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The pharmacokinetics of oclacitinib maleate was evaluated in four separate

studies. The absolute bioavailability study used a crossover design with 10

dogs. The effect of food on bioavailability was investigated in a crossover

study with 18 dogs. The breed effect on pharmacokinetics was assessed in a

crossover study in beagles and mongrels dogs. Dose proportionality and mul-

tiple dose pharmacokinetics were evaluated in a parallel design study with

eight dogs per group. In all four studies, serial blood samples for plasma were

collected. Oclacitinib maleate was rapidly and well absorbed following oral

administration, with a time to peak plasma concentration of <1 h and an

absolute bioavailability of 89%. The prandial state of dogs did not signifi-

cantly affect the rate or extent of absorption of oclacitinib maleate when

dosed orally, as demonstrated by the lack of significant differences in pharma-

cokinetic parameters between the oral fasted and oral fed treatment groups.

The pharmacokinetics of oclacitinib in laboratory populations of beagles and

mixed breed dogs also appeared similar. Following oral administration, the

exposure of oclacitinib maleate increased dose proportionally from 0.6 to

3.0 mg/kg. Additionally, across the pharmacokinetic studies, there were no

apparent differences in oclacitinib pharmacokinetics attributable to sex.
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INTRODUCTION

APOQUEL� (oclacitinib maleate) was the first selective Janus

kinase (JAK) inhibitor to be developed for dogs. It was recently

approved for the control of pruritus associated with allergic

dermatitis and control of atopic dermatitis in dogs at least

12 months of age. In recent years, there has been a significant

evolution in understanding regarding the pathophysiology of

allergic and atopic diseases. The molecular mechanisms

involved in stimulating the itch response have been elaborated

(Marsella et al., 2012), and it is now understood that cytokines

play a key role in initiating the neuronal itch stimulation

which triggers pruritic behavior (scratching, rubbing, chewing,

etc.) in dogs. This leads to the establishment of a vicious cycle

of itch that exacerbates skin lesions and amplifies defects in the

skin barrier function in clinically affected dogs. This progress

provided the opportunity to develop new treatments (Marsella

et al., 2012). Specifically, Janus kinases play a central role in

cytokine signaling and are involved in signal transduction of

many pro-inflammatory, pro-allergic, and pruritogenic cyto-

kines including IL-2, IL-4, IL-6, IL-13, and IL-31 that are

implicated in allergic conditions (Ong & Leung, 2006;

Carmi-Levy et al., 2011).

APOQUEL was selected for development, in part, because in

cellular assays, it preferentially inhibits JAK1-dependent cyto-

kines involved in allergy, inflammation, and pruritus (Gonzales

et al., 2013) over JAK2-dependent cytokines which are associ-

ated with changes in the hematopoietic system (Ghoreschi

et al., 2009; Quintas-Cardama et al., 2011). Additionally, ocla-

citinib’s inhibitory effect on IL-31, a cytokine which plays a

key role in canine pruritus, was demonstrated recently in

IL-31 and flea-associated pruritus models as well as in naturally

diseased animals (Fleck et al., 2012; Gonzales et al., 2012).

An APOQUEL clinical field study in client-owned dogs suffer-

ing from pruritus associated with allergic dermatitis demon-

strated that a twice a day dose of 0.4–0.6 mg oclacitinib/kg

provided a rapid onset of efficacy with a reduction in pruritus

within the first observation time at 24 h postadministration

(Cosgrove et al., 2013). Pruritus scores decreased from ‘severe

itching’ to ‘very mild itching’ the first week of oclacitinib treat-

ment. In another clinical field study, oclacitinib maleate was

demonstrated to be safe and effective in the treatment of
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canine AD when administered at the targeted label dose of

0.4–0.6 mg/kg twice a day for 2 weeks and then reduced to

0.4–0.6 mg/kg once a day for maintenance therapy (Cosgrove

et al., accepted).

This manuscript describes the pharmacokinetics of oclacitinib

in dogs as observed in four laboratory studies. Study 1

describes the absolute oral bioavailability of oclacitinib admin-

istered in the commercial tablet formulation. Study 2 deter-

mined whether prandial state affected the pharmacokinetics of

orally administered oclacitinib. Study 3 compared the effect of

dog breed (beagle vs. mongrel) on the intravenous and oral

pharmacokinetics of oclacitinib. Finally, Study 4 evaluated oral

pharmacokinetics of oclacitinib following multiple days of dos-

ing and determined oral dose proportionality from 0.6 to

3.0 mg/kg.

