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Introduction
In people, obesity prevalence rates have nearly tripled 
since 1975; it is now the most prevalent chronic disease 
worldwide [1–3]. An alarming increase in obesity preva-
lence rates in companion animals, attributed in part to 
shared environment and lifestyle elements between peo-
ple and pets, have been reported [4–6]. With prevalence 
estimates of up to 40% in the domestic cat population, 
the need to manage overweight or obese cats is now one 
of the most common challenges encountered in veteri-
nary medicine [7–10].

Obesity, defined as an accumulation of excess body 
fat, is a chronic disease associated with decreased life 
expectancy in both people and companion animals [7, 
11–14]. The pathophysiology of obesity is complex and 
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Abstract
Beneficial weight-loss properties of glucagon-like peptide-1 receptor agonists (GLP-1RA) in obese people, with 
corresponding improvements in cardiometabolic risk factors, are well established. OKV-119 is an investigational 
drug delivery system that is being developed for the long-term delivery of the GLP-1RA exenatide to feline 
patients. The purpose of this study was to evaluate the drug release characteristics of subcutaneous OKV-119 
implants configured to release exenatide for 84 days. Following a 7-day acclimation period, five purpose-bred cats 
were implanted with OKV-119 protypes and observed for a 112-day study period. Food intake, weekly plasma 
exenatide concentrations and body weight were measured. Exenatide plasma concentrations were detected 
at the first measured timepoint (Day 7) and maintained above baseline for over 84 Days. Over the first 28 days, 
reduced caloric intake and a reduction in body weight were observed in four of five cats. In these cats, a body 
weight reduction of at least 5% was maintained throughout the 112-day study period. This study demonstrates 
that a single OKV-119 implant can deliver the GLP-1RA exenatide for a months long duration. Results suggest that 
exposure to exenatide plasma concentrations ranging from 1.5 ng/ml to 4 ng/ml are sufficient for inducing weight 
loss in cats.
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multifactorial [15]. Over time, excessive adiposity in 
people leads to an underlying inflammatory state, appe-
tite dysregulation, insulin resistance, hypertension, and 
dyslipidemia [16]. The complications of obesity, such 
as type 2 diabetes [17], cardiovascular disease [18], and 
increased risk of death [14], are well established in peo-
ple. Although less well characterized, obesity predisposes 
cats to many of the same conditions as in people [7].

New approaches to controlling excess body fat are 
needed [19]. Historically, the treatment of feline obesity 
focused exclusively on lifestyle modifications. Restricted 
caloric intake remains the cornerstone of weight-loss 
intervention in cats [20, 21], but given the reported 
increase in prevalence rates it is clear that alterna-
tive long-term body weight management strategies are 
needed.

GLP-1 receptor agonists (GLP-1RAs) are a therapeu-
tic drug class that target pathways of endogenous nutri-
ent-stimulated hormones [22, 23]. GLP-1RAs have been 
shown to beneficially reduce body weight and improve 
the cardiometabolic risk profile in diabetic and non-
diabetic obese people, with a low risk of hypoglycemia 
or other serious adverse events (AEs) [19, 24–28]. The 
mechanisms related to weight loss with GLP-1RAs are 
incompletely understood, but are partly attributed to 
GLP-1 inhibitory effects on gastric emptying, postpran-
dial glucagon release, and stimulation of hypothalamic 
satiety centers [22, 29].

GLP-1RAs may hold therapeutic potential in feline 
patients [23, 30–32]. Studies conducted in healthy, pur-
pose-bred cats have shown that short-term administra-
tion of GLP-1ARs are correlated with weight loss [33, 
34]; however, the weight-loss properties of GLP-1RAs 
administered to cats over a longer duration are not well 
characterized. To build off of prior work in which pur-
pose-bred healthy cats were implanted with OKV-119, an 
investigational drug delivery system that was designed to 
deliver up to 30 days of the GLP-1RA exenatide [33], the 
present study evaluated OKV-119 prototypes configured 
to provide months-long drug delivery. The primary pur-
pose of this study was to characterize exenatide plasma 
concentrations over a 112  day study period in healthy 
cats implanted with a single OKV-119 implant. Second-
ary objectives were to evaluate caloric intake and body 
weight following exposure to exenatide.

Materials and methods
Study design
Five purpose-bred neutered male cats (Marshall Bio-
Resources, North Rose, NY, USA) were enrolled in an 
open-label study. At the time of enrollment, cats were 
28 months old, weighed (median, range) 5.61  kg (5.14 
–7.38 kg), and were considered healthy based on physical 

examination. The general health of each animal was 
assessed during the course of the 112 day study period.

Prior to test article administration, the cats were placed 
in individual pens and acclimated for seven days in the 
room where they were to be housed for the duration of 
the study. To allow for the measurement of daily caloric 
intake, cats were individually housed in pens from Day 
− 6 to Day 28. Cats were fed a standardized pelleted feline 
diet (Purina Cat Indoor formula), with 90 g of fresh feed 
provided once daily in the morning. Cats were offered 
canned wet food (Friskies Meaty Bits) to induce eating if 
caloric intake was too restricted. After Day 28, cats were 
removed from individual pens and were collectively pro-
vided 450  g of the dry pelleted food for the remainder 
of the study period. The amount of food provided and 
consumed was recorded throughout the study. Water 
was supplied ad libitum. Daily physical exams were per-
formed, while body weights were measured weekly. 
Weekly plasma samples were taken during the course of 
the study for the measurent of exenatide concentrations.

