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Mycophenolate mofetil is a highly effective
and safe immunosuppressive agent
for the treatment of uveitis

A retrospective analysis of 106 patients

Abstract Background: We evalu-
ated the outcomes of patients with
different forms of chronic uveitis
treated with mycophenolate mofetil
(MMF) as an immunomodulatory
and steroid-sparing agent. The multi-
system side effects that arise after
long-term treatment with cortico-
steroids and other immunosuppres-
sants prompted us to use MMF. MMF
is a selective inhibitor of inosine
monophosphate dehydrogenase, thus
blocking purine synthesis via the

de novo pathway preferentially used
by T and B lymphocytes. Methods:
Between 1998 and 2003, 106 patients
were treated for uveitis (anterior
n=26, intermediate n=51, posterior
n=23, panuveitis n=6) with MMF at
a dose of 1g twice daily. Treatment
duration was at least 6 months (n=10),
in most cases greater than 12 months
(n=77) and in 25 cases between

24 months and 41 months, when the
present retrospective evaluation was
undertaken. Patient charts were ana-
lysed according to a standardized
evaluation protocol. Results: In

95 patients MMF was combined
with prednisolone at a dosage of
2.5-10 mg per day. In 8 patients
MMF was used as a monotherapy,

Introduction

High doses of prednisolone alone or in combination with
immunosuppressive agents such as cyclosporine A (CsA),
and methotrexate (MTX) are often required to control the

and in 3 cases one further systemic
immunosuppressant was required.
The number of recurrences during
MMF treatment was none or one in
92 patients, two in 6 cases and three
or more in 8§ patients. In none of the
patients had MMF been stopped at
the time of data analysis. The most
frequently observed side effects were
gastrointestinal upset (15%), followed
by headache (9.3%), fatigue (5.7%),
eczema (5%), and hair loss (3.5%).
Other side effects were sporadic.
Most of these phenomena were tran-
sitory. Forty-two patients experienced
no side effects at all. In 4 patients
MMF was judged ineffective due to
failure to reduce the number of
recurrences of severe inflammation
compared with the previous thera-
peutic regime, or indeed occurrence
of persistent macular oedema.
Conclusions: Our results show that
MMF is an effective immunosup-
pressant in patients with uveitis. We
provide evidence that MMF controls
the disease in the majority of patients
with an acceptable profile of side
effects.

Keywords Mycophenolate mofetil -
Uveitis - Immunosuppression

sight-threatening and sometimes blinding consequences of
intraocular inflammation [7, 17]. However, up to a third of

patients may fail on this regime [22], and CsA and pred-
nisolone both bear a considerable long-term risk due to
their toxic effects on protein and glucose metabolism and
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on the kidney [9]. Other immunomodulatory drugs such
as tacrolimus [20] and azathioprine [17] have also been
tried in patients with refractory uveitis, but their use is not
widespread. Mycophenolic acid (MPA) is an immuno-
suppressive agent that was first used in the 1970s for the
treatment of psoriasis [27]. Its immunosuppressive activ-
ity is based on inhibition of inosine monophosphate dehy-
drogenase, an enzyme required for the de novo synthesis
of purines [2]. Because T and B cells rely solely on this
pathway for the production of guanosine nucleotide for
their DNA synthesis, the proliferation of these cells is
inhibited by MPA [29]. Since the mid-1990s the greatest
clinical experience has been with the morpholinoethyl ester
of mycophenolic acid, mycophenolate mofetil (MMF), in
renal allograft transplantation [11, 26, 28], where it is now
of established efficacy [25]. The drug has also been used
successfully for the treatment of bullous pemphigoid [6],
pemphigus vulgaris [10], ocular pemphigoid [32], rheuma-
toid arthritis [12], autoimmune haemolytic anaemia [31],
systemic lupus erythematosus [1] and Crohn’s disease [19].
MMEF has been shown to inhibit experimental autoimmune
uveitis in rats [8], and its use in human inflammatory eye
disease has been described in studies with up to 54 pa-
tients [4, 13—16] since 1998, including one from our own
group [30]. To our knowledge the present retrospective
analysis represents the first report of a large number of
patients (n=106) affected exclusively by uveitis in its var-
ious forms that were treated over a prolonged period of
time.

