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Background - Oclacitinib is a selective Janus kinase inhibitor for the treatment of canine allergic pruritus and
atopic dermatitis in dogs. Glucocorticoids and ciclosporin increase urinary tract infection (UTI) frequency in dogs
with inflammatory skin disease.

Objective — Prospective study to evaluate the frequency of UTI and subclinical bacteriuria in dogs with allergic
dermatitis receiving oclacitinib.

Methods - Client-owned dogs >2 years of age with a history of allergic dermatitis without apparent history of
urinary tract disease or predisposition to UTI were included. Prior to enrolment, urinalysis and quantitative urine
culture were performed after a washout period of at least 14 days from systemic antimicrobial drugs and 28 days
for ciclosporin and systemic glucocorticoids. Dogs received oclacitinib at labelled dosing for an intended period of
180-230 days with a follow-up urinalysis and urine culture performed regardless of urinary tract signs. Systemic
antimicrobial and immune-modulating drugs were not administered during the study.

Results — None of the 55 dogs in this study developed UTI while receiving oclacitinib based on follow-up urinaly-
sis and urine culture performed during a range of 58-280 days (mean 195 days). Two dogs developed self-limit-
ing abnormal urinary tract signs without urine culture or urinalysis findings consistent with UTI.

Conclusions and clinical importance — These findings indicate that bacteriuria is not an expected adverse
effect in dogs treated with oclacitinib without a prior history of UTI or predisposing condition during this treat-
ment period. Therefore, routine urine culture is not indicated for such dogs in the absence of abnormal urinalysis

or clinical signs of urinary tract disease.

Introduction

Oclacitinib is a novel Janus kinase (JAK) inhibitor labelled,
in some countries, for the treatment of pruritus associ-
ated with allergic dermatitis and control of atopic dermati-
tis (AD) in dogs." Inhibition is selective for JAK 1 and JAK
3 receptors which are required for the activity of pro-
inflammatory cytokines and pruritogenic cytokines.'?

An open label trial reported urinary tract infection/cysti-
tis to occur in 28 of 247 (11.3%) oclacitinib-treated allergic
dogs.? Systemic antibiotic drugs were permitted during
the study. Urinary tract infection (UTI) is a commonly diag-
nosed condition in dogs and is defined as a disruption in

Accepted 26 March 2017

Funding: Zoetis Excellence in Dermatology Research Grant;
funding supported, in part, the diagnostic investigation of cases,
specifically methods associated with urinalysis; Zoetis played no
role in the study design, recruitment of patients, data collection,
data analysis or preparation of the manuscript.

Conflict of Interest: No conflicts of interest have been declared.
This study was presented as an abstract at the North American
Veterinary Dermatology Forum, 2017 April, Orlando, Florida.

© 2017 ESVD and ACVD, Veterinary Dermatology

host defence mechanisms leading to microbial adherence,
multiplication and persistence within the urinary tract.*”’
The diagnosis of UTl is based on the combination of appro-
priate clinical signs in addition to supporting urinalysis find-
ings and, ideally, positive urine culture.*® In contrast to
UTI, subclinical (or asymptomatic) bacteriuria is a term
used to define the presence of bacteria in the urine deter-
mined by positive bacterial culture without concurrent
cytological or clinical signs of urinary tract disease.®

An immunocompromised state can predispose patients
to bacterial internalization of the uroepithelium with subse-
quent inflammation. In dogs predisposed to recurrent or
persistent UTI, systemic glucocorticoids, chemotherapy
or other immunosuppressive drugs are identified as the
most common comorbidities.® Dogs receiving ciclosporin
and/or glucocorticoids for the control of inflammatory skin
disease for a duration of 5 months—7 years were diag-
nosed with UTI in the absence of clinical urinary signs
(subclinical bacteriuria) at frequencies of 13% and 18-
27%, respectively.’®'? Only one of these studies
described dogs actually showing clinical signs of urinary
tract disease. These signs were noted in nine of 27 dogs
with a positive urine culture.’ Quantitative urine cultures
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were used in two of the studies, whereas a previous study
utilized either positive urine culture or cytological evidence
of bacteria on urinalysis to diagnose UTI."%'? Baseline uri-
nalyses and/or urine cultures were not required prior to
drug administration in these retrospective studies to rule
out pre-existing bacteriuria. The incidence of bacteriuria
noted at a single time point in control dogs with chronic
inflammatory skin disorders in the absence of immune-
modulatory drugs ranged from 0to0 3%.'%""

Studies involving the use of JAK inhibitors in humans,
including tofacitinib and ruxolitinib, have reported an inci-
dence of UTl in 2% and 6% of patients, respectively.'"*
Oclacitinib has been shown to block the effects of IL-6, a
cytokine involved in the signalling pathway emanating
from toll-like receptor 4 in bladder epithelial cells, along
with IL-8, which in theory could lead to a decreased
defence against urinary pathogens.?'®~"” Abnormal uri-
nary tract signs described as “cystitis” in dogs receiving
oclacitinib have been reported at a frequency of 0.5-
11.3%.%"819 Quantitative urine cultures, the gold stan-
dard in confirming a UTI, were not evaluated in these
studies to assess bacteriuria.>®?° The incidence of UTI or
subclinical bacteriuria in allergic dogs receiving oclacitinib
in the absence of concurrent antibiotic drugs and predis-
posing urinary or metabolic factors is unknown. More-
over, prospective studies evaluating the influence of
immune-modulatory/immune-suppressant therapy on the
development of UTI or subclinical bacteriuria by means of
paired urinalysis and urine culture have not been per-
formed. Therefore, the requirement for routine urinalysis
and urine culture monitoring to assess for UTI or subclini-
cal bacteriuria in dogs receiving long-term oclacitinib
needs to be established.

The purpose of this study was to evaluate prospec-
tively the frequency of UTI and subclinical bacteriuria in
dogs treated chronically with oclacitinib for the manage-
ment of allergic dermatitis.

Materials and methods

Study design

A prospective observational study design was used. Client-owned
dogs were recruited through the Dermatology Service at the Color-
ado State University Veterinary Teaching Hospital from December
2014 to December 2015. Owners signed a written consent. Primary
veterinarians involved in the referral setting were informed of their
patients’ enrolment and criteria for study withdrawal. The primary
investigator was notified by the attending veterinarian or patient
owner when adverse events occurred, or if patients developed condi-
tions requiring nonpermitted drugs. All study protocols were
approved by and conducted in accordance with the Colorado State
University Institutional Animal Care and Use Committee.

