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Introduction: Continuous product monitoring post approval builds on the
knowledge gained during clinical studies to aid in understanding a product’s safety
and efficacy profile. Pharmacovigilance reporting of a medicinal product might be
influenced by several factors including duration in the market, geographical region
and veterinary practices. The goals of this report are to present the global data
accrued for bedinvetmab, the first monoclonal antibody for canine osteoarthritis,
and to explore reporting patterns globally and across major markets.

Methods: Adverse event reports from the Zoetis Global Pharmacovigilance
database (from first introduction on 01 February 2021 through 30 June 2024)
were collected irrespective of suspected causality or off-label use. Each adverse
event was coded using the Veterinary Dictionary for Drug Related Affairs (VeDDRA)
terminology. The top 20 most reported VeDDRA terms were identified. Countries
were ranked by number of doses distributed and frequency of adverse events.

Results: Globally, 18,102,535 doses of bedinvetmab were sold during the study
period with a total of 17,162 adverse events reported in dogs (9.48 events/10,000
treated animals (doses)). Eight clinical signs were considered rare (1-10
events/10,000 treated animals (doses)) with lack of efficacy having the highest rate
(1.70) followed by polydipsia, ataxia, polyuria/pollakiuria, anorexia, lethargy, death,
and emesis. All other clinical signs were considered very rare (< 1 event/10,000
treated animals (doses)). Median (interquartile range) of dogs’ age and body
weight were 12 (10-13) years and 26 (16-34.6) kg, respectively. The top eight
countries by market size were United States (US), United Kingdom (UK), Germany,
Spain, France, Italy, Canada, and Australia; from these, the top five by frequency of
adverse events were Canada, US, UK, Australia and Germany. The most reported
adverse events following bedinvetmab are considered rare or very rare.

Discussion: The reported clinical signs generally aligned with expected adverse
events or were anticipated within the population receiving bedinvetmab.
Reporting rates and patterns in general and for specific VeDDRA terms greatly
varied between countries and were not related to market size. Most dogs for
which adverse events were reported were considered older and in fair clinical
condition. Reporting to pharmacovigilance contributes to the understanding of
the safety profile of a medicinal product.
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Introduction

Osteoarthritis (OA) is a highly prevalent disease affecting dogs of
all ages, sizes and breeds (1, 2). It is a chronic, degenerative condition
of synovial joints characterized by low-grade inflammation (3) and
progressive deterioration of all joint tissues. Osteoarthritis is clinically
important because it can be associated with pain and mobility
impairment, both of which can manifest from mild to severe and
fluctuate over time. Pain associated with OA limits dogs’ ability to
enjoy previously rewarding activities (e.g., going for walks, playing
with other animals, greeting their caregivers at the door) negatively
impacting their quality of life (QoL) and the bond with
their caregivers.

Treatments for pain associated with OA primarily aim to manage
pain and improve QoL, with non-steroidal anti-inflammatory drugs
(NSAIDs) being the only category of therapeutics associated with
robust evidence of efficacy until recently. However, NSAIDs can have
limited efficacy (4) and can cause significant adverse events (5, 6),
necessitating the search for alternative treatments. Bedinvetmab
(Librela™, Zoetis) is a new therapeutic approach that represents a
significant development in OA pain management as a monthly
subcutaneous treatment. It is a fully canine monoclonal antibody
(mADb) that sequesters nerve growth factor (NGF), a protein which
plays a key role in OA pain (7-10), thereby preventing NGF’s
pro-nociceptive effects. Nerve growth factor is elevated in
osteoarthritic joints (11) and binds to the receptors tropomyosin
receptor kinase A and p75 neurotrophin, leading to processes that
cause sensory nerve sensitization, contribute to local inflammation
and result in hyperinnervation (12). By binding to NGE, bedinvetmab
prevents its interaction with the receptors, thereby disrupting the pain
signaling pathway and reducing the hyperalgesic state associated with
OA (10). Bedinvetmab was first authorized for commercialization by
the European Commission following a positive opinion from the
European Medicines Agency (EMA) and licensed in the European
Union on 10 November 2020.