MATERIALS AND METHODS

Pharmacokinetic studies

These studies were conducted in accordance with regulations

outlined in the USDA Animal Welfare Act (9 CFR Parts 1, 2,

and 3) and the conditions specified in Guide for the Care and

Use of Laboratory Animals (National Academy Press, Washing-

ton DC, 1996).

Oclacitinib was studied as the maleate salt. All doses are

expressed in terms of mg/kg of free base. Studies 1 and 4 used

the commercial tablet formulation. Studies 2 and 3 used bulk

drug and microcellulose in gelatin capsules. In all four studies,

serial blood samples for determination of pharmacokinetics

were collected following oclacitinib administration. Blood sam-

ples were collected via jugular venipuncture into K2 EDTA

tubes and placed on ice until centrifuged. Harvested plasma

was stored at approximately �20 °C until analysis, and all

samples were analyzed within the long-term sample stability

limit established according the FDA guidance 145). The single

dose studies (Studies 1–3) collected blood samples at 0, 0.03,

0.5, 1, 2, 4, 8, 12, 24, 32, and 48 h postdose. Sampling times

were more limited for the multiple dose study (Study 4), with

blood samples collected at 0, 1, 4, 8, and 12 h after the first of

the two daily doses on Days 0, 21, 53, and 168. For all stud-

ies, the blood samples were considered to be on time if the

actual sampling times were within �10% of the prescribed

time and �1 h for the 24, 32, and 48 h samples.

Study 1: bioavailability

Ten beagle dogs (5 male, 5 female) (Marshall BioResources,

North Rose, NY, USA) were used in a two-period, two-treat-

ment GLP (Good Laboratory Study) crossover study design with

two sequences. The dogs were approximately 8 months of age,

6.25–10.9 kg at the time of enrollment and were randomly

assigned to treatment sequence. The treatments were a single

intravenous (i.v) 0.282 mg/kg bolus dose and a single 0.4–

0.6 mg/kg oral dose. The periods were separated by a one-

week washout period, and dogs received each treatment only

once. For the i.v treatment, the oclacitinib solution (20% 2-hy-

droxypropyl-b-cyclodextrin in sterile water and 3.8 mg/mL

oclacitinib) was administered via the cephalic vein as an i.v

bolus. For the oral treatment, dogs received a single 3.6 mg or

5.4 mg oclacitinib tablet depending on body weight to result in

administration of a 0.4–0.6 mg/kg dose. For both treatments,

animals were fasted overnight prior to dosing and were fed 4 h

postdose. The oral pharmacokinetic parameters for each dog,

Cmax, AUC0-t(last), and AUC0-∞, were normalized to 0.4 mg/kg.

Study 2: food effect

Eighteen beagle dogs (9 male, 9 female) (Marshall BioResources)

were used in a three-period, three-treatment crossover study

design that had six sequences such that each dog received

each treatment only once. The dogs were between 1 and

5 years of age, 7.5–13.3 kg at the time of enrollment and

were blocked on body weight into blocks of six dogs and within

block randomly assigned to treatment sequence. The treat-

ments included a single i.v bolus dose of 0.5 mg/kg, a single

oral dose of 0.5 mg/kg administered in the fasted state and a

single oral dose of 0.5 mg/kg administered in the fed state.

Food was withheld for the i.v and fasted treatments overnight

and until approximately 4 h postdose. Food (50 g of Hills Pre-

scription Diet p/d (canned dog food) plus approximately 250 g

of Purina Lab Canine Diet 5007) was provided for the fed

treatment 30 min prior to dose administration, and food con-

sumption was measured 1 h postdose. The periods were sepa-

rated by a one-week washout. For the i.v treatment, the

oclacitinib solution (20% 2-hydroxypropyl-b-cyclodextrin in

sterile water and 5.0 mg/mL oclacitinib) was administered via

the cephalic vein as an i.v bolus using a dose volume of

0.1 mL/kg. For the oral treatment, dogs received a single gela-

tin capsule (hand filled with oclacitinib maleate and microcrys-

talline cellulose) to result in a 0.5 mg/kg dose.