Methods

Between 1998 and 2003 we used MMF (CellCept;
Hoffmann-La Roche, Grenzach-Wyhlen, Germany) to treat
106 patients affected by different forms of uveitis at our
tertiary referral centre. Twenty-six patients suffered from
anterior uveitis, 51 from intermediate uveitis, 23 from pos-
terior uveitis and 6 patients had panuveitis. The rationale
for introducing MMF was intolerance to high-dose steroids
(>20 mg/day) administered over at least 6 months con-
tinuously, arterial hypertension and impairment of kidney
function parameters on CsA or significant alterations of
the differential blood count on MTX, or refractory uveitis
where prednisolone had been used in combination with
CsA or MTX or both. The MMF dosage used was 1 g
orally twice daily, which is the standard dose recom-
mended to prevent allograft rejection in renal transplant
patients [28]. However, according to anecdotal unpub-
lished reports, the incidence of side effects may be re-
duced if MMF is initially introduced at a reduced dosage,
before administering the full dose of 2 g daily. In fact, all
patients entered into this retrospective evaluation had re-
ceived MMF at 1 g per day (i.e. 500 mg twice daily)
during the first week of treatment. The full dose of 2 g
per day (i.e. 1 g twice daily) was not administered until 7

days after MMF therapy was instituted. Subsequently the
MMF dose was neither increased nor tapered throughout
the time of therapy.

At the start of treatment prednisolone was given con-
comitantly in all patients evaluated. Prednisolone was
started at a dose of 1 mg/kg body weight per day when
the inflammation was active and was reduced slowly but
in standardized fashion in weekly steps of 10 mg until
reaching 30 mg/day, then in weekly steps of 5 mg or
2.5 mg, depending on the clinical findings, with the aim
of achieving maintenance levels of between 10 mg and
2.5 mg per day. No glucocorticoid agent other than pred-
nisolone was used in any patient. In those individuals in
whom the clinical course of disease was favourable, with
one recurrence or none at all under MMF/prednisolone
and achievement of maintenance doses of <2.5 mg of
steroid, the ultimate goal was MMF monotherapy. Mean
treatment duration was 15.5 months in the anterior uve-
itis group, 20.0 months in the intermediate uveitis group,
15.3 months in the posterior uveitis group and 19.5
months in the panuveitis group. Patient case sheets were
analysed according to a standardized protocol. Before com-
mencement of MMF administration, the patient’s history
of uveitis was taken. Patients were asked about associated
diseases, in case they were not already known to us by our
own medical records. Routine laboratory investigations
included a complete blood count with differential, urea,
creatinine and electrolytes, and liver function tests. Other
laboratory studies such as antinuclear antibody, HLA
type, fluorescent antitreponemal antibody absorption test
for syphilis and a test for angiotensin-converting enzyme
activity were performed on first presentation to our ser-
vice. All our patients received a chest X-ray examination
at baseline. Effectiveness of treatment was assessed by
standard ophthalmic examination techniques, including
measurement of visual acuity in both eyes in European
decimals, a slit-lamp examination and indirect binocular
ophthalmoscopy to determine disease severity (the follow-
ing parameters were recorded: anterior chamber activity,
vitreous infiltration, retinal vascultis, macular oedema and
disc swelling). At each visit patients were asked about drug
side effects and blood pressure was determined. In all pa-
tients full blood count, blood chemistry and liver function
tests were performed during the first month of treatment
weekly, during the second and third months twice per
month and thereafter once monthly. This was considered
important, particularly in view of the fact that MMF may
cause bone marrow dysfunction in >10% of treated patients
[28]. We measured treatment efficacy in this study pri-
marily by the improvement in symptoms and signs of oc-
ular inflammation along with the effect of the treatment
with MMF on visual acuity. Another important criterion for
therapeutic success was the amount by which the prednis-
olone could be reduced. The treatment with MMF was
judged ineffective if there was no advantage over the pre-
viously used immunosuppressives in terms of recurrences
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Table 1 Epidemiological data of the recruited patients

Table 3 Treatment duration with MMF in the 4 groups of uveitis
patients. Note that there are gaps between time intervals in some

Diagnosis Male Female Agerange Mean age patient groups. Gaps exist where a specific length of treatment had
(no.) (no.) (years) (years) not occurred at the time of data evaluation
Anterior uveitis 10 16 838 30.8 Diagnosis No. of patients Treatment duration
Intermediate uveitis 26 25 19-68 40.1 (months)
Posten(?r‘ uveitis 13 10 28-72 44.8 Anterior uveitis 6 6-8
Panuveitis 4 2 45-79 573 15 1204
5 25-29
of uveitis and/or the recurrence or persistence of macular Intermediate uveitis o 6-9
oedema. 21 12-24
22 2541
Posterior uveitis 3 7-9
Results 15 12-24
5 25-32
The patient details are given in Tables 1 and 2. By their own ~Panuveitis 2 6-8
account, the majority of patients in all groups had suffered 2 12-24
2 25-36

between 5 and 10 recurrences in the 5-year period prior
to commencing MMF, despite various immunosuppressive
regimes, and/or were dependent on inacceptably high doses
of prednisolone. In Table 3 the length of time for which
MMF treatment had been in place at the time of data eval-
uation is shown for all patients within each type of uveitis.