Dogs were administered oclacitinib (Apoquel®, Zoetis; Kalamazoo,
MI, USA) by their owners according to label directions: 0.4-0.6 mg/
kg given orally twice daily for 14 days, followed by once daily admin-
istration throughout the remainder of the study period. The intended
study period was 180-230 days. All dogs received active drug; no
placebo or control group was used due to difficulty in recruitment of
dogs with allergic dermatitis without systemic immunomodulatory
therapy for 180-230 days. For dogs that did not complete at least
180 days of the study, data were recorded regarding the number of
days of study participation, in addition to urinalysis and urine culture
findings prior to discontinuation of oclacitinib.

For the purposes of this study, UTI was defined as the presence
of appropriate clinical signs consistent with urinary tract disease in
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conjunction with a positive quantitative urine culture.#2° A positive
urine culture was defined as a bacterial colony count of
>1,000 colony forming units (cfu)/mL. Subclinical bacteriuria was
defined as the presence of a positive urine culture in the absence of
clinical signs consistent with UTI.

Inclusion criteria

Dogs were at least 24 months of age with a history of pruritus and a
presumptive diagnosis of allergic dermatitis, including AD and/or
cutaneous adverse food reaction (CAFR). Diagnosis was based on
characteristic clinical features and exclusion of other pruritic der-
matoses. Differential diagnoses for allergic dermatitis such as flea-
allergy dermatitis, external parasitism, bacterial or fungal dermatitis,
metabolic conditions or other inflammatory dermatoses were elimi-
nated through an appropriate diagnostic regimen and thorough physi-
cal examination as determined by the attending veterinarian. Dogs
were not required to undergo a restrictive diet trial for the purposes
of diagnosing CAFR, because the study protocol was inclusive for AD
and CAFR.

The study protocol required dogs to be at least 24 months of age
not only to comply with label instructions (at least 12 months of age),
but also to allow for the development of signs and/or a diagnosis of
any congenital, metabolic or anatomical predisposition for urinary
tract disease to emerge prior to enrolment.

Administration of antihistamines, fatty acids, allergen-specific
immunotherapy, ophthalmic and otic medications (including steroids
or ophthalmic ciclosporin), otic flushes, topical hydrocortisone and
topical antimicrobials were permitted up until the time of enrolment
and throughout the study. Dogs showing clinical signs consistent
with otitis externa and/or superficial bacterial pyoderma were
enrolled and remained in the study as long as their conditions were
adequately treated with topical therapy.

Exclusion criteria

In order to avoid recruiting cases with conditions predisposing to UTI,
dogs were excluded from enrolment if they had a history within the
previous 24 months of UTI, other urinary tract disease/abnormality,
or conditions that would predispose individuals to UTI, including, but
not limited to: history of bacteriuria, positive urine culture, crystal-
luria, urolithiasis, congenital urogenital abnormalities, prostatitis,
pyelonephritis, neoplasia of the urinary tract, diabetes mellitus and
hyperadrenocorticism. Clinical signs of urinary tract disease, includ-
ing pollakiuria, stranguria, dysuria, periuria, urinary incontinence or
haematuria within the prior 24 months were also criteria for
exclusion.

Dogs were withdrawn from systemic antibiotic therapy for
14 days prior to initial urine sampling. A 28 day withdrawal period
was required for oral glucocorticoids, oral ciclosporin, oclacitinib or
any other systemic immune-modulating drugs prior to study enrol-
ment. A 56 day withdrawal period was required for injectable gluco-
corticoids. Lokivetmab (Cytopoint™, Zoetis) administration was not
permitted prior to inclusion or during the course of the study.

Other exclusion criteria included demodicosis, malignant neo-
plasia, deep bacterial infection or fungal infection. Bitches who were
pregnant or lactating were also not considered for enrolment. These
exclusion criteria are in accordance with precautions described on
the product label.

All dogs meeting inclusion criteria were sampled for routine urinal-
ysis and urine culture prior to oclacitinib therapy. Dogs were then
excluded if urine sediment analysis revealed bacteriuria, pyuria, or
crystalluria and/or if the urine culture showed growth within 48 h.
Microscopic haematuria was not considered to be an exclusion crite-
ria with an otherwise inactive sediment analysis, given the potential
for iatrogenic haematuria due to the cystocentesis technique.

Sample collection

Urine samples were collected using sterile technique via ultrasound-
guided antepubic cystocentesis.?' Study protocol required a baseline
sample and a second sample for urinalysis and urine culture at the
conclusion of the study between 180 and 230 days, or prior to study
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withdrawal. All urine samples were evaluated at the Colorado State
University Veterinary Diagnostic Laboratory.

Urinalysis

Urine samples were transferred to a conical tube and gently agitated
prior to testing. Urine specific gravity (USG) was determined after
placing one drop of urine on a temperature-compensated refractome-
ter. Routine protocols and manufacturer instructions were used for
dipstick measurements including: pH, protein, glucose, ketones,
bilirubin and blood (Chemstrip 10 UA, Roche Diagnostics; Indi-
anapolis, IN, USA). A urine chemical test strip was completely sub-
merged into the urine for 1 s and evaluated within 60 s by matching
the test strip against the colour block references. Quality control
measures of the urine test strips and refractometer were performed
daily in the laboratory.

Samples were then centrifuged for 5 min at 1500 rpm (403 g).
Approximately 1-2 mL of supernatant was removed for the sulfosali-
cylic acid turbidometric (SSA) test to evaluate for proteinuria if indi-
cated by a positive protein result on dipstick. The remaining
supernatant was decanted and the sediment pellet was resuspended
by agitating the tube. A drop of mixed sediment was transferred with
a pipette to a clean glass slide and a coverslip was placed over it. A
Wright-Giemsa stained air-dried smear of the sediment was used to
confirm the presence of bacteria or to distinguish between bacteria
and crystals. All samples were evaluated with a microscope using
low power magnification (x10) to count casts and high power field
(hpf, x40) magnification to count erythrocytes, leucocytes and
epithelial cells. A semi-quantitated method was used to evaluate
crystals, bacteria, sperm and fat. Slides were considered positive for
bacteriuria if there was >1 bacterium/hpf, and reported as negative if
there were no bacteria observed in any field. Pyuria was considered
if there was >3 leucocytes/hpf identified.?? Microscopic haematuria
was defined as >5 erythrocytes/hpf and positive haeme result found
on urine dipstick.?? Proteinuria was reported if there was >1+ protein
on the SSA test.

