address barriers for treatment development such as the limited patient

population and cost by incentivizing companies. Notably, more common diseases (affecting > 200,000

people) may qualify for incentives if there is no reasonable expectation that a drug will be developed to treat

affected individuals. Analogous legislation, with comparable disease incidence figures and incentives, was

subsequently enacted in Japan
[63]

, the European Union (EU)
[64]

, and other countries to encourage drug

development for rare diseases
[65,66]

.

Relevant to this RDODJ Special Topic, the FDA also sought to incentivize development of legal medications

for rare diseases in major animal species (dogs, cats, horses, etc.) and for any diseases in minor species (zoo

animals, fish, etc.) through the Minor Use and Minor Species (MUMS) Animal Health Act of 2004
[67]

. This is

particularly important in veterinary medicine as there are fewer funding sources and limited options for

third-party payers (see discussion of challenges below).

Disease incidence rates to qualify for MUMS were recently updated to thresholds of 80,000 cases annually for

dogs and 150,000 for cats in the US
[68]

. Using pet ownership data estimating that there are ~89.7 M pet dogs

and ~73.8 M cats in the US
[69]

, this translates to incidence figures of ~1 in 1,100 and 490, respectively. Several

drugs to treat cancer in dogs, as an example Verdinexor (KPT-335) for lymphoma
[70]

, have been approved

through the MUMS law
[71]

. A related FDA process allows conditional approval under two circumstances,

namely (1) if a drug “addresses a serious or life-threatening disease, or (2) addresses an unmet animal or

human health need, for which demonstrating effectiveness would require a complex or particularly difficult

study or studies
[72]

”. Felycin-CA1 for hypertrophic cardiomyopathy in cats was recently approved using these

criteria
[73]

. In addition, approval is pending for an intravenous mesenchymal stromal cell (MSC) therapy

targeting refractory feline chronic gingivostomatitis (FCGS)
[74,75]

. As discussed further below, the FDA has

also created a special accommodation for use of GS-441524 to treat feline infectious peritonitis (FIP).
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Comparable incentives are available for animals in the EU through the Veterinary Medicinal Products

Regulation (Regulation [EU] 2019/6)
[76]

.

ONE HEALTH - ONE MEDICINE
Concept and application to rare diseases (see graphical abstract)

German physician and pathologist Rudolf Virchow was a leading advocate of comparative medicine. He

conducted studies in the 19th century on a range of infectious diseases affecting both humans and animals
[77]

.

Virchow coined the word zoonosis for the potential of interspecies transmission and famously said,

“Between animal and human medicine there are no dividing lines, nor should there be. The object is

different, but the experience obtained constitutes the basis of all medicine”
[78]

.

Canadian physician William Osler and American veterinary epidemiologist Calvin Schwabe have each been

credited with the term “One Medicine
[79]

”. Osler, considered to be the father of modern medicine, was an

eminent advocate of comparative pathology at the dawn of the 20th century. He taught both medical and

veterinary students in Montreal and later served on the Johns Hopkins faculty. Schwabe subsequently

rekindled the concept of comparative medicine through his work on infectious diseases internationally and

extensive writings. More recently, comparative medicine advocates have referred to this paradigm as One

Health and incorporated environmental and ecological considerations
[77,78,80]

.

This Special Topic follows in the spirit of the bidirectional flow of information between human and

veterinary medicine, thus benefiting both people and animals
[31]

. The One Health - One Medicine approach

is especially applicable to rare diseases, as experimental and clinical findings can be leveraged to overcome

challenges caused by small patient numbers and costs that would otherwise impede treatment

development
[31,81,82]

.

Limitations in clinical translation

The discipline of comparative medicine leverages not just similarities but also differences (a component of

biological variability) between and within species
[83,84]

. Importantly, while these differences may limit

translation of experimental and clinical findings between animals and humans in some cases, they also

provide insight into disease mechanisms. Major interspecies differences that can influence treatment

response include the pharmacokinetics of drug metabolism and immunologic pathways. A classic example of

pharmacokinetic differences relates to the anticonvulsant, diphenylhydantoin (Dilantin), which while being a

mainstay of seizure control in humans, is ineffective in dogs due to its short half-life in that species
[85]

.

Similarly, speaking to immunologic differences, the more reduced inflammatory response seen with

immunotherapy in dogs will limit its effectiveness in managing cancer and diminish the ability of canine

models to predict adverse effects to CGTs
[86]

.

Further illustrating the impact of intraspecies differences, individuals with rare diseases can have markedly

different clinical syndromes even though they have the same genetic mutation
[87]

. For instance, siblings with

Gaucher disease due to BA1 gene mutations
[88]

 and canine littermates with superoxide dismutase (SOD1)

mutations causing degenerative myelopathy
[89]

 may have widely different clinical features. This so-called

variable expressivity and its associated “phenotypic variation” likely occur largely due to modifier genes and

epigenetic effects
[90,91]

. From a drug development perspective, resulting differences in outcome parameters

complicate demonstrating significance between treatment groups during clinical trials.

CHALLENGES FOR DEVELOPING VETERINARY RARE DISEASE TREATMENTS
The examples of specialized treatments now being used in companion animals with rare diseases discussed

below and in other papers of this Special Topic are encouraging. However, paralleling the experience in

people
[92-94]

, challenges such as the interrelated issues of small patient populations and high treatment
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development costs will limit their broader use in companion animals. In fact, these issues are even more

problematic in dogs and cats with rare diseases
[95]

. Extrapolating from humans, the low case numbers will

limit collection of patient natural history data, making it difficult to develop mechanistic studies
[93,96]

. As a

result, rare disease pathogenesis will continue to be poorly understood and treatment strategies and outcome

parameters for clinical trials will be ill-conceived
[97]

. These deleterious effects have been further complicated

by the lack of animal models
[30,98]

, making it even more difficult to define disease pathogenesis and test

treatments. And beyond these challenges, the pharmaceutical industry faces a substantial disincentive in rare

diseases, with disproportionately high costs compared to the small number of patients who may benefit
[94,99]

.

Development of CGTs has been especially challenging because each treatment can cost millions of dollars
[100]

.

Maximizing data from small patient populations

The two cornerstones of recruiting individuals with rare diseases to clinical trials, whether human or animal,

are strong patient advocacy and collaboration across centers
[93,101]

. An example for humans is the Rare

Diseases Clinical Research Network established to facilitate data sharing among research groups and build

trust between researchers and patients
[102]

. The recent COVID-19 pandemic illustrates this point. Upon

recognizing the potential global impact of this infection on rare disease patients, the RDCRN prioritized

cross-consortia collaboration.

While less developed in veterinary medicine, collaborative networks also play an important role in

promoting research to develop treatments for rare companion animal diseases. Innovative multi-center

veterinary clinical networks include the Comparative Oncology Trials Consortium managed by the National

Institutes of Health (NIH)
[103,104]

 and the Clinical and Translational Science Awards One Health Alliance
[105]

.

These networks work closely with advocacy groups and registries to raise awareness and recruit patients for

clinical trials in both humans
[101,106,107]

 and animals
[108-110]

 with rare diseases.

Funding rare disease treatments

The markedly greater challenges faced in managing veterinary rare diseases are best illustrated by the

disparity in available funding. Support for humans in the US comes principally from the NIH and private

foundations. While only 0.1% of the NIH $39B 2019 fiscal year budget went towards rare disease research, it

still amounted to $38 M spread over a range of diseases
[111]

. These federal grants have often included funding

for canine and feline models to study comparative aspects of human disease. The fact that these studies have,

at the same time, tremendously advanced our understanding of companion animal disease pathogenesis and

treatment should be considered in the debate on preclinical research translation. In any case, cumulative

support for animal models through the NIH is substantial with one group estimating current funding of 193

ongoing projects using dogs and cats as models totals $1.2B
[112]

.

The Dog Genome Project is an example of an NIH-funded project that has played a critical role in advancing

not just human but also canine health. Funding has allowed identification of genetic mutations contributing

to rare diseases in both species
[113]

. Disease examples in dogs include retinitis pigmentosa
[114]

 and certain

cancers
[115]

. The NIH’s plan to deemphasize “animal-only” grants, choosing instead to focus on NAMs
[116]

,

will likely impact comparative medicine programs such as these. With that said, animal model funding will

likely continue, at least in the short term, as the original announcement indicated traditional grants would

still be awarded. Supporting this notion, a list of recently funded NIH grants reportedly included proposals

calling for animal use
[112]

.

Private disease foundations also provide critical support for rare disease research in humans
[117]

. For instance,

the National Organization for Rare Disorders awards hundreds of thousands yearly
[118]

. Analogous

companion animal advocacy groups such as the American Kennel Club (AKC) and its AKC Canine Health
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Figure 3. Histograms depicting proportional funding of canine health and welfare research in the United Kingdom (UK) for 2012-2022
supported by “wide scope” funders (UK government funding councils and medical charities concerned generally with human health) and
organizations specifically aligned with animals. Funding is shown by year (A) and category (animal; canine; human medicine; One Health;
and other) (B). As detailed in the paper, One Health grants generally were not focused on dogs alone but rather came from a broader
human medical perspective. The 2017 peak included two sizable One Health grants on rabies and diabetes mellitus that accounted for
almost half the total annual funding. The figure is reprinted with permission from[128]. Adhering to the CC BY 4.0 agreement.

