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Abstract
Background Combination therapy with glucocorticoids and adjunctive immunomodulating drugs has
been generally accepted as a standard treatment regimen for meningoencephalomyelitis of unknown
etiology (MUE). Mycophenolate mofetil (MMF) has been considered a comparable alternative option to
other previously reported immunosuppressive agents. We hypothesized that treatment with MMF as an
adjunctive agent along with glucocorticoids would be effective in dogs with MUE and safer than other
immunosuppressive protocols. Eighty-six dogs with MUE were included. The medical records of dogs
with MUE treated with prednisolone and MMF were retrospectively evaluated to determine the response,
survival time, and treatment-related adverse effects. A partial or complete response (CR) was recorded for
75 dogs.

Results The overall median survival time from the initiation of treatment was 558 days. Dogs that
showed CR with no relapse over the treatment period had signi�cantly longer median survival times. A
signi�cantly higher mortality hazard ratio of 4.546 was recorded in dogs that failed to achieve CR. The
interval between the onset of clinical signs and the presentation was not signi�cantly associated with CR,
relapse rate, and survival time. Adverse effects included gastrointestinal upsets in 26 dogs, sporadic
infections in 17 dogs, and pancreatitis in seven dogs.

Conclusions The results suggest that adjunctive MMF treatment for MUE is safe and comparable to other
immunosuppressive protocols. The treatment should focus on the achievement of CR and preventing
relapse for successful management.

Background
Non-infectious in�ammatory disorders of the central nervous system (CNS) can be divided into several
subtypes based on the characteristics of the affected animal and the speci�c histopathological features.
Among these disorders, granulomatous meningoencephalomyelitis (GME), necrotizing
meningoencephalitis (NME), and necrotizing leukoencephalitis (NLE) have been frequently reported [1].
The umbrella term meningoencephalomyelitis of unknown etiology (MUE) has been introduced to
describe dogs with non-infectious CNS in�ammatory disorders without a histopathological diagnosis [2].

MUE has long been assumed to have an autoimmune and genetic pathogenesis, and it seems to involve
aberrant immune responses directed against CNS constituents [3]. Many glucocorticoid-based protocols
have been investigated for the treatment of MUE. Glucocorticoid monotherapy may adequately control
the clinical signs initially, but the long-term response is variable, and immunosuppressive doses of
glucocorticoids may cause adverse systemic effects in some patients [4, 5]. For these reasons,
combination therapy with glucocorticoids and one or more immunomodulating drugs, or monotherapy
with immunomodulating drugs has been generally accepted as the standard treatment regimen.

Mycophenolate mofetil (MMF) is the pro-drug of mycophenolic acid, an inhibitor of the enzyme inosine
monophosphate dehydrogenase (IMPDH) [6]. It has multiple immunosuppressive effects, which are
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exerted mostly through activated lymphocytes. Lymphocytes are completely dependent on de novo purine
biosynthesis, and the de novo synthesis of guanosine monophosphate for purines requires IMPDH.
Therefore, inhibition of IMPDH by MMF results in purine depletion speci�cally within lymphocytes and
ultimately results in inhibited DNA production and cytostatic activity on both activated B- and T
lymphocytes [7].

MMF has been used in veterinary medicine as an immunosuppressant to prevent allograft rejection and
for various immune-mediated diseases [8–13]. It has also recently been considered a comparable
alternative to other published immunosuppressive agents in the treatment of MUE [14–17]. The most
commonly reported adverse effects of MMF are gastrointestinal upsets; however, these adverse effects
were infrequent, transient, and non-life threatening in most cases [10, 12, 14, 17]. The purported
advantages of using MMF over other adjunct immunosuppressive drugs include its rapid onset of action,
availability in oral and parenteral formulations, and lack of myelotoxicity or hepatotoxicity [12, 18].

The purpose of this retrospective study was to describe the use of MMF as an adjunctive
immunosuppressive agent administered with glucocorticoids in client-owned dogs with MUE. We
hypothesized that treatment using MMF as an adjunctive agent with glucocorticoids would be effective
and well-tolerated protocol in dogs with MUE. Furthermore, we aimed to report any adverse effects of
long-term MMF therapy and risk factors associated with the clinical outcomes in dogs with MUE. In
addition, we also tried to improve our understanding of MUE treatment through various analyzes with
more strict medication control and large-scale �led than in previous studies.

Results
One-hundred and eight dogs were included on the basis of the initial collection criteria. After
assessments, 22 dogs were excluded for the following reasons: discontinuation of the MMF treatment (n 
= 8); receiving additional immunosuppressants (n = 4); lack of cerebrospinal �uid (CSF) evaluation data
(n = 4); and lack of follow-up data (n = 6). Finally, 86 dogs were included in the study.

Signalments, clinical signs and treatment variations
Affected breeds included the Maltese (n = 36), Shih Tzu (n = 9), Yorkshire Terrier (n = 9), Chihuahua (n = 6),
Pomeranian (n = 6), mixed-breed (n = 5), Toy Poodle (n = 3), Miniature Pinscher (n = 3), Pekinese (n = 3),
and Miniature Dachshund (n = 2), and one each of Papillon, Shetland Sheepdog, Miniature Schnauzer,
and French Bulldog. There were 59 females (13 spayed and 46 sexually intact) and 27 males (16
castrated and 11 sexually intact). Age at initial diagnosis ranged from 7 months to 15 years (median, 6
years; mean, 5.93 years). Body weight ranged from 1.45 to 11.7 kg (median, 3.125 kg; mean, 3.83 kg).
The median interval from the onset of neurologic dysfunction to initial presentation was 14 days (range,
0–1080 days). Fifty-seven dogs (66.28%) belonged to the acute group and 29 dogs (33.72%) belonged to
the chronic group.
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At presentation, all dogs had clinical signs of neurologic dysfunction. Signs included seizure (n = 38),
ataxia (n = 22), circling (n = 11), vestibular dysfunction (n = 11), hemiparesis (n = 10), tetraparesis (n = 9),
paraparesis (n = 8), altered behavior or mental change (n = 7), blindness (n = 7), head turn (n = 6), kyphosis
(n = 2), painful reaction (n = 2), and cerebellar ataxia (n = 1).

