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Abstract Enteric-coated mycophenolate sodium (Myfortic®) is a reversible, noncompeti-

tive inosine monophosphate dehydrogenase (IMPDH) inhibitor that is approved in
the EU, the US and in other countries worldwide for immunosuppressive prophy-
laxis against graft rejection in adult renal transplant patients.

Enteric-coated mycophenolate sodium has a delayed absorption from the
gastrointestinal (GI) tract in comparison with mycophenolate mofetil, thereby
potentially reducing GI adverse events. In randomized, double-blind trials of
de novo and maintenance immunosuppressive therapy in renal transplant patients
receiving ciclosporin emulsion-based regimens, enteric-coated mycophenolate
sodium was as effective as mycophenolate mofetil in preventing renal graft
rejection. Enteric-coated mycophenolate sodium provides an alternative to myco-
phenolate mofetil in the treatment of de novo renal transplant recipients and
ongoing research should indicate whether an intensified dosage regimen can
further improve clinical outcomes. Renal transplant patients receiving mycophe-
nolate mofetil maintenance immunosuppressive therapy may be switched to
enteric-coated mycophenolate sodium without compromising efficacy.

The general tolerability profile of enteric-coated mycophenolate sodium was
similar to that of mycophenolate mofetil. Patients selected for GI intolerance
associated with mycophenolate mofetil treatment showed reductions in GI symp-
toms when switched to enteric-coated mycophenolate sodium, while in unselected
patients in comparative trials, there was no difference between enteric-coated
mycophenolate sodium and mycophenolate mofetil in GI tolerability. Enteric-
coated mycophenolate sodium provides an alternative to mycophenolate mofetil
in renal transplant patients receiving mycophenolate mofetil maintenance immu-
nosuppressive therapy who have GI symptoms that have not responded to other
management strategies, because they may experience improvement if switched to
enteric-coated mycophenolate sodium. Thus, in association with ciclosporin-
based regimens, enteric-coated mycophenolate sodium is a valuable treatment
option for immunosuppressive prophylaxis in adult renal transplant recipients.

Pharmacological In stable repal transplant patients, the inh.ibitor.y effect of ente.ricpoated mycophe-

Properties nolate sodium on IMPDH, T-cell proliferation, T-cell activation, lymphocyte
subsets and cytokine expression was not significantly different from that of
mycophenolate mofetil.
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Mycophenolic acid (MPA) is released from enteric-coated mycophenolate
sodium in the small intestine. In renal transplant patients receiving maintenance
immunosuppressive therapy, the exposure to MPA with enteric-coated mycophe-
nolate sodium treatment was equivalent to that seen with mycophenolate mofetil
treatment, although the time to maximum plasma concentration was longer, as
expected with an enteric-coated formulation. As observed with mycophenolate
mofetil, in de novo renal transplant recipients, MPA exposure with enteric-coated
mycophenolate sodium was generally lower in the immediate post-transplant
period than in the maintenance period, although an intensified dosage regimen
early after transplantation increased exposure to MPA. There is considerable
interindividual and intraindividual variability in MPA pharmacokinetics with
enteric-coated mycophenolate sodium and mycophenolate mofetil. In paediatric
patients, MPA exposure with a single dose of enteric-coated mycophenolate
sodium was slightly higher than that observed in adult patients.

Therapeutic Efficacy In randomized, double-blind, double-dummy, multinational trials, at recommen-
ded dosages, enteric-coated mycophenolate sodium had equivalent efficacy to
mycophenolate mofetil in de novo renal transplant recipients, and renal transplant
patients receiving maintenance immunosuppressive therapy could be switched
from mycophenolate mofetil to enteric-coated mycophenolate sodium without
affecting efficacy. Extension studies demonstrated that the efficacy of mycophe-
nolate sodium was maintained in the longer term. Large, prospective, noncompa-
rative studies confirm that de novo renal transplant recipients can be effectively
treated with enteric-coated mycophenolate sodium, with low rates of renal graft
loss and the establishment of stable renal functioning; renal transplant patients
receiving maintenance immunosuppressive therapy switched from mycopheno-
late mofetil to enteric-coated mycophenolate sodium had low treatment failure
rates, with no patient experiencing graft loss, and continuing stable renal function.

