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Abstract

The goal of this study was to evaluate the feasibility of at-home cytarabine (CA) delivery via a novel delivery system 
(Omnipod®) to dogs with meningoencephalomyelitis of unknown etiology (MUE). Nine dogs with clinical MUE received 
CA through a 24-hour continuous subcutaneous infusion (CSCI) using the Omnipod® system, with cytarabine administered 
at 12.5 mg/m²/hour, totaling 300 mg/m² over 24 hours. A single plasma sample was obtained between 20 and 22 hours 
after initiation of CSCI, and plasma CA concentrations were measured by high-pressure liquid chromatography. Ten plasma 
CA samples were analyzed, showing concentrations ranging from 533 ng/mL to 2958 ng/mL, similar to levels previously 
reported with continuous intravenous infusion. All owners responded positively to the Omnipod® at-home therapy, with no 
issues reported regarding its use or removal; seven out of nine preferred the at-home Omnipod® therapy over traditional in-
hospital treatment. These findings suggest that the Omnipod® system is a viable alternative for at-home CA administration 
in dogs with MUE.
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Introduction

Meningoencephalomyelitis of unknown etiology (MUE) 
is a clinical diagnosis for immune-mediated inflammatory 
central nervous system diseases [1]. The basis of treatment for 
these patients is immunosuppression, which often includes 
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corticosteroids and a secondary immunosuppressant [1]. 
Cytarabine (CA) is a pyrimidine analog frequently used to 
treat dogs with MUE. Clinicians typically treat using CA via 
either intravenous (IV) continuous rate infusion (CRI) or 
subcutaneous (SC) injections. Different studies have assessed 
the pharmacokinetics of various IV and SC treatment 
protocols [2-7]. Lowrie, et al. showed a higher proportion of 
3-month survival rates in MUE patients treated with CA via 
IV CRI (100 mg/m2 over 24 h) compared to dogs receiving 
SC administration (50 mg/m2 SC q 12 for 2 doses) as their 
initial CA treatment [4].

Although IV CRI administration has been considered the 
clinically favorable option, its disadvantages can make it less 
favorable among owners. It requires extended hospitalization, 
longer to perform, and repeated IV catheterization. In a 
previous pharmacokinetic study, the Omnipod® system 
was shown as a viable alternative for CA delivery in canine 
patients [5]. This study aimed to evaluate the feasibility of at-
home CSCI of CA for the treatment of MUE via the Omnipod® 
system. 

Materials and Methods

Animals

Nine client-owned dogs diagnosed with MUE were 
enrolled through NC State University Veterinary Hospital 
(NCSU). The NCSU-CVM Institutional Care and the Use 
Committee approved this study (Amended Protocol 20-140). 
A diagnosis of MUE was based on clinical signs, MRI, and CSF 
analysis results. Enrollment in this study was completed at 
the patients’ routinely scheduled CA administrations to treat 
MUE. Dogs weighing more than 16 kg were excluded due to 
the pump’s volume capacity of 2.00 ml.

Drug Preparation and Administration

The CA dose was prepared in a clean, negative-pressure 
room with a containment hood and complied with the US 
Pharmacopeia (USP) guidelines. The CA was drawn up 
by a pharmacist wearing chemotherapy-rated personal 
protective equipment and using closed system transfer 
devices (CSTD) from Equi-Shield®. The evening before 
each patient’s scheduled trial, the required dose was drawn 
up in a 3.00 mL syringe and dispensed to the investigator, 
along with an adapter that allowed attachment to a standard 
luer-lock needle. The investigator loaded the CA into each 
Omnipod® while wearing nitrile gloves and a face shield. 
Each patient’s hair was clipped in a 7 x 10 cm area along the 
dorsum between the shoulder blades. The skin was wiped 
with isopropyl alcohol and allowed to dry before Omnipod® 
placement. The Omnipod® was applied directly to the 
patient’s skin. An additional adhesive (PodPal®) was placed 

over and around each system. A holter monitoring vest was 
then placed on each patient. One patient, dog 5, was initially 
allowed to wear a t-shirt instead of a holter monitoring vest; 
this patient returned for a second enrollment and wore a 
holter monitoring vest the second time. The Omnipod® 
was programmed to deliver the CA at 12.5 mg/m2/hour as 
a CSCI over 24 hours (300 mg/m2 total). Each patient was 
sent home with the Omnipod® in place and was instructed 
to return the following morning before the completion of the 
24-hour infusion. 