Study 3: breed effect

Thirty dogs (young adult to adult) were used in a crossover

study with two periods and two treatments for both beagles

(Covance, Madison, WI, USA) and mongrels (Covance). Each

dog received each treatment only once during the study. Fif-

teen beagle dogs (8 male and 7 female) weighing from 10.0 to

12.5 kg and fifteen mongrel dogs (8 male and 7 female)

weighing from 20.5 to 37.5 kg were used in the study. Due to

facility constraints, beagle and mongrel dogs were housed in

separate rooms and were randomized separately within sex to

treatment sequence. The treatments included a single i.v bolus

dose of 0.4 mg/kg and a single oral dose of 0.4 mg/kg. Food

was withheld overnight and until approximately 4 h postdose.

The periods were separated by a one-week washout. For the i.v

treatment, the oclacitinib solution (4.0 mg/mL oclacitinib solu-

tion in 20% Cavitron vehicle (hydroxypropyl-B-cyclodextrin),

pH7.0) (Cerestar, Hammond, IN, USA) was administered via

the cephalic vein as an i.v bolus using a dose volume of

0.1 mL/kg. For the oral treatment, dogs received a single
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gelatin capsule (hand filled with oclacitinib maleate and micro-

crystalline cellulose) to result in a 0.4 mg/kg dose.

Study 4: multiple dose and dose proportionality

The multiple dose and dose proportionality was evaluated in a

GLP margin of safety study. The study aspects relating to the

pharmacokinetic analysis are described here and the safety

aspects will be reported elsewhere. Thirty-two beagle dogs (16

female, 16 male) (Marshall BioResources) were allocated to

four treatment groups. Dogs in Treatment 1 received empty

placebo capsule (0 mg/kg) orally. Dogs in Treatments 2, 3,

and 4 received a combination of whole and half 3.6, 5.4, and

16 mg oclacitinib tablets orally to result in minimum target

doses of 0.6, 1.8, and 3.0 mg/kg, respectively. All dogs

received twice daily doses administered approximately 12 h

apart of 0, 0.6, 1.8, and 3.0 mg/kg for weeks 1 through 6 and

a single daily dose of 0, 0.6, 1.8, and 3.0 mg/kg for weeks 7

through 26. On pharmacokinetic sample collection days, dogs

were fasted the previous night and fed 4 h postdose adminis-

tration. To calculate AUC0–24 for study days 53 and 168,

steady-state was assumed, and the 24-h concentration was

assumed to be equal to the 0 h concentration and used for the

0 h concentration. As the actual individual doses of oclacitinib

varied from the group target doses, the pharmacokinetic vari-

ables AUC0-s (AUC of the dosing interval), Cmax, and Cs (trough

concentration) were all normalized to the group target dose.

Analytical methodology

Plasma samples from Studies 1, 3, and 4 were analyzed for

concentrations of oclacitinib by a validated protein precipita-

tion extraction method. A 50 lL volume of each sample, stan-

dard, or QC was transferred to a Costar tube in a 96-well plate

format. 200 lL of internal standard, M + 4 stable label (Pfizer

Inc., New York, NY, USA) (98.9% purity), (IS, 10 ng/mL) solu-

tion in acetonitrile was added to all samples. The plate was

sealed, mixed by vortexing, and then centrifuged at approxi-

mately 100 g for 10 min for precipitation of proteins. A 20 lL
volume of each sample was transferred to a clean 96-well

plate, diluted with 180 lL of 0.1% ammonium hydroxide,

sealed, and mixed gently. Then, the plate was placed in the

autosampler for analysis by LC-MS/MS.

A 10 lL volume of each prepared sample was injected onto a

5 lm Zorbax Extend C18 50 9 2 mm HPLC column and eluted

at 0.300 mL/min using a gradient. The HPLC mobile phases

were A: 0.1% ammonium hydroxide in water (pH = 10.7) and

B: 0.1% ammonium hydroxide in acetonitrile. The gradient

went from 90% A/10% B to 70% A/30% B in 0.5 min and held

at 70% A/30% B for 2 min. Detection was performed using a

Sciex API 4000 mass spectrometer (MDS Sciex, Foster City, CA,

USA) using positive electrospray ionization (ESI+) with multiple

reaction monitoring of the transitions 338 ? 149 amu for

oclacitinib and 342 ? 149 amu for M + 4 stable label. The

retention times were approximately 3 min for oclacitinib and

for the stable label, with a total run time of 5 min. Peak areas

were used for quantitation with quadratic regression (1/92

weighting). Samples above the upper limit of quantitation were

re-assayed after dilution with blank dog plasma. The concentra-

tion range of the calibration curve was 0.5–1000 ng/mL.