Twenty-three dogs (23/86, 26.74%) that presented with cluster seizures were administered anti-epileptic
drugs.

Anti-epileptic drugs were initially administered to all dogs that presented with serial seizure episodes
(22/86, 25.58%), 13 of which were prescribed phenobarbital (2 to 2.5 mg/kg PO every 12 hr), 6 of which
were prescribed potassium bromide (40 mg/kg PO every 24 hr) and 4 of which were prescribed
zonisamide (5 mg/kg PO every 12 hr). Ce�xime (5 mg/kg PO every 12 hr) and metronidazole (10 mg/kg
PO every 12 hr) were also initially administered to 3 dogs (3/86, 3.45%) suspected infectious
meniningoencephalomyelitis, and was immediately ceased when negative PCR results were identi�ed.

Diagnostic imaging �ndings
Abnormal �ndings on diagnostic imaging (computed tomography [CT], n = 41; magnetic resonance
imaging [MRI], n = 45) were detected in all dogs. Forty-�ve dogs (52.33%) showed a focal lesion and 41
dogs (47.67%) showed multifocal lesions. The affected neuroanatomic sites included the
prosencephalon (n = 72), brainstem (n = 23), spinal cord (n = 2), and cerebellum (n = 1). Eleven (12.8%) of
the dogs had both prosencephalon and brainstem lesions and only one (1.16%) dog had both
prosencephalon and cerebellum lesions.

CSF analysis �ndings
The CSF was analyzed in all 86 dogs. Pleocytosis was detected in 79 of 86 dogs (91.86%) at the initial
diagnosis. The median total nucleated cell count (TNCC) was 12 cells/µl (mean, 31.09 cells/µl; range, 1–
372 cells/µl). All abnormal samples predominantly showed mononuclear cell (with predominance of
either lymphocytes or macrophages) pleocytosis. Total protein (TP) concentration in the CSF was
elevated in 52 of 86 dogs (60.47%), and the median TP concentration was 30 mg/dl (mean, 32.17 mg/dl;
range, 0–300 mg/dl). Infectious disease testing using a real-time PCR assay of the CSF was performed in
15 of 86 dogs. The results for the PCR tests were negative in all 15 samples. All CSF samples were also
examined microscopically and were all negative for infectious agents.

Response to therapy and survival time
Complete response (CR) after treatment initiation was recorded in 57 dogs (66.28%), whereas 18 dogs
(20.93%) showed partial response (PR) and 11 dogs (12.79%) were unresponsive (no response [NR]) to
therapy. CR within a month of treatment initiation was recorded in 49 dogs (56.98%). There was no
statistically signi�cant difference in CR rates between the acute group and the chronic group (P = 0.596).
In a univariate multiple data analysis used to identify the risk factors for CR probability (Table 1), a
signi�cantly higher odds ratio was recorded in dogs that showed neurological dysfunctions other than
only seizure history before presentation, relative to those that had only seizure history (odds ratio of
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3.701; P = 0.013; 95% con�dence interval, 1.311–10.488). Of the 75 responders, 34 dogs (45.33%)
showed a relapse after achieving a treatment response. The relapsed dogs were managed successfully
with an increased dose of prednisolone or MMF, and some patients needed additional treatment with
anticonvulsants. Of the 34 relapsed dogs, only �ve dogs failed to achieve re-remission of the relapsed
clinical signs. There were no signi�cant (P = 0.302) differences in relapse rates between the acute group
and the chronic group.
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Table 1
Results of univariate multiple logistic analysis of potential risk factors for failed

CR among dogs treated with a combined MMF-prednisolone therapy

Factor CR, % (n) Failed CR, % (n) P

Sex      

Male 66.67 (18) 33.33 (9) 0.789

Female 66.1 (39) 33.9 (20)  

Age      

<= 7 years 61.67 (37) 38.33 (23) 0.083

> 7 years 76.92 (20) 23.08 (6)  

Lesion distribution      

Focal 75.56 (34) 24.44 (11) 0.087

Multifocal 56.1 (23) 43.9 (18)  

Brainstem involvement      

Negative 73.33 (44) 26.67 (16) 0.179

Positive 50 (13) 50 (13)  

Seizure      

Negative 53.49 (23) 46.51 (20) 0.393

Positive 79.07 (34) 20.93 (9)  

Seizure as the only symptom      

Negative 55.77 (29) 44.23 (23) 0.013*

Positive 82.35 (28) 17.65 (6)  

Body weight - - 0.758

TNCC - - 0.162

Symptom duration before treatment - - 0.568

*odds ratio, 3.701; 95% con�dence interval, 1.311–10.488

CR, complete response; TNCC, total nucleated cell count

The median survival time (MST) for all dogs was 558 days (range, 3–2,634 days) (Fig. 1). Fifteen dogs
(17.44%) were censored from the survival analysis; 13 dogs were still alive at the end of the study, one
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dog died from concurrent heart disease, and the other dog died from concurrent pancreatitis. The MST for
dogs in the acute group was 401 days (range, 3–2,502 days) and that for dogs in the chronic group was
807 days (range, 3–2,634 days). There was no statistical difference (P = 0.125) in survival time between
the acute and chronic groups. There were signi�cant (CRs compared with PRs, P < 0.001; CRs compared
with NRs, P < 0.001; PRs compared with NRs, P < 0.001) differences in the MST for dogs that showed a
CR to treatment during the study period (877 days; range, 35–2,634 days), compared with the MST for
dogs that showed a PR (122 days; range, 21–879 days) or NR (30 days; range, 3–221 days) (Fig. 2).
Furthermore, the MST of the dogs that showed CR within a month (877 days; range, 35–2,634 days) was
signi�cantly (P = 0.004) longer than that of the dogs that did not (111 days; range, 3–2,502 days). The
MST was also signi�cantly (P = 0.011) longer for dogs that did not show relapse (993 days; 35–2,634
days) than for dogs that did show relapse (410 days; range, 21–2,021 days) (Fig. 3).