Tolerability In randomized, double-blind, multinational trials in de novo renal transplant
patients and renal transplant patients receiving maintenance immunosuppressive
therapy, the most common adverse events associated with mycophenolate sodium
treatment were infections and GI symptoms. There were no significant differences
between enteric-coated mycophenolate sodium and mycophenolate mofetil treat-
ment groups in the incidence of general or serious adverse events, except that
enteric-coated mycophenolate sodium recipients had a lower rate of serious
pneumonia in de novo renal transplant patients and serious infections in renal
transplant patients receiving maintenance immunosuppressive therapy.

The GI tolerability of enteric-coated mycophenolate sodium was no different
to that of mycophenolate mofetil in de novo and renal transplant patients receiving
maintenance immunosuppressive therapy in randomized, double-blind, multina-
tional trials. In PROGIS and myTIME studies, in patients who had received renal
transplants =1 month previously and who were experiencing GI symptoms while
receiving mycophenolate mofetil, switching to enteric-coated mycophenolate
sodium was associated with a significant reduction in GI symptom scores and an
improvement in GI health-related quality of life.

© 2008 Adis Data Information BV. All rights reserved. Drugs 2008; 68 (17)
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1. Infroduction

Renal transplantation is an effective treatment for
end-stage renal disease.['l In the US, more than
16 000 transplants were performed in 2007, the
majority being allograft organs from deceased do-
nors.?! Following surgery, treatment is aimed at
preventing graft failure.

Antibody- and cellular-mediated mechanisms are
the immediate causes of renal graft failure.’) These
acute immunological events and the resulting endo-
thelial damage set in train reparative processes that
contribute to chronic graft rejection,! although it is
worth bearing in mind that non-immunological fac-
tors causing endothelial damage are also important,
including cold ischaemia, infections, hyper-
lipidaemia, hypertension and other haemodynamic
factors.™

Prophylactic immunosuppressive treatments are
initiated immediately following transplantation and
are targeted to inhibit proliferation of T and B
cells.[' 1 It is essential that early effective immuno-
suppression is achieved and maintained, as this
leads to better graft survival.'l However, despite
improvements in treatment over recent decades, 4%
of renal grafts fail annually.! Therefore, new effica-
cious, better tolerated drug regimens that can be
used without interruption are needed.!!!

Standard immunosuppressive regimens include
calcineurin inhibitors (such as ciclosporin or tacroli-
mus), corticosteroids and mycophenolic acid
(MPA),[®! along with induction therapies that may
include monoclonal and polyclonal antibodies, in-
travenous immunoglobulins and plasmapheresis.”!
MPA is a well established immunosuppressive drug
that has been used in renal transplant prophylaxis
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Fig. 1. Chemical structure of mycophenolate sodium

over the last two decades.[®! The first oral prepara-
tion of MPA was an ester prodrug, mycophenolate
mofetil, which is rapidly absorbed and de-esterified
to MPA.®I The most common adverse events in
mycophenolate mofetil recipients include gastroin-
testinal (GI) and haematological adverse events,[®°!
which can lead to dose reductions or interruptions
that may be associated with an increased risk of graft
rejection.['%-11]

Enteric-coated mycophenolate sodium (Myfor-
tic®)! [figure 1] is an enteric-coated formulation of
MPA developed with the aim of minimizing upper
GI effects related to MPA by passing the drug
through the stomach before its release and absorp-
tion.['>131 It is approved in the EU,"'¥ the US!'3! and
other countries worldwide for use with ciclosporin
and corticosteroids in adult patients for the preven-
tion of graft rejection following renal transplanta-
tion. This article focuses on the pharmacology, clin-
ical efficacy and tolerability of enteric-coated myco-
phenolate sodium when used within this indication.
Enteric-coated mycophenolate sodium has also been
used in heart and liver transplantation!'®!3! and in
various immune disorders,!'%211 but discussion of its
use in these populations is outside the scope of this
review.

