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Cyclosporine was proven efficacious in the treatment of feline hypersensitivity

dermatitis. This target animal study was conducted to evaluate the safety, tol-

erability, and pharmacokinetics of ATOPICA for Cats� (cyclosporine oral solu-

tion, USP) MODIFIED following 6-month daily dosing in cats. Forty healthy

cats (four cats/sex/group) received 0, 8 (19), 16 (29), 24 (39), or 40 (59)

mg/kg cyclosporine once daily for 6 months (183 days). Body weight, food

consumption, ophthalmoscopic, physical examinations including neurological

assessments, blood pressure, electrocardiography, clinical pathology (hematol-

ogy, coagulation, clinical chemistry, urinalysis), organ weights, and macro-

scopic and microscopic examinations were performed and assessed. In

addition, blood concentrations of cyclosporine were measured at the pretreat-

ment trough on Days 1, 2, 7, 14, 31, 91, 154, and 182, and post-treatment

on Days 1, 31, and 182. Adverse effects possibly related to treatment

included prolonged APTT and one report each of bone marrow hypocellulari-

ty and lymphoma; all occurred in cats treated with doses more than 16 mg/

kg. There was no significant accumulation of cyclosporine beyond the first

week of treatment. Results confirm that ATOPICA for Cats is safe and well

tolerated in cats without unexpected accumulation beyond the first week of

treatment when administered as directed.
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INTRODUCTION

Cyclosporine (CsA), a selective immunosuppressor, is increas-

ingly used in veterinary medicine to treat a variety of condi-

tions in dogs and cats (Palmeiro, 2013). Recently cyclosporine

oral solution received approval by the US Food and Drug

Administration (US FDA) as ATOPICA for Cats� (cyclosporine

oral solution, USP) MODIFIED (NADA #141-329; Novartis

Animal Health US, Inc. (NAH), Greensboro, NC, USA) for the

control of feline hypersensitivity dermatitis (HD) in cats. It is a

cyclic polypeptide that exerts anti-inflammatory and antiprurit-

ic effects in the treatment of allergic dermatitis by preferentially

inhibiting the activation of T-lymphocytes on antigenic stimu-

lation through impairing the production of IL-2 and other T-

cell-derived cytokines (Robson, 2003b). In addition, CsA has

the capacity to inhibit the antigen-presenting function of the

skin immune system and block the recruitment and activation

of eosinophils, the production of cytokines by keratinocytes,

the function of Langerhans cells, the degranulation of mast

cells and therefore the release of histamine and pro-inflamma-

tory cytokines (Robson, 2003b).

Adverse effects attributed to CsA use in humans include con-

vulsions, fever, vomiting, diarrhea, high blood pressure, potas-

sium retention, and kidney and liver dysfunction. In cats, few

adverse reactions to CsA have been reported, with gastrointes-

tinal signs (diarrhea, vomiting, and anorexia), the most fre-

quently observed reactions (Robson, 2003a; Noli &

Scarampella, 2006; Vercelli et al., 2006; Wisselink & Willemse,

2009; King et al., 2012). Similar dose-dependent, reversible

adverse reactions are also observed in dogs. However, there

are species differences (Robson, 2003a). For example, CsA is

metabolized much more slowly by rat liver cells than by dog

liver cells (Whalen et al., 1999). Further, unlike dogs, rats tend

to accumulate the drug in plasma and tissues and thus are

very susceptible to hepato- and nephrotoxicity, with significant

mortality occurring at doses of 45 mg/kg/day (Ryffel, 1982). It
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has also been suggested that the blood concentration of

cyclosporine may increase over time due to saturation of the

tissue-binding sites (Vaden, 1997; Tanaka et al., 2000). Such

accumulation could increase the risk of toxicity during long-

term therapy.

This study was conducted to determine the safety and tolera-

bility of a cyclosporine oral microemulsion formulation (ATO-

PICA for Cats) when repeatedly administered orally for

6 months to adult cats at high doses. Further, the pharmacoki-

netics of cyclosporine over the 6-month period was assessed to

identify if unexpected accumulation occurs in cats.