The MST was signi�cantly (P = 0.01) longer for dogs that had a focal lesion (690 days; range, 4–2,634
days) than for dogs that had multifocal lesions (401 days; range, 3–1,834 days) (Fig. 4). The MST for
dogs with brainstem involvement was 244 days (range, 3–2,634 days) and that for dogs that did not
have brainstem involvement was 609 days (range, 3–2,502 days). There was no statistical difference in
MST between the two groups (P = 0.057) (Fig. 5).

Univariate multiple Cox regression analysis with 10 variables showed that the CR and TNCC at diagnosis
were signi�cant factors in predicting mortality (Table 2). The dogs that failed to achieve CR over the
study period had a 4.546-fold higher relative hazard ratio of mortality than those who achieved CR (P < 
0.001; 95% con�dence interval, 2.596–7.960). The TNCC at the diagnosis increased the relative hazard
ratio for mortality by 1.004-fold with an increase in cell count (P = 0.032; 95% con�dence interval, 1.000–
1.008). Age, sex, body weight, the presence of seizure history, the duration of clinical signs before
treatment, lesional distribution, brainstem involvement, and TP had no impact on mortality.

Table 2
Univariate multiple Cox regression analysis showed the CR and TNCC at

diagnosis were signi�cant factors in predicting mortality

Variables Relative hazard ratio P 95.0% con�dence interval

Lower Upper

CR 4.564 < 0.001 2.596 7.960

TNCC 1.004 0.032 1.000 1.008

Treatment-related adverse effects
Treatment-related adverse effects were reported in 39 of 86 (45.35%) dogs. Of these 39 cases, 14 dogs
had two or more concurrent adverse effects. The most common adverse effect was gastrointestinal
problems (n = 26 dogs, 26/86, 30.23%); we censored any patients with gastrointestinal manifestations
associated with extra-gastrointestinal diseases (e.g., infectious diseases) and pancreatitis; these included
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diarrhea (n = 16, 3 of 16 dogs had hemorrhagic diarrhea), vomiting (n = 11, 1 of 11 dogs had hemorrhagic
vomiting), anorexia (n = 3), and constipation (n = 1). Most of these dogs showed gastrointestinal signs
within a month after the initial treatment. Some dogs required supportive therapy, but most symptoms
were resolved with a reduced dose of MMF. The dose of MMF was reduced by 50% from that of the
pervious dose and slowly increased up to the maximum tolerated dose over one month. The others
required no treatment and resolved themselves within a few days. The second most common adverse
effect was sporadic infections (n = 17 dogs, 17/86, 19.77%); these included pyometra (n = 4), otitis
externa (n = 3), bacterial dermatitis (n = 2), fungal dermatitis (n = 2), demodicosis (n = 2), bacterial rhinitis
(n = 2), urinary tract infection (n = 2), and one each of bronchopneumonia, vaginitis, and mastitis.
Infectious diseases were treated with an appropriate therapy for each infectious agent and pyometra was
resolved with surgical intervention. Pancreatitis was reported in seven dogs (7/86, 8.14%), and one of
these dogs had concurrent pancreatic abscess. Pancreatitis was resolved in most patients with
supportive therapy, and the dog that had a pancreatic abscess underwent surgical treatment. One of
these dogs was euthanized by the owner due to the recurrent chronic pancreatitis. Adverse effects
attributable to prednisolone therapy were not recorded in this study and improved during tapering.

Hematologic abnormalities were identi�ed in 49 dogs (49/86, 56.98%). Abnormal results of CBC were
found in 26 of 86 (30.23%). Abnormal results of biochemistry were found in 34 of 86 (39.53%). Of these,
16 dogs had two or more concurrent hematologic abnormalities. These included elevated liver enzyme
activity levels (n = 27), leukocytosis (n = 17), thrombocytosis (n = 10), anemia (n = 8), hypertriglyceridemia
(n = 6), elevated lipase activity (n = 3), hypercholesterolemia (n = 3), hyperglycemia (n = 3), and
hypocalcemia (n = 1). Most of the adverse effects might have been related to the concurrent
administration of glucocorticoids. The issue was mostly resolved with prednisolone tapering, and none of
the patients had clinical signs of these hematologic abnormalities. Anemia was mild and transient in all
eight dogs. Seven of the dogs had concurrent gastrointestinal bleeding or one of the in�ammatory
diseases mentioned above, such as hemorrhagic diarrhea, pancreatitis, infectious skin disease, and
pyometra. The anemia of the other dog was non-speci�c and resolved on the next follow-up visit. The
patient with hypocalcemia had a medical history of concurrent acute pancreatitis, and hypocalcemia
resolved during the recovery of pancreatitis.

Discussion
The results of this study suggest that the administration of MMF in combination with prednisolone could
serve as an immunosuppressive protocol for the initial therapy of MUE that was comparable to the other
reported protocols. Most dogs responded to the MMF and prednisolone protocol, with 66.28% of dogs
showing a CR. The overall MST after initiating the treatment was 558 days, and 13 dogs (15.12%) that
were still alive at the end of the study had a relatively long follow-up time (median, 914 days from
treatment; range, 449–2,595 days).