2. Pharmacodynamic Properties

Enteric-coated mycophenolate sodium dissolves
in aqueous media at physiological pH to release
MPA, which inhibits DNA synthesis and the proli-
feration of T and B cells.’>!) MPA is a potent,
reversible, noncompetitive inhibitor of inosine
monophosphate dehydrogenase (IMPDH),!'?! which
catalyses the oxidation of inosine 5’-monophosphate
to xanthosine 5’-monophosphate, along with the re-
duction of nicotinamide adenine dinucleotide./??!
This is the initial rate-limiting step in the de novo
production of guanosine nucleotides, which are es-
sential for cell proliferation.!'?! The binding affinity
of MPA is high for the IMPDH type II isoenzyme
that is predominant in proliferating lympho-
cytes.>!1?I As a result, MPA has a cytostatic effect on

1 The use of trade names is for identification purposes only and does not imply endorsement.
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T and B cells, as both require guanosine triphospha-
te for de novo synthesis of guanosine nucleotides,
whereas other cell types can recycle purine bases
using alternative salvage pathways.[®12.23]

The immunosuppressive effect of enteric-coated
mycophenolate sodium depends on the inhibitory
effect of MPA on IMPDH.!"? In a substudy®! of a
large, randomized, double-blind trial’®’ in stable
renal transplant patients receiving maintenance im-
munosuppressive therapy (n = 18) [see sections 4
and 5], enteric-coated mycophenolate sodium
720 mg twice daily and mycophenolate mofetil
1000 mg twice daily had a similar inhibitory effect
on IMPDH, with mean maximum enzyme inhibition
values of 84% and 85% and mean concentrations
causing 50% inhibition of 4.2 and 3.6 pug/mL. As
might be expected for an enteric-coated formulation,
the median time to reach minimum IMPDH activity
was longer for enteric-coated mycophenolate sodi-
um than mycophenolate mofetil (1.5 vs 1.0 hours;
p < 0.05).?* Maximum plasma MPA concentration
(Cmax) values of >10-15 pg/mL can be expected to
lead to a marked inhibition of IMPDH activity!**!
and these concentrations are well exceeded with
standard dosage protocols (section 3).

Intensified treatment with enteric-coated myco-
phenolate sodium early after transplantation pro-
duced a higher level of IMPDH inhibition than
standard dosages."?! In a randomized trial in de novo
renal transplant recipients (n = 75) receiving
ciclosporin-based regimens, intensified treatment
with  enteric-coated  mycophenolate  sodium
2880 mg/day on days 1-14, 2160 mg/day on days
1542 and 1440 mg/day on days 43—180 resulted in
a lower IMPDH-area effect curve than the standard
enteric-coated mycophenolate sodium regimen
(1440 mg/day from day 1) [33.2 vs 45.1 (nmol/mg
protein o h) « h; p = 0.03].126]

The main immunosuppressive effect of MPA is
thought to be related to the inhibition of proliferative
responses of T and B cells to mitogenic and allos-
pecific stimulation.”?! However, MPA also sup-
presses B-cell antibody formation and inhibits the
production of the lymphocyte and monocyte glyco-
proteins that are important to the adherence of in-

© 2008 Adis Data Information BV. All rights reserved.

flammatory cells to allograft endothelial cells.*!
These mechanisms are thought to be important in
preventing the inflammatory processes that cause
renal vessel atherosclerosis, interstitial fibrosis,
glomerulosclerosis, tubular atrophy and deteriorat-
ing renal function, which are the hallmarks of chron-
ic graft rejection.*! In animal studies, enteric-coated
mycophenolate sodium prevented intimal thicken-
ing and other histological changes that accompany
graft rejection, as well as reducing antibody produc-
tion.[13!

There was no reduction in pharmacodynamic ef-
fects after switching renal transplant patients receiv-
ing maintenance immunosuppressive therapy from
mycophenolate mofetil to enteric-coated mycophe-
nolate sodium."?” In tacrolimus-treated patients with
stable renal function (n = 10) switched from myco-
phenolate mofetil 500 mg twice daily to enteric-
coated mycophenolate sodium 360 mg twice daily,
there were no significant differences between base-
line and 1- to 6-month follow-up measurements of
T-cell proliferation, T-lymphocyte activation, lym-
phocyte subpopulations or in interleukin-2 and tu-
mour necrosis factor-o. expression in CD3+
T cells.?”!

