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CLINICAL RELEVANCE

A total of 249 client-owned dogs with osteoarthritis were treated with firocoxib (5
mg/kg/day) or a positive control, etodolac (10-15 mg/kg/day), for 30 days. Vet-
erinary examinations were performed on approximately days 0 (visit 1), 14 (visit
2), and 29 (visit 3). Based on defined noninferiority criteria, firocoxib and etodolac
were comparable. Based on the magnitude of the change from baseline, im-
provement with firocoxib was significantly greater than with etodolac for lame-
ness at a trot (visits 2 and 3) and for lameness at a walk, pain on manipulation,
and range of motion (visit 3) (P < .05). In weekly owner evaluations, firocoxib pro-
vided significantly greater improvement than etodolac (P < .05) at each scoring.

B INTRODUCTION
The benefits of NSAIDs used to control

pain and inflammation associated with os-

*Funding for this study was provided by Merial
Limited, Duluth, Georgia.

teoarthritis in dogs are well established. These
benefits have been linked to the NSAID prop-
erty of preventing inflammatory prostaglandin
synthesis through inhibition of the precursor
steps that involve the enzyme cyclooxygenase
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(COX)-2." Risks of gastrointestinal and other
side effects are known to accompany NSAID
treatment, and animals may be more suscepti-
ble than humans to NSAID-induced gastroin-
testinal damage.”> These adverse effects have
been linked to the lack of selectivity of tradi-
tional NSAIDs, such as aspirin and naproxen,
which also inhibit COX-1.?

Recognition of the different physiologic ef-
fects of COX-1 and COX-2 led to the search

16.8-fold in canine whole blood), and both
compounds inhibit COX-2 to a high degree.”®’

This article describes a multicenter, positive-
controlled, clinical trial of firocoxib in client-
owned dogs to confirm its efficacy and safety un-
der field conditions. Additionally, a second
objective of the study was to demonstrate that
firocoxib is at least as effective and safe as an ex-
isting NSAID approved for the same indication
in dogs. At the time the study was performed, ap-

Firocoxib was developed specifically for veterinary use and
has high selectivity for COX-2, leading to substantially
greater sparing of COX-1 than previously available.

for drugs that could provide the same or im-
proved antiinflammatory benefits as traditional
NSAIDs while potentially decreasing the risk of
the most common side effects.* That search
yielded a new NSAID subclass known as coxibs
that selectively inhibit COX-2 and spare the ac-
tivity of COX-1 across their therapeutic range.
Clinical studies with compounds from this new
subclass suggest there is greater opportunity for
selecting the dose that produces the maximum
therapeutic effect while maintaining the desired
safety profile.”” Coxibs, therefore, offer poten-
tial for more consistent efficacy and a reduction
in the number of side effects.

Firocoxib (ML-1,785,713) was developed
specifically for veterinary use and has high se-
lectivity (greater than 380-fold) for COX-2 in
canine whole blood assays, leading to substan-
tially greater sparing of COX-1 than previously
available.>**° In support of the hypothesis that
inhibition of COX-2 is important for efficacy
of NSAIDs, a preclinical study in a urate crys-
tal model of induced lameness demonstrated
that firocoxib provided greater efficacy than
carprofen in a dose-dependent manner.®

Carprofen is preferential for COX-2 (6.5- to

proved NSAIDs for dogs in the United States
consisted of aspirin, carprofen, etodolac, meclofe-
namic acid, and phenylbutazone. Of these, only
etodolac had both the same dosing interval (i.e.,
once daily) and duration of use (i.e., at least 30
days) as was proposed for this study with firocoxib.
Etodolac is a traditional NSAID that is COX-1
selective to nonselective in canine whole blood.’
As such, its mechanism of action inhibits both
COX-1 and COX-2 at therapeutic levels. Effica-
cy with etodolac has been previously demonstrat-
ed in the urate crystal model of lameness and in

an 8-day field trial.'"*?