Both human and animal health products introduced by an
appropriate sponsor (e.g., pharmaceutical company) undergo
stringent approval processes by regulatory agencies such as EMA,
Food and Drug Administration (FDA), and Veterinary Medicines
Directorate (VMD), although there are key differences. For human
health products, the process includes pre-clinical studies in animals
and multiple phases of clinical trials in humans. For animal health
products, the process generally focuses on testing in the target species
and may or may not include studies in laboratory animals. All data
generated in the development process are submitted to the regulatory
agency as part of a dossier for review by a team of professionals with
various expertise including veterinarians, animal scientists,
biostatisticians, chemists, microbiologists, pharmacologists, and
toxicologists. Upon thorough review, if the regulatory agency deems
the submitted dossier demonstrates adequate quality, safety and
efficacy, the drug is approved, and the sponsor is legally allowed to
market and sell the product in that territory.
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The relatively small size and limited diversity of the dog population
treated in pre-approval safety and efficacy studies means that only the
more frequently occurring adverse events will likely be identified.
Thus, a product’s overall safety profile is inevitably composed of both
high-quality comparative pre-approval studies and uncontrolled
(often of lower quality or limited data), post approval spontaneously
reported adverse event data. An adverse event is defined by the
International Cooperation on Harmonization of Technical
Requirements for Registration of Veterinary Medicinal Products
(VICH) (13) as ‘any observation in animals, whether or not considered
to be product-related, that is unfavourable and unintended and that
occurs after any use of veterinary medicinal product (VMP) (off-label
and on-label uses)’ Included are events related to a suspected lack of
expected efficacy according to approved labeling or noxious reactions
in humans after being exposed to VMPs. A valid adverse event is a
case for which the minimum of a reporter, product, patient and
problem can be identified. This includes cases which at a later date
may be found or assessed as unrelated to product. An adverse event
may be concluded by a Regulatory Authority to be an adverse reaction
when there is at least a reasonable possibility (i.e., relationship cannot
be ruled out) that harmful and unintended observations were a
response to the VMP administered at doses normally used in animals
for prophylaxis, diagnosis or therapy of disease or for modification of
physiological function (13). This implies that there is a requirement to
evaluate adverse events reported in aggregate, considering the source,
data quality, and validity to determine if there is at least a reasonable
possibility of causal associations. Importantly, the accuracy of
information is dependent on the quality of information provided by
the individual reporting the event. Adverse events may also be related
to underlying or pre-existing diseases, concomitant product use, or
other related causes; thus, for any individual adverse event report,
there is no certainty that the reported product caused the
adverse event.

Pharmacovigilance is defined as the science and activities relating
to the detection, assessment, mitigation, and prevention of adverse
events after a drug is introduced onto the market. These activities
build on the knowledge gained during the clinical studies to aid in
understanding a product’s safety and efficacy profile after expanded
distribution, when many more patients are exposed and rare
potentially product related risks can be detected and evaluated.
Through continuous monitoring of both individual adverse events and
aggregate case listings over time, trends related to patient population,
environmental or market factors may become evident and provide
additional insights to protect animal health and welfare and the safety
of people exposed to the products (13-15). Seasonality of a disease
process or natural progression of a disease for which a therapy is a
palliative treatment rather than a cure may also demonstrate
repeatable periods of higher rates of reporting or an increase in
perceived lack of efficacy over time, respectively.

Different countries have different structures and processes for
veterinary pharmacovigilance, but all processes aim to collect and
analyze adverse events, and rely on the collaboration of regulatory
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agencies, pharmaceutical companies, veterinarians, and animal
caregivers. The commercial party responsible for marketing a VMP
and for collecting, storing, and reporting of adverse events to
regulatory agencies is known as a Marketing Authorization Holder
(MAH). Different agencies oversee veterinary pharmacovigilance by
region or country. For example, the FDA in the United States (US),
the EMA in the EU, the VMD in the United Kingdom (UK), the
Australian Pesticides and Veterinary Medicines Authority in
Australia or the Ministry of Agriculture, Forestry, and Fisheries in
Japan. In most countries the usual route of reporting is directly from
the veterinarian or animal caregiver to the MAH but in many
European countries a substantial proportion of reports may be sent
directly to the local country regulatory agency. Although most
countries and regions have similar guidelines for regulating VMPs,
there can be noticeable differences in the adverse event reporting
cultures of veterinarians or animal caregivers. Challenges in reporting
adverse events include underreporting (16), varying regulatory
requirements, and differences in veterinary practice. Regional
differences in the prevalence of certain diseases, animal husbandry
practices, the use of VMPs, social and cultural differences, and more
recently, social media, can all influence adverse event reporting (17).
There may be delays between the approval of a product by a regulatory
agency and the first reports of adverse events to the MAH or a
regulatory authority. Product launch can take weeks to months after
approval. These factors can delay the timing of any adverse
event report.

The goals of this study are to present the data accrued in the Zoetis
Global Pharmacovigilance database (ZGPVDB) from launch of
bedinvetmab in Europe on 01 February 2021 to 30 June 2024 and to
explore reporting patterns globally and across major markets for
bedinvetmab, the first mAb for canine OA pain and one of the first
three in veterinary medicine. Specifically, the research questions were
“What are the most common adverse events reported for bedinvetmab
in dogs?” and “Are there differences in pharmacovigilance reporting
across different countries or regions?”