A graphic representation of the raw data (Fig. 1) shows
that, looking at all forms of uveitis together, the frequency
of recurrences was one or none in the majority of patients
(n=92), two in 6 cases and three or more in 8 patients. In
four of the latter patients treatment with MMF was dis-
continued as the drug was judged ineffective in controlling
the disease (as defined above). In 95 patients MMF was
combined with prednisolone in a dosage of 2.5—-10 mg/day.
In 8 patients MMF was used as a monotherapy and in 3
cases one further systemic immunosuppressant (CsA) was
required (data not shown).

From the start of MMF treatment to the time of eval-
uation we looked at the development of visual acuity in

each affected eye. In the case of bilateral disease it was
decided that the better eye at the onset of treatment would
provide a more accurate measure of treatment efficacy, as
in most cases of long disease duration, even with no disease
activity, the morphological changes that have taken place
in the worse eye preclude any improvement in visual acu-
ity. Figure 2 shows that in the anterior and intermediate
uveitis group there was no deterioration in visual acuity
during MMF treatment (see Table 4). In all patients of these
groups visual acuity improved or stayed the same. Five
patients with posterior uveitis and two patients with pan-
uveitis, however, worsened slightly during the study pe-
riod. As the most pressing reason for using MMF was the
occurrence of intolerable side effects with other immuno-
suppressive combinations of drugs, we were surprised to
see that the profile of side effects during MMF therapy was

Table 2 Discase associations

. . . . Diagnosis
found in patients with anterior £

No. of patients

Associated diseases No. of patients

uveitis (n=26), intermediate
uveitis (n=51), posterior uveitis
(n=23) and panuveitis (#=6)
respectively. Most patients in all
groups had no known systemic
disease.Gaps exist where a spe-
cific length of treatment had not
occurred at the time of data
evaluation

Anterior uveitis 26

Intermediate uveitis 51

Posterior uveitis 23

Panuveitis 6

HLA-B27 positive

Juvenile idiopathic arthritis
Scleroderma

Sarcoidosis

Multiple sclerosis
Paraproteinaemia

Post-viral meningitis
Vasculitis in hands and feet
Birdshot chorioretinopathy
Sympathetic ophthalmia
Post-hepatitis B infection
Monoclonal gammopathy
Systemic lupus erythematosus
Sarcoidosis

W = = = N W = = = R = W W
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Anterior uveitis Intermediate uveitis Posterior uveitis Panuveitis
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Fig. 1 Recurrences after commencing treatment with MMF. Due to identical data values the size of the bubble corresponds to number of
patients with identical number of recurrences at the same time point of treatment duration within each group. The smallest bubble represents

one patient

comparatively mild (Fig. 3). The most frequently observed
side effects were gastrointestinal symptoms such as stom-
ach pain, nausea and diarrhoea (15%), followed by head-
ache (9.3%), fatigue (5.7%), eczema (5%), and hair loss
(3.5%). Most of these phenomena were transitory and sub-
sided after a few weeks’ treatment. Forty-two patients ex-
perienced no side effects at all. In one patient MMF was
stopped after 8 months when the patient contracted a viral
infection with ensuing encephalitis requiring treatment in
an intensive care unit. Laboratory parameters changed only
slightly in a few patients, in particular there was no change
noted in any patients with regard to parameters indicating
bone marrow dysfunction. In two patients cholesterol-low-
ering drugs were deemed necessary by the consulting phy-
sician. Interestingly, in both of these patients the dosage of
MMF did not need to be increased, although cholesterol-
lowering drugs are known to bind biliary acids and thus

Intermediate Uveitis:
VA before and after MMF

Anterior Uveitis:
VA before and after MMF

may affect the entero-hepatic circulation of MPA and re-
duce its bioavailability.