Bacterial culture of the urine

Two separate Columbia plates (Becton, Dickinson and Company;
Sparks, MD, USA) were inoculated, one with 1 uL of urine and
the other with 10 uL of urine. A third plate consisting of MacCon-
key agar (Becton, Dickinson and Company) was inoculated with
1 uL of urine from the same sample. The MacConkey plates
were incubated in ambient air and Columbia plates in 10% carbon
dioxide at 36°C for 18-24 h. All plates were observed after 18-
24 h of incubation for growth and then reincubated for an addi-
tional 18-24 h. Colonies were counted on the plates and recorded
as cfu/mL. Counts greater than 100 colonies were reported as
>100,000 cfu/mL.

Criteria for study withdrawal

Development of any clinical signs related to urinary tract disease
during the study period required a urinalysis and quantitative urine
culture, but not necessarily immediate withdrawal from the study.
Dogs continued to receive oclacitinib during the intended study
period despite urinary tract signs if there was no evidence for UTI
on urine sediment analysis and/or urine culture. The presence of
bacteriuria, pyuria, crystalluria and/or positive urine culture
required study withdrawal. Dogs were withdrawn from the study
if oclacitinib was stopped by the owner for a total of >28 days
during the study.

The use of systemic antimicrobial or immune-modulating drugs
(such as systemic glucocorticoids) were criteria for withdrawal. Other
withdrawal criteria included development of: pregnancy, demodico-
sis, malignant neoplasia, diabetes mellitus, hyperadrenocorticism, or
deep bacterial or fungal infection.

Data analysis

This study used descriptive statistics. Statistical software (R® Statis-
tical Program, Bell Laboratories; Murray Hill, NJ, USA) was used to
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determine the median values of oclacitinib dosage, patient body
weight and patient age, in addition to mean values of days receiving
oclacitinib and time to second urine sampling.

Results

Sixty six dogs met the inclusion criteria. Results of prelim-
inary urinalysis and urine culture led to the exclusion of
six dogs: bacteriuria on urine sediment analysis in three
dogs (4.5%), two of which had a positive urine culture
(83%), and crystalluria in four dogs (6%). Bacterial growth
on quantified urine cultures from dogs included Escheri-
chia coli (n = 1) and Staphylococcus aureus (n = 1). The
dogs with crystalluria did not have positive urine cultures
nor bacteriuria on sediment analysis. Amorphous crystals
were identified in two dogs (3%), whereas struvite crys-
tals were found in two dogs (3%). None of the dogs with
either crystalluria or bacteriuria (found on sediment analy-
sis or urine culture) showed clinical signs of urinary tract
disease.

Sixty dogs were enrolled in the study. Five of these
dogs did not complete the study and did not return for fol-
low-up urinalysis or urine culture for the following rea-
sons: oclacitinib was not an effective treatment (n = 1),
the owner discontinued oclacitinib for more than 28 days
due to seasonal improvement in pruritus (n = 1) and three
were lost to follow-up with no information regarding clini-
cal response to oclacitinib, adverse effects or laboratory
data.

A total of 55 dogs were available for a follow-up urinaly-
sis and urine culture. Forty seven of these dogs achieved
180-230 days of oclacitinib therapy. Rationale for the
early withdrawal of eight dogs included: severe superficial
bacterial pyoderma requiring systemic antibiotic therapy
(n = 3), metronidazole for the treatment of colitis (n = 1),
soft tissue surgery requiring perioperative antibiotics
(n = 2), discontinuation of oclacitinib due to decreased
efficacy over time (n=1) and urinary incontinence
(n=1). Those individuals treated for less than 180 days
received 58, 86, 140, 140, 147, 161, 167 and 169 days of
oclacitinib therapy prior to urine sample collection.

All dogs enrolled received oclacitinib 0.4-0.6 mg/kg
(median 0.5 mg/kg) orally twice daily for 14 days, fol-
lowed by administration once daily for the remainder of
the study period. Fifty four of 55 (98%) of dogs received
oclacitinib continuously until follow-up urine sample. One
dog with seasonal AD was sampled 14 days after sea-
sonal discontinuation of oclacitinib.

The ages of the 55 dogs with follow-up data ranged
from 2 to 13 years (median 5 years). Of these, 31 were
male (26 castrated and five intact) and 24 were spayed
females. Body weight at enrolment ranged from 3.2 to
50 kg (median 24.2 kg). Dog breeds with more than one
representation included mixed breed (n = 20), Labrador
retriever (4), Jack Russell terrier (3), English bulldog (2),
shih tzu (2), Australian shepherd dog (2) and Chesapeake
Bay retriever (2). There was a single representation the
following breeds: Scottish terrier, bloodhound, Swedish
Vallhund, German shepherd dog, dachshund, Belgian
Malinois, Rottweiler, silky terrier, boxer, Akbash, cocker
spaniel, Yorkshire terrier, keeshond, lIrish setter, soft-
coated wheaten terrier, standard poodle, West Highland
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white terrier, Alaskan malamute, Australian cattle dog
and German short-haired pointer.

Among dogs with follow-up data, 29 of 55 (52.7%)
were diagnosed with AD, two of 55 (3.6%) were diag-
nosed with CAFR (both had concurrent AD) and 26 of 55
(47.2%) were assigned a general diagnosis of allergic der-
matitis because no restrictive diet trial had been per-
formed to rule out cutaneous adverse food reaction.

Concurrent diseases at the time of enrolment
Dermatoses in addition to allergic dermatitis were
reported in 14 of 55 (25.5%) of dogs at enrolment includ-
ing otitis externa (n = 8), superficial bacterial pyoderma
(n = 3), subcutaneous lipoma (n = 2), ear margin sebor-
rhoea (n = 2), sebaceous adenoma (n = 1), sebaceous
adenitis (n = 1), nasal philtrum arteritis (n = 1), chin furun-
culosis (n = 1), recurrent flank alopecia (n = 1) and dis-
coid lupus erythematosus of the nasal planum (n = 1).
Nondermatological conditions were reported in 15 of 55
(27.3%) of dogs including osteoarthritis (n = 5), patellar luxa-
tion (n = 3), mitral valve disease (n = 1), tricuspid regurgita-
tion (n = 1), heart murmur of undiagnosed aetiology (n = 1),
gingival hyperplasia (n = 1), systemic hypertension (n = 1),
brachycephalic airway syndrome (n = 1), blepharitis (n = 1),
immune-mediated keratitis (n = 1), myelopathy (n = 1), kera-
toconjunctivitis sicca (n = 1) and entropion (n = 1).