Materials and methods
Data source

Data were collected using commercially available software (PV
Works by ENNOV) and added to the ZGPVDB which is the central
validated pharmacovigilance database for all of Zoetis’ products sold
throughout the world. The minimum dataset for a valid reportable
adverse event is a person (i.e., reporter), a product, a patient, and a
problem, known as the four ‘Ps. The MAHs try to collect as full a data
set as possible for each adverse event, but this is often limited by the
information provided, knowledge / information available to the
reporter (in the case of animal caregivers) or lack of follow up
information. Adverse event reports were collected, verified, evaluated,
and reported as part of the company’s regulatory obligations.
Unsolicited adverse events for bedinvetmab were submitted by
various stakeholders including veterinarians, veterinary staff, animal
caregivers, non-Zoetis social media, regulatory authorities, and
through surveillance of published literature. Active monitoring of
Zoetis’ social media accounts was done as this is a regulatory
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requirement. When any reference to an adverse event was available
in Zoetis owned social media accounts, the reporter was contacted,
and additional information was requested to create a report. In
addition, the EMA’s EudraVigilance Veterinary (EVVet) database is
regularly reviewed and assessed by Zoetis Global Pharmacovigilance
to identify cases involving bedinvetmab which have been submitted
by European National Competent Authorities (NCAs) or by other
MAHs as part of a report involving one of their own products. Efforts
are made to identify and manage any duplicate cases to avoid double
counting of data; however, duplicate identification is confounded by
data privacy rules as no contact information is available for any
imported case. Close communication is maintained between the
global Zoetis teams responsible for entering adverse event reports in
individual countries, Global Pharmacovigilance, Manufacturing, and
Regulatory Affairs, and numerous regulatory agencies to identify any
emerging safety, efficacy or quality concern that may arise with a
product, so they can be addressed appropriately.

Data management and analysis

All reports received, irrespective of suspected causality or off-label
use, from first launch on 01 February 2021, until 30 June 2024, were
logged into the ZGPVDB and included in data analysis. Each adverse
event was coded in a standardized format using Veterinary Dictionary
for Drug Related Affairs (VeDDRA) terminology (18, 19) in English
language. The VeDDRA system is organized as a 4-level hierarchical
structure, with the highest-level being system organ class, followed by
high level term, preferred term, and low-level term at the lowest level
(18, 19). For each report, a dog could have one or several VeDDRA
terms included. These reports were then submitted to regulatory
agencies worldwide in accordance with the respective agencies’
requirements and Zoetis’ internal standard operating procedures.
Adverse events, reported events, clinical signs or VeDDRA terms are
used interchangeably across the manuscript.

The top 20 most reported adverse events (VeDDRA terms) were
identified and the signalment of dogs from such reports were
evaluated with regards to age, body weight and clinical condition
(categorized as ‘unknown;, good, ‘fair’, ‘poor’ or ‘critical’). The VICH
guidance for the latter classifications is related to the attending
veterinarians assessment of the dog’s health status prior to
administration of the VMP. Adverse events were sorted by country
or region and listed from highest to lowest rates. Countries were
ranked by market size (number of doses distributed of bedinvetmab
until 30 June 2024) and further exploration into the reported
clinical signs (VeDDRA terms) of the top eight countries was
performed. Countries were also ranked according to frequency of
reporting of adverse events. Descriptive data were calculated using
Microsoft Excel and data visualization were done with Tableau
visual analytics platform (PV Works database).

Due to recent anecdotal reports of an unclassified arthropathy in
a small number of dogs treated with bedinvetmab, the ZGPVDB was
specifically searched to investigate musculoskeletal adverse events.
The following keywords were searched: ‘RPOA (Rapidly Progressive
OA);, ‘rapid, ‘progress, ‘fracture, ‘radiograph; or the VeDDRA terms
‘arthritis, ‘bone and joint disorder NOS (Not Otherwise Specified)’ or
‘joint pain NOS.
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Results
Adverse events reported globally

Globally, 18,102,535 doses of bedinvetmab were sold during
the study period with a total of 17,162 adverse events reported
involving 17,775 dogs (i.e., some events involved more than one
dog) for an overall rate of 9.48 events/10,000 doses, including lack
of efficacy reports (Figure 1). The most frequently reported signs
were considered rare [between 1 and 10 events per 10,000 treated
animals (doses)], with lack of efficacy having the highest rate at
1.70, followed by polydipsia, ataxia, polyuria/pollakiuria, anorexia,
lethargy, death, and emesis (based on the number of doses sold;
frequency calculations assume one treated dog per one dose sold)
according to the guidance provided by the Council for
International Organizations of Medical Sciences (CIOMS) (20, 21)
(Figure 2, Table 1). All other reported clinical signs were
considered very rare [< 1 event per 10,000 treated animals
(doses)].

Age was not recorded for approximately 10% of dogs (1,803 out
of 17,775). Excluding these, the mean age of dogs with a reported
adverse event was 11.4 years with a median (interquartile range) of
12.0 (10.0-13.0) years (Figure 3). Nearly 80% of dogs (13,805 out of
17,775) experiencing an adverse event were either >10 years of age
or listed as ‘unknown age’. Dogs were predominantly listed to be in
‘fair’ condition prior to treatment with bedinvetmab. The ‘fair’
condition was related to the presence of OA, co-morbidities or any
combination of conditions often reported in older dogs. Body
weight was not recorded for approximately 16% of dogs (2,799 out

10.3389/fvets.2025.1558222

of 17,775). Excluding these, the median (interquartile range) of
dogs’ weight was 26.06 (16.0-34.6) kg (data not shown). For
comparison, the mean age, body weight and clinical condition from
the entire canine ZGPVDB are 4.7 years, 18.4 kg, and ‘good;,
respectively.

When looking specifically at musculoskeletal adverse events or
reported events that included radiographs, a total of 2,404 cases were
identified [1.33 events/10,000 treated animals (doses)].