Foundation
[119]

 and the EveryCat Health Foundation (formerly the Winn Feline Foundation)
[120]

 allocate

critical funding for dog and cat disease research. For context, the AKC Canine Health Foundation has

provided a total of more than $80 M since 1995, with a current portfolio of $14.6 M spread over 155 grants to

support canine research in ~20 countries worldwide
[119,121]

. While most of these funds have understandably

focused on more common diseases, support has also gone to rare conditions, including hemophilia
[122]

,

osteosarcoma
[123]

, and degenerative myelopathy
[124]

 covered in papers of this Special Topic.

Comparative research programs such as the Canine Genome Project
[113]

 discussed above emphasize the

importance of One Health - One Medicine and its bidirectional research translation in advancing our

understanding of rare diseases. Data from innovative CGT veterinary trials can support the use of similar

protocols in humans
[125]

, including investigational new drug (IND) applications
[126]

. And preclinical drug

toxicity studies in animals, especially dogs, have laid the foundation for use of similar therapeutic approaches

in pets
[127]

. Indeed, the mutual benefits to humans and animals are emphasized by the AKC Animal Health

Foundation’s impact statement: “While CHF’s primary focus is improving the health of dogs, the One Health

approach extends its benefits to all species, recognizing the broader implications of our work”
[119]

.

The importance of One Health and its international reach in funding canine research was further

emphasized by a recent study from the United Kingdom
[128]

. Looking at the period 2012-2022, sources of

funding to support canine health and welfare research were classified across three groups: “wide scope” to

include governmental councils and medical charities concerned generally with human health, funders

specifically aligned with animals, and breed community organizations. Pointing to the critical nature of

funding for comparative biomedical research, the wide-scope funders contributed £41.2M (71.2%) of the

total $57.8M compared to £14.7 M (28.1%) for animal health organizations, and £370K (0.6%) from breed

groups [Figure 3].

Looking to future funding of companion animal rare disease research, the greatest challenge will be in using

CGTs in affected animals. Here, the hemophiliac dog studies discussed by Doshi et al.
[129]

 in this Special

Topic are informative. Without funding from NIH, the ~ $3 M adeno-associated virus (AAV) per patient

vector expense would have been far too costly for client-owned dogs. More encouragingly, companies like

Scout Bio (recently acquired by Ceva Santé Animale)
[130]

 and Rejuvenate Bio
[131]

 are now providing gene

therapy for common chronic companion animal diseases with much larger patient populations. Hopefully,
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over time, funding paradigms will make these treatments possible for rare diseases. In any case, managing

costs of CGTs in rare diseases will undoubtedly be guided by experiences with human gene therapy for the

same conditions
[100]

. These expenses will likely decline as original research and development investment costs

are recouped, and manufacturing efficiencies are gained
[132,133]

.

While similar challenges apply for using CGTs to treat companion animals with rare diseases, there may be

greater opportunities for cell-based treatments. This includes the use of MSCs for neurological diseases
[134]

and immunotherapy for osteosarcoma
[135]

 discussed in this Special Topic.

The role of insurance in covering rare disease treatment costs

Although policies differ and details are still evolving, insurance plays a major role worldwide in covering the

costs of rare disease treatments for humans
[136]

. In contrast, veterinary (pet) insurance has a limited impact

for affected animals. This disparity begins with the low rate of coverage among US pet owners as only about

4% of dogs (~ 4.3 M) and 1% of cats (~1.1 M) are insured at an approximate annual cost of $1,400 and

$1,150, respectively
[137]

. Notably, coverage is much higher in some countries, amounting to around 40% in

Sweden and 25% in the United Kingdom
[138]

.

Key differences with human policies limit the usefulness of pet insurance in managing rare disease

treatment
[139,140]

. Most veterinary policies exclude preexisting (genetic) conditions and experimental

treatments. Furthermore, reimbursable costs may be capped annually, per condition, or for the animal’s

lifespan. Accordingly, claims are mostly for routine health concerns such as treatable gastrointestinal and

dermatologic diseases
[141]

.

Moving forward, as owners increasingly think of their pets as family members
[142]

, the US pet insurance

market is expected to grow from $10.1 B to $38.3 B, a 14.5% annual growth rate, between 2023 and 2033
[143]

.

Companies will almost assuredly seek to distinguish themselves. For instance, Pets Best and Trupanion have

pioneered coverage for “rare procedures” such as bone marrow transplantation and stem cell therapy within

the past 15 years
[144,145]

. Insurance for pre-existing conditions is also evolving, with some companies now

paying for treatments of “curable” conditions
[146]

. Despite this progress, gene therapies are still seen as

experimental and not covered.

RARE DISEASE THERAPIES
This section on treatments is particularly important as it speaks directly to advanced health care that is

becoming available to animals with rare diseases. The discussion is divided into two complementary parts,

first addressing general principles and approaches for treatment followed by specific therapies for inherited

and acquired conditions. Other papers in the Special Topic are referenced to provide greater detail on certain

diseases and treatments.

Emphasis is placed on approaches and/or diseases in which companion animals have played a major role in

developing treatments and for which these approaches are now being employed in veterinary patients.

Reflecting my own clinical and research experience and the papers that were ultimately submitted to the

Special Topic, this review focuses on diseases of dogs and cats.

General principles and approaches

As discussed above, developing treatments for rare diseases is inherently more challenging. Also, since

disease mechanisms are in many cases poorly defined, treatments that could be considered “experimental”

entail carefully controlled clinical trials
[147]

. Given these factors, management of rare diseases is often both

multimodal and multidisciplinary
[148,149]

. Here to facilitate discussion, therapies are categorized as either
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Figure 4. Lafora bodies in the frontal cortex of a dachshund dog seen with PAS diastase staining (A) and electron microscopy (B). Classical
larger (arrows) and smaller (arrowheads) inclusions are evident. Bar = 50 µm in (A) and 500 nm in (B). The arrow in (B) identifies a
synaptic density. The figure is reprinted with permission from[153]. Adhering to the CC BY 4.0 agreement.

“conventional” (Western, mainstream, or allopathic medicine) approaches (drugs, radiation, and surgery) or

more advanced methods that are typically grouped under CGTs.

Conventional therapy

Drugs/Small molecules. There is no definitive treatment for approximately 95% of rare diseases, meaning

that patient care is usually palliative
[150]

. Bringing drugs to market is also costly and protracted
[92]

. Lafora

disease, a rare fatal, autosomal recessive neurodegenerative disorder best characterized in humans
[151]

 and

dogs
[152-155]

 provides a good example of the limitations of drug therapy and the role animal models can play.

People with Lafora disease have spontaneous mutations in either the EPM2A or NHLRC1 (EPM2B) genes
[151]

,

whereas only the NHLRC1 gene is mutated in dogs
[152-155]

. The two species develop analogous phenotypes,

including progressive myoclonic epilepsy and classical intracytoplasmic inclusion (Lafora) bodies

[Figure 4]
[151,155]

. While mice are not naturally affected by Lafora disease, the involved genes can be knocked

out, creating valuable models
[156]

. The resulting murine syndrome is similar but generally milder than the one

in humans and dogs. Thus, although mice have been used extensively to explore disease mechanisms and

potential treatments for Lafora disease, findings from the spontaneously occurring and phenotypically more

severe canine disease may more reliably translate to humans.

Management of Lafora disease in humans and dogs is largely palliative, using anti-epileptic drugs and anti-

ketogenic diets. Studies in dogs are especially insightful because, independent of Lafora disease, they develop

generalized (inherited, idiopathic, and drug-resistant) epilepsy analogous to humans
[157]

. Therefore,

pharmacokinetic properties of antiepileptic drugs are well characterized. In addition to medical

management, more definitive therapies involving AAV transgenes and antisense oligonucleotides therapy to

reduce glycogen accumulation in the Lafora bodies is being tested in mice and could be extended to

dogs
[158,159]

. Humans and dogs should each benefit as newer treatment strategies are employed.
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Speaking generally about conventional therapy of rare diseases, there has been considerable interest in either

repurposing FDA-approved drugs or repositioning non-approved compounds that have been shelved because

of problems such as toxicity
[160,161]

. Sometimes referred to as orphan drugs, these compounds have already

been defined mechanistically and tested for safety, thus potentially reducing development costs and

expediting approval
[162,163]

. This same approach has been utilized in veterinary medicine, particularly to treat

cancer
[164]

. Outside of cancer treatment, a repurposed drug example for pets is the use of GS-441524 to treat

FIP
[52,165]

. This compound was originally developed by Gilead Sciences to treat rare human viral diseases such

as Ebola and later SARS-CoV-2 (COVID-19) (see under infectious diseases below and the Special Topic

paper by Cerna et al., “From ebola to FIP: the cross-species journey of GS-441524 and the future of antiviral

translation”)
[166]

.

Radiation/Radiotherapy. The use of radiation to treat disease (radiotherapy) illustrates graphically the

potential for translating findings from animals to humans (and back). Because of their relatively larger size

and longer life spans, dogs were preferred over rodents to study radiation toxicity in the aftermath of World

War II and have subsequently been used as sentinels to assess effects of the Chernobyl reactor accident
[167]

.