This study was conducted under the standard operat-
ing procedures of the testing facility and was in compli-
ance with current recommendations for the Guide for the 
Care and Use of Laboratory Animals. The study protocol 
was approved by the AAALAC accredited test facility 
(IACUC protocol 22OKA038).

OKV-119 investigational drug-delivery system
The overall design and primary working principle of the 
OKV-119 systems used in the study have been previously 
described [33]. OKV-119 prototypes used in the present 
study were configured to release a peak of approximately 
100 mcg exenatide per day for up to 84 Days.

The insertion and removal techniques of OKV-119 
have been previously described [33]. Briefly, cats were 
sedated with 2  mg/Kg xylazine and 1  mg/Kg ketamine 
and a 4 × 4 cm area was clipped and aseptically prepared 
on the dorsal lumbar area [Supplemental Fig.  1]. Once 
prepared, the implant was subcutaneously inserted and 
removed through a 2–3 mm incision. The procedure was 
routinely completed within 30 to 60 s.

Blood sampling and assay conditions
Blood samples were collected once prior to implantation 
(Day 0) and then weekly for the duration of the study. All 
samples were collected after an overnight fast. The blood 
collection procedures and validation of the LC-MS/MS 
assay conditions have been previously described [33].

Statistical analysis
Clinical parameters, AEs, exenatide plasma concen-
trations, and laboratory parameters were summarized 
descriptively (e.g., n, mean, standard deviation [SD], 
median, minimum, maximum) using commercially 
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available computer software1. Data are presented as 
median [range]. For observations between Day 0 and 
Day 28, the correlation between weekly percent change 
in body weight and caloric intake measurements was 
assessed by Pearson’s correlation coefficient. Cohen’s d 
was calculated to compare the effect size of change in 
body weights from Day 0 and Day 112 [35].

Results
Tolerability and safety
Cats appeared to tolerate the implants well. Signs of lick-
ing or scratching at the implant site were not observed, 
nor was there any visible evidence of inflammation in the 
skin overlying the implant (Fig. 1). From Days 1 to 7, Cat 
1 experienced near complete anorexia and was offered 
canned wet food between Day 8 and Day 20 to facilitate 
eating. Based on daily health observations, there were no 
other apparent systemic drug-related adverse effects.

Exenatide plasma drug concentrations
At baseline, plasma exenatide concentrations were 
below the level of detection in all cats. Exenatide 
plasma concentrations were detected at Day 7 and 
maintained above 1 ng/ml up to Day 70 (Fig.  1). 
Between Day 14 and Day 70, the median exenatide 
plasma concentration was 3.48 ng/ml (range: 0.78 ng/
ml – 7.82 ng/ml). Exenatide plasma concentrations 
declined from Day 70 to Day 105 (Fig. 1).

Caloric inkate and body weight
During the acclimation period (Day − 7 to Day 0), the 
cats consumed all of the daily food provided (Fig. 2). The 
median body weight for Cats 1–4 was 5.51  kg (range: 

1  GraphPad Prism, version 8.0; GraphPad Software Inc, La Jolla, CA.

5.13 –5.97  kg) and remained stable from Day − 7 to 
Day 0 (mean difference = 0.03  kg; range: 0.01 –0.08  kg) 
(Table 1). Compared to Cats 1–4, Cat 5 was 39% heavier 
at Day − 7 and, in contrast to the other cats in this study, 
had a -3.6% decline in body weight between Day − 7 and 
Day 0 (Table 1).

From Day 0 to Day 28 reduced caloric intake was 
observed immediately following insertion of the OKV-
119 implant in Cats 1–4 (Fig.  2). During this 28  day 
period, food intake was correlated to weekly declines 
in body weights (Pearson’s r = 0.49 [95% CI 0.12–0.74], 
p = 0.01). Body weights for Cats 1–4 were observed to 
decline for the first 28 days, afterwhich body weights 
remained stable to Day 112 (Fig.  3). In Cats 1–4, the 
mean decline in body weight from Day 0 to Day 112 was 
0.54  kg (range: 0.39 –0.63  kg) (Cohen’s d = 4.9) (Fig.  3). 
The food consumption and body weight of Cat 5 was 
unchanged from Day 0 to Day 28. After transitioning out 
of an individual pen, Cat 5 was observed to gain 6.2% in 
body weight from Day 28 to Day 112 (Fig. 3).