Sample Collection

A single blood sample was obtained to evaluate the CA 
plasma concentration from each dog between 20-22 hours 
into the CSCI treatment before removing the Omnipod®. 
Plasma CA concentrations were measured by high-
pressure liquid chromatography. A total of 10 plasma CA 
concentrations were obtained. A total of two separate plasma 
samples were collected on two separate treatment periods 
for one dog to evaluate if a potential premature detachment 
of the Omnipod® affected the delivery. Further explanation 
regarding this individual circumstance is summarized in the 
results section below. 

Omnipod Removal

Upon the dog’s return to the NCSU the following morning, 
the Omnipod® was removed by each owner using Medi-
Sol®, a spray adhesive remover. This was done under the 
supervision and guidance of the investigator. The Omnipod® 
was then disposed of in the chemotherapy biohazard waste 
container.

Upon removal of the pod, each dog owner was asked four 
questions to assess how the Omnipod® integrated into an 
at-home treatment. The questions were as follows: 1) How 
did it go? 2) Did you encounter any problems? 3) Was the 
pod easy to remove? 4) Would you prefer at-home therapy 
(Omnipod®) or traditional inpatient (hospital) therapy in 
the future? The primary owner was asked to answer the 
questions directly if a dog had multiple owners.

Results

Nine client-owned dogs were enrolled in the study. The 
median age was 3.5 years (range 1.2 - 6.6 years), and the 
median body weight was 8.1 kg (range 2.8- 12.3 kg). There 
were 2 castrated males and 7 spayed females included in 
the study. The following breeds were represented: French 
bulldog (2), Shih Tzu (2), Pomeranian (1), Terrier (1), 
Miniature Dachshund (1), Chihuahua (1), Havanese (1). All 
dogs were administered prednisone concurrently at a dose 
range of 0.19 - 1.75 mg/kg/day (median 0.88 mg/kg/day). 
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In addition, one dog received leflunomide at 2 mg/kg/day. 
Cytarabine was delivered at 300 mg/m2 over 24 hours. 
At the initial visit for the pod placement, the duration of 
admittance to the time of discharge ranged from 21 to 38 
minutes (median 26.7 minutes).

Ten plasma samples from the 9 dogs were used for 
pharmacokinetic (PK) analysis. Each sample was obtained 
between 20 and 22 hours after CA CSCI Table 1 treatment 
started. The mean plasma drug concentration was 1452.1 
ng/mL (range 533 - 2958 ng/mL). An individual summary of 
the results can be found in Tables 2 & 3.

Cytarabine administration and Omnipod® placement 
appeared well tolerated by the dogs. No severe adverse skin 
reactions were noted in this study. Two dogs had a mild 
superficial 1 x 2 mm erythematous lesion Figure 1 upon 
removal of the system. Per the owner’s communication, 
these lesions resolved within 24 hours. 

Figure 1: Demonstrates the skin lesion noted upon initial 
removal of the Omnipod®. Per owner communication, this 
lesion was resolved within 24 hours.

 	
Mean (n=10) Stdev

Cytarabine CSCI concentration 
(ng/ml) 1452.1 641.1

Plasma collection time during 
CSCI (hours) 20.65 0.35

Admittance to discharge on the 
day of pod placement (minutes) 26.7 6.6

Table 1: Summary of results for cytarabine concentration, 
collection times, and total time in hospital prior to discharge 
after pod placement.

Table 2 summarizes the owner’s responses to the 
questions after removing the pod. All owners responded 
favorably to using the Omnipod® regarding questions one 
through three. Seven out of nine owners preferred at-home 
Omnipod® therapy over traditional therapy. Two out of 
nine owners preferred traditional treatment. However, a 
secondary owner was also in the exam room at discharge for 
one of those dogs and expressed a preference for at-home 
Omnipod® therapy.