MATERIALS AND METHODS

Animals

Forty domestic short-hair cats (20 males and 20 females),

approximately 6 months old and weighing between 1.86 and

5.00 kg on Day 1 prior to treatment, were enrolled in a 183-

day (6 months) study. These laboratory purpose-bred cats were

in good health as determined by a comprehensive physical

examination (including neurological assessment) performed by

a licensed veterinarian and the results of fecal examination for

parasites, clinical pathology (hematology, clinical chemistry,

urinalysis), and ophthalmological (performed by a board certi-

fied veterinary ophthalmologist), blood pressure and electrocar-

diographic examinations (a board certified veterinary

cardiologist provided a qualitative, quantitative review and

report).

Cats were acclimated for approximately 3 weeks prior to study

start, housed individually, each with perches, litter pans and

enrichment toys, in an environmentally controlled room (room

temperature: 64–84 °F; humidity: 30–70%; 12-h light/dark

cycle) and were uniquely identified by microchip and ear tattoo.

Lab Diet™ (Certified Feline Diet #5003; PMI Nutrition Interna-

tional, Inc., Richmond, IN, USA) and municipal tap water were

available ad libitum, except during designated periods.

Study design

This study was a masked, randomized parallel design study

with the individual cat as the experimental unit. The study

was conducted in accordance with The United States FDA

Good Laboratory Practice (GLP) Regulations, 21 CFR Part 58,

the Target Animal Safety Guidelines for New Animal Drugs

(CVM Guideline 33) and FDA Center for Veterinary Medicine

(CVM) Guideline 104. The pharmacokinetic analysis of cyclo-

sporine in blood samples and subsequent statistical evaluation

were conducted in compliance with Swiss Ordinance relating

to GLP and validated according to FDA guidance on Bioanalyt-

ical Method Validation, May 2001. All procedures were

reviewed and approved by the local institution’s animal care

and use committee and were in compliance with NAH Animal

Welfare Guidelines, the USDA Animal Welfare Act (2009) and

the Public Health Service Policy on Humane Care and Use of

Laboratory Animals (1986).

Investigational treatment administration

A final formulation of cyclosporine oral solution, USP MODI-

FIED (microemulsion solution at 100 mg/mL: ATOPICA for

Cats, Novartis Animal Health) was used. Cats were blocked

and randomized according to sex and body weight to either a

negative control group receiving no treatment or to one of four

treatment groups receiving either 19 (8 mg/kg/day), 29

(16 mg/kg/day), 39 (24 mg/kg/day) or 59 (40 mg/kg/day)

the maximum therapeutic dose (8 mg/kg/day).

All cats were dosed once daily for 183 consecutive days

(6 months), after fasting for 8 h and approximately 2 h before

being fed; Day 1 was defined as the first day of treatment.

Treatments were administered by unmasked individuals who

were not involved in any other assessments. Cyclosporine mi-

croemulsion solution was administered into the back of the

oral cavity and followed by 1 mL of tap water to ensure ade-

quate ingestion. Doses were calculated based on the most

recent body weight. The control group was sham dosed with

an empty syringe followed by a 1 mL rinse of tap water in the

same manner as the treated groups.

In vivo observations

Cats were observed twice a day throughout the study for mor-

bidity, mortality, injury, and the availability of food and water.

Baseline values for body weight and feed consumption were

established during acclimation. During treatment administra-

tion, body weight was recorded and feed consumption was cal-

culated on a weekly basis.

Detailed clinical observations by a trained technician were

made twice daily, approximately 1 and 7 h after dosing. At a

minimum, the following was evaluated at each observation:

eyes, mucus membranes, respiratory system, circulatory sys-

tem, autonomic and central nervous systems, somatomotor

activity behavior pattern and gastrointestinal system (inappe-

tence, emesis, stool abnormalities and diarrhea). Particular

attention was given to the presence of clinical signs indicative

of cyclosporine toxicity in cats (lethargy/depression, ataxia,

imbalance, anorexia, vomiting, diarrhea, and gingival hyper-

trophy). A staff veterinarian was available, if necessary, to fur-

ther investigate any abnormalities.