Concurrent medications

None of the enrolled study dogs with follow-up (n = 55)
received any drugs in accordance with the withdrawal cri-
teria prior to their second urine sample collection for uri-
nalysis and culture. Topical and systemic therapies were
administered during the study period in 44 of 55 (80%)
including topical antimicrobials (cutaneous, otic and oph-
thalmic), topically administered immune-modulatory/anti-
inflammatory drugs (cutaneous, otic and ophthalmic),
topical moisturizers and cleansers (cutaneous and otic),
antihistamines, allergen-specific immunotherapy, anal-
gesics, joint supplements, parasiticides, nutritional sup-
plements, benazepril and fluoxetine (See Tables S1 and
S2 in Supporting Information).

Urine culture results

No growth was reported on any urine sample submitted
for culture at any time point. Urine from 55 dogs was
sampled for culture after starting oclacitinib. The sampling
time points ranged from 58 to 280 days (mean 195 days);
47 were sampled >180 days into treatment. Fifty three
dogs were sampled once during oclacitinib treatment.
Two were sampled twice after starting oclacitinib: Case 6
with clinical signs of pollakiuria (days 141 and 280) and
Case 46 with proteinuria (days 113 and 219) found on
yearly urinalysis performed by the referring veterinarian.

Urinalysis results

Urine from 55 dogs was sampled for urinalysis after start-
ing oclacitinib at time points 58-280 days (mean
195 days), including 47 dogs sampled >180 days into
treatment. An additional urinalysis was performed on two
dogs. The dog exhibiting pollakiuria (Case 6) had a total of
two urinalyses performed during oclacitinib administra-
tion (on days 141 and 280). Case 46, which developed
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proteinuria, was sampled at five additional time points
from Day 0 without discontinuing oclacitinib to monitor
proteinuria (on days 107, 113, 143, 191 and 219). No bac-
teriuria was noted for any of the 55 dogs (0%) at any time
point.

Findings noted on follow-up urinalysis included: protein-
uria, crystalluria, haematuria, casts and leucocytes
(Table 1). Six of 55 dogs (10%) developed proteinuria dur-
ing the study, measured as the following on SSA: 1+
(n=4), 2+ (n=1) and 3+ (n = 1). Prior to oclacitinib admin-
istration, four of six were negative for proteinuria based on
dipstick and SSA, whereas the other two dogs measured
trace protein or 1+. Cases 23, 44 and 47 had 1+ protein
[urine protein: creatinine (UPC) ratio not evaluated due to
clients’ financial concerns] and USG values of 1.065, 1.057
and 1.040, respectively. Urine protein: creatinine ratios
were evaluated in three dogs (cases 4, 18 and 46) with pro-
teinuria. Those results paired with SSA findings were as
follows: (Case 4) 3+ protein, UPC ratio of 7.95 (reference
interval 0.0-0.19), (Case 18) 2+ protein, UPC ratio of 1.04
and (Case 46) 1+ protein, UPC ratio of 1.29. The USG val-
ues for those dogs were 1.049, 1.035 and 1.006, respec-
tively. Case 18 began the study with trace protein on SSA.
After the study period, oclacitinib was discontinued a
month later due to decreased efficacy. A follow-up UPC
performed 1 month after discontinuing oclacitinib showed
continued proteinuria (1.09). In the case of the highest pro-
teinuria value (Case 4), a UPC was declined by the client
and therefore not performed at the final study day despite
the detection of 3+ proteinuria on SSA. A follow-up visit
5 months after study completion showed persistent pro-
teinuria (3+ on SSA) and a UPC of 7.95. At the time of this
follow-up, the patient developed renal azotaemia and was
diagnosed with multicentric lymphoma.

Crystalluria was detected on follow-up urine sediment
analysis in nine of 55 (16.4%) dogs. None displayed any
abnormal urinary tract signs. Crystal types identified at
the conclusion of the observation period included amor-
phous (six of nine) and struvite (three of nine), all reported
as few/hpf. Two of the dogs with amorphous crystals
(cases 6 and 18) had urinalysis performed after the study
period (days 280 and 368 of treatment, respectively), with
no crystalluria. Diagnostic imaging to assess for urolithia-
sis was not performed for any of the dogs.

Granular casts were found in low numbers in three of 55
(5.5%) dogs. The urinalysis from one of these three dogs
(Case 42) was found to have increased leucocyte numbers
(6-10/hpf) on urine sediment analysis (normal < 3/hpf). The
remainder of the urinalysis was unremarkable. The other two
dogs with granular casts (cases 1 and 43) had otherwise
inactive sediment. Serum biochemistry was performed on
cases 1 and 42 with blood urea nitrogen and creatinine val-
ues within normal limits. Repeat urinalysis was not per-
formed on any of these dogs after the study.

Seven of 55 (12.7%) dogs were positive for haematuria
on follow-up urinalysis. No clinical signs of haematuria
were noted by the owners and the laboratory classified
the urine colour of all samples as “yellow"” on gross
examination. The interval of erythrocyte counts was 10 to
>150/hpf and detection of blood from the urine dipstick
was as follows: 1+ (n = 1 dog), 2+ (n = 3) and 3+ (n = 3).
In comparison to pre-study values, haematuria was
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Table 1. Dogs receiving oclacitinib-abnormal findings on follow-up urinalysis

Protein on SSA test Crystalluria

Haematuria' Casts Pyuria

Case Number

1 — —

4 3+ —

6 — Amorphous
8 _ _

13 — —

15 — Struvite

18 2+ Amorphous
22 — Amorphous
23 1+ —

27 Struvites
29 — —

30 — —

32 — Amorphous
37 — —

39 — —

42 — —

43 — —

44 1+ —

46 15 —

47 1+ —

49 — Amorphous
51 — Amorphous
54 — Struvites

— Granular —

2+ (10-20 RBC/hpf) — _
3+ (60-100 RBC/hpf) — —

1+ (10-20 RBC/hpf) — —

3+ (50-100 RBC/hpf) — —
2+ (20-50 RBC/hpf) — —

2+ (>150 RBC/hpf) — —
3+ (20-50/hpf) — _
— Granular
_ Granular

SSA sulfosalicylic acid, RBC red blood cells, WBC white blood cells, hpf high power field, — not present.
THaematuria is expressed as the dipstick measurement followed by the microscopic findings.

detected in two (cases 18 and 29) of the seven dogs prior
to oclacitinib administration without any additional clini-
cally relevant findings on urinalysis. The cause of haema-
turia was not determined for any dog. latrogenic
haematuria due to the cystocentesis technique was sus-
pected in most cases. However, a naturally voided urine
sample was collected from case 29 who was continued
on oclacitinib beyond the study period to rule out iatro-
genic causes for haematuria. This repeated sample
revealed 1+ blood on the urine dipstick as well as 5-15
erythrocytes/hpf. An ultrasonographic evaluation of the
urinary tract including kidneys, ureters, bladder and ure-
thra did not reveal abnormalities. Diagnostic imaging (be-
sides an ultrasound-guided antepubic cystocentesis) was
not completed on any other patients found to have micro-
scopic haematuria.