B MATERIALS AND METHODS

Six studies were conducted in dogs across
five locations in the United States in a posi-
tive-control, double-blinded, multicenter clin-
ical trial to assess the efficacy, safety, and ac-
ceptability of firocoxib oral chewable tablets
for the control of pain and inflammation asso-
ciated with osteoarthritis. Etodolac was used
as the positive control (a separate group of
studies,” reported elsewhere, was undertaken
to compare firocoxib with carprofen). The ex-
perimental protocol was in compliance with
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trot and pain on manipulation of at least
3 (see Evaluations, below, for scoring criteria);
degenerative change or other radiographic evi-
dence of osteoarthritis on radiographs taken
within 28 days before enrollment was also re-
quired. Exclusion criteria included treatment
with an andinflammatory or other antarthrit-
ic drugs (e.g., glycosaminoglycans, NSAIDs)
within the previous 7 days or with corticos-
teroids within the previous 30 days, the pres-
ence of any systemic disease or infectious
arthritis, pregnancy, and fractiousness or other
unsuitability for inclusion as judged by the en-

Treatments

Within replicates, each dog was randomly
allocated to treatment with either firocoxib
(Previcox, Merial) at a minimum rate of
5 mg/kg/day (n=128; Table 1) or with etodolac
(Etogesic, Wyeth) at the recommended dose
rate of 10 to 15 mg/kg/day (7 = 121). Dosage
was calculated based on the weight of the dog
at the initial physical examination (day 0). All
treatments were administered orally at approx-
imately 24-hour intervals from day 0 to day 29
(+3 days). The allocated drug was dispensed to

The firocoxib group showed significantly greater improvement
at the study end for lameness at a trot, lameness at a walk,
pain on manipulation, and range of motion

rolling veterinarian. Two unique, randomized
allocation sequences were used: one for dogs
with frontlimb lameness and one for those
with hindlimb lameness. At each location,
replicates of two dogs were formed in order of
presentation of either front- or hindleg lame-
ness. A total of 249 client-owned dogs of vari-
ous breeds were enrolled and evaluated by vet-
erinary clinicians. The selection process
resulted in a close balance between groups in
demographic and key variables.

each owner by a person not involved in ob-
serving the dogs, allowing the investigators to
remain blinded to treatment; owners and in-
vestigators remained blinded throughout the
study. The dogs remained with their owners
during and after completion of the study.

Evaluations

The investigators conducted a physical ex-
amination and lameness evaluation at the ini-
tial visit (baseline; visit 1, between day —6 and
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day 0) and at the second (visit 2) and third
(visit 3) visits on days 14 (+2 days) and 29 (+3
days), respectively.

The lameness evaluation included overall
lameness at a walk and a trot, and lameness was
scored as follows:

¢ 0 = No lameness
1 = Mild lameness (dog touches toe to the
floor on all strides)

* 2 = Moderate lameness (dog touches toe to
the floor on all strides)

* 3 = Severe lameness (dog touches toe to the
floor on at least 50% of strides)

* 4 = Non-weight-bearing lameness (dog
touches toe to the floor on <50% of strides)

Range of motion of the most severely affected
limb was scored as follows:

* 0 = Normal range of motion

1 = Slightly reduced (<25% reduction in range)

* 2 = Moderately reduced (25% to 50% re-
duction in range)

* 3 = Severely reduced (>50% reduction in
range)

At three study sites, peak vertical force of
the affected limb while trotting was recorded
at visits 1 and 3 using force plate gait analysis.
The peak vertical force of each dog was meas-
ured by use of a force platform. A data acqui-
sition program sampled data from the force
plate channels and in turn computed the

Owners judged firocoxib to be easier
to administer and more palatable to dogs
compared with etodolac.

Pain on manipulation of the most severely af-
fected limb was scored as follows:

* 0 = No pain or not applicable

e 1 =
limb)

* 2 = Moderately painful (definitely with-
draws limb)

Slightly painful (scarcely withdraws

* 3 = Severely painful (prominently withdraws

limb)

Joint swelling of the most severely affected
limb was scored as follows:

* 0 = No swelling or not applicable

* 1 = Mild swelling (fibrosis or mild, palpable
fluid distension)

* 2 = Moderate swelling (obvious, palpable
fluctuant fluid distension)

e 3 = Severe swelling (pronounced, palpable
firm fluid distension)

ground reaction forces. At each time point for
each dog, an attempt was made to record six
valid observations for the designated limb. All
force plate values were recorded as N/kg body
weight. A valid observation was defined as
passage by a dog over the force plate in which
the forepaw contacted the surface of the plate
and was followed by contact of the ipsilateral
hind paw. The trot was the standard gait of
the dogs during the analyses, and a velocity
range of approximately 1.5 to 3.0 m/sec was
targeted.