Regional differences in adverse event
reporting

The top eight countries by market size were US, UK, Germany,
Spain, France, Italy, Canada, and Australia. From these, the top five
countries by total number of adverse events were US, UK, Canada,
Germany and Australia, and the top five by frequency of adverse
events [number of events/10,000 treated animals (doses)] were
Canada, US, UK, Australia and Germany (Figure 1). The type and
frequency of adverse event reports varied across different countries
(Table 2, Figures 4, 5).

Discussion

This study found that the most common reported adverse events
following the distribution of over 18 million doses of bedinvetmab are
considered rare or very rare according to the definition by the CIOMS
(22). Tt also showed variable frequencies across different countries.
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FIGURE 2
Frequency of the top 20 reported events [Veterinary Dictionary for Drug Related Affairs (VeDDRA) terms] globally for bedinvetmab from February O1st,
2021 to June 30th, 2024 and their classification as ‘rare’ or ‘very rare’. See Table 1 for description of categories of frequency of adverse drug reaction.
LoE, Lack of Efficacy; PU/PK, Polyuria/Pollakiuria; Ul, Urinary Incontinence; MW, Muscle Weakness; MT, Muscle tremor; UTI, Urinary Tract Infection;
MSD NOS, Musculoskeletal Disorder Not Otherwise Specified; 1BUN, Increased Blood Urea Nitrogen.

TABLE 1 Categories of frequency of adverse events according to the
Council for International Organizations of Medical Sciences (CIOMS) (22).

Category Frequency* Percentage
Very common | > 1 event/ 10 treated animals (doses) >10%

Common >1to 10 events / 100 treated animals (doses) >1% and < 10%
Uncommon 1 to 10 events / 1,000 treated animals (doses) | >0.1% and < 1%
Rare 1 to 10 events / 10,000 treated animals (doses) = 0.01% and < 0.1%
Very rare < 1 event / 10,000 treated animals (doses) <0.01%

*Frequency calculations assume one treated dog per one dose sold.

The frequency of reporting was not related to the size of the market.
Most dogs for which adverse events were reported were considered
older and in fair condition.

Results are presented based on reported adverse events independent
of any assessment of causality. This means that if the adverse event was
believed to be due to another VMP administered at the same time as
bedinvetmab (e.g., an injection site reaction at the site of a vaccine
administration rather than bedinvetmab administration) or to a
pre-existing cause (e.g., a previously undiagnosed neoplasia), they are
still included in the data herein. Causality is assigned by the MAH using
the ABO,ON system (23, 24) which takes into account the associative
connection, whether there is pharmacological and/or immunological
explanation, presence of confirmatory information, previous knowledge
of similar reports, exclusion of other causes and completeness /
reliability of the reported data.

The mean age of dogs in this study was 11.4 years (compared to a
mean of 4.7 years in the canine ZGPVDB). This is not surprising as
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the indication for use is the treatment of pain associated with OA
which is currently predominantly treated in middle aged to older
dogs. Similarly, dogs were predominantly assessed as being in ‘fair’
condition prior to treatment (compared to ‘good’ pre-treatment
condition in the canine ZGPVDB). Compared to younger dogs, this
older dog population likely has more comorbidities and progression
of clinical signs associated with these comorbidities (25).
Unfortunately, data do not exist across all countries to compare the
bedinvetmab-treated population demographics with the population
demographics of animals presenting an adverse event, but they are
likely to be similar.

Lack of efficacy was reported in 1.70 out of 10,000 treated animals
(doses). It includes any report related to lower-than expected efficacy
or shorter duration of efficacy. Nearly half of the reports were related
to decreased efficacy prior to the next dose (i.e., within 4 weeks after
receiving a dose). As defined by the VICH, lack of efficacy is considered
an adverse event, but not an adverse reaction. This adverse event was
also reported in randomized clinical trials with bedinvetmab (26, 27).
Lack of efficacy reports were based on observations/perceptions by
either the veterinarians or the caregivers and could be related to several
factors including a true lack of efficacy, shorter than expected duration
of efficacy, presence of a condition that is not painful OA and will not
respond to NGF sequestration, normal progression of OA,
musculoskeletal injury due to rapid return to exercise or inability to
correctly assess the level of OA pain. The latter is clearly a challenge in
chronic pain management in animals. Although validated instruments
for the assessment of OA-pain exist, clinical experience suggests that
they are rarely used in practice and thus, pain assessment remains
extremely subjective and influenced by numerous biases. Routine use
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FIGURE 3
Age distribution of dogs based on number of reported events [Veterinary Dictionary for Drug Related Affairs (VeDDRA) terms] for bedinvetmab globally
from February O1st, 2021 to June 30th, 2024.