The survival times for dogs in this study were similar to those in the previous studies of dogs treated with
several immunosuppressive protocols for MUE. In two retrospective studies investigating the use of MMF
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in combination with corticosteroids, the MSTs were reported to be 250 days (n = 20; range, 6–1,679 days)
[5] and 731 days (n = 25; range, 582–1,672 days) [17]. In studies of treatment protocols using
corticosteroids in combination with other immunosuppressive drugs, the MSTs ranged from 26 to 1,834
days (median, 531 days). The MSTs of dogs treated with corticosteroids in conjunction with cytosine
arabinoside were 531, 26, and 735 days [7, 19, 20], while the MSTs of those treated with lomustine were
457 (GME) and 329 (necrotizing encephalomyelitis) days [21], and those of dogs treated with
cyclosporine were 930 and 620 days [22, 23]. The dogs treated with azathioprine in combination with
prednisone had an MST of 1,834 days [24], and the dogs treated with procarbazine and prednisone had
an MST of 425 days [25]. Some of the studies that showed a large gap in the MSTs against the others
showed an obvious difference in study design. In one study of cytosine arabinoside [19], 33% of the
enrolled cases died within zero to three days of diagnosis. This suggests that the cases enrolled in this
study were unlikely to have a long survival time regardless of the treatment protocol. In the study with
azathioprine that showed an MST of 1,834 days [24], azathioprine therapy was delayed until after ruling
out the possibility of infectious CNS disease. Some dogs that did not survive the intermediate period
before obtaining the results for the infectious disease titer were excluded from this study. In one study of
MMF therapy [17], additional immunosuppressive drugs were added during the study period and the MST
was calculated before the initiation of MMF treatment. Thus, it was concluded that the
immunosuppressive protocols reported so far have similar prognoses and the establishment of a gold
standard protocol is di�cult as of now. Therefore, an individual-based protocol considering the patient’s
state, drug availability, affordability, and adverse effects might be the best treatment option for dogs with
MUE.

The MST was signi�cantly longer for the dogs that showed a CR compared with the dogs that showed a
PR and NR, and most of the patients who showed a CR achieved their responses within a month. In
addition, a signi�cantly higher mortality hazard ratio of 4.546 was recorded in dogs that failed to achieve
a CR, relative to those that showed a CR over the study period. Thus, these results combined with the
results of two other previous studies of MUE [14, 24] suggest that the achievement of CR and
improvement within a month were crucial for predicting the prognosis, and clinicians should do their best
to achieve CR. Moreover, the presence of neurological dysfunctions other than only seizure history can be
used as a good predictor of the failure to achieve a CR in the clinical setting, according to the logistic
analysis. The dogs in this study were divided into two groups according to the acuteness of the disease
course, based on the current literature [15]. The acuteness had no signi�cant effect on the MST and the
CR rates in this study, contrary to the authors’ expectation and a previous study that performed a similar
comparison [14]. Although it was not statistically signi�cant, the relatively short MST of the acute group
compared to the chronic group indicated that the acute group might have a more severe disease course
and may need a more aggressive treatment protocol for a favorable prognosis. However, obvious
limitations are evident in this comparison due to the fact that these subgroups were characterized in only
a time-dependent manner; further studies based on the severity of the neurological dysfunctions before
treatment will be needed.
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One previous study of MUE treated with a combined prednisone-azathioprine therapy showed that the
MST (472 days) was signi�cantly (P < 0.001) shorter for dogs that did relapse than for dogs that did not
relapse (1,961 days) [24], in agreement with the results of this study. It was thus veri�ed that dogs that
did not relapse during treatment had a more favorable long-term outcome. Furthermore, most of the
relapsed dogs in both studies showed a favorable response as the dose of corticosteroids was re-
increased. This may mean that corticosteroid therapy is one factor contributing to the maintenance of
clinical responses and prevention of relapse. Therefore, it seems that tapering of the corticosteroids
should be done more cautiously and slowly, but proper drug dosing adjustments in patients with MUE
that had shown remission remain elusive.

Signalment data were recorded to evaluate the association of signalment with MUE. Female dogs were
over-represented (68.6%), which is comparable to former large-scale, multi-purpose retrospective MUE
studies, and the predominance of female patients is considered to be similar to the �ndings for other
immune-mediated diseases [1, 3, 26–28]. Most cases in this study were small breeds and only two of the
86 dogs were medium-sized breed dogs, which was consistent with the results of previous surveys [3, 29].
The Maltese dog (41.86%) was the most commonly affected breed in this study. Additional commonly
affected breeds were the Shih Tzu (10.47%) and Yorkshire Terrier (10.47%). Although these breeds are all
known to be predisposed to develop MUE, this breed population might be strongly affected by the fact
that the Maltese is one of the most numerous dogs in South Korea [30].

In addition to the MMF-prednisolone therapy, 22 dogs in our study were received anti-epileptic medication
as an initial therapy. Most of them received antiepileptic medication throughout the entire study period.
While, the initial administration of antiepileptic medication with the MMF-prednisolone therapy did not
signi�cantly affect patient survival (P > 0.05, data not shown here). This result suggests that the
antiepileptic medication does not seem to affect the treatment of MUE itself. Because antiepileptic drugs
frequently used with immunosuppressive treatment in dogs with MUE, however, further well-controlled
studies will be needed to clarify the effects of antiepileptic medication on MUE.

Gastrointestinal problems are well-known MMF-related adverse effects, which are comparatively benign
and reversible. Gastrointestinal problems were found in 30.23% of the dogs in this study, and most of
them occurred within the �rst month of treatment. The MMF-prednisolone protocol used in this study was
relatively safe with proper management, and there was no need to stop this treatment due to the
gastrointestinal upsets. The previous two studies of MUE treated with a combined MMF-prednisone
protocol also documented treatment-related gastrointestinal problems. The results from one study
showed a 20% rate of gastrointestinal side effects, which was similar to that in our study [14]. Another
study showed a relatively low gastrointestinal side effect rate of 8% with similar patient survival as
compared with the results of our study [17]. Although there was a difference in the enrolled population,
the biggest difference between the studies was the initial dose of MMF. The initial dose of MMF in our
study was 20 mg/kg every 12 h based on the previous literature [15], but the other study chose an initial
dose of 10 mg/kg every 12 h. This suggests that MMF has dose-dependent gastrointestinal adverse
effects, and the dose of 20 mg/kg every 12 h might be high in some patients. Individualized dose-titration
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or preliminary gastrointestinal protection thus might be required for dogs that need high doses of MMF,
especially in the early phase of treatment. In addition, the starting dosage of MMF does not seem to have
an overt effect on survival time. This impression is supported by data from the human study of MMF that
reported that the adverse gastrointestinal effects of MMF are mainly related to its peak serum
concentration [31].