Owners subjectively scored improvement
from visit 1 on days 7, 14, 21, and 29 (+3 days
for each) based on the following scale:

* 0 = Greatly improved from initial visit
* 1 = Moderately improved from initial visit
* 2 = Mildly improved from initial visit

* 3 = No improvement from initial visit
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At the end of each study, owners assessed
(“yes” or “no”) if the treatment was convenient
to administer and whether they felt that their
dog found the treatment to be palatable. Own-
ers also recorded potential abnormal events dai-
ly. Investigators subsequently reviewed these
and assessed the relationship to treatment.

At three locations, blood samples were col-
lected on the day before or the day of initiation
of treatment and again on approximately day
29 (£3 days). Samples were analyzed for plas-
ma chemistry and hematology profiles at a
common laboratory (LabCorp, Research Tri-

angle Park, NC).

Statistical Analysis
Efficacy

Individual endpoints included investigator
evaluation scores for lameness (at a trot and
walk), pain on manipulation, range of mo-
tion, swelling of the affected limb(s) and/or
joint, and owner observation of improvement.
Opverall incidence of improvement at visits 2
and 3—defined as a reduction in lameness

row mean scores test, controlling for study.
The dependent variables for analysis was the
difference between the final (visit 3) and base-
line (visit 1) and between the intermediate vis-
it (visit 2) and baseline (visit 1) investigator
evaluation scores.

In the analysis of peak vertical force, treat-
ments were compared using two types of
analysis: mixed-model analysis of variance and
a noninferiority comparison. Animals with
non-weight-bearing limbs were excluded
from analyses of peak vertical force. Treatment
comparisons evaluated by analysis of variance
were based on the change from baseline in
peak vertical force. Factors included in the
model were treatment as a fixed effect and
study and interaction as random effects. The
noninferiority comparison, using the normal
approximation to the binomial, compared the
proportion of dogs improved between treat-
ments. A dog was classified as “improved” if
its peak vertical force increased from its base-
line by at least two times the pooled within-
dog standard deviation. (This standard devia-

Fewer abnormal bhealth events were recorded
by owners of dogs treated with firocoxib than
with etodolac.

score of one or more at a walk or trot and/or a
reduction of two or more among the com-
bined scores for pain on manipulation, range
of motion, and joint swelling—was assessed
using a noninferiority comparison with a one-
sided lower 95% confidence limit for the dif-
ference in incidence of improvement between
the two groups. If the confidence limit was
less than 0.15 (15%), firocoxib was declared
not inferior (i.e., comparable) to etodolac. Ad-
ditional analysis of these endpoints was per-
formed using a Cochran-Mantel-Haenszel

tion refers to the variation among repeated
force plate trials within dogs and was estimat-
ed by the square root of the mean squared er-
ror from a one-way analysis of variance on
baseline peak vertical force data with dog
identification number as the independent
variable and as a classification variable.) A
one-sided 95% confidence limit for the differ-
ence in incidence of improvement in the two
groups was computed, and if the confidence
limit was less than 0.15 (15%), firocoxib was
declared comparable to etodolac.
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TABLE 2. Demographic Variables by Treatment Group for Dogs

Treated with Etodolac or Firocoxib

Variable Firocoxib (n = 128) Etodolac (n = 121)

Mean body weight in kg (range) 33.3 (5.9-79.0) 32.7 (2.8-77.2)

Mean age in years (range) 7.5 (0.9-15.5) 7.1 (1.5-20.0)

Sex (no. of dogs)

Intact females/spayed females 12/65 13/55

Intact males/castrated males 11/40 20/33

Most severely affected limb (no. of dogs)

Left fore 14 14

Right fore 11 8

Left hind 56 45

Right hind 47 54

Osteoarthritis subtype (no. of dogs)

Degenerative joint disease 94 88

Degenerative joint disease, hip dysplasia 2 0

Elbow dysplasia 1 4

Hip dysplasia 28 27

Other 28 2
Dropouts rized by treatment. All statistical testing was

Dogs that dropped out of the studies were
summarized by treatment group according to
three criteria: overall, due to an adverse effect,
and due to lack of effect. For each criterion, the
dropout incidence was analyzed by analysis of
variance. For efficacy evaluations, dropouts
due to an adverse reaction to study medication
or due to deterioration of the diagnosed condi-
tion were classified as treatment failures and as-
signed the worst possible efficacy scores. For
dropouts due to other or unknown reasons, the
last posttreatment scores, if available, were car-
ried forward (imputed). If no posttreatment
scores were available, then the values after
dropout were kept as missing. Protocol viola-
tors were handled in the same way as the “oth-
er/unknown” dropouts, from the occurrence of
the violation onward. Acceptability data (i.e.,
palatability and convenience) were summa-

two-sided and performed at the 0.05 signifi-
cance level (i.e., P < .05).