Each analytical run contained duplicate standard curves

ranging from 0.5 to 1000 ng/mL oclacitinib and quality con-

trol samples (n = 5 sets, minimum) at 1.0, 30, and 600 ng/

mL. Integration of chromatograms was performed in Analyst

Software (v1.4.2; Applied Biosystems, Foster City, CA, USA),

and raw data (peak areas) were imported into Watson LIMS

(v7.2.0.03; Thermo Fisher Scientific, Philadelphia, PA, USA)

for standard regression. Intrarun bias of standards ranged from

�7.5 to 6.0% including samples at the (lower limit of quantita-

tion) LLOQ (0.5 ng/mL), and intrarun bias of quality control

samples ranged from �2.0 to 9.0%. The inter-run coefficient of

variation ranged from 0.7 to 16.7% for standards and 0.4–

13.2% for quality control samples.

Plasma samples from Study 2 were analyzed using a nearly

identical method as above, with the exception that a close

structural analog was used as the internal standard (transition

378 ? 149 amu, Pfizer, Inc., >95% purity), and the standard

curve range was 0.1–1000 ng/mL.

Data analysis

Plasma concentration. To determine means and confidence

intervals for the oclacitinib plasma concentration data, the log-

transformed concentrations were analyzed using a repeated-

measure analysis of variance. The factors included in the

analysis varied based on the study design. Plasma

concentrations that were below the lower limit of quantitation

(LLOQ) were included as one half the LLOQ if greater than half

of the values were above the LLOQ. If greater than half of the

plasma concentration values for a given time point were below

the LLOQ, then the mean and confidence intervals were not

reported.

Non-compartmental pharmacokinetic calculations and statistical

analysis

Pharmacokinetic calculations were performed on the plasma

concentration data from the studies using noncompartmental

analysis with Watson version 7.2.0.03. The actual collection

times did not vary beyond the prescribed times, thus calcula-

tions used nominal times. Estimates of the area under the

plasma concentration vs. time profile (AUC) were determined

by the linear trapezoidal method with extrapolated area deter-

mined using the slope of the log-linear phase. Estimates for the

observed maximum plasma concentration (Cmax), time to maxi-

mum concentration (tmax), AUC0-t(last), AUC0-∞, and terminal

half-life (t½) were determined for all animals. For animals

receiving i.v administration, concentration at time 0 (C0) was

determined by back extrapolating from a linear regression of

the first two time points. The total body clearance (CL)

(CL = Dose/AUC0-∞)and apparent volume of distribution at

steady-state (Vdss) (Vdss = CL*MRT) were also calculated in

© 2013 John Wiley & Sons Ltd
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Watson. Plasma concentrations that were below the LLOQ

were excluded from the pharmacokinetic analysis.

In Study 1, the log-transformed AUC0-∞ values were ana-

lyzed using the model described below to estimate the bioavail-

ability. The 0.282 mg/kg i.v AUC0-∞ values were dose adjusted

to 0.4 mg/kg assuming dose proportionality. The difference

between the mean AUC0-∞ values from the oral and i.v treat-

ments on the log-transformed scale was calculated. Back-trans-

forming the difference resulted in the estimate of absolute

bioavailability.

The means and confidence intervals (CI) associated with the

pharmacokinetic parameters were estimated using a mixed

effects linear model. The parameters Cmax, CL, Vdss, AUC0-t(last),

and AUC0-∞ were log-transformed prior to analysis, and t½ was

inverse-transformed prior to analysis. For Study 1 and Study 3,

the model included the fixed effects of sequence, period, and

treatment, and the random effects of animal and within animal

error. For Study 2, the model included the fixed effects of per-

iod, treatment, and carryover; and random effects of block, ani-

mal (block), and within animal error. For Study 4, the model

included the fixed effects of sex, treatment, and sex by treat-

ment interaction and random effects of block (sex) and

between animal errors. Back-transformed means and 95% CI

were constructed and reported.