Sporadic infections were not an uncommon adverse effect of long-term MMF therapy in this study.
Opportunistic infections are important adverse effects related to the long-term immunosuppressive
therapy used in immune-mediated diseases. They are commonly managed by appropriate therapy, but
when they are not treated in a timely manner, they can cause a fatal illness. Given the relatively high
incidence of sporadic infections in this study, regular check-up examinations and the maintenance of a
high level of sanitation should be pursued for the long-term management of dogs treated with MMF.

We established the diagnosis of pancreatitis based on the following three criteria: (1) the presence of a
relevant clinical signs such as anorexia, vomiting, diarrhea and abdominal pain; (2) increased
concentration of serum canine pancreatic lipase immunoreactivity; (3) signi�cant pancreatic or
peripancreatic changes corresponded to pancreatitis on serial abdominal ultrasound. Gastrointestinal
signs are also main clinical feature of pancreatitis. We thus tried to exclude the gastrointestinal problems
associated with pancreatitis in the result of gastrointestinal adverse effects and we classi�ed pancreatitis
as an independent adverse effect. In addition, the gastrointestinal adverse effects were mainly provoked
within a month after the initial treatment in this study. Most of the patients who have gastrointestinal
adverse effects improved after short-term periods of supportive therapy or dose reduction of MMF. On the
other hand, pancreatitis tended to occur sporadically during the entire treatment period, and they required
hospitalization for more aggressive therapeutic intervention. Given this context, however, there was a
possibility that we missed the diagnosis of mild or chronic pancreatitis and classi�ed it as a just
gastrointestinal adverse event or vice versa.

Corticosteroids have long been considered to be a risk factor for canine pancreatitis [32, 33]. However,
this belief has not been proven and is now largely dismissed by recent works [34]. While pancreatitis was
recorded in 8% of the dogs in this study, no previous reports have documented the incidence of
pancreatitis after MMF treatment in veterinary medicine. Two previous studies of human patients have
suggested the possibility of MMF-induced pancreatitis [35, 36]. The mechanism underlying MMF-induced
pancreatitis remains unknown, but an allergic response to pancreas was proposed, like azathioprine,
which has a similar mechanism of immunosuppressive action to that induced by MMF [37, 38]. Thus, this
long-term study has suggested pancreatitis as a new adverse event of MMF treatment in canine patients,
and further investigation will be needed to con�rm the association of pancreatitis with the combined
MMF-corticosteroids therapy.

There are several limitations in this study. First, histopathological con�rmation of the diagnosis was not
performed in most cases. Although the cases that strictly met the inclusion criteria were included in this
study, it may be possible that some dogs that had several different CNS disorders were included, such as



Page 12/23

Methods

Case selection and data collection
The medical records of dogs diagnosed with MUE and treated with MMF and prednisolone at our hospital
between May 2009 and June 2017 were retrospectively reviewed. The study included dogs with focal or
multifocal CNS abnormalities, CT and/or MRI �ndings compatible with the focal or multifocal CNS
disease most consistent with the non-infectious in�ammatory change, and complete medical records

dogs with infectious diseases and neoplastic diseases. However, infectious CNS diseases are uncommon
in our region, and most of the cases in this study showed relevant improvement with immunosuppressive
therapy. The histopathological classi�cation of GME, NME, and NLE was also impossible, and their
incidences could not be predicted. Moreover, the study population was somewhat biased toward the
speci�c breeds (e.g., Maltese, Yorkshire Terrier, and Chihuahua) that are most commonly affected by
necrotizing encephalitis [15, 39, 40]. The e�cacy of MMF in different histopathological types of MUE may
differ, thereby affecting the results of this study, but this is beyond the scope of the present study.

Other innate limitations of this study are its retrospective nature and the lack of a control population. A
placebo control group is needed to establish the accurate e�cacy of combined MMF-corticosteroid
treatment in MUE, but it has serious ethical problems. Therefore, a prospective, randomized, double-
blinded, matched-controlled study comparing the e�cacy of MMF-corticosteroid combined therapy with a
corticosteroid monotherapy is considered the best option and is warranted to clarify the bene�cial effects
of additional MMF in MUE. The variations in therapeutic regimen among the patients due to the study’s
retrospective nature might have impacted the results of this study. This includes the initial doses and
timings of both MMF and prednisolone, tapering of drugs, treatment changes in relapsed patients, and
doses and types of additional anticonvulsants used in some patients. Since these variances during the
treatment period were inevitable, only those patients who received controlled therapy within a restricted
standard were included in the study. Finally, the patients that responded well to the therapy but were still
alive at the end of the study were censored from the survival data. This could probably affect the results
of this study, which were analyzed with survival times. Thus, a further larger-scale study with a long-term
follow-up period is warranted to substantiate these initial results.

Conclusions
In summary, the overall �ndings help us extend our understanding of the MMF treatment for MUE. MMF
appears to be safe and comparable to other immunosuppressive drugs for dogs with MUE. The dogs that
showed a CR and did not relapse over the treatment period had signi�cantly longer MST, suggesting that
treatment should focus on the achievement of a CR and preventing a relapse for the successful
management of MUE. Attention to the adverse effects including gastrointestinal upsets and sporadic
infections was warranted, particularly in patients treated with high-dose, long-term MMF. However, further
prospective, randomized, large-scale, controlled studies will be needed to fully understand the e�cacy of
MMF as an adjunctive immunosuppressive drug in dogs with MUE.
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containing at least one month of follow-up information after initiating MMF therapy, and meeting one of
the following two criteria: (1) abnormal CSF �ndings consistent with in�ammation without evidence of
infectious or neoplastic etiology and (2) negative test results from CSF analysis for local infectious
etiological agents.