Abnormal urinary events

Two of the 55 (3.6%) dogs were reported to have abnor-
mal urinary behaviour. A urinalysis and urine culture were
performed in both dogs and urinalyses were normal and
urine cultures were negative. Case 6 developed pollaki-
uria 141 days after starting oclacitinib. This was described
by the owner as making multiple postural attempts to uri-
nate. The dog remained in the study after not finding any
criteria for withdrawal on urinalysis and urine culture. No
further urinary investigation was performed. Her abnor-
mal urinary behaviour resolved within 2 months of initial
onset. Oclacitinib administration was continued until
study completion on Day 280. Case 26 developed urinary
incontinence on Day 167 of oclacitinib therapy. The beha-
viour was described as multiple episodes of suspected
involuntary urination during sleep over the course of
3 weeks. The owner elected to withdraw the dog from
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the study. Signs of urinary incontinence resolved after
discontinuation of oclacitinib.

Abnormal health events (nonurinary)
Abnormal health events were reported in 16 of 55 (29%)
enrolled dogs during the study period. Cutaneous events
included histiocytomas (n = 2), focal deep bacterial pyo-
derma secondary to trauma (n = 1), superficial bacterial
pyoderma (n = 2), perivulvar dermatitis (n = 1), otitis
externa (n = 1), Malassezia pododermatitis (n= 1) and
worsening pruritus (n = 1). With the exception of the dog
(Case 49) that developed worsening pruritus and the one
that developed perivulvar dermatitis (Case 35), the cuta-
neous adverse events did not require study withdrawal.
The histiocytoma of Case 10 resolved spontaneously
within 3 weeks, whereas the histiocytoma of Case 12
present for 2 months was removed by the referring vet-
erinarian after the conclusion of the study.

Gastrointestinal events were noted in four of 55 (7.3%)
dogs and included vomiting (n = 3), colitis (n=1) and
anorexia (n = 1). Case 11 experienced both vomiting and
colitis, requiring withdrawal from the study due to the
administration of metronidazole. The cause of the vomit-
ing and colitis was not determined and did not require dis-
continuation of oclacitinib for resolution despite
withdrawal from the study. The vomiting noted from
Case 48 was attributed to foreign body ingestion requiring
a gastrotomy and perioperative antibiotics, leading to
withdrawal from the study. Vomiting and anorexia
resolved in the other two dogs without discontinuation of
oclacitinib from the study.

Other adverse clinical signs included lethargy (n = 1), kera-
toconjunctivitis sicca with concurrent corneal ulcer (n = 1),
apocrine gland anal sac adenocarcinoma (n=1) and a
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fractured tooth requiring extraction under general anaesthe-
sia (n = 1). There were no perioperative antibiotics adminis-
tered for the extraction of the fractured tooth and the
individual remained in the study. Development of malignant
neoplasia in addition to perioperative cefoxitine prior to surgi-
cal biopsy in Case 42 required withdrawal from the study in
the case of apocrine gland anal sac adenocarcinoma. The
other dogs showing adverse signs listed above did not
require discontinuation of oclacitinib nor withdrawal from the
study to manage their conditions.

Discussion

The presence of bacteriuria based on urine sediment anal-
ysis and urine culture was not detected from any dog
enrolled in this study. To the best of the authors’ knowl-
edge, this is the first prospective study using urine culture
paired with urinalysis to evaluate the incidence of urinary
tract infection in a population of dogs diagnosed with
presumptive allergic dermatitis receiving long-term
(>180 days) immune-modulatory therapy.

The study protocol intended for all dogs to be evaluated
after at least 180 days of oclacitinib administration. How-
ever, eight of 55 dogs required an earlier withdrawal from
the study primarily because of a need for systemic antimicro-
bial therapy (n = 6) or due to a decreased efficacy of the
drug over time (n = 1) or the development of urinary inconti-
nence (n = 1). Forty seven of 55 (85.5%) of dogs were eval-
uated after 180 days (6 months). Fifty three of 55 (96.4%)
completed >140 days (4.5 months) of therapy. Nineteen of
55 (34.5%) received oclacitinibb for 210-280 days (7—
9 months) prior to their follow-up urinalysis and urine culture.

In order to assess statistically the increased risk for UTI
during the study period, a control group consisting of dogs
diagnosed with allergic dermatitis but not receiving any sys-
temic antimicrobials or systemic immune-modulatory therapy
(i.e. glucocorticoids, ciclosporin, lokivetmab) was needed.
However, acquiring the numbers of dogs for a control group
that would achieve statistical power was not available within
the Dermatology Service population. Additionally, many dogs
in our service diagnosed with allergic dermatitis do not
achieve reasonable quality of life in the absence of these
interventions. Based on urinalysis and urine culture data
acquired during the recruitment phase of this study, prior to
starting oclacitinib, subclinical bacteriuria was detected in
two of 66 (3%) of dogs diagnosed with allergic dermatitis.
Both of these dogs had no exposure to any immune-modu-
lating drugs, including glucocorticoids or ciclosporin within
2 years prior to urine sample collection. This incidence of
subclinical bacteriuria is similar to the control group evaluated
in a previous study describing the frequency of UTI in dogs
treated with ciclosporin with or without concurrent glucocor-
ticoid therapy.'! The control group in that study consisted of
canine patients with inflammatory skin disorders that had not
been administered ciclosporin  or glucocorticoids for
6 months or antibiotics for 3 months. Dogs were sampled at
one time point and the authors reported UTI without clinical
signs in two of 59 (3%) of dogs.