TABLE 2 Heatmap of top 20 VeDDRA (Veterinary Dictionary for Drug Related Affairs) terms for bedinvetmab from 01 February 2021 to 30 June 2024,
globally and for the top eight countries by market size.

fatmap 00 050 10 19 m
Scale

VeDDRA Term Global USA UK DE ES FR IT CA AU

Lack of Efficacy 0.20

Polydipsia 0.27 0.10

Ataxia 0.26
Polyuria/Plollakiuria 0.22 0.08

Anorexia 0.39 040 0.37

Lethargy 0.37

Death 0.32

Emesis 0.36 0.34 0.18

Diarrhoea 0.29 0.10

Urinary Incontinence 0.19 0.21 0.06

Muscle Weakness 0.17 0.11 0.06

Convulsion 0.08 0.15 0.05 0.02

Muscle tremor 0.16 0.10 0.15 0.04

Tachypnoea 0.22 0.16 0.21 0.07

Urinary Tract Infection 0.23 0.04 0.06 0.02 0.01

Paresis 0.27 0.07 0.04 0.11 0.03 0.28
IZ’I(‘;SS"“l"Skeletal Disorder 0.40 031 014 010 012 0.06

Hyperactivity 0.37 0.31 0.18 0.17 0.04

Increased BUN 0.36 0.35 0.20 0.07 0.14 0.02

Lameness 0.36 0.26 0.07 0.06 0.03 0.03 0.33

Reported numbers refer to the frequency of reported adverse events [number of events per 10,000 treated animals (doses)]. See Table 1 for description of categories of frequency of adverse
drug reaction. CA, Canada; US, United States; UK, United Kingdom; AU, Australia; DE, Germany; ES, Spain; FR, France; IT, Italy; NOS, Not Otherwise Specified; BUN, Blood Urea Nitrogen.
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Visual representation of the frequency of adverse events for bedinvetmab global data (01 February 2021 to 30 June 2024) and for the top four
countries by frequency of reporting (from launch until 30 June 2024). Each of the four countries was at a different stage of post-approval experience
for bedinvetmab (United Kingdom (UK), 41 months; Canada (CA), 16 months; Australia (AU), 16 months; United States (US), 9 months). The Y axis refers
to the number of events/10,000 treated dogs (doses). The X axis includes the top 20 reported events [Veterinary Dictionary for Drug Related Affairs
(VeDDRA) terms] globally. For each country, the order of the VeDDRA terms is the same as for the global data. Terms with bars crossing the dotted line
were reported at a frequency equal or greater than 1 event / 10,000 treated animals (doses) (i.e., considered to be rare) (22). The global pattern is the
summation of different country patterns at different stages of commercialization. Note how the patterns of reporting differ from each other. LoE, Lack
of Efficacy; MSD NOS, Musculoskeletal Disorder Not Otherwise Specified; MT, Muscle tremor; MW, Muscle Weakness; PU/PK, Polyuria/Pollakiuria; Ul,
Urinary Incontinence; UTI, Urinary Tract Infection; 1BUN, Increased Blood Urea Nitrogen.

of validated pain scales prior to and during treatment are strongly
recommended for a clear understanding of the response to treatment
in dogs with OA pain (28, 29). Recent recommendations include the
use of home-based videos whereby dogs are filmed over time in the
same area of the house performing the same activity, thus allowing for
comparisons before and after treatment (28).

Reports of polyuria/pollakiuria, polydipsia, and urinary
incontinence (PU/PD/UI) were rare but were disproportionately
reported with bedinvetmab as compared to other canine products.
These cases often described transient episodes of PU/PD/UI, with
clinical presentation lasting a few days to weeks. They were of a
reversible nature and did not appear to be associated with progressive
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renal impairment. Although the mechanistic pathophysiology for
such signs currently remains unknown, the transient clinical
characteristics of the reports suggests there is not an underlying
pathological change in the urinary tract or endocrine system. Most
reports of UT also included signs of PU and PD. It is possible that in
at least some cases the former is a consequence of the latter in elderly
dogs. Based on the information available, it was concluded that the
evidence reviewed supports a potential causal association and this
constitutes a new risk which occurs rarely following treatment with
bedinvetmab. The product labeling was updated accordingly.
Reports of neurological signs were rare and included ataxia and
convulsion/seizure, with ataxia reported most frequently. Ataxia is
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FIGURE 5

Not otherwise specified.