To test for dose proportionality in Study 4, a previously

described method was utilized (Gough et al., 1995; Klamerus

et al., 1992; Smith et al., 2000; Hummel et al., 2009). Briefly,

Cmax and AUC0-∞ were fit to the model: Log(Y) = a + b•Log
(dose). This relationship can also be expressed as, Y = a•Doseb,
where Y = Cmax or AUC0-∞, a is dependent on other terms in

the model and b is a proportionality constant which equals 1 if

dose proportionality holds. The model included the fixed effect

terms for sex, log (dose), lack of fit (dropped from the model if

not significant) and random effect terms for block (sex) and

error. The b parameter was estimated, and a 90% confidence

interval was determined. Dose proportionality was concluded if

the 90% confidence interval on the estimate of b included 1

and if the test for lack of fit was not significant (P > 0.05).

RESULTS

Administration of oclacitinib was well tolerated in all treatment

groups in all studies. No animals were withdrawn from the

studies, and no serious adverse reactions were observed.

Study 1: bioavailability

Least-squares mean plasma concentration–time profiles of ocla-

citinib following i.v administration of 0.282 mg/kg and oral

administration of 0.4–0.6 mg/kg dose are shown in Fig. 1.

The estimates of the noncompartmental pharmacokinetic

parameters following i.v administration and a single oral

administration of oclacitinib maleate are summarized in

Table 1. The blood sampling was adequate to characterize the

pharmacokinetic profile, as the extrapolated AUC was within

1% of the AUC0-t(last). Oclacitinib maleate was well absorbed

from the proposed commercial tablets with an absolute oral

bioavailability of 89% (95% CI 85–94%). There were no appar-

ent differences between males and females in plasma concen-

trations or pharmacokinetic parameters.

Study 2: food effect

Following oral administration in the fed state, all subjects with

the exception of one dog consumed >25% of their daily ration of

food within 1 h of dose administration. This subject consumed

approximately 2% of food in this time period. All subjects were

included in the analyses. Least-squares mean plasma concentra-

tion–time profiles of oclacitinib following i.v administration and

oral administration in the fasted and fed state at a dose of

0.5 mg/kg are shown in Fig. 2. The estimates of the noncom-

partmental pharmacokinetic parameters following i.v adminis-

tration and a single oral administration of oclacitinib are

summarized in Table 1. The blood sampling was adequate to

characterize the pharmacokinetic profile, as the extrapolated

AUC was within 1% of the AUC0-t(last). Oclacitinib maleate was

well absorbed with an absolute oral bioavailability of

85 � 24.9% when dosed to fasted dogs and 79 � 27.9% when

dosed to fed dogs. There were no significant differences at the

10% level of significance (P < 0.10) in tmax, Cmax, AUC0-t(last), or

AUC0-∞ between the oral fasted and oral fed treatment groups.

There were no apparent differences between males and females

in plasma concentrations or pharmacokinetic parameters.

Study 3: breed effect

The least-squares mean for the pharmacokinetic variables are

presented in Table 1, and the least-squares mean plasma
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Fig. 1. Least-squares mean and 95% confidence interval plasma con-

centration–time profiles of oclacitinib in beagle dogs following either a

single intravenous administration of 0.282 mg/kg or oral administra-

tion of 0.4–0.6 mg/kg oclacitinib. Values below the limit of quantifica-

tion (LOQ) were replaced with ½ LOQ (0.5 ng/mL); note that at 48 h

all of the dogs except for one dog in the i.v treatment group and one

in the oral treatment were below the LOQ.
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concentrations are illustrated in Fig. 3. The plasma sampling

scheme provided sufficient data to characterize AUC0-∞, based

on the percent extrapolation. There were no apparent differ-

ences between males and females in plasma concentrations or

pharmacokinetic parameters. The plasma concentration–time

profiles and the pharmacokinetic parameters following i.v and

p.o administration to beagle and mongrel dogs were very sim-

ilar. Although a statistical test for equivalence was not per-

formed due to the inability to randomize beagles and

mongrels between rooms, the similarity of the means and the

overlap of the confidence intervals following both i.v and oral

administration demonstrated that breed does not impact the

pharmacokinetic profile of oclacitinib.
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Fig. 2. Least-squares mean plasma concentration–time profiles of ocla-

citinib in beagle dogs following either a single intravenous administra-

tion of 0.5 mg/kg or oral administration of 0.5 mg/kg oclacitinib to

fed or fasted dogs.
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Fig. 3. Least-squares mean plasma concentration–time profile of ocla-

citinib in beagle and mongrel dogs following either a single intrave-

nous administration of 0.4 mg/kg or oral administration of 0.4 mg/kg

oclacitinib.
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Study 4: multiple dose and dose proportionality