It is estimated that 14% of dogs will be affected by UTI
during the course of their lifetime.?* Urinary tract infection
has been shown to occur in 17% of dogs presenting for
necropsy for various reasons not necessarily related to
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urinary tract disease.?* The prevalence of subclinical bacteri-
uria has been reported in healthy female dogs (8.9%), dogs
presenting for elective surgical procedures (8.9%) and mor-
bidly obese dogs (25%).252 These data support the neces-
sity of quantitative urine cultures as an indicator of
bacteriuria in dogs without urinary tract signs. Subclinical
bacteriuria has been reported in dogs with inflammatory
skin disease treated chronically with ciclosporin in which
nine of 71 (13%) dogs had positive urine cultures at a single
time point of sample collection.”” In addition, the long-term
use of systemic glucocorticoids in dogs with chronic skin
disease has been associated with a positive urine culture in
23 of 127 (18%) dogs to 27 of 71 (38%) dogs.'®'? Consid-
ering the reported frequencies of UTI as well as subclinical
bacteriuria that occur naturally or under the influence of
immune-modulatory therapy, the 0% incidence in this pre-
sent study suggests that oclacitinib does not increase the
frequency of UTI in dogs with no other predisposing condi-
tions or recent UTI history.

Five prospective studies evaluating the safety of oclac-
itinib have described urinary events and/or the results of
urinalyses during drug administration.®'819282% None of
these studies identified previous urinary tract disease as an
exclusion criteria or required urine culture screening prior to
prescribing oclacitinib. Only two of these studies excluded
dogs with abnormal urinalysis findings prior to study enrol-
ment.>"® Urinalysis as a means of monitoring changes
within the urinary tract during the course of oclacitinib ther-
apy was performed in four of the studies.>'9%2° Two
studies did not describe any results from the urinaly-
ses.?®2% One other study reported no significant differ-
ences in urinalyses compared to placebo.’® A fifth study
reported a one of 179 (0.5%) incidence of “cystitis,”
although urinalyses were not performed while dogs were
administered oclacitinib.'® The study investigating the long-
term use of oclacitinib in dogs with allergic skin disease
noted 13 of 247 (5.3%) dogs having abnormal urinalyses
during the observation period.®> These changes included
proteinuria, haematuria, bacteriuria, hyposthenuria and
microalbuminuria. This was also an open-label study design
which allowed antimicrobial therapy when warranted. In
addition, 28 of 247 dogs (11.3%) in that study were docu-
mented as having “urinary tract infection/cystitis” with 37
unique reported occasions in which an abnormal clinical
sign was observed. None of these occasions were classi-
fied as serious adverse events. It is important to note that
urine culture results were not reported in either study
describing cystitis, and that samples collected for urinalysis
were acquired either via cystocentesis or from natural void-
ing in the long-term study.

Urine culture via cystocentesis with bacterial quantifi-
cation is the gold standard for diagnosing UTI defini-
tively.5®2% Previous studies have reported a 46-64%
incidence of UTI diagnosed by urine culture in dogs dis-
playing clinical signs of urinary tract disease.*® Thus bac-
terial infection is not the only cause for urinary tract signs
and other aetiologies could have been playing a role in the
previous reports (i.e. urolithiasis, neoplasia, cysts and pro-
statitis).3" Therefore, our exclusion criteria in addition to
the use of urine culture as a required diagnostic may
account for the lower reported incidence of UTI in our
study population compared with the aforementioned

© 2017 ESVD and ACVD, Veterinary Dermatology



studies. Interestingly, two dogs in our study exhibited
abnormal urinary behaviours 141 and 167 days after start-
ing oclacitinib. These behaviours manifested as pollakiuria
in Case 6 and urinary incontinence in Case 26. Although
an aetiology for these events was not determined, UTI
was not present. Both demonstrated resolution of clinical
signs without antibiotic intervention.

General risk factors for UTlI have been reported,
although prospective studies are lacking. Urinary tract
infection appears to occur more commonly in female
dogs, and spayed female dogs are noted to be at higher
risk as oestrogen might have a protective effect.*”:*2
Older age also appears to be a risk factor.”9243334 Dog
breeds more commonly reported to have persistent or
recurrent UTI were present in our study, including retriev-
ers, a German shepherd mixed breed dog and spaniels.®”
Females were not over-represented in our study and all
females (24 of 55) enrolled were spayed. The median age
of enrolled dogs was 5 years. Thus, we conclude that the
low incidence of UTI noted in the present study is unlikely
due to gender, reproductive status, age or breed.

Proteinuria was found in six of 55 (10%) dogs in this
study, none of which had a UTI or subclinical bacteriuria.
None of these dogs was treated with topical glucocorti-
coids (cutaneous, otic or ophthalmic). This is a higher inci-
dence compared to a previous report wherein four of 247
(1.6%) dogs treated long term with oclacitinib developed
proteinuria.® In our study, three dogs had a UPC per-
formed. Cases 18 and 46 had no identifiable systemic
cause for proteinuria and otherwise showed no abnormal
clinical signs. Case 4 was later diagnosed with multicen-
tric lymphoma, which was proposed to be the most likely
cause for the proteinuria. Nonurinary tract inflasmmatory
disease may result in a transient, mild renal protein-
uria.®®” Significant correlation between proteinuria and
skin disease (including AD) is documented in humans;
however, the incidence of proteinuria in dogs affected by
dermatitis has not been established.®3° Future prospec-
tive, controlled studies using UPC ratios are needed to
investigate the significance and frequency of proteinuria
in allergic dogs treated with oclacitinib.

Previous studies of oclacitinib-treated dogs described clini-
cal signs of haematuria in two of 61 (3.3%) dogs and tran-
sient haematuria as a urinalysis finding in four of 247 (0.8%)
dogs, all of which resolved spontaneously.>?® None of the
dogs in the present study exhibited clinical signs of haema-
turia, however, microscopic haematuria was detected in
seven of 55 (12.7%) dogs in the absence of urinary clinical
signs and with an otherwise normal urinalysis. A repeated
urinalysis was available for Case 29 sampled 1 week after
the study from naturally-voided urine. The dog was found to
have microscopic evidence of haematuria despite lack of clin-
ical signs. A follow-up ultrasonographic evaluation of the uri-
nary tract showed no evidence of disease. With the
exception of this particular case of microscopic haematuria
of unknown aetiology, it was assumed that the cystocente-
sis technique for the other six dogs was most likely responsi-
ble for these changes.

Other findings in the present study included granular
casts, crystalluria and pyuria. Given the lack of lower uri-
nary tract signs, negative bacterial culture from the urine
and the low numbers of crystals and casts found, these
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findings were not considered clinically significant and
oclacitinib was continued.

At least one form of topical antimicrobial was applied to
the skin of 21 of 55 (38.2%) dogs at some time point dur-
ing the study. It is feasible that routine application of a
chlorhexidine-based product might help prevent an
ascending bacterial infection originating from the perianal
or external urogenital tract in comparison to dogs that
were not treated with a topical antimicrobial in the
perineal region.