Adverse Events

Owners recorded potential abnormal events
daily. The investigators subsequently reviewed
these and assessed the relationship to treat-
ment. Potential abnormalities were coded us-
ing VEDDRA (Veterinary Medical Dictionary
for Drug Regulatory Authorities, listed in
EMEA/CVMP/413/99-Consultation, Euro-
pean Medicines Agency, London) terms by an
individual blinded to treatment group assign-
ment. Analysis of adverse events was per-
formed on all events recorded and secondarily
stratified by the investigators” assignment of re-
lation to treatment. For each treatment, inci-
dence of each specific VEDDRA term (i.e.,
number of dogs with that event reported at
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L
TABLE 3. Baseline (Visit 1) Clinical Scores and Comparison between the Groups
Baseline Scores”
Variable 0 1 2 3 4 P Value
Lameness at a trot
Firocoxib (7 = 128) 0 20 67 9 4 9103
Etodolac (= 121) 0 17 71 8 4
Lameness at a walk
Firocoxib (7 = 128) 0 27 62 9 2 4825
Etodolac (7 = 121) 1 21 69 6 3
Pain on manipulation
Firocoxib (7 = 128) 0 14 75 11 N/A .0980
Etodolac (7= 121) 2 17 74 7 N/A
Joint swelling
Firocoxib (7 = 128) 3 45 45 7 N/A .1637
Etodolac (7 = 121) 4 52 40 4 N/A
Range of motion
Firocoxib (7 = 128) 57} 44 21 B) N/A 7775
Etodolac (7 = 121) 30 48 22 0 N/A
“Expressed as percentage of dogs at each score.
%P values based on a Cochran-Mantel-Haenszel row mean scores test comparing the treatments.
N/A = not applicable.

least once) and overall incidence of abnormali-
ties (i.e., number of dogs with at least one ab-
normality reported) were analyzed using the
Pearson chi-square exact test.

M RESULTS

There were 128 dogs treated with firocoxib
and 121 dogs treated with etodolac in the
study. A total of 19 dogs dropped out over the
course of the study. The mean ages, body
weights, sex distribution, limb involved, and
type of arthritis were similar between groups
(Table 2), as was the distribution of baseline
clinical scores (Table 3).

For investigator evaluations of change for
each variable between visit 1 and visit 3, rela-
tive to etodolac-treated dogs, the firocoxib
group showed significantly greater improve-

ment at the study end for lameness at a trot,
lameness at a walk, pain on manipulation, and
range of motion (P = .0042-.0302; Table 4).
For the change between visit 1 and visit 2, dogs
treated with firocoxib versus those treated with
etodolac had significantly greater improvement
at the interim visit for lameness at a trot (P =
.0280), and there was also greater, though not
statistically significant, improvement in pain
on manipulation and range of motion (P =
.0532-.0641; Table 5). Compared with base-
line values in both groups for all variables ex-
cept range of motion in the etodolac group,
more dogs had improved at visit 3 than visit 2,
suggesting that improvement continued dur-
ing the second 2-week period of treatment.
For the overall incidence of dogs meeting the
criteria for improved by at least one lameness
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TABLE 4. Percentage of Dogs Improved from Baseline by Indicated Score for Lameness,
Pain, Joint Swelling, and Range of Motion at Visit 3, the Final Evaluation