These toxicity studies were critical in establishing basic principles of radiotherapy to better ensure that tumor

cells are destroyed while minimizing damage to normal healthy tissue. Building on these experimental

studies, radiation alone or as part of a multimodal regimen is now a mainstay in managing human cancer,

including rare tumors such as mucosal melanoma, hepatobiliary and ovarian malignancies, and pancreatic

and bronchopulmonary neuroendocrine neoplasms
[168]

. Using experimental data from dogs and subsequent

human clinical studies as a base, similar radiotherapy strategies are now routinely used in dogs and cats with

naturally occurring cancer
[169]

.

Brain tumors illustrate the role radiation has played in managing cancer in companion animals. Going back

to my own clinical practice in veterinary neurology, cobalt radiation therapy was shown to substantially

improve survival in dogs with brain tumors, ranging from relatively common meningiomas to rare

gliomas
[170]

. These benefits have been substantiated by more recent studies using linear accelerators as the

radiation source and focused stereotactic delivery
[171-173]

. To increase the translational value of canine studies,

the National Cancer Institute (NCI) established a Brain Tumor Consortium
[174]

 to classify brain tumors of

humans and dogs through their Comparative Oncology Program (see further discussion of comparative

oncology below)
[175,176]

.

Adding more support for the value of comparative studies, I have collaborated with radiation scientists and

other clinical specialists from veterinary and human medicine to demonstrate benefits of whole-body

hyperthermia as a radiation adjuvant and radiosensitizer in dogs with brain tumors
[177]

. Additional whole-

body and localized hyperthermia studies have been done on other naturally occurring canine tumors
[178,179]

and the deadliest of human brain tumors, glioblastoma multiforme
[180]

.

Radiopharmaceuticals  bridge  drug  and  radiat ion  approaches
[ 1 8 1 ]

 and  can  entai l  drug

repurposing/repositioning
[182,183]

. Conventional repurposed drugs may either serve as radiosensitizers, thus

increasing the therapeutic effects of radiation potentially at lower doses
[182]

, or be bound to radionuclides that

are already being used diagnostically in a field known as theranostics
[183]

. These compounds potentially

qualify as orphan drugs
[184]

, thus facilitating approval
[185]

. The emerging use of radiopharmaceuticals in

companion animals further illustrates the value of comparative oncology
[186]

.

Surgery. Extending beyond medical and radiation therapy, surgery offers a chance for a definitive cure in

certain forms of cancer
[187]

 (see the Special Topic paper by van Stee et al., “Rare pituitary diseases in dogs and

cats and their human companions”)
[188]

 and some developmental diseases
[189,190]

 (see the Special Topic paper
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by Jones et al., “Computational modelling of cerebrospinal fluid (CSF) flow in a translational canine

model”)
[191]

. Management of pituitary tumors is a classic example in which companion animals have

ultimately benefitted from early research. The American neurosurgeon, Harvey Cushing, performed

experiments in dogs to study the pituitary’s function and explore surgical approaches for its removal when

diseased
[192]

. These techniques have subsequently been applied in treating dogs and cats with pituitary

tumors
[53,193]

. Recognizing his role in defining clinical features of compensatory adrenal gland hyperplasia

after pituitary removal or disease, hyperadrenocorticism of pituitary origin is often called Cushing’s

syndrome (disease) in humans
[194]

 and animals
[195]

. Further emphasizing comparative aspects, the incidence of

different types of pituitary tumors varies among humans, dogs, and cats, offering insight into disease

mechanisms
[196-198]

.

Regarding developmental diseases and the role of animal models, surgery is often employed to correct

primary anatomical anomalies or to lessen physical complications of rare diseases
[199-201]

. Models in large

animals, including dogs and cats, have been used extensively because their size better models the human

surgical experience, for instance, with medical device implantation
[7,15,199]

. Notably, joint replacement surgery

was facilitated by experimental studies in dogs. These same methods are now being used on clinically

affected animals
[200,201]

. While surgical procedures are often employed for common disorders such as

degenerative joint disease
[202,203]

, they are also used for rare conditions. An example is hip replacement to treat

avascular necrosis of the femoral head (Legg-Calvé-Perthes disease) in humans and dogs
[204,205]

.

Lessons learned from experimental canine studies have been especially impactful in enhancing our

understanding of cardiovascular anomalies in companion animals. Dogs and cats with common disorders

such as mitral valve insufficiency
[206]

 and rare congenital anomalies
[207]

 are now undergoing advanced surgical

techniques that were refined in canine models
[208]

.

CGTs

Considerable recent progress has been made in treating rare diseases by modifying the genome or using stem

cells to promote tissue repair and regeneration. These CGT approaches, in principle, provide an opportunity

to achieve substantial improvement and even cures
[209,210]

. The public is generally receptive to CGTs because

recent successes have tempered concerns caused by early well-publicized failures
[211]

. With notable

exceptions, genetic treatments have been used primarily for inherited diseases, whereas cell-based therapies

are used mainly for acquired conditions. Studies of genetic treatments on canine models of rare inherited

diseases, including hemophilia, congenital blindness, muscular dystrophy, and lysosomal storage diseases

(LSDs), began in the 1990s on dogs raised in colonies
[212]

.

Early attention to the benefits of gene therapy was provided by studies on a blind dog named “Lancelot” with

an RPE65 gene mutation
[213,214]

 [Figure 5]. He and other affected dogs recovered vision after intraocular

injection of an AAV-RPE65 gene construct. Subsequently, genetic constructs to restore vision
[126,215]

 and

correct defects in other body systems
[30,216-220]

 have been used experimentally in a wide array of inherited

canine and feline diseases. Encouragingly, as noted in articles of this RDODJ Special Topic, companion

animals with these conditions are now benefiting themselves (see the Special Topic paper by Doshi et al.,

“Adeno-associated viral vector gene therapy for canine hemophilia”)
[129]

.

Undoubtedly, as these studies increasingly improve the lives of pets with rare diseases, additional genetic

treatments will be explored (see the Special Topic paper by Vite et al., “Diagnosis and therapy of Niemann-

Pick disease type C1- what have we learned that can help veterinary patients”?)
[221]

.
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Figure 5. Photograph of “Lancelot,” a Briard-mix dog affected by congenital blindness, treated with gene therapy. From ref.[214], Reprinted
with permission.

Speaking to cellular therapy, the experimental use of canine stem cells dates to at least 1955 when Donnall

Thomas defined immunity of bone marrow graft rejection
[222]

. His initial work in New York and later at

Seattle’s Fred Hutchinson Cancer Center with Rainer Storb paved the way for using hematopoietic cell

transplantation (HCT) to treat human leukemias
[223]

 and lymphoma
[224]

. Pet dogs with analogous conditions

are now being treated with HCT using this same approach
[55]

.

Canine models have also demonstrated limitations to the efficacy of stem cell therapy for monogenic

diseases. Promising results of muscle myoblast (satellite cells) transplantation and HCT in the mdx mouse

model of Duchenne muscular dystrophy (DMD) could not be replicated in a canine model
[225,226]

. However,

while neither approach has gained acceptance in DMD, stem cell studies continue in humans and dystrophic

dogs, focusing on myogenic and progenitor cells to restore muscle fibers or MSCs to modify the

immune/inflammatory response
[227]

.

More broadly, MSCs have been used for a range of conditions in humans to take advantage of their anti-

inflammatory and pro-regenerative effects
[228,229]

. There has been even greater use in veterinary medicine,

especially for inflammatory musculoskeletal diseases and often as part of a multimodal treatment

regimen
[56,230,231]

 (see the discussion of using MSCs for Osteoarthritis [OA] and rheumatoid arthritis under

degenerative diseases below and the Special Topic paper by Windsor, “Stem cell therapy for rare neurological

diseases: translational research opportunities” on their use in rare neurological diseases)
[134]

.

The comparative aspects of brain cancer have been a particularly fertile ground for research in cell-based

immunotherapy. CAR-T cells
[232]

, tumor checkpoint inhibitors
[232,233]

, T-regulator cell targeting
[234]

, and

vaccines
[233,235]

 are being developed using canine glioma models. These treatments could ultimately benefit
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dogs and humans with aggressive brain tumors.

Disease specific treatments

This section will use the traditional division between inherited and acquired conditions, even though this

distinction is now somewhat artificial. With the definition of the human and various animal genomes, it is

clear that essentially all diseases have a genetic component
[236]

. For this discussion, the inherited category will

largely focus on monogenic diseases that are passed through DNA from generation to generation. The

acquired group will then be reviewed across four disease groups, first cancer followed by infectious,

developmental, and degenerative conditions.

Importantly, there is overlap within and across these categories. Genetic influences vary among diseases

classically considered to be acquired vs. inherited. Susceptibility to human breast cancer has perhaps been

best characterized
[237]

. Here, human and veterinary oncology once more converge, as analogous breast cancer

genes 1 and 2 (BRCA1 and BRCA2) that influence the incidence of mammary adenocarcinomas in humans

have been identified in dogs. This provides an opportunity for comparative therapeutic targeting studies
[238]

.