Ophthalmic examinations were performed by a veterinary

ophthalmologist once during acclimation and again prior to

necropsy. A licensed veterinarian completed a physical exami-

nation, including neurological assessment and blood pressure

measurement, on each cat twice during acclimation and at

least once monthly during the treatment phase. At a mini-

mum, the following was evaluated at each examination: gen-

eral health, behavior, body temperature, mucous membranes,

integument, equilibrium/coordination, body condition, cardio-

vascular, respiratory, renal, urogenital, gastrointestinal, mus-

culoskeletal, reproductive system and ocular. Prior to initiation

of dosing and on Days 178 or 180, under sedation (aceproma-

zine/ketamine), electrocardiography was performed by a board

certified cardiologist. Standard ECGs (10 Lead) were recorded
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at 50 mm/sec. Using Lead II, the RR, PR, and QT intervals,

and QRS duration were measured and recorded. Heart rate

was calculated from the number of ECG complexes in 10 sec.

At all times during the dosing period, it was possible to with-

draw and euthanize any cat for humane reasons.

Clinical pathology

Blood samples for hematology, coagulation (activated partial

thromboplastin time and prothrombin time) and clinical chem-

istry were collected from all cats (fasted overnight) during

acclimation and approximately 24 h following the dosing on

Days 7, 31, 91, 154, and 183. Urine was also collected on the

same occasion by replacing litter with NoSorb� (Catco Inc.,

Cape Coral, FL, USA) for 16–24 h. Samples were handled and

processed according to standard procedures by a diagnostic

laboratory.

Pharmacokinetic analysis

Blood samples were collected from fasted cats between 30 and

60 min prior to dosing on Days 1, 2, 7, 14, 31, 91, 154 and

182. In addition, on Days 1 and 31, blood was collected at 1 and

4 h after the dose, and on Day 182 blood was collected at 1, 2,

4, 8, and 24 h after the dose. Whole blood samples were stored

frozen at approximately �70 °C and sent to Novartis Centre de

Recherche Sante Animale SA, St-Aubin, Switzerland, for analy-

sis by high performance liquid chromatography (HPLC) with

mass selective detection (LC-MS) method validated for a range of

approximately 3–250 ng/mL cyclosporine A. The analytical lab-

oratory was blinded. Cyclosporine D (Novartis Pharma AG,

Basel, Switzerland) was used as an internal standard. Spiked (for-

tified) specimens covering the analytical range of concentrations

of cyclosporine A were prepared using untreated blood to estab-

lish the calibration curve by quadratic regression. This curve

enabled the recovery corrected determination of cyclosporine A

in unknown specimens. Recoveries of cyclosporine A and the

internal standards were calculated for spiked blood specimens by

comparison of peak areas to those collected for standard solu-

tions without extraction. The lower limit of quantification

(LLOQ) for cyclosporine A in this study was 2.95 ng/mL.

Necropsy and histopathology

Cats were euthanized by an intravenous overdose of sodium

pentobarbital solution followed by exsanguination. A gross

examination was conducted and full complement of organs,

and tissues were collected under the supervision of a veterinary

pathologist. Organs were removed, examined, weighed (paired

organs were weighed together), and where indicated, placed in

neutral-buffered formalin for fixation. Eyes and testes were

fixed in modified Davidson’s fixative, and lungs were infused

with formalin. Representative samples of organs and tissues, as

well as any gross lesions found, were prepared and processed

using standard histological methods. Paraffin sections were

stained with hematoxylin–eosin, and slides were examined by

a veterinary pathologist using a 4-step grading system (trace,

mild, moderate, and severe).

Statistical analysis

Summary statistics (mean and standard deviation) were pro-

vided for all variables. SAS (SAS Institute, Inc., Cary, NC, USA)

was utilized for all analyses. Analysis of variance (ANOVA) was

conducted on any endpoint measured only once (organ

weights). Endpoints measured multiple times during the study

and having a pretreatment measurement (body weight, food

consumption, blood pressure, clinical chemistry, hematology,

coagulation, and urinalysis parameters) were analyzed using a

repeated measures analysis of covariance (RMANCOVA). Body

weight change from baseline was analyzed using a repeated

measures analysis of variance (RMANOVA). P-values of <0.10
were considered significant for the treatment fixed effect and

treatment-by-time interaction; all other interactions were con-

sidered significant at P < 0.05.