The data collected from the medical records included information regarding signalment, body weight, the
presentation of clinical signs, the interval between clinical sign onset and initial presentation,
neuroanatomical lesion localization, all laboratory evaluations, MRI and CT imaging �ndings, CSF
analysis, treatment protocol, response, survival from the initiation of MMF therapy, and drug-related
adverse events.

Diagnostic testing
All dogs underwent a CT and/or MRI scan. MRI was performed under general anesthesia with an APERTO
0.4 T scanner (Hitachi Medical Corporation, Tokyo, Japan). The standard MRI sequences for this study
included T1- and T2-weighted images in the sagittal and transverse planes, �uid-attenuated inversion
recovery images in the transverse plane, and T1-weighted images after the administration of intravenous
gadolinium ethylenediaminetetraacetic acid injection (Omniscan; GE-Healthcare, Little Chalfont, United
Kingdom) at a dosage of 0.20 mmol/kg bodyweight in the transverse planes. CT was performed under
general anesthesia with a Somatom Emotion Duo scan system (Siemens medical systems, Munich,
Germany). Pre-contrast and post-contrast contiguous 3-mm-thick transverse images were obtained. All
post-contrast images were obtained following the injection of intravenous iohexol (Omnipaque 300; GE-
Healthcare, Little Chalfont, United Kingdom) at a dosage of 0.9 g I/kg bodyweight.

Samples of CSF were collected from cisterna magna puncture during the same anesthetic session
following CT or MRI scanning. The CSF samples were analyzed on the same day as sampling, and the
analyses included measurement of the TNCC, measurement of TP concentration, and cytologic analysis.
The results of the CSF analysis were considered abnormal if the TNCC was above 5 cells/µl and the TP
was above 25 mg/dl. Cytologic CSF analysis was performed on modi�ed Romanowsky-Giemsa-stained
(Diff-Quik) cyto-centrifuged slides. Infectious disease testing for Bartonella spp., Borrelia burgdorferi
sensu lato, Blastomyces dermatitidis, Canine distemper virus, Coccidioides spp., Cryptococcus spp.
Histoplasma capsulatum, Neospora spp., Toxoplasma gondii, and West Nile virus were performed using
real-time PCR assay (Neurologic RealPCR™; IDEXX Laboratories, Westbrook, ME, USA) on CSF in some of
the cases.

Treatment protocol
All patients began therapy with both MMF (CellCept®, Roche Laboratories, Nutley, NJ, USA) and
prednisolone (Solondo tab, Yuhan Pharmacy, Seoul, Korea) on the day of diagnosis. Treatment was
individually tailored to the basis of each patient’s clinical state; however, the following treatment
protocols were strictly applied in all cases. Prednisolone was initially administered at a mean dose of
0.93 mg/kg (median, 1 mg/kg; range, 0.5–1 mg/kg) PO every 12 h. Prednisolone was continued at the
initial dose for a total of four to eight weeks. After assuming a successful response, the prednisolone
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dose was gradually tapered to the lowest effective dose required to maintain clinical remission (reducing
the dose by a quarter or half every month). The mean initial dose of MMF was 19.25 mg/kg (median,
20 mg/kg; range, 10–20 mg/kg) PO every 12 h. The MMF dose was slowly tapered to 10–15 mg/kg every
12 h after a period of CR in some cases. Drug tapering was based on the neurologic state and adverse
drug effects at follow-up.

Assessment designs
Outpatient follow-up examinations and telephone communication with referring veterinarians and clients
were conducted in all cases, when available, two weeks, four weeks, three months, and six months after
the initiation of therapy and every six months thereafter. Complete blood counts and serum biochemistry
analyses were performed at the time of initial presentation and at four to six weeks and six to twelve
months following the initiation of therapy. Information regarding adverse events potentially associated
with MMF treatment were collected from follow-up examinations and communication logs.

Response to therapy was de�ned as evidence of clinical improvement of neurologic signs at the follow-
up examination and divided into three categories: (1) CR (total resolution of neurological signs); (2) PR
(improvement with partially resolved neurological signs); and (3) NR (no improvement or progression of
neurological signs). Relapse was de�ned as worsening of neurologic symptoms after an initial response
had been obtained.

Response and survival-speci�c data for each dog were analyzed by statistical tests. All cases were
divided into the “CR” and “failed CR” groups to evaluate the association of CR with survival time, and the
possible risk factors for failed CR were analyzed. Furthermore, survival analysis of the dogs that showed
CR within a month, the results of which would in�uence decision-making on treatment changes, was
performed. All patients were also divided into two groups according to the interval between clinical sign
onset and initial presentation, which was de�ned as the acuteness of the disease, and the therapeutic
responses of these two groups were compared. Patients presenting with a disease course of two weeks
or less after onset were de�ned as the “acute” group, and those presenting with a disease course of more
than two weeks after onset were de�ned as the “chronic” group. Additionally, a paired survival assay was
performed to compare dogs with a focal lesion with those showing multifocal lesions, dogs with
brainstem involvement with those that did not show brainstem involvement, and dogs showing a relapse
with dogs that did not.

Statistical analysis
Pearson’s chi-squared statistic was used to test for an association between the acuteness of the disease
and some response-related factors, including the occurrence of CR and relapse. Logistic regression
analysis was used to test for the relationships of various risk factors to CR probability.

Kaplan-Meier survival curves for survival analysis were obtained to calculate the MST for all cases.
Patients still living at the end of the study period and those who stopped the therapy during the study
period and died from unrelated causes were censored from the analysis for the Kaplan-Meier curve. A log-
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rank statistic was used to compare various factors for survival probability. Cox’s proportional hazards
regression analysis was applied to assess for the relationships of various risk factors for mortality.

Values of P < 0.05 were considered statistically signi�cant. Analyses were performed with the use of
SPSS software statistics (SPSS 19.0.0 for windows, IBM, Armonk, NY, USA).