Improvement in Score from Baseline”
Variable 3 =2 - 0 1 2 3 4 P Value®
Lameness at a trot
Firocoxib (7 = 126) 0.0 2.4 56 214 492 167 4.0 0.8 .0295
Etodolac (7 = 121) 0.0 5.8 33 256 53.7 11.6 0.0 0.0
Lameness at a walk
Firocoxib (7 = 126) 0.8 1.6 3.2 15.1 46.8 25.4 7.1 0.0 .0158
Etodolac (7 = 121) 0.8 5.0 1.7 149 61.2 15.7 0.8 0.0
Pain on manipulation
Firocoxib (7 = 125) 0.0 0.0 3.2 128 52.0 288 3.2 N/A  .0042
Etodolac (2 = 121) 0.0 1.7 6.6 21.5 50.4 16.5 3.3 N/A
Joint swelling
Firocoxib (7 = 125) 1.6 0.8 24 664 264 2.4 0.0 N/A 2190
Etodolac (7 = 121) 1.7 2.5 4.1 71.1 17.4 3.3 0.0 N/A
Range of motion
Firocoxib (7 = 125) 0.0 0.8 4.0 424 472 5.6 0.0 N/A  .0302
Etodolac (7 = 121) 0.0 4.1 58 49.6 35.5 5.0 0.0 N/A
“Expressed as percentage of dogs improved by score; values in bold are the percentage of dogs improved by 1-4 grade
levels.
4P values based on a Cochran-Mantel-Haenszel row mean scores test comparing the treatments.
N/A = not applicable.

grade or by a combined reduction of at least
two among the scores for pain on manipula-
tion, range of motion, and joint swelling, firo-
coxib and etodolac had similar percentages,
with 80.8% and 87.3% of firocoxib-treated
dogs improved and 79.3% and 83.5% of
etodolac-treated dogs improved at visit 2 and
visit 3, respectively. Based on the number of
dogs that improved by two or more grades for
lameness at a walk and trot, more dogs im-
proved to this level in the firocoxib group and
both groups had more dogs with improvement
at visit 3 than at visit 2 (Tables 4 and 5).

A total of 171 dogs (89 on firocoxib and 82
on etodolac) were included in the analysis of
peak vertical force. The mean peak vertical

force at baseline was 6.60 N/kg for the firo-
coxib-treated group and 6.72 N/kg for the
etodolac-treated group, and mean values in-
creased to 6.74 N/kg and 6.92 N/kg at visit 3,
respectively. For both groups, 62% of dogs had
an increase in peak vertical force (i.e., more
weight bearing) at visit 3. Based on the nonin-
feriority comparison, firocoxib and etodolac
were comparable for peak vertical force in dogs
with osteoarthritis.

Owner evaluations showed that throughout
the study, the level of improvement from base-
line for firocoxib-treated dogs was significantly
greater than that for etodolac-treated dogs (P =
.0009-.0055; Table 6). As with the investiga-

tor evaluations, both groups had greater levels

134



P. D. Hanson, K. C. Brooks, J. Case, M. Conzemius, W. Gordon, J. Schuessler,
B. Shelley, R. Sifferman, M. Drag, R. Alva, L. Bell, D. Romano, and C. Fleishman

L
TABLE 5. Percentage of Dogs Improved from Baseline by Indicated Score for Lameness,
Pain, Joint Swelling, and Range of Motion at Visit 2, the Interim Evaluation

Improvement in Score from Baseline”

Variable -3 2 -l 0 1 2 3 4 P Value®
Lameness at a trot
Firocoxib (7 = 125) 0.0 2.4 32 272 464 168 4.0 0.0 0.0280
Etodolac (7 = 121) 0.0 5.0 1.7 322 512 9.9 0.0 0.0
Lameness at a walk
Firocoxib (7 = 125) 0.0 2.4 40 208 504 184 4.0 0.0 0.1453
Etodolac (7 = 121) 0.8 5.0 0.0 19.0 645 107 0.0 0.0
Pain on manipulation
Firocoxib (7 = 124) 0.0 0.0 3.2 20.2  55.7 18.6 2.4 N/A  0.0532
Etodolac (2= 121) 0.0 0.8 7.4 24.0 52.1 14.1 1.7 N/A
Joint swelling
Firocoxib (7 = 124) 1.6 0 4.8 69.4 21.8 2.4 0.0 N/A  0.1917
Etodolac (7 = 121) 1.7 2.5 4.1 76.0 13.2 2.5 0.0 N/A
Range of motion
Firocoxib (7 = 124) 0.0 0.8 48 452 427 6.5 0.0 N/A  0.0641
Etodolac (7 = 121) 0.0 4.1 6.6 479 37.2 4.1 0.0 N/A
“Expressed as percentage of dogs improved by score; values in bold are the percentage of dogs improved by 1-4 grade
levels.
%P yalues based on a Cochran-Mantel-Haenszel row mean scores test comparing the treatments.
N/A = not applicable.