The types of nonurinary adverse events reported in this
population of dogs undergoing treatment with oclacitinib
were similar to those reported previously.?°

The strengths of this study include a baseline urinalysis
and culture screening of all dogs prior to study enrolment
and oclacitinib administration in order to ensure no pre-
existing UTI or subclinical bacteriuria. In addition, we
prospectively evaluated the urine of all dogs with chronic
oclacitinib administration regardless of any clinical sign of
urinary tract disease. Systemic antibiotics also were pro-
hibited during the study to avoid confounding assessment
of bacteriuria via urine sediment analysis and urine culture.
These exclusion factors selected for a population of dogs
with no pre-existing history of urinary tract disease, no
anatomical/congenital predispositions for urinary tract dis-
ease, or other known factors that might impair immuno-
competence (i.e. immune-modulatory drugs, malignant
neoplasia, hyperadrenocorticism or diabetes mellitus).
When compared to previous studies, the more stringent
selection criteria in this prospective study allowed for a
better assessment of the true impact of oclacitinib on UTI/
subclinical bacteriuria and helped to reduce confounding
factors inherently present in retrospective study designs.

Future prospective studies are required to evaluate the
impact of oclacitinib in patients with risk factors for UTI, a his-
tory of UTI, or active UTI. The findings from this study sug-
gest that neither clinical UTI nor subclinical bacteriuria is an
expected finding in dogs treated with oclacitinib without a
prior history of UTI or predisposing condition during this treat-
ment period. Therefore, routine urine cultures are not war-
ranted for such dogs in the absence of abnormal urinalysis or
clinical urinary signs, during this treatment period.
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Contexte — L'oclacitinib est un inhibiteur sélectif de Janus kinase indiqué dans le traitement du prurit aller-
gique du chien et de la dermatite atopique canine. Les corticoides et la ciclosporine augmentent la
fréquence des infections du tractus urinaire (UTI) chez les chiens atteints de dermatoses inflammatoires.
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Objectifs — Une étude prospective pour évaluer la fréquence des UTI et des bactériuries subcliniques chez
les chiens atteints de dermatites allergiques recevant de |'oclacitinib.

Meéthodes - Les chiens de propriétaires > 2 ans avec des commémoratifs de dermatite allergique sans
antécédents de maladie urinaire ou de prédisposition aux UTI ont été inclus. Avant I'inclusion, une analyse
et une culture urinaire quantitative ont été réalisées apres une période de sevrage d'au moins 14 jours d'an-
tibiotiques systémiques et de 28 jours de ciclosporine et de corticoides systémiques. Les chiens recevant
de l'oclacitinib aux doses recommandées pendant une période de 180-230 jours avec un suivi d'analyses
urinaires et de cultures urinaires réalisées en fonction des symptomes d’atteintes du tractus urinaire. Les
antimicrobiens systémiques et les médicaments immunomodulateurs n‘ont pas été administrés au cours
de I'étude.

Résultats — Aucun des 55 chiens de cette étude n'ont développé d'UTI pendant I'administration d'oclaciti-
nib sur 58-280 jours (moyenne 195 jours) basé sur les analyses et les cultures urinaires. Deux chiens ont
développés des signes anormaux d'atteinte du tractus urinaire sans culture urinaire ou analyse correspon-
dant a une UTI.

Conclusion et importance clinique - Ces données indiquent que la bactériurie n'est pas un effet secon-
daire attendu chez les chiens traités a |'oclacitinib sans antécédent d'UTI ou de conditions prédisposantes
au cours de cette période de traitement. Ainsi, Une culture de routine n’est pas indiquée pour ces chiens
en 'absence d'analyse urinaire anormale ou de signes cliniques d'atteinte du tractus urinaire.

Resumen

Introduccion - Oclacitinib es un inhibidor selectivo de Janus quinasa para el tratamiento del prurito cau-
sado por alergia y la dermatitis atépica en perros. Los glucocorticoides vy la ciclosporina aumentan la fre-
cuencia de la infeccién del tracto urinario (UTI) en perros con enfermedad inflamatoria de la piel.

Objetivo — Estudio prospectivo para evaluar la frecuencia de UTI y bacteriuria subclinica en perros con der-
matitis alérgica tratados con oclacitinib.

Meétodos - Se incluyeron perros >2 anos de edad con historia de dermatitis alérgica, pero sin historia de
aparente enfermedad urinaria o predisposicion a UTI. Antes de la inclusion en el grupo de estudio, se reali-
zaron analisis de orina y cultivo cuantitativo de orina después de un periodo de lavado de al menos 14 dias
sin antimicrobianos sistémicos y 28 dias para ciclosporina y glucocorticoides sistémicos. Los perros reci-
bieron oclacitinib a las dosis recomendadas durante un periodo previsto de 180-230 dias con andlisis de
orina de seguimiento y cultivo de orina realizado independientemente de los signos de las vias urinarias.
Durante el estudio no se administraron farmacos antimicrobianos sistémicos ni inmunomoduladores.
Resultados - Ninguno de los 55 perros en este estudio desarrollé UTI mientras recibia oclacitinib basado
en los resultados del andlisis de orina y el cultivo de orina realizados como seguimiento durante un periodo
de 58-280 dias (media 195 dias). Dos perros desarrollaron signos clinicos de enfermedad del tracto urinario
auto-limitantes sin resultados de cultivo de orina o de anélisis de orina indicativos de ITU.

Conclusiones e importancia clinica — Estos hallazgos indican que la bacteriuria no es un efecto adverso
esperado en perros tratados con oclacitinib que no tuviesen antecedentes previos de UTIl o condiciones
predisponentes durante este periodo de tratamiento. Por lo tanto, el cultivo de orina de rutina no esté indi-
cado para tales perros en ausencia de analisis de orina anormal o de signos clinicos de enfermedad del
tracto urinario.

Zusammenfassung

Hintergrund - Oclacitinib ist ein selektiver Januskinase Inhibitor zur Behandlung von allergischem Juckreiz
beim Hund, sowie der atopischen Dermatitis des Hundes. Glucocortikoide und Ciclosporin erhohen die
Haufigkeit von Harnwegsinfektionen (UTI) bei Hunden mit entziindlicher Hauterkrankung.

Ziel — Durchflihrung einer prospektiven Studie zur Evaluierung der Haufigkeit von UTI und subklinischer
Bakteriurie bei Hunden mit allergischer Dermatitis, die Oclacitinib erhalten.