Pharmacokinetic data were evaluated by noncompartmental

analysis to determine Cmax, Tmax, and AUC0-last. T1/2 and

AUC0-infinity were not estimated due to the chosen sampling

scheme (too few sampling points after the last administration

to estimate the terminal slope). Dose-dependent pharmacoki-

netic parameters (AUC and Cmax) were additionally normalized

with respect to dose (Cmax_N and AUC0-last_N, respectively).

After applying a log transformation, Tmax values were checked

to see if they satisfied the normal distribution assumption.

Summary statistics (arithmetic and geometric mean, median,

standard deviation, coefficient of variation, minimum and max-

imum values) were provided.

RESULTS

Observations

There were no treatment-related adverse findings from the clin-

ical observations, physical examinations including neurological

assessments, blood pressure, quantitative ECG parameters or

ophthalmologic assessments, in any cat. Intermittent interven-

tricular conduction disturbances were observed on the electro-

cardiogram in one 39 male and one 59 female during month

6 of treatment. In addition, in treated male cats, a dose-depen-

dent increase in the frequency of soft feces was observed. There

was one unscheduled death, a female dosed at 40 mg/kg/day,

which was euthanized in extremis after 2 weeks of treatment

for nonspecific clinical signs (see Postmortem findings).

Feed consumption

There was a significant treatment-by-time interaction in aver-

age food consumption. The treated groups had significantly

increased food consumption compared to the control group on

Weeks 12–16, 19, 21 and 26 for the 8 mg/kg/day group;

Week 15 for the 16 mg/kg/day group; Weeks 15, 16, 18, 21,

25 and 26 for the 24 mg/kg/day group; and Weeks 15–19,
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21, 24 and 25 for the 40 mg/kg/day group (see Table 1). The

increase in food consumption compared to controls correlated

with body weight increases in all of the treated groups (see

Table 2). It was unclear whether the effect on food consump-

tion was due to cyclosporine.

Body weight

Body weights and body weight gains were slightly higher in

treated animals than in controls throughout the study,

although this was not statistically significant (Table 2). It was

unclear whether the affect on body weight was a direct effect

of the cyclosporine or an indirect effect of increased food con-

sumption.

Clinical pathology

There were no biologically relevant treatment-related effects on

hematology, clinical chemistry, or urinalysis parameters at any

dose in either sex. Prolonged APTT was seen at dose levels

>19, but this was considered unlikely to be biologically rele-

vant (Table 3).

Plasma analyses

Pharmacokinetic parameters were calculated for cyclosporine

profiles obtained on Day 182 at [h]: 0, 1, 2, 4, 8 and 24

(Table 4). Increasing doses led to relatively lower Cmax,and

AUC parameter estimates then predicted assuming dose propor-

tionality (Fig. 1). The estimated accumulation factors (R) after

long-term dosing at 8 mg/kg/day, calculated as ratios of

trough levels between Day 7 (i.e. at this time, steady-state is

expected to be reached based on cyclosporine terminal half-life

in cats (Mehl et al., 2003)) and subsequent study days with

available trough samples were in general not significantly dif-

ferent from 1, indicating no further significant accumulation at

19 (Fig. 2) with long-term exposure. An exception was the

single R factor value for the ratio of the trough level between

Day 7 and Day 154, which was R = 1.72.