Developmental and degenerative diseases are often discussed together because of their frequent shared

genetic origin
[239]

 and pathogenetic mechanisms
[240]

 despite having different patterns of onset (early/late) and

progression (stable/progressive). The two groups are covered separately in this review, emphasizing those in

which companion animals have played important experimental roles and are now benefiting from resultant

treatments.

Notably, some progressive degenerative conditions, for instance the LSDs, are inherited as monogenic traits.

However, because of their mechanistic association with human neurodegenerative diseases
[241,242]

, they will be

discussed primarily in the degenerative category of the acquired group.

Inherited diseases

Approximately 80% of rare human diseases are genetic and an estimated 95% of these conditions have no

treatments
[58]

. Relevant to this RDODJ Special Topic and as mentioned under challenges for developing rare

disease treatments above, the lack of animal models has limited studies of disease pathogenesis
[30,96]

.

Nonetheless, rare inherited diseases in dogs and cats that share features with homologous human conditions

have increasingly been identified
[8,29,30]

. This has been greatly facilitated by identification of the canine
[243]

 and

feline
[244]

 genomes and greater availability of advanced genetic diagnostic testing, such as whole-genome

sequencing
[245,246]

. An example is globoid cell leukodystrophy and the characteristic histopathologic changes

seen in both affected humans and dogs
[247]

 [Figure 6].

Inherited diseases are more common in purebred dogs and cats that tend to be inbred, although mixed

breeds may be equally affected, especially with ancient mutations
[248-250]

. Pedigree analysis in purebred animals

allows the mode of inheritance to be defined
[251-254]

. Colonies of genetically homologous animals, often

supported by the NIH and other funding agencies worldwide, have subsequently been established
[30,217,226]

. As

an added advantage, sophisticated tests and diagnostic procedures like those used in humans with

homologous conditions can be used to collect preclinical data
[19]

 (see the Special Topic papers by Doshi et al.,

“Adeno-associated viral vector gene therapy for canine hemophilia”
[129]

 and Vite et al., “Diagnosis and

therapy of Niemann-Pick disease type C1- what have we learned that can help veterinary patients”?)
[221]

.

Acquired diseases

Numerous rare acquired cancerous
[255,256]

, infectious
[18,257]

, developmental
[258,259]

, and degenerative
[260,261]

 diseases

have been recognized in companion animals, offering valuable models for their human counterparts.
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Figure 6. Histopathologic lesions of globoid cell leukodystrophy in a 6-month-old West Highland white terrier dog. Note the loss of blue-
stained myelin within the white matter of the corona radiata (A) and characteristic large macrophages (globoid cells) containing
phagocytized myelin lipids (B). Hematoxylin and eosin with a Luxol fast blue counterstain (H&E-LFB). Bar = 4 mm in (A) and 10 µm in (B).

Cancer. The many parallels between canine and human cancer led the NCI to establish a Comparative

Oncology Program through which naturally occurring tumors in dogs are studied as human models
[262,263]

.

Notably, cancer incidence varies across species and among canine breeds
[264,265]

. Cancer susceptibility was

initially presumed to track directly with cellularity (mass/size) but no association was found. Termed “Peto’s

paradox,” this is one of the interesting riddles underlying the field of comparative oncology
[266]

.

Osteosarcoma (OSA) is a notable example of a tumor with several common features between dogs and

humans yet markedly variable incidence
[267,268]

 [Figure 7]. Cases are rare in humans and relatively common in

dogs. One epidemiological review projected an annual OSA incidence of 1/100,000 in humans vs.

~27/100,000 in dogs
[269]

. Incidence also varies across canine breeds. As an example, OSA is especially

common in large dogs, whereas brachycephalic breeds like boxers and Boston terriers are at increased risk

for gliomas
[270]

. Client-owned dogs with OSA have been treated through numerous veterinary clinical trials,

ranging from limb-sparing procedures
[271]

 to immunotherapy, often with NIH funding
[272,273]

, improving

outcomes for both human and canine patients (see the Special Topic paper by Edmunds and Mason,

“Immunotherapeutic advances for the treatment of osteosarcoma, driven by studies in pet dogs with

spontaneous disease”)
[135]

.

Lymphoma/leukemia is another disease complex in which involvement varies among species. Recent data

estimate the lymphoma incidence per 100,000 individuals at ~10 for humans (of which 90% are non-

Hodgkin)
[274]

; ~20 for dogs
[275]

; and ~30 for cats
[276]

. At the same time, the occurrence of lymphoma subtypes

varies among species. Some more common forms in dogs are rare in humans
[275,277]

. Similarly, gastrointestinal

lymphoma is rare in humans
[278]

, while occurring more frequently in cats
[279]

.

Greater lymphoma involvement in cats likely occurs primarily due to oncogenic effects of the feline leukemia

(FeLV) and immunodeficiency (FIV) retroviruses
[280,281]

. Both increase the risk of tumor development, with

FeLV playing a direct role and FIV predisposing to tumor formation through immunosuppression. Indeed,

                                                                                                 



Kornegay. Rare Dis Orphan Drugs J. 2026;5:34 Page 15 of 49

Figure 7. Clinical features of osteosarcoma in humans and dogs, including bimodal age distribution, common locations, symptoms/clinical
signs, basis for diagnosis, and prognosis. Adapted with permission from[268]. Adhering to the CC BY 4.0 agreement. The young man and
dog cartoons are Magnific open-source images (w​w​w​.​m​a​g​n​i​f​i​c​.​c​o​m​).

the incidence of feline lymphoma was even higher (200+/100,000), before widespread FeLV testing and

vaccination led to a marked decline in positive cats
[282,283]

. Offering further clues to disease pathogenesis, FeLV

positivity varies with the site/organ affected. For instance, cats with mediastinal forms are far more likely to

be FeLV positive than those with gastrointestinal involvement
[284]

. This could provide insight on the role of

oncogenic viruses in human lymphoma, especially with certain rare forms
[285]

.

Treatment of lymphoma in humans and companion animals has been complementary, with experiences in

one field benefiting the other. Generally, the standard multiagent CHOP (cyclophosphamide, doxorubicin,

vincristine, prednisone) chemotherapy protocol has been adapted from humans for affected dogs and cats

and modified to enhance efficacy or reduce side effects
[286,287]

. The dosage for these drugs, including the risk of

toxicity, was determined through a combination of preclinical studies in normal animals, including

dogs
[288,289]

, and veterinary clinical trials using escalating doses
[290,291]

.

An additional translational example of the feline leukemia/lymphoma clinical complex is the study of

antivirals in FIV-infected cats to assess potential efficacy and side effects when used against the human

immunodeficiency virus (HIV)
[292,293]

. Interestingly, although antiretrovirals have shown efficacy in HIV-

infected humans
[293]

, they have minimal benefit in FeLV and/or FIV-positive cats and are only recommended

in severe cases
[292,294,295]

.

Infectious diseases. The potential value of companion animal models of rare and emerging infectious

diseases is evident from the discussion of FIV and became even more obvious with the recent COVID-19

(SARS-CoV-2) pandemic. Both dogs and cats can be infected by coronaviruses
[296]

, with FIP (see earlier

discussion) being a rare especially virulent condition
[297,298]

. Cats with FIP have a spectrum of disease that has

been characterized historically based on whether ascites (effusive/non-effusive; wet/dry) is present
[298]

[Figure 8]. While the relatively benign enteric feline coronavirus is endemic, mutation to the virulent FIP
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Figure 8. Cat with the effusive (“wet”) form of FIP with characteristic abdominal distention due to ascites. Reprinted with permission
from[298]. Adhering to CC BY agreement.

virus occurs rarely, with an incidence of ~ 1/5,000 in single- or two-cat households
[299]

. Based on a US cat

population of ~ 73.8 M, this would translate to ~ 15,000 new cases per year, well below the 150,000 threshold

set by the FDA MUMS Act for a "minor use" in a major species (see the “Rare Disease Incidence Criteria and

Drug Development Incentive Programs” section).

Germane to this Special Topic, effective FIP antivirals were recently developed coincident with studies

documenting their efficacy against COVID-19
[52,173,300]

. The case of GS-441524 is curious in that Gilead

Sciences
[301]

 patented the compound in 2009 but chose not to license it for FIP
[302]

. Despite this, it can be used

“legally” with associated quality control in many countries
[303,304]

. In the US, the FDA has chosen not to

enforce requirements for drugs compounded from GS-441524 when it is prescribed by a veterinarian for a

specific affected cat
[305]

 (see the Special Topic paper by Cerna et al., “From ebola to FIP: the cross-species

journey of GS-441524 and the future of antiviral translation”)
[166]

.

Prior to the advent of these new antivirals, veterinarians generally felt FIP was fatal
[306]

. This was certainly the

experience of veterinary neurologists (including myself) in treating cats with the neurologic form
[52,307]

. But,
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amazingly, FIP cats treated with GS-441524 have achieved dramatic clinical improvement even when there is

neurologic involvement
[52]

. Of further interest to dog owners and clinical veterinarians, these same antivirals

may be effective against the canine distemper virus
[308]

. This virus has been studied extensively in dogs

because of its potential linkage to multiple sclerosis and other rare forms of immune-mediated

encephalitis
[309]

 (see the Special Topic paper by Windsor, “Stem cell therapy for rare neurological diseases:

translational research opportunities” relating to the use of MSCs in diseases affecting the nervous system)
[134]

.