of improvement with continued treatment.
Treatment was judged convenient to adminis-
ter in 96.5% of the firocoxib-treated dogs and
86.5% of the etodolac-treated dogs. Treatment
was judged palatable to dogs by the owners in
66.4% of the firocoxib-treated dogs and
52.3% of the etodolac-treated dogs.
Seventy-one dogs (39 treated with firocoxib
and 32 treated with etodolac) received a variety
of concomitant medications during the stud-
ies, including drugs with cardiovascular (an-
giotensin-converting enzyme inhibitors), en-
docrine (thyroxine, estrogen), ophthalmic,
antibacterial, and antiparasitic (e.g., heart-
worm and flea) activity. There were no appar-
ent interactions between these medications

and either firocoxib or etodolac.

Physical examination, hematology, and clinical
chemistry results were largely consistent with the
general animal population included in the stud-
ies, and no clinically significant treatment-related
adverse findings were noted (Tables 7 and 8).
Dogs that dropped out of the study for any rea-
son included 10 (7.8%) treated with firocoxib
and nine (7.4%) treated with etodolac. Eight of
19 dogs that dropped out during the study did so
because of adverse experiences. Of these, six were
considered treatment related: one dog treated
with firocoxib (0.8% incidence; posttreatment
vomiting) and five dogs treated with etodolac
(4.1% incidence; vomiting with or without inap-
petence and lethargy in two dogs; diarrhea with
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L

TABLE 6. Percentage of Dogs Assessed by Owners as Improved
from Baseline at Days 7, 14, 21, and 29

Improvement from Baseline”
Visit None Mild Moderate Great P Value’
Day 7
Firocoxib (7 = 124) 20.2 38.7 21.0 20.2 .0047
Etodolac (7= 117) 24.8 50.4 18.0 6.8
Day 14
Firocoxib (7 = 125) 14.4 31.2 32.8 21.6 .0055
Etodolac (2 = 119) 21.0 38.7 31.9 8.4
Day 21
Firocoxib (7 = 125) 12.8 25.6 32.0 29.6 .0009
Etodolac (7 = 119) 18.5 36.1 35.3 10.1
Day 29
Firocoxib (7 = 124) 12.9 23.4 29.8 33.9 .0024
Etodolac (7= 119) 21.0 30.2 31.9 16.8
“Expressed as percentage of dogs improved by score.
4P values based on a Cochran-Mantel-Haenszel row mean scores test comparing the treatments.

or without abdominal pain in three dogs). Three
firocoxib-treated dogs and three etodolac-treated
dogs dropped out because their condition wors-
ened. Five dogs dropped out or were excluded for
other or unknown reasons.

Fewer abnormal health events were recorded
by owners of dogs treated with firocoxib than
with etodolac. At least one abnormal event re-
gardless of relationship to treatment was recorded
for 21 (17.4%) etodolac-treated dogs and 12
(9.4%) firocoxib-treated dogs (Table 9). Diarrhea
was reported in significantly more dogs receiving
etodolac (10 dogs) than those receiving firocoxib
(one dog; P =.0044). One dog treated with firo-
coxib had one abnormal event (vomiting) con-
sidered related to treatment by the investigator. In
contrast, five dogs treated with etodolac had six
abnormal events (vomiting, anorexia, diarrhea,
lethargy, melena, and pain) considered related to
treatment by the investigator, and two of these
dogs had more than one event.

B DISCUSSION

Multicenter field trials of this type offer
many challenges compared with smaller, con-
trolled laboratory studies. Although training
with all investigators together was provided, it
is not possible to ensure absolute uniformity in
clinical assessment across all sites. Similarly, al-
though owner assessment is valuable, it is also
prone to considerable variation among owners.
These potential deficiencies are offset at least
somewhat by the relatively large sample sizes af-
forded in such a multicenter trial. Sampling for
hematology and clinical chemistries in this
study did not require fasted samples, which in-
troduced variability in those parameters for
which diet (e.g., amount of fat and protein in-
gested) may affect results. Use of a force plate
was included at three of the study sites. Vari-
ability in force results may have been reduced if
the velocity range were tightened."” However, in
a large population of dogs with varying degrees
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TABLE 7. Mean Hematology Values at Baseline and Study End“