Individual VeDDRA (Veterinary Dictionary for Drug Related Affairs) terms related to musculoskeletal and neurological signs from 01 February 2021 to 30
June 2024, globally and for the top eight countries by market size for bedinvetmab. Note how the reporting frequency of these signs varies across
different countries. CA, Canada; US, United States; UK, United Kingdom; DE, Germany; ES, Spain; FR, France; IT, Italy; CA, Canada; AU, Australia; NOS,
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also frequently seen on the approved labels of commonly used
NSAIDs (30-33). Ataxia is defined as disturbed coordination of
movement and can be caused by dysfunction of the vestibular,
cerebellar, or proprioceptive systems (34, 35). As such, without
additional information on neurological findings it is difficult to
further define the neuroanatomical source. Adverse event reports
generally involved a description of the dog being ‘ataxic’ with no
additional neurological findings and limited or no information on
the neurologic status of the animal prior to bedinvetmab
administration. Among dogs suffering from OA, a common sequela
is muscle wasting and weakness which can be misinterpreted as
ataxia, particularly when more than one limb is affected. Aged dogs
with OA can suffer from numerous degenerative diseases that affect
the peripheral and central nervous systems and that might not
be recognized when lameness is severe. Bedinvetmab is a large
molecule and is not expected to cross the blood brain barrier in
individuals with a healthy blood brain barrier; thus, central effects
of the drug are not expected to occur. Bedinvetmab has not been
assessed in dogs with neurologic conditions because these patients
were excluded from the clinical trials (26, 27). It is advised that
pre-existing neurological conditions are identified and accounted
for prior to treatment with bedinvetmab to not confound post
treatment efficacy or suspect reaction assessment. From launch in
Europe through March 2023, reports of ataxia were very rare [<1
event per 10,000 treated animals (doses)] at a time when more than
6 million doses had been distributed. In March 2023, the product
was launched in Canada, and an increase was noted in reports of
ataxia from April to June 2023. Following the US launch in
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September 2023, a notable increase in reports of ataxia occurred,
even when considering increasing distribution. Between February
2021 and March 2023, public discussion on the internet regarding
bedinvetmab and ataxia was relatively limited and focused primarily
on efficacy and general safety profile, with only occasional mentions
of neurological adverse events such as ataxia. From April 2023 to
April 2024, discussion around reported adverse events increased
significantly. This surge appeared to be influenced by the US FDA’s
approval of bedinvetmab in May 2023, which expanded its
availability and prompted broader discussions. A substantial rise
was seen in articles, forum discussions, and social media posts
addressing the association between bedinvetmab and ataxia,
reflecting growing awareness and concern among pet caregivers and
veterinary professionals. Notably, in April 2024, a Wall Street
Journal article (36) highlighted adverse event reports, including
cases of ataxia, leading to heightened scrutiny and more extensive
online discourse. However, reports of ataxia with bedinvetmab
remain rare [1-10 adverse events / 10,000 treated animals (doses)]
in the US and globally and have demonstrated a notable increase
from June to October 2024. It is possible that the increases in
reports of ataxia in this period were influenced by notoriety bias
(i.e., increased spontaneous reporting after a safety alert) (37, 38).
Given the rare but consistent reporting, a causal relationship
between bedinvetmab and ataxia could exist. There are ongoing
efforts to evaluate this question. The product labeling was
updated accordingly.

Gastrointestinal systemic signs including emesis and diarrhea
are not infrequently reported in dogs of any age following any
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product administration, although anorexia is proportionally more
commonly reported in older dogs. Indeed, in a recent study
evaluating the prevalence of diseases in the overall dog population,
including dogs of any age and body size, it was found that 14% of
them might be affected by gastrointestinal signs (25). Although at
arare frequency and of ambiguous causality, anorexia continues to
be one of the regularly reported events following
bedinvetmab administration.

Although death and euthanasia have been reported after
bedinvetmab administration, a causal relationship to the product has
not been established. Unfortunately, most dogs with OA pain are only
diagnosed and treated when they are older, and the disease is advanced
(25). Thus, dogs being treated with bedinvetmab for OA pain are
frequently affected by comorbidities and might be receiving
concurrent medications. Nearly 80% of dogs experiencing an adverse
event were either >10 years of age or of ‘unknown age’ and were
considered to be in ‘fair’ condition prior to treatment with
bedinvetmab. For dogs that may die or be euthanized after
bedinvetmab treatment for any reason, including malignancy,
caregivers often choose not to have necropsy performed and a
conclusive cause of death can rarely be established.

In humans, OA is known to progress at different rates with three
subgroups identified based on radiographs: stable, slow, and fast
progression (39). There is similar, although limited, evidence that OA
also progresses at different rates in dogs, with some showing faster
radiographic progression influenced by several factors (40, 41); note
that these dogs were not being treated with bedinvetmab. Progression
of OA might be affected by use of anti-inflammatory drugs (42-46).
In human patients, a condition called rapidly progressive OA (RPOA)
was identified in the 1950s (47-50), and has been linked to various
causes such as traumatic injury, septic arthritis, osteonecrosis,
Charcot’s neuroarthropathy, and idiopathic rapidly destructive
arthritis of the hip (51, 52). The condition gained renewed attention
when high doses of tanezumab (a human anti-NGF mAb)
administered in combination with NSAIDs long-term were linked to
an increased risk of RPOA, and other destructive arthropathies in
clinical trials in people (53-55). For these reasons, regulatory
agencies (FDA; EMA) mandated that bedinvetmab labels include a
statement about RPOA in humans while acknowledging that this
condition has not been reported in dogs. Although individual
musculoskeletal adverse events occur very rarely, the authors felt it
was important to address the topic herein due to anecdotal reports of
an unclassified arthropathy in a small number of dogs treated with
bedinvetmab. When looking specifically at musculoskeletal adverse
events or any reported event that included radiographs, a total of
2,404 cases were identified and carefully reviewed [1.33 events/10,000
treated animals (doses)]. Most of these cases (69%) described adverse
events unrelated to orthopedic issues (e.g., the case file included
radiographs to work up other conditions, not OA) and 6% had
insufficient information for assessment. One quarter of cases (25%)
were classified as either ‘lack of efficacy’ or ‘progression of OA.
Potential differential diagnoses for the latter cases include immune-
mediated conditions, joint overuse, or rare conditions like humeral
condylar fracture. Within musculoskeletal adverse event reports,
none of the reviewed reports met the criteria for RPOA as described
in humans. In rodent models of OA, both neutral and negative effects
on the progression of OA have been reported, but RPOA itself has not
been reported in an animal model (56-58). A recently published
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study by Merck Healthcare KGaA in a relatively acute rabbit cruciate
stifle anti-NGF
mAb-associated progressive arthropathy (56), but these findings do