Discussion

The results of this study are in agreement with other en-
couraging long-term findings in the treatment of atopic
dermatitis, Wegener’s granulomatosis and microscopic poly-
angiitis [5, 21]. We found that MMF successfully controlled
intraocular inflammation as well as achieving prednisolone
reduction, albeit in only four patients. Of our cohort of
patients that remained stable, in eight patients we were able
to use MMF as a monotherapy; in all others a low main-
tenance dose of prednisolone was required. We were im-
pressed with the therapeutic success we obtained. However,
we did not evaluate the efficacy of MMF on its own but only

Panuveitis:
VA before and after MMF

Posterior Uveitis:
VA before and after MMF
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Fig. 2 Visual acuity before and after treatment. In the case of bilateral disease only the better eye was included. All data points located

above the bisecting line represent an improvement in visual acuity
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Table 4 Table of equivalence for measuring visual acuity used in
routine clinical practice

Log MAR European decimals  Snellen (6 m) Snellen (20 ft)

+1.3 0.05 6/120 20/400
+1.0 0.1 6/60 20/200
+0.7 0.2 6/30 20/100
+0.6 0.25 6/24 20/80
+0.5 0.32 6/19 20/63
+0.4 0.4 6/15 20/50
+0.3 0.5 6/12 20/40
+0.2 0.63 6/9.5 20/32
+0.1 0.8 6/7.5 20/25
0 1.0 6/6 20/20
—-0.1 1.25 6/4.8 20/16
-0.2 1.6 6/38 20/12.5
-0.3 2.0 6/3 20/10

in combination with prednisolone. Indeed, this combina-
tion was used in each patient right from the start of treat-
ment, with the aim of slowly tapering the steroid, thus
taking advantage of the steroid-sparing property of MMF.
We did not test MMF as a sole immunosuppressive agent
in acute uveitis. A direct comparison with cyclosporine is
therefore not possible. CsA was evaluated in a random-

Fig. 3 Cumulative profile of
side effects in all treated patients

ized, double-masked study in comparison with predniso-
lone in uveitis patients [22]. In this study patients who
could not efficiently be treated by either drug were how-
ever ultimately classed as therapeutic successes when cy-
closporine and prednisolone were combined. Although the
ophthalmologist is often faced with the precarious task of
balancing the efficacy of immunosuppressants against their
potential side effects even at the manufacturer’s recom-
mended dosage, in this retrospective analysis long-term
tolerance to MMF was as good as has been found in pa-
tients undergoing kidney transplantation [23]. This could
be explained by the fact that MPA is a more potent inhibi-
tor of the type II isoform of the inosine monophosphate
dehydrogenase (IMPDH) enzyme expressed in activated
lymphocytes than of the type I isoform of IMPDH ex-
pressed in most other cell types [2]. MPA therefore has a
more potent cytostatic effect on lymphocytes than on other
cell types. Thus proliferation of T and B cells is more
heavily targeted by MMF than that of other cells, and the
use of MMF is associated with lesser myelosuppression
and toxic effects on other cells. Other cells can use both
the de novo pathway and the salvage pathway for purine
synthesis. Furthermore, by depleting GTP, MMF is able
to inhibit the glycosylation of adhesion molecules and
the binding of activated human lymphocytes to activated
human endothelial cells [8]. MMF is the ester of MPA,
which in turn represents a fermentation product of several

Side effects during MMF treatment
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Penicillium species [3]. It is absorbed within 30 min and
broken down in the liver to MPA, its metabolically active
form. Its mean half-life, including the entero-hepatic cir-
culation, is 15.8 h. Steady-state plasma levels are reached
after 7 days, which accounts for the rapid onset of action
of MMF in comparison with other systemic immunosup-
pressants. Due to its relative selectivity, MMF is typically
not associated with adverse effects such as nephrotoxicity,
hypertension, electrolyte imbalance, hyperglycaemia, hyper-
uricaemia, hypercholesterolaemia (the manufacturer has
found the incidence of changes in metabolic parameters to
range between 1% and <10% in controlled clinical studies
of kidney, heart and liver transplant patients where MMF
was used in combination with cyclosporine and corticoste-
roids) and osteoporosis. In the present study, the reported
side effects were usually mild and transitory at the be-
ginning of MMF treatment, the gastrointestinal symptoms
being the most troublesome to the patients subjectively.
The use of MMF has been associated with severe fungal
infections and malignancies in patients receiving pancre-

atic transplants [24] and with myelosuppression in renal
transplant patients [18]. Such adverse effects were not
found in the present study, where we used a maximum
dose of 2 g per day. Previous reports also suggest that the
risk of developing lymphoma is lower on MMF than on
CsA maintenance therapy in renal transplant patients [11,
26]. This may be of great value given that patients with
uveitis are often young and require treatment for many
years. The present study shows that treatment with MMF
retained its efficacy with the passage of time in the ma-
jority of uveitis patients. Although we observed a rela-
tively large number of patients over a considerable time
span, the present study is limited by its open and un-
controlled nature. Although our results encourage the ad-
ministration of MMF for treatment of severe uveitis with
sight-threatening inflammation, its use is somewhat limited
due to its considerable cost. However, MMF should be
considered where a high prednisolone maintenance dosage
is required or when other immunosuppressive agents show
toxicity or lack of efficacy.
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