Firocoxib Etodolac
Variable Day 0 Day 29 Day 0 Day 29
Erythrocyte count (10°/pl) 7.13 6.90 7.21 7.05
Leukocyte count (10%/ul) 8.73 9.13 8.91 10.3
Bands (absolute count [10%/pl]) 0.01 0.00 0.00 0.03
Bands (%) 0.07 0.03 0.01 0.19
Basophils (absolute count [10°/pl]) 0.03 0.00 0.02 0.00
Basophils (%) 0.21 0.01 0.15 0.01
Eosinophils (absolute count [10*/pl]) 0.44 0.44 0.44 0.49
Eosinophils (%) 4.63 4.79 4.91 4.76
Lymphocyte (absolute count [10°/pl]) 1.85 1.98 1.87 2.00
Lymphocyte (%) 21.5 22.1 21.6 20.3
Monocytes (absolute count [10%/pl]) 0.34 0.44 0.39 0.43
Monocytes (%) 4.02 4.52 4.25 4.12
Neutrophils (absolute count [10°/pl]) 6.09 6.28 6.19 7.31
Neutrophils (%) 69.8 68.5 69.1 70.6
Platelet count (10°/pl) 2.88 2.94 2.71 3.05
Mean platelet volume (fl) 10.3 10.3 10.3 10.2
Hemoglobin (g/dl) 17.0 16.6 17.2 16.9
Hematocrit (%) 49.9 47.3 49.7 48.1
Mean corpuscular volume (f1) 69.1 68.7 69.1 68.4
Mean corpuscular hemoglobin (pg) 23.9 24.1 23.9 23.9
Mean corpuscular hemoglobin concentration (%) 34.6 35.1 34.6 35.0
“Dogs were not required to be fasted before blood was collected, which may have affected variables on which diet (e.g.,
fat, protein) has an effect.

and causes of lameness, further reduction of the
velocity range was not practical. Interestingly, it
was noted that velocity was relatively consistent
throughout the trial for any given dog.

At each investigator observation following
the start of treatment, significantly more firo-
coxib-treated dogs than etodolac-treated dogs
showed improvement in lameness measured at
a trot; at visit 3, the differences favoring firo-
coxib were also significant for lameness at a
walk, pain on manipulation, and range of mo-
tion. These results were driven by more dogs
treated with firocoxib having greater levels of
improvement relative to baseline. Both firocox-
ib and etodolac provided substantial improve-

ment in the clinical signs of canine osteoarthri-
tis as assessed by veterinarians and dog owners.
The efficacy benefit of treatment with each
product appeared to increase as the trial pro-
gressed, with additional dogs showing greater
levels of improvement during the later 2-week
period of the study. This increase in improve-
ment over time may be a direct benefit of treat-
ment. Alternatively, it may be a combination
effect of the dog having less pain and being
willing to exercise more, leading to improved
muscling and improved body condition to
overcome the lameness.

For selective COX-2 inhibitors, a potential
benefit of sparing the COX-1 enzyme is that

137



Veterinary Therapeutics ® Vol. 7, No. 2, Summer 2006

|

TABLE 8. Mean Clinical Chemistry Values at Baseline and Study End“

Firocoxib Etodolac
Variable Day 0 Day 29 Day 0 Day 29
Total protein (g/dl) 6.7 6.4 6.6 6.0
Albumin (g/dl) 3.5 3.4 BS) 3.2
Globulin (g/dl) 3.2 3.0 3.1 2.8
Albumin:globulin ratio 1.1 1.1 1.1 1.2
Alanine aminotransferase (IU/L) 71 61 58 65
Alkaline phosphatase (IU/L) 175 163 96 92
Aspartate aminotransferase (IU/L) Bl 26 29 33
Glucose (mg/dl) 99 105 99 104
Cholesterol (mg/dl) 240 238 241 235
Triglycerides (mg/dl) 159 168 133 142
Direct bilirubin (mg/dl) 0.13 0.10 0.11 0.12
Total bilirubin (mg/dl) 0.35 0.27 0.33 0.29
Creatinine (mg/dl) 1.0 1.1 1.0 1.0
Blood urea nitrogen (mg/dl) 17.6 23.7 17.0 17.4
Calcium (mg/dl) 11.0 10.7 11.0 10.5
Chloride (mEq/L) 113 113 113 112
Iron (pg/dl) 156 148 156 139
Phosphorus (mg/dl) 4.0 4.2 3.9 4.2
Potassium (mEq/L) 4.3 4.5 4.4 4.3
Sodium (mEq/L) 153 152 153 152
“Dogs were not required to be fasted before blood was collected, which may have affected variables on which diet (e.g.,
fat, protein) has an effect.