Discussion
To assess the feasibility the OKV-119 drug delivery sys-
tem for use in cats, the initial study used implants config-
ured to release exenatide for a 30-day period [33]. In the 
present study, we expand on that prior work and report 
the use of OKV-119 prototypes that released exenatide 
for over 84 days in purpose-bred cats. Immediately fol-
lowing exposure to exenatide, a reduction in caloric 
intake, with corresponding weight loss, was observed. 
The reduction in weight loss appeared to plateau by 
Day 28 and was then maintained for the duration of the 
112 day study period. Weight loss with GLP-1RAs stems 

Fig. 1 Exenatide plasma concentrations from baseline to Day 105 in purpose bred cats implanted with OKV-119 protypes configured to release exena-
tide for 84 Days
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from a reduction in energy intake owing to a decreased 
appetite, which is thought to result from direct and indi-
rect effects on the brain [19, 22].

Long-term positive energy balance that results in exs-
sive accumulation of lipids is associated with a constel-
lation of metabolic and pathphysologic abnormalities 
including impaired insulin signaling and insulin resis-
tance, lipotoxicity, dyslipidemia (high plasma TG and 
low HDL-cholesteral concentrations), hypertension, and 
low-grade systemic inflammation [7, 13, 36]. Metabolic 
abnormalities in people with obesity have important 
clinical implications as the risk of developing cardio-
metabolic diseases is directly related to the number and 

severity of metabolically unhealthy phenotypes expressed 
[37].

In people, a moderate reduction (5–10%) in body 
weight is associated with clinical improvements in 
lipid profiles (e.g., triglicerides [TG], total cholesterol 
[TC]), other obesity-related cardiometabolic risk fac-
tors (e.g., insulin, fasting plasma glucose levels [FPG]), 
and descreases the risk of heart failure, stroke, chronic 
kidney disease, diabetes, and obstructive sleep apnea 
[38, 39]. Clinical trials in obese people with and without 
diabetes have shown that GLP-1RAs, the most recent 
anti-obesity medications approved for human use, are 
associated with beneficial weight-loss and metabolic 
improvements inclucing lower TC, TG, LDL, FPG, and 

Table 1 Baseline characteristics of five purpose-bred cats prior to the insertion of the OKV-119 systems
Cat Number Body Weight (Kg) Percent Change in Weight

Day − 7 Day 0 Day 112 Day − 7 to Day 0 Day 0 to Day 112
1 5.13 5.14 4.51 0% -12%
2 5.47 5.41 4.89 -1 -10%
3 5.58 5.61 5.01 1% -11%
4 5.97 5.89 5.50 -1 -7%
5 7.65 7.38 7.82 -4% 6%

Fig. 2 Heat map of food consumed by cats (n = 5) during the acclimation period (Days − 6 to Day − 1) and after insertion of the OKV-119 implant (Day 
0 to Day 28). Each box represents the amount of food remaining (right y-axis) on a given day with study days (left y-axis). Columns correspond to each 
cat on the x-axis. Darker shades indicate less food consumed on a given day. Caloric intake was not reported on Days 0, 7, 14 and 28 (crossed-out boxes) 
because food was removed on the eve prior fasting blood draws
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insulin [27, 40–44]. Although GLP-1RAs have revolu-
tionized the treatment of obesity in people, achieving 
long-term patient adherence is challenging because these 
drugs are typically administered as once-weekly injec-
tions [24–28]. Unlike other treatment modalities, the 
OKV-119 drug delivery system offers the dual benefit of 
guaranteed patient adherence vis-à-vis long-term drug 
delivery with a single implant and immediate cessation 
of drug release (i.e., removal of the implant) if adverse 
effects are observed [33].

Although less well documented, cats share many of 
the same pathophysiologic obesity phenotypes that 
afflict people [45]. It has been reported that compared 
to non-obese cats, obese cats have an altered meta-
bolic profile characterized by higher insulin, glucose, 
TG, and inflammatory markers, and lower adiponec-
tin levels [7, 13, 46–48]. However, the risk of develop-
ing cardiometabolic diseases relative to the number 
and severity of metabolically unhealthy phenotypes 
expressed in cats remains poorly defined. For example, 
although a body weight reduction of at least 5% is the 
threshold used by the FDA to define a clinically mean-
ingful effect for both people and pets [49], at present 
there are no data regarding cardiometabolic health 
outcomes in cats with sustained weight loss. Larger 
prospective studies of longer duration in clinically 
obese cats will be required to establish whether, as 
reported in people, weight loss of any specific magni-
tude leads to metabolic improvements [27, 50, 51].

The data presented herein suggest that exenatide 
plasma concentrations ranging from 1.5 ng/ml to 4 ng/
ml are sufficient for inducing weight loss in most cats. 
These observations are consistent with other studies 
which demonstrate the weight-loss effects of GLP-1RAs 

in cats [22, 31, 33, 34, 52]. Four of five cats in this study 
were observed to reduce their caloric intake and sub-
sequently lose weight when exposed to exenatide; it 
remains unclear why the largest of the five cats was not 
observed to reduce their caloric intake or to lose weight. 
The target exenatide plasma concentrations needed for 
achieving weight loss in clinically obese household cats 
remains to be determined. Future studies are also needed 
to evauate whether beneficial weight losss associated 
with GLP-1ARs is also correlated with improvements in 
obesity-related cardiometabolic markers such as fasting 
insulin and FPG, TG, TC.
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