transection / instability model showed
not align with the description of RPOA in humans and cannot
be extrapolated to animals with naturally occurring OA. Despite the
lack of evidence for a human RPOA-like syndrome in non-human
animals, including dogs, Zoetis has partnered with specialists from
different disciplines to comprehensively and continually investigate
reports of unclassified arthropathies. The authors emphasize the
importance of reporting all suspected cases for pharmacovigilance,
ideally including pre- and post-treatment radiographs, patient
activity levels, history of involved joint (trauma, infection, surgery,
developmental disease, etc.), concurrent medications and
body condition.

Bedinvetmab was first launched in the UK and the EU
(including France, Germany and Spain) in February 2021, followed
by Canada and Australia in March 2023, and the US in September
2023. Thus, these markets are at different stages of maturity.
Pharmacovigilance data often fluctuate early in a product’s lifecycle
as veterinarians and clients gain experience with its use. Over time,
as the market matures, the data tend to stabilize. This explains some
of the observed differences between markets, with the data
reflecting input from both mature markets (UK, France, Germany
and Spain, with 41 months of experience), maturing markets
(Canada and Australia, with 16 months), and newer markets (US,
with 9 months). Such differences could be related to the stage of the
product on a market, cultural differences in reporting or the impact
of social media. Temporal differences in reporting might also suffer
from the “‘Weber effect’ which is characterized as adverse event
reports for a new product peaking at the end of the second year
after approval by a regulatory authority (59). However, the Weber
effect is not yet particularly evident for bedinvetmab nor is it
considered a consistent finding as it was not identified in the US
FDA’s Adverse Event Reporting database when 62 human health
drugs were reviewed (60).

Labels for VMPs can differ significantly between countries due
to varying regulatory frameworks and local requirements. Each
country or region has its own guidelines specifying what information
must be included on the label or in the Summary of Product
Characteristics. These guidelines cover not only key product details,
such as composition, indications, and dosage, but also extend to
safety information, and the inclusion of reported adverse events.
Reporting rates for different VeDDRA terms in the top eight markets
showed large variability (Table 2; Figures 4, 5). Two distinct patterns
emerged. The first pattern, observed in the UK, Australia and
Germany, showed lack of efficacy as the most frequently reported
adverse event, followed by urinary tract-related signs (e.g., PU/PD/
UI). Ataxia and gastrointestinal or systemic signs were reported less
frequently in these countries. The second pattern, seen in the US,
showed ataxia as the most frequently reported event, closely followed
by gastrointestinal (e.g., emesis, diarrhea) and systemic signs (e.g.,
anorexia, lethargy). Canada exhibited a combination of these
patterns, with higher rates of urinary, gastrointestinal, systemic, and
ataxia-related signs, but lower lack of efficacy rates compared to the
UK. Figure 5 shows the individual VeDDRA signs relevant to
musculoskeletal and neurological signs and how their reporting
frequency vary across different countries. The frequency of reports
also varies considerably (Table 2). For example, reporting frequencies
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in Canada, US, UK, and Australia exceed the global average of 9.5
events per 10,000 treated animals (doses). In contrast, in Germany,
the reporting frequency is below the global average, despite higher
sales when compared to Canada and Australia (Figure 4). Another
notable regional difference is that Canada, although being the
seventh-largest market by size, it is first by frequency of adverse event
reporting. Reasons for differences in reporting are not well
understood but appear to be broadly consistent across different
products. For example, reporting rates in Canada are consistently
higher than other countries when looking at other products within
the ZGPVDB and similar patterns have been anecdotally reported by
other animal health pharmaceutical companies (AS, personal
communications). It is difficult to speculate on the reasons for this.
In general, high-income countries have higher reporting rates than
low- and middle-income countries, (61) but all top eight countries
herein are considered high-income. Undergraduate educational
activities on the topic are different across countries and could
influence reporting behaviors (62). It could also be that Canada’s
higher reporting rates are related to education and awareness around
the importance of pharmacovigilance reporting, as well and culture
and regulatory engagement; however, given the limited evidence on
the topic in veterinary medicine, this is only speculation at this time.
Being the first VMP of its class for the management of OA in dogs,
bedinvetmab has been highly cited in social media including
experiences with the product which cannot be scrutinized due to lack
of valid medical information about such cases. The negative
consequences of social media misinformation have been the subject of
study in medical and social sciences and is unfortunately an issue for
which modern society has yet to find practical solutions (63). It is
possible that social media bias could have led to different reporting
rates or VeDDRA term reporting in different countries. This and other
biases should be considered when interpreting pharmacovigilance
data. Misinformation or bias can lead to fearful pet caregivers declining
treatment of their dogs despite favorable evidence of efficacy and safety
of the product. This frustrates veterinary professionals and prevents
dogs from being treated leading to suboptimal pain management and
compromise of animal welfare (64). Clinical trials have demonstrated
bedinvetmab’s efficacy and safety, showing statistically significant
improvement in pain relief compared to placebo (26, 27). Bedinvetmab
has been shown to significantly improve the QoL of dogs suffering
from OA (65), and recently was demonstrated to have fewer clinical
adverse events when compared with an NSAID over an 8-week
treatment period (66). Recently published expert guidelines
recommend both NSAIDs and anti-NFG mAbs as first line therapeutic
options for the analgesic management of OA (28, 29, 67).
Pharmacovigilance is a multifaceted science that can reveal emerging
safety or efficacy concerns, as well as potential product quality or
manufacturing issues, for both new and existing products. The strengths
of pharmacovigilance data include exposure of the VMP to a much larger
and more diverse population when compared with clinical studies, and
ability to track VMP over long periods offering a clearer view of long-term
safety and efficacy and potentially identifying emerging patterns.
However, pharmacovigilance data has limitations. They rely on
spontaneous reporting and are inherently biased. Biases include reporting
bias (e.g., underreporting with more serious adverse events being more
likely to be reported, changes in reporting patterns over time, Weber
effect) and notoriety bias (e.g., increase in the number of spontaneous
reports after the publication of safety concerns via a communication
channel; the increase in reports is not necessarily due to an increase in the
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reaction in question but rather to its identification and publication as
being associated with the given drug) (37, 59, 68-70). Also, there are
incomplete data sets (there is no one single source of all relevant
information), poor data quality (frequently case histories provided are
sparse and may not include all relevant information), and presence of
confounding factors (e.g., comorbidities, underlying conditions,
misdiagnosis or the use of concurrent medications that were not part of
pivotal studies). In addition, pharmacovigilance reports include extra-
label use and reports of lack of efficacy which could be partial or complete
lack of efficacy. Finally, pharmacovigilance data include reports regardless
of a confirmed causal relationship with the product.