efficacy can be achieved with less risk of ad-
verse reactions, particularly related to the gas-
trointestinal tract. In this study, use of firocox-
ib versus etodolac was associated with a nearly
twofold reduction in potential abnormal
events overall and a 10-fold reduction in cases
with diarrhea. Differences in COX selectivity
have been shown between firocoxib and
etodolac, and these may contribute to the dif-
ferent performance of the two products in this
study. Studies using in vitro canine whole
blood assays have calculated the ratios of dif-
ferent NSAID:s for the concentrations that re-
sult in inhibition of 50% and 80% of COX ac-
tivity (IC;, and IC,, respectively). For
firocoxib, the IC;, ratio of COX-1:COX-2 was

calculated as 384, and for IC,, the ratio was
4277 In a different report, also based on an in
vitro canine whole blood assay, the etodolac
IC,, and ICy, COX-1:COX-2 ratios were 0.53
and 1.08, respectively, indicating that etodolac
is COX-1 selective to nonselective in activity
depending on the drug concentration.’

The results reported here are consistent with
other field trial findings involving 218 dogs in
which firocoxib was found to be significantly
more effective than carprofen in reducing pain
and lameness associated with canine osteoarthri-
tis.” The percentage of dogs that had at least one
abnormality during that study was greater in the
carprofen group (P = .06). Calculated IC,,
COX-1:COX-2 ratios from the whole blood as-

138



P. D. Hanson, K. C. Brooks, J. Case, M. Conzemius, W. Gordon, J. Schuessler,

B. Shelley, R. Sifferman, M. Drag, R. Alva, L. Bell, D. Romano, and C. Fleishman

TABLE 9. Percent Incidence of Health Events Occurring at a Rate Greater
Than 1% Reported during 30 Days of Dosing with Firocoxib or Etodolac,
without Regard to the Relationship to Treatment

Percent of Dogs Percent of Dogs
Treated with Firocoxib Treated with Etodolac

VEDDRA Term” = 128) = 121) P Value®
Any event 9.4 17.4 .0913
Diarrhea 0.8 8.3 .0044
Emesis 3.9 6.6 4007
Melena 0.0 2.5 1133
Anorexia 2.3 2.5 1.0000
Lethargy 0.8 2.5 .6131
Pain 1.6 0.8 1.0000

ulatory Authorities (VEDDRA).

“Health events were recorded in daily diaries and then coded based on the Veterinary Medical Dictionary for Drug Reg-

%P value based on a Pearson chi-square exact test comparing the treatments.

say for carprofen are reported to range from 6.5
to 16.8.>% As with etodolac, comparison with
carprofen lends support to the thesis that greater
selectivity for COX-2 and greater sparing of
COX-1 offer potential benefit.

Long-term inhibition of COX-2 in humans
without concomitant inhibition of COX-1 has
been associated with an increase in cardiovascu-
lar events. A prominent theory explaining why
this occurs is based on the balance between
COX-2—derived vascular endothelial prostacy-
clin and its role in offsetting the thrombogenic
properties of COX-1—derived thromboxane."
Unlike in humans, cardiovascular disease in
dogs is infrequently related to thromboembolic
events. Use of COX-2—preferential or —selective
drugs currently available for dogs (e.g., carpro-
fen, deracoxib, meloxicam) has not been associ-
ated with an increase in cardiovascular events.
The constitutive role of COX-2 in dogs is still
being investigated. COX-2 mRNA has been
detected in a number of canine tissues, includ-
ing gastrointestinal tract, ovary, brain, kidney,
and liver.* However, no expression of COX-2
protein was detected in these same tissues in

healthy dogs, supporting its role as a proin-
flammatory inducible enzyme. The predomi-
nant side effects associated with NSAID use in
dogs remain those typically linked to inhibition
of COX-1, including vomiting, diarrhea, gas-

tric ulceration, and renal damage."'¢

B CONCLUSION

These data demonstrate that firocoxib in a
chewable tablet formulation was effective, safe,
and acceptable for the control of pain and in-
flammation associated with osteoarthritis in
dogs under field-use conditions. Although
similar numbers of dogs treated with firocoxib
and etodolac met the basic definition for im-
provement, there were significantly greater lev-
els of improvement for specific variables ob-
served with firocoxib in osteoarthritic dogs.
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