Antiviral pharmacokinetic data from normal dogs and cats have facilitated the use of these drugs in FIP and

could potentially facilitate their use in canine distemper
[127]

.

Central nervous system infections bring an added treatment variable into play as drugs must cross the blood-

brain barrier or be delivered directly (intrathecally) into CSF
[310]

. Studies of CSF flow and drug delivery are a

specialized area in which variables can be assessed better in large animals vs. rodents
[311]

. Dogs have been

especially useful because they develop naturally occurring genetic conditions such as LSDs, allowing proof-

of-concept treatment studies
[312]

.

Commenting more broadly, approximately 75% of emerging infectious diseases are zoonotic
[313]

, a term

coined by Virchow, an early advocate of principles underlying One Health - One Medicine
[77]

 (see prior

discussion). Put another way, zoonotic diseases arise originally in animals and then “spill over” or “jump” to

humans
[313]

. Not surprisingly, given their close association with people, dogs and cats can transmit zoonotic

diseases
[314]

 and together with other animals, serve as important sentinels in recognizing infections
[18]

.

Reflecting on viral pathogenesis and FIP, cross-species transmission is facilitated by viral recombination and

is particularly common with coronaviruses
[315]

. To this point, recombination between canine and feline

coronaviruses recently led to a particularly virulent FIP outbreak in Cyprus
[298]

.

Developmental diseases. Musculoskeletal and cardiovascular developmental diseases were discussed under

surgery in the treatment approach section. Neurodevelopmental disorders likely take an even greater toll on

humans through relatively common conditions such as childhood epilepsy
[316]

, cerebral palsy
[317]

, and Down’s

syndrome
[318]

. Autism spectrum disorder and attention deficit and hyperactivity disorder have also been

increasingly recognized and are no longer considered rare in children
[319]

.

Disorders of cerebellar development and CSF flow, occurring separately or together, provide clearer

examples of rare neurodevelopmental disorders in which companion animals have analogous diseases and

have benefitted from experimental studies. Three conditions, feline cerebellar hypoplasia, a canine disease

analogous to Dandy-Walker syndrome of humans in which the cerebellar vermis is selectively hypoplastic,

and a disease complex in dogs like Chiari malformation, are noteworthy.

Cerebellar hypoplasia was described sporadically in kittens beginning in the latter part of the 19th century

and originally thought to be inherited
[320]

. Studies conducted in the 1960s indicated that experimental and

spontaneous in utero infection of pregnant cats with a virus
[ 2 5 8 ]

, subsequently determined to be

panleukopenia
[321]

, caused cerebellar hypoplasia in the progeny. These and other in utero infection studies

defined pathogenetic mechanisms of failed cerebellar development
[322]

, helping to explain the origin of rare

cerebellar developmental disorders that follow in utero infections in humans
[323,324]

. Otherwise, disease

pathogenesis and cerebellar development in general have mainly been studied in murine models
[325,326]

.

Distinctive hypoplasia of the caudal cerebellar vermis, analogous to Dandy-Walker syndrome in humans, has

been seen in dogs worldwide
[327,328]

 [Figure 9]. While its pathogenesis is poorly understood, passage of CSF

from the fourth ventricle to the subarachnoid space is likely restricted due to anomalous brain development.
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Figure 9. Brain at postmortem from a young dog with ataxia and tremor due to cerebellar hypoplasia. Note absence of caudal cerebellar
vermis (arrowhead). This photograph was taken by the author who has the sole copyright[327].

Resultant ballooning of the fourth ventricle presumably impedes differentiation of the caudal vermis from

the metencephalic alar plates
[329]

. Genetic factors
[330,331]

 and in utero infections
[332,333]

 have been implicated in

both humans and dogs.

A fascinating disease complex analogous to Chiari malformation of humans, with caudal skull fossa

anomalies, craniosynostosis, and syringomyelia, has been well described in Cavalier King Charles Spaniel

dogs
[54,334]

. Characteristic features include brain overcrowding due to brachycephaly, insufficiency of the

caudal fossa, and craniofacial hypoplasia.

Ventricular dilatation in clinical syndromes of hydrocephalus/hydranencephaly occurs concomitant with

cerebellar hypoplasia in people
[335]

, dogs
[327]

, and cats
[336]

 as well as in dogs with Chiari-like malformation
[54,334]

.

The cerebellar developmental defects of these three conditions are largely untreatable but mostly

nonprogressive. In fact, cats with cerebellar hypoplasia due to in utero panleukopenia virus infections will

generally adapt to their environments through other senses and lead relatively normal lives.

People, dogs, and cats with hydrocephalus, Chiari-like malformation, and syringomyelia can be managed

surgically with various procedures, including ventricular shunting, decompression of the foramen magnum,

and fenestration of fourth ventricular cysts
[54,337]

. Critically, it is not always clear which surgical procedure is
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appropriate. Modeling patient-specific surgical procedures using DICOM software may help to avoid

multiple surgeries and poor outcomes
[338,339]

 (see Special Topic paper by Jones et al., “Computational

modelling of CSF flow in a translational canine model”)
[191]

.

Degenerative diseases. OA, intervertebral disk disease (IVD), and other progressive degenerative diseases are

relatively common worldwide. Dogs and, to a lesser degree, cats have analogous spontaneous OA
[340,341]

 and

IVD
[342 ,343]

 syndromes that serve as valuable models for humans. Beyond these natural conditions,

experimental studies have been done in dogs to guide treatment of humans with OA
[344]

 and IVD
[345]

. As with

other diseases, findings from research on common maladies such as these have helped guide management of

rare conditions. For instance, lessons learned from using MSCs for canine OA
[346]

 are being applied in

rheumatoid arthritis
[347]

, a rare disease seen in only 2/25,000 dogs
[348]

.

A similar translational scenario for IVD is shown by an interesting condition in which disk material

herniates within the dura (intradural) as opposed to its typical extradural location. This syndrome is seen

rarely in humans
[349]

 and cats
[350]

 while occurring more commonly in dogs
[351]

. Similar interspecies differences

are evident in the spinal infarction syndrome of fibrocartilaginous embolism (FCE), which is relatively

common in dogs
[352,353]

 but rare in cats
[354]

 and humans
[355]

. Species predilections for intradural disk herniation

and FCE likely reflect common underlying mechanisms and offer clues for disease management
[356]

.

A wide array of spontaneous rare genetic neurodegenerative diseases has been described in dogs and cats,

with many being promoted as translational models
[30,357-360]

. Degenerative myelopathy, a spinal cord disease

that typically affects German Shepherds and several other canine breeds, is a prominent example
[89,260]

. On

histopathology, there is degeneration of axons and their myelin sheaths, with lesions being most severe in the

thoracolumbar spinal cord and extending to spinal nerve roots causing neurogenic muscle atrophy
[361]

. Toxic

gain-of-function mutations in the SOD1 gene, with misfolding of the protein, have been associated with

degenerative myelopathy in several breeds
[89,362]

 and in humans with familial amyotrophic lateral sclerosis

(ALS)
[363]

. This suggests degenerative myelopathy in dogs could serve as a model for certain forms of this

devastating human disease
[89]

.

The standard of care for dogs with degenerative myelopathy is physiotherapy (active and passive exercise,

hydrotherapy, and massage) coordinated by veterinary neurologists and rehabilitation specialists
[364,365]

.

Addition of MSCs to a regimented exercise program improved survival in one blinded study
[366]

 (see the

Special Topic paper by Windsor, “Stem cell therapy for rare neurological diseases: translational research

opportunities”)
[134]

. In another recent therapeutic development for ALS patients, the FDA approved an

antisense oligonucleotide that targets the SOD1 protein
[367]

. A similar treatment strategy in degenerative

myelopathy dogs was safe and resulted in an ~50% reduction in SOD1 protein
[368]

. These results suggest that a

multimodal approach, including MSCs and antisense oligonucleotides, could be beneficial in affected dogs.

Turning to LSDs, numerous conditions in which there is an inherited deficiency of enzymes necessary for

hydrolysis of proteins, polysaccharides, and complex lipids have been described in humans
[369]

 and domestic

animals, including dogs and cats
[30,261,370,371]

. These enzymes are contained in cellular organelles termed

lysosomes. When deficient, the substrate accumulates intracellularly, hence the collective term of LSDs. More

broadly, lysosomes have been implicated in aging and neurodegenerative diseases
[241,242]

. Accordingly,

although LSDs are inherited as monogenic traits, they are often discussed with degenerative conditions that

are not strictly inherited. Neurons are preferentially affected by most of them, while others principally affect

white matter and are classified as leukodystrophies.
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Figure 10. Schematic showing the three general stages (pre-clinical testing, clinical trials, and the review/approval process) of the FDA’s
drug approval process. Drug approval percentages reflect FDA data from 2006-2015 analyzed by the US Government Accountability
Office (GAO) through a collaborative study with the Biotechnology Innovation Organization, Biomedtracker, and Amplion (GAO
117-564)[385,386].