Questions at the time of discharge Responses
How did it go? Positive (9/9)

Did you encounter any problems or 
concerns? No (9/9)

Was the pod easy to remove? Yes (9/9)
Would you prefer at-home therapy 

(Omnipod®) or traditional inpatient 
(hospital) therapy?

Omnipod (7/9)

Table 2: Summary of owner responses.

Dog (number) Cytarabine Concentration (ng/ml) 
1 1364
2 1217
3 1665
4 826
5* 533
6 2958
5* 1382
7 1686
8 1560

19 1330

Table 3: Dogs and corresponding cytarabine concentration. 
*For patient 5, the study was repeated later due to the 
Omnipod® potentially being detached on representation to 
the hospital.

Discussion

The objective of this study was to evaluate the feasibility 
and efficacy of at-home cytarabine administration in dogs 
receiving CA at 12.5 mg/m2/hour using the Omnipod® 
system. The Omnipod® system proved well adapted for CA 
at-home treatment in dogs with MUE, an effective alternative 
for in-hospital treatment with CA. The Omnipod® was easy 
to place and remove. No severe adverse reactions were noted 
upon placement and removal of the Omnipod® system. 
All dogs tolerated pod placement. Owners could safely 
and efficiently remove the Omnipod® with appropriate 
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instructions. All nine owners responded positively to the 
ease of removal of the system. 

The plasma drug concentrations between hours 20-
22 ranged from 533 ng/mL to 2958 ng/mL (mean 1452.1 
ng/mL). These values were similar to previously reported 
concentrations in dogs receiving a CSCI of CA via the Omnipod® 
system [8]. Previous PK studies have reported a minimum 
target concentration of 1000 ng/mL of CA [2,5,9,10]. The 
results of this study showed that this delivery system meets 
the minimum target concentration and is comparable to 
other delivery routes, such as IV CRI and SC protocols [2,3,7]. 
Although it has not been established whether CA diffusion 
into the CNS is dose- or time-dependent, this treatment 
protocol ensures that a minimum target concentration is 
delivered. This study only evaluated a single time point. Still, 
a previous study by Mancini SL, et al. [8] evaluated different 
time points during CSCI of CA via the Omnipod® system 
[8]. It showed it reached the target concentration at 4 hours 
throughout CSCI delivery and up to 2 hours after treatment. 
Considering this, this delivery method with the Omnipod® 
system allows CA to be delivered above the target minimum 
concentration for more extended periods when compared to 
other outpatient treatment protocols [3,7].

Upon removal of the Omnipod®, most pet owners 
stated that the removal was simple and easy. No issues with 
the Omnipod® were noted at home. All dogs tolerated the 
holter vest well. When asked if they would prefer at-home 
treatment versus in-hospital treatment, only two out of nine 
owners said they would prefer in-hospital therapy. For one 
of the dogs whose owner preferred in-hospital treatment, 
their partner (and secondary owner) preferred at-home 
treatment. The owners preferred in-hospital therapy to 
increase the time spent in face-to-face communication with 
the doctor. The other owner said they preferred traditional 
in-hospital therapy to ensure their dog receives high-quality 
care during treatment. 

None of the Omnipod® systems were visibly dislodged 
before removal at NCSU on the second visit. In one of the dogs, 
the proximal portion, ~ 1 x 3 cm, of the adhesive backing 
was unattached before removal, although the cannula was 
still in place. In this dog, the investigator had approved 
the placement of a t-shirt instead of the standard holter 
monitoring vest provided to each patient. After this was noted, 
all patients were required to wear the holter monitoring vest 
at home, and this dog was repeated in the study to compare 
the plasma concentrations in separate instances see Table 3. 
When comparing the cytarabine concentration for this dog 
(dog 5) during the first visit to the second visit, there was a 
significant difference in the concentrations, which were 533 
and 1382 ng/ml, respectively. This discrepancy between the 
values strongly suggests that using a t-shirt and adhesive 

lifting could have affected the Omnipod® ability to deliver 
cytarabine in this dog. 