Methoden - Es wurden Hunde in Privatbesitz im Alter von > 2 Jahren mit der Anamnese einer allergischen
Dermatitis ohne offensichtliche Anamnese einer Harnwegsinfektion oder Pradisposition fir UTI inkludiert.
Vor Aufnahme in die Studie wurde nach einer Wash-Out Periode von mindestens 14 Tagen flr systemi-
sche Antibiotika und 28 Tagen fir Ciclosporin und systemischen Glucokortikoiden eine Urinanalyse und
eine quantitative Urinkultur durchgefthrt. Die Hunde erhielten Oclacitinib in der vorgegebenen Dosierung
flir eine beabsichtigte Zeitspanne von 180-230 Tage. Unabhangig von Zeichen des Harntraktes wurde eine
Follow-Up Urinanalyse und eine Urinkultur durchgefiihrt. Es wurden wahrend der Studie keine systemi-
schen Antibiotika und immunmodulierenden Medikamente verabreicht.

Ergebnisse - Aufgrund der Follow-Up Urinanalyse und der Harnkultur, die wahrend einer Spanne von 58-
280 Tagen (Durchschnitt 195 Tage) durchgefuhrt wurde, konnte festgestellt werden, dass keiner der 55
Hunde in der Studie eine UTI wahrend er Oclacitinib erhielt, entwickelte. Bei zwei Hunden traten selbstlimi-
tierende abnormale Zeichen des Harntrakts auf ohne dass die Harnkultur oder die Befunde der Urinanalyse
auf eine UTI hingewiesen hatten.
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Resumo

Contexto — O oclacitinib € um inibidor seletivo de Janus Kinase usado no tratamento de prurido alérgico e
dermatite atopica em caes. Os glicocorticoides e a ciclosporina aumentam a frequéncia de infecgoes do
trato urinario (ITU) em caes com dermatopatias inflamatorias.

Objetivo - Avaliar prospectivamente a frequéncia de ITU e bacteridria subclinica em caes com dermatite
alérgica recebendo oclacitinib.

Métodos — Foram incluidos caes de proprietarios, com mais de dois anos de idade, histérico de dermatite
alérgica e sem histérico aparente de doengas do trato urinario ou predisposigao a ITU. Antes da inclusao,
foram realizadas urindlise e cultura de urina quantitativa. Os caes deveriam estar sem antibidticos sistémi-
cos por pelo menos 14 dias e sem ciclosporina ou glicocorticoides por pelo menos 28 dias antes da
inclusao. Os animais receberam oclacitinib na dose recomendada na bula, por um periodo desejado de
180-230 dias, com acompanhamento através de urindlise e urocultura independente da presenca de sinais
clinicos de ITU. Antimicrobianos sistémicos e drogas imunomoduladoras nao foram realizadas durante o
estudo.

Resultados — Nenhum dos 55 caes do estudo desenvolveu ITU durante a terapia com oclacitinib baseado
na urinindlise e urocultura realizadas durante um periodo entre 58-280 dias (média de 195 dias). Dois caes
desenvolveram sinais clinicos autolimitantes de alteragoes de trato urindrio, mas sem alteragoes na
urinélise ou urocultura consistentes com ITU.

Conclusoes e importancia clinica - Estes resultados indicam que a bacterilria nao é um efeito adverso
esperado em caes tratados com oclacitinib, sem histdrico ou predisposigao a ITU, durante o tempo de tra-
tamento. Portanto, a urocultura de rotina nao é indicada para estes caes na auséncia de alteragoes na
urinélise ou sinais clinicos de doenga do trato urinario.
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Functional Use

Ingredient

Number

Term of
Patients
(%)
Topical antimicrobials
4% chlorhexidine + TrisEDTA shampoo 5 (9)
2% chlorhexidine + 1% ketoconazole wipes 8 (14.5)
+2% acetic acid
2% chlorhexidine + 2% miconazole shampoo 4 (7.3)
2% chlorhexidine + 1% ketoconazole 1(1.8)
4% chlorhexidine + TrisEDTA spray 2 (3.6)
1% Acetic acid + 1% boric acid wipes 1(1.8)
Silver sulfadiazine cream 1(1.8)
2% mupirocin ointment 1(1.8)
Ophthalmic
medications
0.2% ciclosporin ointment 3 (5.5)
Oxytetracycline hydrochloride 1(1.8)
Ketotifen 1(1.8)
Otic flushes
0.15% ketoconazole + 0.15% chlorhexidine + 3(5.5)
trisEDTA
0.02% phytosphingosine 4 (7.3)
Otic medications
1% miconazole + 4 mg/ml dexamethasone SP | 6 (10.9)
(1:1 mixture)
Gentamicin/Clotrimazole/Betamethasone 1(1.8)
Topical
moisturizers/anti-
seborrheics
Phytosphingosine spray (0.1%) 1(1.8)
Phytosphingosine spot-on (1%) 1(1.8)
Pramoxine (1%) + colloidal oatmeal shampoo 2 (3.6)
Colloidal oatmeal shampoo 1(1.8)
Lactic acid spray 1(1.8)
Pramoxine (1%) + colloidal oatmeal rinse 1(1.8)
Topical anti-
inflammatories/immune-
modulators
1% hydrocortisone cream 1(1.8)
0.1% tacrolimus ointment 1(1.8)

Supplementary Table S1

Concurrent topical therapy used during the study period







Functional Use Term |Ingredients Number of
Patients (%)
Parasiticides
Selamectin 1(1.8)
Fipronil 2 (3.6)
Fluralaner 2 (3.6)
Imidacloprid/permethrin 1(1.8)
Ivermectin/pyrantel pamoate 3 (5.5)
NSAIDs/Analgesics/joint
supplements
Amantadine 1(1.8)
Gabapentin 4 (7.3)
Polysulfated glycosaminoglycan 1(1.8)
Glucosamine + chondroitin 5(9)
Carprofen 6 (10.9)
Antihistamines
Chlorpheniramine 3 (5.5)
Diphenhydramine 1(1.8)
Fexofenadine 3 (5.5)
Loratadine 3 (5.5)
Hydroxyzine 1(1.8)
Cetirizine 1(1.8)
Allergen-specific
immunotherapy
Subcutaneous or sublingual 7 (12.7)
Nutritional supplements
Vitamin A 1(1.8)
Fish oils 12 (21.8)
Others
Benazepril 1(1.8)
Fluoxetine 1(1.8)

Supplementary Table S2 Concurrent Systemic Medications Used During Study Period
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