Canine and feline LSDs have served as valuable models to guide treatment of homologous diseases in

humans
[30]

. Bone marrow transplantation has been used in both species to treat mucopolysaccharidosis
[372,373]

.

Gene therapy, usually employing AAV vectors to deliver the deficient transgene, has been studied in several

LSDs of dogs and cats
[30,216,312,374]

. Clinical diagnostic tests have documented efficacy. Hopefully, over time,

these experimental therapies will come full circle and be used in client-owned animas (see the Special Topic

paper by Vite et al., “Diagnosis and therapy of Niemann-Pick disease type C1- what have we learned that can

help veterinary patients”?)
[221]

.

OPTIMIZING PRECLINICAL RESEARCH AND CLINICAL TRIALS
Providing care for people with rare diseases emerged as a worldwide priority with the identification of

numerous inherited disorders in concert with the genomic age
[375]

. In this Special Topic, we focus on the role

animal studies have played in the development of innovative treatments that are now being used in

veterinary patients after a foundation for their effectiveness was established in these same species. An

interrelated issue involves the current low success rate of human clinical trials and whether preclinical

animal studies should be deemphasized and replaced with alternatives. The involved issues are complicated,

prompting considerable debate. To understand underlying factors, we will first discuss the drug approval

process used by regulatory bodies. This will be followed by a review of the current approach to, and potential

problems with, preclinical research and clinical trials.

The drug discovery process

Drug approval in the US occurs through the FDA’s Center for Drug Evaluation and Research (CDER)
[376]

 for

humans and the Center for Veterinary Medicine (CVM)
[377]

 for animals. Similar programs for human drug

approval are conducted through the European Medicines Agency (EMA)
[378]

, Japan’s Pharmaceuticals and

Medical Devices Agency (PMDA)
[379]

, and analogous entities in other countries. Efforts have been made to

harmonize drug approval policies through the Council for Harmonization of Technical Requirements for

Pharmaceuticals for Human Use
[380]

. Animal drug approval in Europe is conducted through the EMA’s

Committee for Veterinary Medicinal Products
[381]

. A similar program exists in Japan’s Ministry of

Agriculture, Forestry, and Fisheries
[382]

.
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Figure 11. Reasons for phase II and III clinical trial terminations from 2013-2023. Data from Ref.[402]. Note the shift from prior studies
generally showing that efficacy and safety concerns predominate to a higher frequency of issues tied to business strategies.

Human patients

Standard approval. Drug development is deliberate and protracted, requiring as long as 10-15 years to

complete. The FDA CDER defines five steps centered on developing an IND application: (1) Discovery and

Development; (2) Preclinical Research; (3) Clinical Research; (4) FDA Review; and (5) FDA Post-Marketing

Safety Monitoring (sometimes called Phase IV)
[383,384]

. These steps fall into three general stages of preclinical

testing, clinical trials, and the review/approval process [Figure 10]
[385,386]

.

This approval process extends to CGT approaches through the FDA’s Center for Biologics Evaluation and

Research (CBER)
[387]

. As noted in a January 2026 FDA news release, “The transformative potential of these

therapies has captivated the imagination of the patient community and ignited product development”
[388]

.

While CBER generally follows even more rigorous guidelines, the urgency associated with severe progressive

rare diseases has prompted the FDA to maximize flexibility, as reflected in the accelerated approval process

discussed below. Another FDA effort, directed at ultra-rare diseases, amounts to essentially “individualized

therapies”. Termed the “Plausible Mechanism Framework”, this program would ideally allow development of

effective (and safe) personalized biological products
[389]

.

The FDA makes a special distinction for stem cells, which are classified as either a 351 or 361 product

depending on the level of manipulation, as with expansion in culture
[390]

. Stem cells in the 351 (biological

drug) category require greater manipulation and are subject to FDA approval
[391]

.

The preclinical phase of drug development is intended to establish drug safety and efficacy in advance of

human use
[392]

. Literally, thousands of compounds are screened during the discovery phase, progressing

through target validation, compound screening, and lead optimization. Going back many years (see

discussion of alternatives below), this phase has included not just animal (in vivo) testing but also in vitro

(cell culture, etc.) and in silico (computer modeling) methods
[44,45,393,394]

. More sophisticated in vitro

techniques have regularly been implemented, such as the use of 3D culture systems to better replicate the in

vivo environment
[45]

.
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Figure 12. Histogram showing the progressive increase of FDA-approved orphan drugs by decade from the 1980s to 2010s. Reprinted with
permission from[404]. Adhering to CC BY agreement.

Clinical research is divided across three phases (I, II, and III) in which the candidate drug is initially given to

20-100 healthy volunteers to establish safety (phase 1) followed by studies in a relatively small number (“up

to several hundred”) of patients with the target disease in phase II and then a much larger (“300 to 3,000”)

affected group in phase III
[395]

. This process is intended to be rigorous, as evidenced by the FDA’s approval of

only around 50 new drugs each year
[396,397]

. Emphasis is placed on rare diseases for which few treatments exist;

26 of 50 (52%) novel drug approvals for 2024 were in this category
[398]

. For 2025, 46 novel drugs, including 34

“new molecular entities” and 12 biologics, were approved
[397,399]

. Exactly half (23) of these approvals were

designated as orphan drugs.

While neither the FDA nor other groups involved in the drug discovery process have defined an optimal

success level for drug approval, concerns have been raised about a persistently low (10%-15%) rate across the

US, Europe, and Japan
[400]

. The two major reasons for failed clinical trials have historically been a lack of

efficacy and safety concerns
[401]

. However, recent data suggest a potential shift during the 2013-2023 period,

with strategic/business considerations exceeding efficacy as the most common reason for stopping trials
[402]

[Figure 11]. Moreover, enrollment and operational issues outranked safety as causes for trial termination.

The implications of this apparent shift will be discussed below.

Orphan drugs. As discussed earlier under the “Rare Disease Incidence Criteria and Drug Development

Incentive Programs” section, the US 1983 Orphan Drug Act
[62]

 was intended to lessen barriers for developing

rare disease treatments
[47]

. This law has been called, at least potentially, the best healthcare legislation of the

20th century, with over 6,000 new drugs and biologics being designated as orphan drugs since 1983
[403]

. While

not the act’s specific intent, the streamlined process for drug approval has resulted in a slightly higher (~17%)

approval rate compared to the standard FDA approach
[403,404]

. The top three therapeutic designations for

1983-2019 were oncology (37%), neurology (13%), and infectious diseases (9%)
[404]

.
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With the success of the Orphan Drug Act, companies have increasingly relied on this route for drug approval

[Figure 12]. Consistent with the 2025 data mentioned above, one half of the 368 total drugs approved by the

FDA between 2016 and 2023 were orphan drugs
[405]

. This emphasis on orphan drugs has caused concerns

that rigor is being compromised in the approval process. Supporting this point, orphan drugs have been

found to undergo fewer studies, with a reduction in randomized clinical trials and less supportive evidence,

than their nonorphan counterparts
[405]

. Adding context to these concerns, pharmaceutical companies have

promoted broad off-label usage of orphan drugs to reach a wider patient market
[406]

, and over half of them

have had changes to safety labels after approval
[407]

. This has led to questions on whether the Orphan Drug

Act’s original intent has been lost
[406]

.

Accelerated approval. Over and above the Orphan Drug Act, the FDA has initiated four other programs to

expedite approval of drugs for serious diseases in which they “are the first available treatment or … have

advantages over existing treatments
[408]

”. Termed fast track, breakthrough therapy, accelerated approval, and

priority review, these programs streamline the approval process, for instance allowing surrogate

biomarkers
[409]

 and/or a modified phase 2 study to substitute for phase 3
[46]

. Accelerated approval has been

used extensively for drugs to treat cancer and hematological malignancies
[410,411]

 and has extended to CGT

approaches
[412]

. Incentives like those of the orphan drug program are sometimes provided. In fact, the orphan

drug and accelerated approval programs may be used simultaneously
[407,413]

.

Drugs submitted through the accelerated process are typically approved faster and in some cases at a

considerably higher rate. For instance, in the first year of the new breakthrough program initiated in 2012, 27

of 92 (29.3%) applications were approved with 24 still pending when these data were published
[409]

. As a

safeguard, drugs approved through an accelerated program must ultimately undergo confirmatory studies
[414]

as part of the FDA’s Post-Marketing Safety Monitoring (Phase IV) process
[383,384]

. Notably, confirmation

challenges can be more onerous for rare diseases because of fewer patients, especially for non-oncologic

indications in which there is less experience
[410]

.

Regarding the post-marketing safety program, over 80% of orphan drugs approved through expedited review

between 1999-2018 were subsequently confirmed
[407]

. Although many had postmarketing safety concerns,

severe events were rare. Another analysis of the program’s 30-year history was also generally supportive,

showing that half of accelerated approvals were confirmed in a median time of 3.2 years
[415]

. Still, questions

regarding reduced rigor within the accelerated approval program persist because of fewer randomized

clinical trials
[416]

, delays in confirmatory studies (“dangling approvals”)
[417]

, higher drug costs
[418]

, and the

questionable validity of some surrogate endpoints
[419]

.