Upon reflection, the authors noted that specific 
measures should be in place to reduce the risk of accidental 
detachment of the Omnipod®. All hair should be shaved 
with a 1 cm distance margin to ensure the PodPal® can 
adhere properly. The area must be completely dry before 
placement. The holter vest should be snug to prevent tugging 
of the Omnipod® with movement. The optimal direction 
for Omnipod® placement would be with the insertion 
point in the caudal area of adherence if the pod was placed 
in the dorsal scapular region. This would make one more 
confident that the needle was still in place under the skin 
even if the more proximal portion of the adhesive lifted 
slightly. Other previously reported side effects of CA, such as 
gastrointestinal signs (diarrhea, vomiting) or bone marrow 
suppression, were not noted in these patients receiving CA 
via the Omnipod® [11].

Although cytarabine is one of the most reported add-on 
immunosuppressant medications for the treatment of MUE, 
this medication is often only recommended for owners who 
can easily transport their animals to the hospital, and it can 
be a commitment not everyone can manage. Beasley and 
Shores (2023) report one of the main determinant factors 
between the choice of cytarabine versus cyclosporine for 
treatment of patients with MUE is the owner’s ability to be 
able to bring them to the clinic for treatment routinely [12]. 
An advantage of this delivery system is that it reduces each 
patient’s time in the hospital. The total time to discharge 
for initial Omnipod® placement was under 38 minutes for 
each patient. This is substantially shorter than previously 
proposed IV CRI and SC injection treatment protocols [3,4]. 
Although owners were instructed to return the following 
day for instruction on removing the Omnipod®, the goal 
for the future is to have the owners remove the system at 
home, which would further reduce their trips to and time 
in the hospital. The goal would be for owners to return the 
provided Bluetooth device and vest to the hospital with 
a prepaid shipping box and label. The owners would be 
instructed on how to remove the Omnipod® and place it in 
a sealed plastic bag away from animals and children. They 
would then bring this to their dogs’ next appointment for 
appropriate hazardous waste disposal by the hospital. 

The Omnipod and cytarabine delivery appeared to be 
well tolerated in this study population, with previously 
reported adverse effects such as gastrointestinal signs, 
lethargy, and skin infection not reported in the study dogs 
after receiving their treatment [13]. For the two dogs with 
a mild skin reaction, these lesions were reported to resolve 
within 24 hours with no intervention at home per the 
owners. 
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One limitation of this study is the small sample size. This 
is partly due to the exclusion criteria, as patients over 16 kg 
were excluded. This exclusion was due to the specifics of the 
Omnipod® itself. The Omnipod® has a maximum capacity 
of 2.0 mL, which limited patients to 16 kg when the dose 
administered was 300 mg/m2. At a lower dose (i.e., 200 mg/
m2), the system could be used on a dog weighing up to 30 kg. 

Another limitation of this delivery system would be 
potential hazardous drug exposure to both the owners and 
dogs. This risk was minimized by placing an additional 
adhesive layer (PodPal®) and a holter vest over the pod 
to ensure the dogs could not interfere with the pod when 
unsupervised at home. The owners were instructed to 
prohibit other pets or children from unsupervised access 
to the patients to avoid possible removal by the other 
members of the household. The owners removed the 
Omnipod® system under the supervision and guidance 
of the investigators, and the pod was disposed of in the 
appropriate chemotherapy hazardous waste container. The 
risk of exposure during this step might be higher if removal 
was unsupervised at home. This risk could be minimized 
with initial in-person instruction, supervised demonstration, 
and written instructions provided to owners. 

Conclusion

This study highlights the feasibility and effectiveness of 
using the Omnipod® system for at-home cytarabine (CA) 
administration in dogs with meningoencephalomyelitis of 
unknown etiology (MUE). This delivery system consistently 
achieved therapeutic plasma drug concentrations 
comparable to traditional intravenous infusion protocols 
while significantly reducing hospitalization time, the number 
of injections required, and the stress associated with in-
hospital treatment. Most owners found the system easy to 
use and appreciated its convenience, although a small subset 
preferred in-hospital therapy for closer communication with 
the clinical team. These findings suggest that the Omnipod® 
system is a practical and well-adapted alternative to in-
hospital treatment, offering benefits for dogs and their 
owners.

Recommendations

Future research should compare the effectiveness of 
at-home treatment using the Omnipod® with traditional 
inpatient therapy and evaluate how at-home treatment with 
Omnipod® influences outcomes in patients with MUE. 
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