Abbreviations
CBC
complete Blood Counts, CNS:central nervous system, CSF:cerebrospinal �uid, CR:complete response,
CT:computed tomography, GME:granulomatous meningoencephalomyelitis, IMPDH:inosine
monophosphate dehydrogenase, MMF:mycophenolate mofetil, MRI:magnetic resonance imaging,
MST:median survival time, MUE:meningoencephalomyelitis of unknown etiology, NLE:necrotizing
leukoencephalitis, NME:necrotizing meningoencephalitis, NR:no response, PR:partial response,
TNCC:total nucleated cell count, TP:total protein

Declarations
Competing interests
The authors declare that they have no competing interests.
Funding
No funding sources to declare.
Authors’ contributions
JHS and DIJ collected the clinical and laboratory data, performed the statistical analysis and drafted the
manuscript. DHY and SJA participated in the collection of the clinical and laboratory data, the design and
the statistical analysis of the study. HCL and TSH participated in the collection of the clinical and
diagnostic imaging data and the design of the study. YJK performed the statistical analysis and
participated in the design of the manuscript. All authors read and approved the �nal manuscript.
Acknowledgements
Not applicable.
Ethics approval and consent to participate

Not applicable

Consent for publication

Not applicable

Availability of data and materials

The authors declare that all the data supporting the �ndings of this report is available in the article.

References



Page 16/23

1.
Granger N, Smith PM, Jeffery ND. Clinical �ndings and treatment of non-infectious
meningoencephalomyelitis in dogs: a systematic review of 457 published cases from 1962 to 2008. Vet
J. 2010;184:290–7.
2.
Tipold A. Diagnosis of in�ammatory and infectious diseases of the central nervous system in dogs: a
retrospective study. J Vet Intern Med. 1995;9:304–14.
3.
Talarico LR, Schatzberg SJ. Idiopathic granulomatous and necrotising in�ammatory disorders of the
canine central nervous system: a review and future perspectives. J Small Anim Pract. 2010;51:138–49.
4.
Jung DI, Kang BT, Park C, Yoo JH, Gu SH, Jeon HW, et al. A comparison of combination therapy
(cyclosporine plus prednisolone) with sole prednisolone therapy in 7 dogs with necrotizing
meningoencephalitis. J Vet Med Sci. 2007;69:1303–6.
5.
Mercier M, Barnes Heller HL. E�cacy of glucocorticoid monotherapy for treatment of canine
meningoencephalomyelitis of unknown etiology: a prospective study in 16 dogs. Vet Med Sci. 2015;1:16–
22.
6.
Allison AC, Eugui EM. Mycophenolate mofetil and its mechanisms of action. Immunopharmacol.
2000;47:85–118.
7.
Zwerner J, Fiorentino D. Mycophenolate mofetil. Dermatol Ther. 2007;20:229–38.
8.
Ackermann AL, May ER, Frank LA. Use of mycophenolate mofetil to treat immune-mediated skin disease
in 14 dogs - a retrospective evaluation. Vet Dermatol. 2017;28:195-e44.
9.
Broaddus KD, Tillson DM, Lenz SD, Niemeyer GP, Brawner WR, Welch JA, et al. Renal allograft
histopathology in dog leukocyte antigen mismatched dogs after renal transplantation. Vet Surg.
2006;35:125–35.
10.
Dewey CW, Cerda-Gonzalez S, Fletcher DJ, Harb-Hauser MF, Levine JM, Badgley BL, et al. Mycophenolate
mofetil treatment in dogs with serologically diagnosed acquired myasthenia gravis: 27 cases (1999–
2008). J Am Vet Med Assoc. 2010;236:664–8.
11.
Segev G, Cowgill LD, Heiene R, Labato MA, Polzin DJ. Consensus recommendations for
immunosuppressive treatment of dogs with glomerular disease based on established pathology. J Vet
Intern Med. 2013;27:44–54.
12.



Page 17/23

Wang A, Smith JR, Creevy KE. Treatment of canine idiopathic immune-mediated haemolytic anaemia with
mycophenolate mofetil and glucocorticoids: 30 cases (2007 to 2011). J Small Anim Pract. 2013;54:399–
404.
13.
Yau VK, Bianco D. Treatment of �ve haemodynamically stable dogs with immune-mediated
thrombocytopenia using mycophenolate mofetil as single agent. J Small Anim Pract. 2014;55:330–3.
14.
Barnoon I, Shamir MH, Aroch I, Bdolah-Abram T, Srugo I, Konstantin L, et al. Retrospective evaluation of
combined mycophenolate mofetil and prednisone treatment for meningoencephalomyelitis of unknown
etiology in dogs: 25 cases (2005–2011). J Vet Emerg Crit Care. 2016;26:116–24.
15.
Dewey CW. Encephalopathies: Disorders of the brain. In: Dewey CW, da Costa RC, editors. Practical guide
to canine and feline neurology. 3rd ed. New Jersey: John Wiley & Sons; 2015. pp. 141–236.
16.
Song JH, Moon JH, Kim HS, Sur JC, Park C, So KM, et al. Acute progress of necrotizing
meningoencephalitis in a dog. J Vet Clin. 2016;33:290–4.
17.
Woolcock AD, Wang A, Haley A, Kent M, Creevy KE, Platt SR. Treatment of canine
meningoencephalomyelitis of unknown aetiology with mycophenolate mofetil and corticosteroids: 25
cases (2007–2012). Vet Med Sci. 2016;2:125–35.
18.
Abelson AL, Shelton GD, Whelan MF, Cornejo L, Shaw S, O'Toole TE. Use of mycophenolate mofetil as a
rescue agent in the treatment of severe generalized myasthenia gravis in three dogs. J Vet Emerg Crit
Care. 2009;19:369–74.
19.
Lowrie M, Smith PM, Garosi L. Meningoencephalitis of unknown origin: investigation of prognostic
factors and outcome using a standard treatment protocol. Vet Rec. 2013;172:527.
20.
Smith PM, Stalin CE, Shaw D, Granger N, Jeffery ND. Comparison of two regimens for the treatment of
meningoencephalomyelitis of unknown etiology. J Vet Intern Med. 2009;23:520–6.
21.
Flegel T, Boettcher IC, Matiasek K, Oevermann A, Doherr MG, Oechtering G, et al. Comparison of oral
administration of lomustine and prednisolone or prednisolone alone as treatment for granulomatous
meningoencephalomyelitis or necrotizing encephalitis in dogs. J Am Vet Med Assoc. 2011;238:337–45.
22.
Adamo P, Rylander H, Adams WM. Ciclosporin use in multi-drug therapy for meningoencephalomyelitis of
unknown aetiology in dogs. J Small Anim Pract. 2007;48:486–96.
23.
Pakozdy A, Leschnik M, Kneissl S, Gumpenberger M, Gruber A, Tichy A, et al. Improved survival time in
dogs with suspected GME treated with ciclosporin. Vet Rec. 2009;164:89–90.