Postmortem findings

Postmortem findings were limited to the 40 mg/kg/day group

(59). There was one unscheduled death, a female dosed at

40 mg/kg/day, which was euthanized in extremis after 2 weeks

of treatment for nonspecific clinical signs including recum-

bency, inappetence, dehydration, and decreased body weight

(loss of approximately 18%). Pathology findings showed a

healing rib fracture (estimated to be about 2 weeks old) and

bone marrow hypocellularity characterized by a moderate

reduction in the number of bone marrow cells of multiple lin-

eages. Hematology parameters collected prior to euthanasia

were not consistent with the observed bone marrow hypocellu-

larity. The cat’s trough cyclosporine concentration was

4858.8 ng/mL, approximately fivefold higher than any other

cat in the 59 group. Malignant lymphoma involving the kid-

neys and a mesenteric lymph node was present in a male trea-

ted with 40 mg/kg/day. In addition, a female cat in this same

group presented with abdominal fibroadenomatous nodules

during the study.

DISCUSSION

Although cyclosporine has been used in cats for some time,

ATOPICA for Cats (cyclosporine oral solution, USP) MODIFIED

has only recently been approved by the US FDA for the control

of HD in cats of at least 6 months of age and 1.4 kg in body

weight. As allergic dermatitis is a chronic condition, treatment

at a dose of 7 mg/kg should be given for at least 4–6 weeks

after which it can be tapered to maintain the desired therapeu-

tic effect. Such long-term therapy raises concerns over toxicity,

especially as it has been suggested that the blood concentration

of CsA may increase over time due to saturation of the tissue-

binding sites and adverse effects may be linked to high trough

Table 1. Mean food consumption during 6 months of daily dosing

with cyclosporine

Mean food consumption (g/cat/day)*

Group

number

Dose

concentration

(mg/kg/day)

Male (n = 4/group) Female (n = 4/group)

Food

consumption %

Food

consumption %

1 Sham 86.65 NA 70.27 NA

2 8 (19) 95.47 10.2 78.90 12.3

3 16 (29) 98.51 13.7 78.38 11.5

4 24 (39) 103.84 19.8 75.52 7.5

5 40 (59) 124.50 43.7 76.28 8.6

NA, not applicable.

(%) Percentage difference from sham.

*Statistical analysis: Pooled food consumption data had a statistically

significant treatment-by-time interaction (P = 0.0001), treated groups

were increased compared to controls on certain weeks (Weeks 12–16,
19, 21 and 26 for 8 mg/kg/day; Week 15 for 16 mg/kg/day; Weeks

15, 16, 18, 21, 25 and 26 for 24 mg/kg/day; and Weeks 15–19, 21,
24 and 25 for 40 mg/kg/day).

Table 2. Mean body weights before and at the end of 6 months of

daily dosing with cyclosporine

Mean body weights (kg)

Group

number

Dose

concentration

(mg/kg/day)

Male (n = 4/group) Female (n = 4/group)

Pretest

Study

end % Pretest

Study

end %

1 Sham 3.773 4.675 23.9 2.375 2.843 19.7

2 8 (19) 3.605 5.043 39.9 2.660 3.600 35.3

3 16 (29) 3.748 5.230 39.5 2.668 3.548 32.9

4 24 (39) 3.655 5.495 50.3 2.683 3.613 34.7

5 40 (59) 3.963 6.028 52.1 2.695 3.593 33.3

(%) Percentage difference from pretest.

Statistical analysis pooled data: Body weight: P = 0.9264; Body weight

gain: P = 0.8012.
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blood concentrations (>700 ng/mL) in cats also treated con-

comitantly with ketoconazole (Vaden, 1997; McAnulty & Lens-

meyer, 1999). However, results from a field study with 100

client owned cats with HD showed that treatment with

7.0 mg/kg cyclosporine for up to 6 weeks was efficacious and

well tolerated (King et al., 2012). The results of this present

study confirm that CsA is safe and well tolerated by cats, even

at multiples of the recommended dose of 7 mg/kg, given daily

over a 6-month period.