Least-squares mean plasma concentration–time profiles of ocla-

citinib following oral administration of 0, 0.6, 1.8, and

3.0 mg/kg for 168 days are shown in Fig. 4. The actual doses

for the 0.6 mg/kg nominal dose were 0.6–0.7 mg/kg, 1.8–1.9

for the 1.8 mg/kg nominal dose group, and 3.0–3.1 mg/kg for

the 3.0 mg/kg nominal dose group. The estimates of the non-

compartmental pharmacokinetic parameters on days 0, 21,

53, and 168 are summarized in Table 2. On Day 0, AUC0–12
and Cmax increased in a dose-related manner following oral

administration of tablets dosed at target doses of 0.6 mg/kg,

1.8 mg/kg, and 3.0 mg/kg. The increase in AUC0–12 and Cmax

was dose proportional from 0.6 to 3.0 mg/kg.

Across all days and doses, there did not appear to be any sys-

tematic male/female differences in pharmacokinetic parameters.

Plasma exposure increased with the number of doses following

twice a day administration with a significant difference at the

0.10 concentration in AUC0–12 for study Day 0 in comparison

with Day 21. There was a numerical decrease in the plasma

exposure over the 24-h period following the change in dosage

regimen to once a day on Day 43. The Day 0 and Day 53 least-

squares mean values for Cmax were not significantly different for

0.6, 1.8, and 3.0 mg/kg. Day 53 and Day 168 the least-squares

mean values for Cmax and AUC0–24 were not significantly differ-

ent for 1.8 and 3.0 mg/kg. While the Day 53 and Day 168 least-

squares mean values for Cmax and AUC0–24 following 0.6 mg/kg

once a day were significantly different, the Cs values were not.

DISCUSSION

In all four studies, following oral administration oclacitinib

was rapidly absorbed in dogs with mean maximum plasma

concentrations occurring at approximately 1 h postdose. This

absorption is consistent with the observed rapid onset of pruri-

tus reduction in both laboratory and clinical field studies with

APOQUEL (Fleck et al., 2012; Cosgrove et al.,2013). Oclacitinib

was shown to be a low clearance compound as defined by Tou-

tain (Toutain & Bousquet-Melou, 2004) with a moderate vol-

ume of distribution. The absolute oral bioavailability was high

with a mean range of 79% to 89%. Furthermore, it can be

concluded that the absorption is nearly complete based on the

calculated fraction absorbed of >0.9 (based on the data pre-

sented in Table 1; bioavailability of 85%, mean clearance of

4 mL/min/kg, and liver blood flow of 40 mL/min/kg). The

observed increase in mean AUC0–12 from Day 0 to Day 21 of

40% was slightly greater than the expected increase in approx-

imately 15% based on plasma elimination half-life (t½) of 4 h.

Assuming a t½ of 4 h, it would be predicted that steady-state

would be achieved by the second dose following the dosage
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Fig. 4. Least-squares mean plasma concentration–time profiles of ocla-

citinib in beagle dogs following oral twice daily administration (Day 0,

21) and once daily administration (Day 53, 168) of 0.6 mg/kg,

1.8 mg/kg, and 3.0 mg/kg.