Veterinary patients

As mentioned earlier, veterinary drug approval occurs through the FDA’s CVM
[377]

 in the US and analogous

programs in Europe, Japan, and other countries. Similar accelerated approval programs have also been

implemented.

Just as with humans, the veterinary drug approval process is focused on ensuring efficacy and safety
[420]

.

However, the process is complicated by different species indications and the need to ensure safety of

products intended for human consumption
[421]

. The standard full-approval process entails an Investigational

New Animal Drug (INAD) application analogous to the IND for humans. Beyond the INAD, there are four

other applications intended to provide flexibility in meeting the public’s needs. These include abbreviated for

generic drugs, conditional tied to the MUMS program, indexing for non-food producing animals such as

those in zoos and ornamental fish, and rare instances of emergency use
[422,423]

.
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Table 1. ARRIVE Essential 10 Guidelines

Study design

Sample size

Inclusion and exclusion criteria

Randomization

Blinding/Masking

Outcome measures

Statistical methods

Experimental animals

Experimental procedures

Results

From the ARRIVE guidelines 2.0[428,429].

In considering the shift to orphan drug approval for humans cited above, relatively few new drugs
[424]

, as

cited in the FDA’s Green Book
[425]

, have been approved through the MUMS program. While this suggests the

program has remained true to its original intent, a new provision allows for “expanded conditional approval”

of drugs to treat certain serious or life-threatening diseases (see discussion of MUMS in the “Rare Disease

Incidence Criteria and Drug Development Incentive Programs” section)
[72]

. The FDA CVM also has an

Innovation in Animal Drug Development program for accelerated drug approval
[426]

. This allows existing

literature or alternative testing procedures to be substituted for laboratory animal studies.

Improving clinical translation

The low (~10%) clinical trial success rate may logically arise primarily because of the intentionally rigorous

drug approval process. However, while an optimal rate has not been suggested, there is a consensus that

potential problems with preclinical research and the clinical trials process should be addressed. These issues

are inherently complex and impacted by other variables such as the shifting landscape of clinical trials

discussed above and the ongoing strong push to replace in vivo animal studies with NAMs. Major factors

involved in both areas are discussed here.

Preclinical research

Shortcomings in this area have generally been divided between issues of either internal or external

validity
[427]

. Internal validity concerns include factors such as planning, conduct, and reporting of preclinical

animal studies. This entails variables such as sample size calculations, adequate statistical methods, concealed

and randomized allocation of animals to treatment groups, blinded outcome assessment, and recording of

animal flow through the experiment. The Animal Research: Reporting of In Vivo Experiments (ARRIVE)

Guidelines, developed by the National Centre for the Replacement, Refinement, and Reduction of Animals

in Research, provide a checklist of 10 recommendations for the full and transparent reporting of research

involving animals
[428,429]

 [Table 1]. Importantly, experimental variables such as these are not consistently

mentioned in papers, raising questions on whether the studies have been conducted with sufficient rigor.

In contrast, external validity refers to either surmountable (e.g., using inbred, young, healthy mice to study

progressive diseases of older humans) or insurmountable issues (species, setting, and population

differences)
[430]

. These factors have become even more important with the advent of CGTs that offer a chance

for cure but also carry considerable risk
[209-211]

. With gene therapy, the choice of a disease-specific animal

model is critical to ensure that safety, efficacy, dosage, and localization of transgene expression are properly

assessed
[431]

.
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In this context, the FDA has emphasized species selection in developing CGTs for rare diseases
[432,433]

. Prior to

performing preclinical studies, they recommend that in vitro (e.g., functional assays, immunophenotyping,

morphologic evaluation) and pilot in vivo studies be done to establish the biological relevance of a specific

animal species to the product(s) being studied. For the sake of the IND preclinical section, sponsors are

encouraged to conduct a detailed assessment of the relevancy of the animal species used in support of each

potential clinical trial.

Scientists have generally supported continued use of animal models to study recombinant proteins and CGT

products for which clear translational value has been demonstrated
[434]

. While certainly not optimal, the

18.5% clinical trial success rate for durable CGTs approved by the FDA since 1987 was found in one study to

be over twice that of the average drug
[435]

.

As treatments are developed, it is critical to remember that preclinical studies and initial phase I human trials

are principally intended to ensure safety
[147,436]

, as exemplified by the Hippocratic Oath, “First, do no

Harm”
[437]

. With CGT, an animal model’s ability to detect immunogenicity and associated severe adverse

events varies among species. To this point, inbreeding among mice lessens their genetic diversity and

immune response to foreign and/or auto-antigens
[438,439]

. In contrast, large animals are generally outbred and

relatively long-lived, making them more suitable to detect acute and more chronic adverse effects after

CGT
[17,440]

.

With that said, large animal models have not consistently predicted adverse events in humans after AAV

gene therapy
[441]

. As an example, genetically homologous canine models of hemophilia, DMD, and X-linked

myotubular myopathy did not predict immune responses to AAV-transgene therapy in recent human

trials
[219,442,443]

. Phenotypic differences, such as variable organ involvement between diseased humans and

dogs, likely contribute to their relative immune response
[444]

 (see phenotypic variation in genetic diseases

above). Using NAMs, as with organoids and body-on-a-chip platforms, to guide AAV capsid selection could

have value
[445,446]

. There are also limitations for large animal models in studying stem cells, including

differences in pregnancy and fetal development, the lack of high-throughput approaches for screening, and

cumbersome methods for genetic modification
[447,448]

.

Human clinical trials

As discussed above, the FDA drug approval process is conducted in phases, progressing from phase 1 safety

studies in normal volunteers through small phase 2 and then larger phase 3 studies of the target disease

population. The general paradigm to calculate clinical trial success in Hay et al.’s 2014
[396]

 paper provides a

useful marker. They multiplied the success for each phase transition of drugs evaluated between 2003-11, i.e.,

Phase 1 to 2 (64.5%) X Phase 2 to 3 (32.4%) X Phase 3 to new drug application (NDA) (60.1%) X NDA to

approval (83.2%), to show a 10.4% approval rate. Using a similar equation, another study found an approval

value of 9.6% (63% X 31% X 58% X 85%) for 2006-2015
[397,449]

 (see data depicted in Figure 10). In that study,

hematology had the highest success rate (26%) and oncology the lowest (5%). Rare non-cancer disease drugs

had a 25% success rate, outperforming other indications.

A decision to terminate a clinical trial is generally made by the sponsoring agency/company, often with input

from its Data and Safety Monitoring Board
[450]

. There are three general reasons for early termination of a

clinical trial: (1) one arm shows a clear benefit, such that it would be unethical to deprive the placebo group

of the therapy, (2) safety concerns, and (3) a clear “no effect” based on interim data analysis
[451]

. As discussed

in greater detail below, clinical trials are terminated for a combination of reasons, reflecting deficiencies in

preclinical research, faulty trial design, and strategic business considerations.
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While shortcomings of preclinical research clearly must be addressed to improve clinical translation, human

clinical trials face similar challenges. These include biologic variability (phenotypic variation) of the patient

population, underpowered studies due to inadequate patient accrual, and faulty trial design
[452-454]

. The trial

design issues mirror those of preclinical studies, including lack of blinding or randomization of study

participants, inappropriate inclusion/exclusion criteria, and invalid endpoints. Study design problems

become especially problematic when advancing to phase 3
[455]

. Significant drug efficacy seen during the more

focused phase 2 period is sometimes lost, potentially due to increased heterogeneity across patients, study

sites, and outcome parameters
[456]

. Whether this appropriately weeds out ineffective compounds or leads to a

loss of potentially valuable drugs has been debated
[457]

.

Some of these issues have come into sharper focus with a recent analysis of reasons for clinical trial failures

during 2013-2023
[402,458]

. In contrast to the 2013-15 data from the same group mentioned earlier
[401]

,

strategic/business reasons were cited most frequently (36%) followed by efficacy (24%), limited enrollment

(low patient accrual) (18%), operational issues (7%), and safety (5%) [Figure 11]. The operational concerns

included challenges to executing the trial, failed Good Manufacturing Practice compliance, protocol

deviations, supply chain issues, and poor data quality.

For the sake of strategic/business reasons to withdraw a candidate drug, companies considered factors such

as its performance compared to competitor drugs or the possibility that it might perform better in other

indications
[402]

. Other business-related reasons were suggested, for instance a downgrade in the drug’s

commercial value, redundancy with other compounds under development, or a lack of funding. Based on

comments in the paper, it appeared that some trial terminations in which efficacy was previously cited as the

reason for withdrawal might now be placed in the strategic/business category. This points out the potential

for overlap among reasons given for trial termination, as with a drug reaching its target efficacy but being

terminated because it failed to outperform a competing compound.

The problem of patient enrollment/recruitment (accrual) is particularly problematic for the rare disease

community. Other studies have emphasized the role that eligibility criteria complexity plays in this

issue
[452,459,460]

. Carlisle et al.
[461]

 found that 19% of trial terminations in 2011 were due to failed accrual or had

less than 85% of their expected enrollment, compromising statistical power. Similar concerns were expressed

in a literature review of factors causing clinical trials to fail over a 30-year period
[453]

. Accrual challenges must

be considered in the context of broader changes in clinical trials, including the shift towards using orphan

drug and expedited approval processes and the greater role that business concerns are playing in their

termination.