Few adverse reactions to cyclosporine have been reported in

cats treated for allergic dermatoses. Gastrointestinal signs (diar-

rhea, vomiting and anorexia) are the most frequently observed

reactions (Robson, 2003a; Noli & Scarampella, 2006; Vercelli

et al., 2006; Wisselink & Willemse, 2009; Heinrich et al.,

2011; King et al., 2012). In a study conducted by Vercelli

et al. (2006), mild gastrointestinal signs (intermittent soft feces

or occasional vomiting) were observed in 4/23 cats during the

first week of treatment with 5–14 mg/kg CsA dosed twice daily

while Noli and Scarampella (2006) observed mild diarrhea in

1/10 cats following daily dosing with 3.6–8.3 mg/kg for

1 month. Also, following 4 weeks of treatment with 5 mg/kg

CsA once daily, 11 of 18 treated cats experienced some form of

reversible mild adverse reaction, including intermittent vomit-

ing (three cats), diarrhea or loose stools (five cats), hyperactiv-

ity, increased appetite, and polydipsia (Wisselink and Willemse,

2009).

In the present study, following up to five times (59), the

approved dose administered daily over a 6-month period, there

was an increase in the frequency and number of male cats

with ‘soft feces’, but in contrast to some reported observations

in the field, there was no vomiting or anorexia. Indeed in our

study, as in the study conducted by Wisselink and Willemse

Table 4. Arithmetic mean (�standard deviation) pharmacokinetic parameters

Group

number

Dose concentration

(mg/kg/day) Tmax Cmax Cmax relative ratio AUC

AUC relative

bio-availability ratio

2 8 (19) 1.3 � 0.5 1.93 � 0.60 NA 13.94 � 6.53 NA

3 16 (29) 1.5 � 0.5 3.64 � 2.19 0.83*,† 37.16 � 31.70 1.05*,†

4 24(39) 1.8 � 0.5 4.03 � 2.13 0.61* 32.07 � 15.68 0.70*,†

5 40 (59) 1.4 � 0.5 3.96 � 3.32 0.33* 28.70 � 19.88 0.37*

Cmax observed maximum cyclosporine concentration (day 182) (lg/mL).

Tmax observed time to reach Cmax (h).

AUC, area under the cyclosporine vs. time curve between time 0 and 24 h (Day 182) (hlg/mL).

Relative ratios are related to the 19 group and calculated using dose-normalized values.

NA, not applicable.

Statistical analysis: Significant difference of P ≤ 0.005. *Compared to 19 group; †Compared to 59 group.

Table 3. Activated partial thromboplastin time (APTT) values with data from male and female cats pooled

Variable Group Pretest Overall Day 8 Day 32 Day 92 Day 155 Day 184

APTT (sec) Sham Mean 14.28 13.52 13.36 13.6 14.16 14.05 12.40

SD 1.58 1.32 1.14 1.17 1.42 1.42 0.89

N 8 40 8 8 8 8 8

P-value –
8 mg/kg/day Mean 14.58 14.48 14.59 14.76 15.06 14.99 13.00

SD 1.84 1.9 2.32 2.02 1.77 1.7 1.12

N 8 40 8 8 8 8 8

P-value 0.1713

16 mg/kg/day Mean 15.05 15.29 14.96 15.07 16.19 16.53 13.47

SD 1.46 2.05 1.76 1.23 1.63 2.62 1.58

N 8 38 8 7 8 8 7

P-value 0.0248*

24 mg/kg/day Mean 14.51 14.97 14.49 15.46 14.98 15.84 14.14

SD 2.17 1.78 1.73 1.82 0.96 2.66 1.10

N 8 39 8 7 8 8 8

P-value 0.0306*

40 mg/kg/day Mean 15.03 16.33 15.33 16.29 17.31 18.11 14.73

SD 1.58 2.85 1.68 2.95 2.40 4.04 1.99

N 8 36 8 7 7 7 7

P-value 0.0007**

*,**Statistically significant at the 0.05, and 0.01 level, respectively.
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(2009), food intake was generally increased in treated cats

when compared to control cats, which likely contributed to the

observed increase in body weight. Wisselink and Willemse

(2009) also reported an increase in white blood cell counts,

but suggested this may be due to the underlying inflammatory

skin condition rather than due to CsA as it was also observed

in the control prednisolone treated cats. Hematological param-

eters remained within normal ranges for treated cats within

this current study. Activated partial thromboplastin time

(APTT) was prolonged in cats administered at least twice the

recommended dose of CsA, with the greatest increase observed

in the cats receiving the highest dose following a minimum of

4 weeks of treatment. These changes may be test article-related;