Table 2. Summary of LS mean pharmacokinetic parameters following

oral administration of 0, 0.6, 1.8, and 3.0 mg/kg oclacitinib twice a

day (BID) the first 6 weeks and then once a day (SID) for an additional

20 weeks

Pharmacokinetic

Variable Treatment Day LS mean 90% CI

Cmax (ng/mL) 0.6 mg/kg BID 0 238 195–290

21 328 269–400
0.6 mg/kg SID 53 255 209–310

168 333 273–406
1.8 mg/kg BID 0 708 580–863

21 1030 844–1260
1.8 mg/kg SID 53 711 583–867

168 846 694–1030
3.0 mg/kg BID 0 1260 1040–1540

21 2570 2110–3130
3.0 mg/kg SID 53 1380 1130–1680

168 1610 1320–1960

tmax (h) 0.6 mg/kg BID 0 1 1–2
21 2 1–3

0.6 mg/kg SID 53 2 1–2
168 1 0–2

1.8 mg/kg BID 0 1 1–1
21 1 1–1

1.8 mg/kg SID 53 1 1–2
168 1 1–1

3.0 mg/kg BID 0 1 0–2
21 1 0–2

3.0 mg/kg SID 53 2 1–3
168 3 2–4

AUC0-s*

(ng�h/mL)

0.6 mg/kg BID 0 1341 1060–1690
21 1920 1520–2430

0.6 mg/kg SID 53 1720 947–3130
168 2020 1110–3680

1.8 mg/kg BID 0 4050 3170–5160
21 6800 5330–8680

1.8 mg/kg SID 53 5100 2900–8960
168 5790 3290–10 200

3.0 mg/kg BID 0 6720 5080–8910
21 15 000 11 300–19 900

3.0 mg/kg SID 53 10 900 4840–24 500

168 12 800 5680–28 700

*BID s = 12 and SID s = 24.

© 2013 John Wiley & Sons Ltd
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regimen change from twice daily to once daily. The similarity

of the observed pharmacokinetic parameters on Day 53

(change from twice a day to once a day was on day 43) and

Day 168 at 0.6 mg/kg once a day supports this conclusion.

The observed pharmacokinetic parameters of rapid oral absorp-

tion and high bioavailability were consistent with the physico-

chemical properties of oclacitinib. The in vitro permeability of

oclacitinib was experimentally determined in a Caco-2 cell mono-

layer study. The permeability was high, 40.4 9 10�6 cm/sec,

greater than the control for high permeability (Zoetis internal data

not shown). Additionally, the solubility of oclacitinib is pH depen-

dent with a significant drop in solubility above pH 4 down to prac-

tically insoluble by pH 5.5 (Zoetis internal data not shown). The

dog gastric pH in fed and fasted dogs is typically <4 (Sagawa et al.,

2009; Mahar et al., 2012). At a pH of <4, the solubility of oclaciti-

nib maleate (10.43 mg/mL at pH3.8) the dose for a 10 kg dog

(6 mg) would fully dissolve in 0.6 mL. Although the estimation of

the liquid volume to use for a dog is complex due to the relative

small number of studies in the literature, the large size differences

among individual dogs, and the lack of administration of water

with doses, the suggested volumes for a 10 kg dog of 9–20 mL are

well above what is needed for oclacitinib to be fully soluble (Marti-

nez & Papich, 2012). The solubility profile of oclacitinib is also sup-

portive of the lack of a prandial effect. Although the pH in the fed

state has been shown to spike to around pH 7, a majority of the

time the pH is 2–4 (Sagawa et al., 2009; Mahar et al., 2012).

Thus, under both fed and fasted conditions, oclacitinib was

expected to be fully dissolved in both states, further supporting the

observed experimental result that oclacitinib, given with or with-

out food results in a similar oral pharmacokinetic profile.

The pharmacokinetic analysis in beagles/mongrels and males/

females does not predict any population differences. The plasma

concentration–time profiles and the pharmacokinetic parameters

following i.v and oral administration to beagle and mongrel dogs

were very similar. Although a statistical test for equivalence was

not performed due to the inability to randomize beagles and

mongrels between rooms, the similarity of the means and the

overlap of the confidence intervals following both i.v and oral

administration leads to the conclusion that breed does not

impact the pharmacokinetic profile. Although a formal popula-

tion model was not developed, all the pharmacokinetic data

predict that no clinically different pharmacokinetic profiles in

client-owned dogs would be different from those reported here.

The four pharmacokinetic studies demonstrated that at the

approved label dose of 0.4–0.6 mg oclacitinib per kg APOQUEL

exhibits rapid and nearly complete absorption, low clearance,

no pharmacokinetic differences in male, female, fed, fasted,

beagle and mongrel dogs, and dose proportionality.
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