When considering the apparent tendency for companies to terminate clinical trials for business reasons, the

differing cultures in basic science and clinical medicine could be a factor
[462]

. As opposed to giving up on a

compound, the preclinical mindset is to define the underlying cause and adjust. This is highlighted by

Sun et al.’s
[463]

 paper emphasizing the structure-tissue exposure/selectivity-reactivity relationship to optimize

drugs. Following this line of thought, greater emphasis should probably be placed on identifying and

correcting reasons for phase III failures
[464]

.

ALTERNATIVES TO PRECLINICAL ANIMAL RESEARCH
Concerns about animal experimentation were raised in the 17th century, first scientifically and later

morally
[1]

. Objections to using dogs were especially noteworthy, as these concerns played a major role in

seminal legislation such as the Cruelty to Animals Act (1876) in the United Kingdom
[465,466]

 and the US

Animal Welfare Act (1966)
[467,468]

. Further momentum and critical scientific focus were gained by publication

of Russell and Burch’s The Principles of Humane Experimental Technique in 1959, defining the 3Rs (replace,
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Figure 13. Schematic showing examples of new approach methodologies/methods (NAMs). Reprinted with permission from reference[474].

reduce, and refine) that guide current day animal research
[469,470]

. Regarding the current debate on the use of

animals in research, the public is generally not aware of these provisions and is more supportive when

informed of existing guidelines to ensure animal welfare
[471]

.

The development of alternatives to the use of animals in research, now collectively termed NAMs, is a

longstanding mainstay for applying the 3Rs. Examples of NAMs include in vitro systems (cell/tissue culture,

organoids), chemical/toxicologic assays, and computational (in silico) models
[44,45,472-474]

 [Figure 13]. These

alternative methods have been prioritized by governmental regulatory agencies such as the FDA
[475]

, US

Environmental Protection Agency
[476]

, EMA
[477]

, and Japan’s PMDA
[478]

. This has led to formal legislation, for

example the FDA Modernization Act 2.0 passed by the US Congress in 2022
[40-42]

 and further clarified by the

3.0 Act now under consideration
[43]

, as well as policies such as the FDA’s Roadmap to Reducing Animal

Testing in Preclinical Safety Studies
[479]

.

For the sake of the theme of this Special Topic, NAMs offer an opportunity to not only replace dogs and cats

in research but also benefit them. However, there is a risk of overreach and implementation of ill-conceived

policies. This concern was reflected by the Society of Toxicology’s statement on the use of animals in

research and NAMS, which included the recommendation, “Studies that deliver consistent, reliable, and

accurate data on the public health and environmental impacts of biological agents, chemicals, and

compounds should be recognized, funded, and incorporated into decision-making—regardless of the model

or technology used
[480]

.

While NAMs are uniformly seen as extremely valuable tools in biomedical research, animal studies are for

the most part still felt to be necessary to define body-wide disease mechanisms such as immunity
[481,482]

. Both
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the promise and shortcomings of NAMs, at least in the short term, were captured by a recent review

published in Scientific American
[483]

, in which one scientist opined, “Unless we hold NAMs to the same level

of rigour and transparency that we expect of animal models, there will be harm done”.

ETHICAL ISSUES RAISED BY USE OF ANIMALS IN RESEARCH OR IN PROVIDING HUMANS
AND ANIMALS ADVANCED MEDICAL CARE
Interrelated ethical issues face biomedical scientists in animal research and caregivers involved in human and

veterinary medicine. In the case of biomedical research, the major justification for using animals has always

been the potential benefit to humans
[39]

. This presupposes a moral hierarchy in which humans are superior to

other species, an attitude that has been criticized as speciesism (like racism and sexism)
[484]

. In this spirit,

those who wholly oppose animal research claim moral equivalency between humans and other species
[485]

.

Another view recognizes the potential value of experiments on animals but points to their capacity to feel

pain and suffer (so-called sentience) in arguing that proposed studies must be critically assessed
[486]

. This

harkens back to the 3Rs and emphasizes the need for a harm-benefit analysis for any research involving

animals
[487,488]

. Some have suggested that Russell and Burch’s original concept should be updated to reflect

practical considerations, such as expense and availability of expertise to conduct the proposed research,

including alternatives, to facilitate review and ultimate approval of studies by regulatory bodies
[489]

.

The major responsibility in the US for ensuring animal research is done ethically resides with individual

Institutional Animal Care and Use Committees (IACUCs)
[490]

. As mandated by the Animal Welfare Act
[467,468]

,

added governmental oversight is provided through the Department of Agriculture’s Animal and Plant Health

Inspection Service
[491]

 and the NIH’s Office of Laboratory Animal Welfare
[492]

. The use of laboratory animals

in Europe is regulated by EU Directive 2010/63/EU17
[493]

 and guided by the 3Rs. Relevant to this RDODJ

Special Topic, the potential for animals themselves to benefit is considered in approving their experimental

use
[494]

.

Additional ethical concerns are faced by physicians and veterinarians in clinical settings, especially in

managing rare diseases for which treatments are often seen as experimental and require enrollment of

patients in highly regulated clinical trials. In the era of precision medicine, Institutional Review Boards

(IRBs) have assumed an increasingly important role in human medicine to ensure patient safety and

privacy
[495]

. Reflecting the severity of these conditions, the patients themselves or parents of affected children

are often willing to accept considerable risk despite a low chance of substantial improvement provided by the

treatment. Indeed, their tolerance for risk may exceed that of the caregivers themselves, creating an ethical

risk-reward dilemma
[496]

 and emphasizing the need for careful trial design
[497]

.

Importantly, owners of companion animals with naturally occurring rare diseases often seek veterinary care,

at times involving referral from general practice veterinarians to specialists. These dogs and cats can be

entered into clinical trials akin to those used for humans with analogous diseases distinct from experimental

studies done in colony-raised animals. Just as with humans, once efficacy has been shown in clinical trials,

the treatment can be made more widely available to veterinary patients. This scenario constitutes the ideal

continuum by which pets ultimately benefit from earlier experimental studies. And in the spirit of the

bidirectional nature of human and animal studies that typifies the One Health - One Medicine concept
[31]

,

further valuable preclinical data can be translated to humans with the same conditions.

Veterinary clinical trials are generally overseen through IACUCs
[498]

 or, if not available, by veterinary Clinical

Studies Committees analogous to IRBs, as recommended by the American Veterinary Medical

Association
[499]

. Like with human patients, the need for advanced (potentially experimental) care may raise
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additional ethical concerns, including the perpetuation of a poor quality of life, financial restraints of animal

owners, and conflicts of interest for veterinary providers
[500]

. In these settings, veterinarians are governed by a

code of ethical conduct collectively known as the Principles of Veterinary Medical Ethics to provide

competent medical care, prioritize patient welfare in balance with client needs and public safety, and uphold

standards of professionalism
[501]

.

CONCLUSIONS
• Companion animals, especially dogs and cats, have been used extensively as experimental models for rare

human diseases. A long-held justification for their use has been the potential for them to benefit from the

original experimental studies. These findings, in turn, have informed human treatment, in keeping with the

bidirectional nature of One Health - One Medicine.

• Developing rare human disease treatments is challenging due to small patient populations, cost, protracted

development, and lack of animal models. Patient and funding limitations are even more pronounced in

affected companion animals. These challenges have prompted the FDA and analogous international agencies

to enact laws, e.g., the 1983 Orphan Drug Act
[62]

 (humans) and the MUMS Animal Health Act of 2004

(animals)
[67]

 to expedite drug development. While the MUMS Act has helped facilitate treatment

development, animal patient advocacy groups, funding agencies, and pioneering pet insurance companies

will continue to play indispensable roles in making rare disease treatments more readily available to

companion animals.

• Legitimate concerns have been raised about inconsistent translation of experimental findings to humans.

Problems with internal and external validity have been identified. Alternatives to in vivo animal studies,

generally grouped under so-called NAMs, have been increasingly sought. Development of NAMs should not

only reduce the use of animals in research but also benefit them.

• Biomedical research funding directed at animal models, consistent with One Health - One Medicine, has

been a major source of support for companion animal research that has enhanced our understanding of their

rare diseases. This dynamic should be considered in the current debate on the role of animals in research and

the concerted shift to NAMs.

• Clinical trials are subject to some of the same limitations as preclinical research, especially relating to trial

design and the potential for underpowered studies. While trial failures have generally been attributed to a

lack of efficacy or toxicity, not detected by animal studies, other variables such as limited enrollment and

operational issues also play a major role. This points to the potential for overlap among reasons given for

trial termination, emphasizing the complexity of drug approval and marketing.

• Beyond the introductory review presented here, this RDODJ Special Topic includes a series of papers on

advanced therapies now being used in companion animals with rare diseases. These treatments have

improved the pets’ lives and enriched the human-animal bond. Taken together, the Special Topic supports

the long-held belief that animals themselves may benefit from biomedical research in keeping with the

bidirectional nature of One Health - One Medicine.
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