however, they were mild and not considered biologically relevant.
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Fig. 2. Mean trough cyclosporine profiles with respect to treatment. Treatment group 2 (8 mg/kg/day) is represented by a solid line; treatment

groups 3 (16 mg/kg/day), 4 (24 mg/kg/day), and 5 (40 mg/kg/day) are represented as dotted lines. Vertical bars indicate �SEM.
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sented by a solid line; treatment groups 3 (16 mg/kg/day), 4 (24 mg/kg/day), and 5 (40 mg/kg/day) are represented as dotted lines. Vertical bars

indicate �SEM. Cmax and AUC were not dose-proportional.
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The APTT is a performance indicator measuring the efficacy of

both the ‘intrinsic’ and the common coagulation pathways.

Prolonged APTT may indicate a coagulation factor deficiency,

although it may also increase in liver disease, as the liver is

the source of most coagulation factors (Couto, 1999). It is not

clear why APTT was increased in this study; however, all liver

parameters measured as part of the clinical pathology assess-

ment were within normal ranges, and there were no macro- or

microscopic hepatic changes suggesting liver toxicity.

Hypertension is another common adverse reaction to CsA in

people, and hypertension has been recorded in renal trans-

planted cats treated with CsA (Robson, 2003a). However, in the

current study, there was no observed effect on blood pressure,

even in 39 and 59 groups. One 39 male and one 59 female

during month six of treatment experienced intermittent inter-

ventricular conduction disturbances. This did not result in any

clinical signs; however, as an intermittent interventricular con-

duction disturbance is not reported as a normal variant in cats,

a test article effect is possible. In this study, one female cat in the

59 dose group was euthanized due to welfare reasons. The

euthanasia was considered to be the result of a decline in health

possibly related to a previous trauma rather than to the adminis-

tration of CsA. Malignant lymphoma was present in one 59 cat.

While cyclosporine does not induce tumors, it does inhibit T-

lymphocytes and therefore treatment with cyclosporine may

increase the susceptibility to infection and the development of

neoplasia. There are reports in the human literature regarding

the role of immunosuppression in the development of lympho-

proliferative disease in transplant patients due to Epstein–Barr

virus (Tanner & Alfieri, 2001). However, lymphoma is common

in cats, and additional studies are needed to determine whether

there is any link between CsA treatment and the occurrence of

feline lymphoma. In addition, one female cat dosed with 40 mg/

kg CsA developed palpable abdominal nodules on Day 133. The

animal was anesthetized, and mammary gland biopsies contain-

ing the nodules were obtained on Day 135. Microscopic exami-

nation of the fixed hematoxylin and eosin-stained paraffin

sections was consistent with a fibroadenomatous change, which

is a spontaneous change in young intact cats and can be related

to higher levels of circulating progesterone (de las Mulas et al.,

2000).

In this study, dose-normalized peak plasma concentrations

and plasma drug concentration-time curves were not dose pro-

portional at dose levels greater than the recommended dose.

Relative to Day 7 (when drug blood concentrations are

expected to be at steady-state), accumulation factors were gen-

erally not different than one, indicating no significant unex-

pected accumulation with long-term dosing of cyclosporine.

This is in contrast to rats, where there is significant accumula-

tion in plasma and tissues (Ryffel, 1982). Nondose proportion-

ality is linked to one or several nonlinear processes and is a

known property of cyclosporine pharmacokinetics (Mueller

et al., 1994). No specific experiments have been performed by

the authors to identify the cause of this nonlinearity in cats.

One hypothesis is nonlinear absorption related to high local

concentrations at high doses leading to incomplete solubiliza-

tion, or saturation of enzymes and transporters. A benefit of

this under-proportionality is the lower than expected exposure

of cats in the event of accidental overdosing.

In conclusion, these data demonstrate that ATOPICA for

Cats (cyclosporine oral solution, USP) MODIFIED is safe and

well tolerated in cats without unexpected accumulation beyond

the first week of treatment when administered as directed.
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