Page 18/23

24.
Wong MA, Hopkins AL, Meeks JC, Clarke JD. Evaluation of treatment with a combination of azathioprine
and prednisone in dogs with meningoencephalomyelitis of undetermined etiology: 40 cases (2000–
2007). J Am Vet Med Assoc. 2010;237:929–35.
25.
Coates JR, Barone G, Dewey CW, Vitale CL, Holloway-Azene NM, Sessions JK. Procarbazine as adjunctive
therapy for treatment of dogs with presumptive antemortem diagnosis of granulomatous
meningoencephalomyelitis: 21 cases (1998–2004). J Vet Intern Med. 2007;21:100–6.
26.
Coates JR, Jeffery ND. Perspectives on meningoencephalomyelitis of unknown origin. Vet Clin North Am
Small Anim Pract. 2014;44:1157–85.
27.
Putsche JC, Kohn B. Primary immune-mediated thrombocytopenia in 30 dogs (1997–2003). J Am Anim
Hosp Assoc. 2008;44:250–7.
28.
Weinkle TK, Center SA, Randolph JF, Warner KL, Barr SC, Erb HN. Evaluation of prognostic factors,
survival rates, and treatment protocols for immune-mediated hemolytic anemia in dogs: 151 cases
(1993–2002). J Am Vet Med Assoc. 2005;226:1869–80.
29.
Muñana KR, Luttgen PJ. Prognostic factors for dogs with granulomatous meningoencephalomyelitis: 42
cases (1982–1996). J Am Vet Med Assoc. 1998;212:1902–6.
30.
Kim E, Choe C, Yoo JG, Oh SI, Jung Y, Cho A, et al. Major medical causes by breed and life stage for dogs
presented at veterinary clinics in the Republic of Korea: a survey of electronic medical records. PeerJ.
2018;6:e5161.
31.
Behrend M. Adverse gastrointestinal effects of mycophenolate mofetil: aetiology, incidence and
management. Drug Saf. 2001;24:645–63.
32.
Cook AK, Breitschwerdt EB, Levine JF, Bunch SE, Linn LO. Risk factors associated with acute pancreatitis
in dogs: 101 cases (1985–1990). J Am Vet Med Assoc. 1993;203:673–9.
33.
Simpson K, Lamb C. Acute pancreatitis in the dog. In Pract. 1995;17:328.
34.
Mans�eld C. Acute pancreatitis in dogs: advances in understanding, diagnostics, and treatment. Top
Companion Anim Med. 2012;27:123–32.
35.
Dooley MA, Cosio FG, Nachman PH, Falkenhain ME, Hogan SL, Falk RJ, et al. Mycophenolate mofetil
therapy in lupus nephritis: clinical observations. J Am Soc Nephrol. 1999;10:833–9.
36.



Page 19/23

Einollahi B, Dolatimehr F. Acute pancreatitis induced by mycophenolate mofetil in a kidney transplant
patient. J Nephropharmacol. 2015;4:72–4.
37.
Houston DM, Taylor JA. Acute pancreatitis and bone marrow suppression in a dog given azathioprine.
Can Vet J. 1991;32:496–7.
38.
Kawanishi H, Rudolph E, Bull FE. Azathioprine-induced acute pancreatitis. N Engl J Med. 1973;289:357.
39.
Higgins RJ, Dickinson PJ, Kube SA, Moore PF, Couto SS, Vernau KM, et al. Necrotizing
meningoencephalitis in �ve Chihuahua dogs. Vet Pathol. 2008;45:336–46.
40.
Stalis IH, Chadwick B, Dayrell-Hart B, Summers BA, Van Winkle TJ. Necrotizing meningoencephalitis of
Maltese dogs. Vet Pathol. 1995;32:230–5.

Figures



Page 20/23

Figure 1

Kaplan-Meier survival curve for 71 dogs treated with MMF and prednisolone for MUE. The MST was 558
days (range, 3–2,634 days).

Figure 2

Kaplan-Meier survival curve for 71 dogs treated with MMF and prednisolone for MUE in the CR (n = 45),
PR (n = 15), and NR (n = 11) groups. Survival times differed signi�cantly between the groups.
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Figure 3

Kaplan-Meier survival curves for 60 dogs treated with MMF and prednisolone for MUE. Dogs that did not
show relapse within the study period (n = 31) were compared with those that did show relapse (n = 29).
There was a signi�cant difference between both groups (P = 0.011).
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Figure 4

Kaplan-Meier survival curves for 71 dogs treated with MMF and prednisolone for MUE. Dogs that showed
a focal lesion (n = 34) were compared with those showing multifocal lesions (n = 37). There was a
signi�cant difference between both groups (P = 0.01).
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Figure 5

Kaplan-Meier survival curves for 71 dogs treated with MMF and prednisolone for MUE. Dogs that showed
brainstem involvement (n = 24) were compared with dogs that did not show brainstem involvement (n =
47). There was no statistical difference in MST between both groups (P = 0.057).