Another challenge, as highlighted by the CIOMS, is the
impossibility to estimate true incidence based on spontaneous
reports (20). This occurs due to uncertainties about the true
numerator, and difficulty in estimating the denominator (number of
animals treated). Data across a range of different countries for disease
incidence in the canine population at different ages or breeds is sparse
to absent which means that calculating specific increased risk
following the use of any VMP in a large population is not currently
possible. The CIOMS recognizes this issue but still supports the use
of estimation of frequency (Table 1) to help understand the safety
profile of products post-launch. Despite the aforementioned
limitations, when viewed in aggregate, the data from such reports still
provide essential information on the safety and efficacy profile of the
product. While this study was based on the data contained in the
ZGPVDB, open sources of adverse event data are also provided by
some regulatory authorities which should be useful for veterinarians
in specific geographies. The FDA's OpenFDA database' contains all
US origin reports. The EMAs EV Vet database® contains what should
be a very similar global dataset to that contained in the ZGPVDB
(with the limitation that data on non-serious reports was not
comprehensively collected in the EMA’s EV Vet database for many
VMPs prior to 28 January 2022).

Reporting of adverse events to pharmaceutical companies should
be regarded as a collective responsibility of all stakeholders, including
veterinary professionals, to help identify potential safety concerns of
a VMP. In turn, pharmaceutical companies carefully analyze
pharmacovigilance data, including the types of dogs that are being
affected, while keeping an open mind about potential adverse events
as well as meeting regulatory guidelines for individual case reporting,
aggregate case reporting and notification of any identified changes in
the benefit/risk of a VMP. Similarly, regulatory agencies have their role
to play. These combined actions help to ensure the continued safety of
a VMP and its availability to patients in need. The role of each
stakeholder in this process cannot be underestimated.

Adequate patient selection and complete medical records
including physical, orthopedic and neurological examination help to
clarify whether clinical signs observed after treatment with a VMP
could be treatment-related. As with any therapy, a risk-benefit analysis
should guide clinical decision which should focus on analgesics and
non-pharmacological therapies with proven efficacy with the ultimate
goal of improving animals’ QoL.

In conclusion, this study found that the most reported adverse
events in dogs following bedinvetmab are considered rare or very

1 https://open.fda.gov/

2 https://www.adrreports.eu/vet/
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rare and highlights the importance of pharmacovigilance in
identifying potential safety concerns of a VMP, particularly when
such VMP is the first in its class for a specific condition. Reporting
rates and patterns in general and for specific VeDDRA terms greatly
vary within countries and are not related to market size. This study
was not designed to identify risk factors and it remains unknown
which patients are at risk of developing adverse events; yet, it should
be noted that most dogs for which adverse events were reported
were considered older and in fair condition and this population
could be at increased risk of presenting with co-morbidities prior
to or during treatment with bedinvetmab. This report provides
insights to the most reported adverse events following bedinvetmab
administration to dogs and highlights the value of veterinary
professionals and caregivers in reporting pharmacovigilance cases
to contribute to the understanding of the safety profile of a
medicinal product.
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