In the US, patients with diabetes mellitus make
up =50% of renal transplants recipients and it is
important to know whether the effects of enteric-
coated mycophenolate sodium are similar in this
subpopulation to those of the non-diabetic renal
transplant population.'”®! In an open-label study in
stable renal transplant patients with or without dia-
betes (n = 18) treated with enteric-coated mycophe-
nolate sodium, IMPDH activity was lower in diabe-
tic (mean dosage 960 mg/day) than in non-diabetic
patients (mean dosage 1120 mg/day) throughout
the 12-hour drug administration interval
(p < 0.0001).”81 The greatest IMPDH inhibition
occurred 2 hours after administration of enteric-
coated mycophenolate sodium, at which time
IMPDH inhibition was 3-fold greater in diabetic
than in non-diabetic patients (p = 0.012). This was
despite non-diabetic patients receiving a higher en-
teric-coated mycophenolate sodium dosage and an
equivalent MPA exposure. The causes and exact

Drugs 2008; 68 (17)
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clinical implications of these findings are un-
known. 28]

The chief rationale for developing an enteric-
coated formulation of MPA was to reduce upper GI
adverse effects by eliminating local exposure to
MPA or its metabolites in the stomach.['%!2I A poss-
ible cause of toxicity is the proinflammatory metab-
olite acyl MPA glucuronide (acyIMPAG) [section
3], which inhibits IMPDHP! and may be produced
by intestinal cells and released into the gut lumen.['”!
Alternatively, systemic acyIMPAG may induce GI
symptoms, although, in renal transplant patients
there was no indication of an increase in plasma
acylMPAG concentrations before episodes of diar-
rhoea.’” GI symptoms were more frequent when
mycophenolate mofetil was administered with ta-
crolimus than with ciclosporin.*% A possible expla-
nation is that because tacrolimus is not associated
with enterohepatic recycling of MPA, it results in
higher biliary excretion of MPA glucuronide
(MPAG) and acyIMPAG than ciclosporin, leading
to an increased likelihood of lower GI tract irrita-
tion.? However, this remains speculative, as it is
unknown whether acyIMPAG has GI toxic effects or
whether it is available locally in sufficient quantities
to produce irritation.[%!

During treatment with MPA, vaccinations may
be less effective and the use of live vaccines should
be avoided.'+15]

3. Pharmacokinetic Properties

This section reviews the pharmacokinetics of en-
teric-coated mycophenolate sodium. Two trials in-
vestigated the bioequivalence between single-13!1 or
multiple-dose®! enteric-coated mycophenolate so-
dium and mycophenolate mofetil in renal transplant
patients receiving maintenance immunosuppressive
therapy. For the purposes of these studies, bioequi-
valence was established between enteric-coated my-
cophenolate sodium and mycophenolate mofetil if
the 90% confidence interval (CI) of the enteric-
coated mycophenolate sodium : mycophenolate
mofetil ratios for the area under the plasma concen-
tration-time curve (AUC) and Cmpax were within
prespecified limits (90% CI 0.80, 1.25).24311 A

© 2008 Adis Data Information BV. All rights reserved.

crossover study in renal transplant patients receiving
maintenance immunosuppressive therapy provides
additional MPA steady-state pharmacokinetic data
for enteric-coated mycophenolate sodium, including
data on its relative abundance after the administra-
tion of enteric-coated mycophenolate sodium or my-
cophenolate mofetil.*?! Another study compared the
pharmacokinetic properties of enteric-coated myco-
phenolate sodium in intensified- versus standard-
dosage regimens early after transplantation.”®! With
enteric-coated mycophenolate sodium, MPA expo-
sure has been shown to be dose proportional over the
dose range of 180-2160 mg;3 this section will
focus on the pharmacokinetics of the approved dos-
age of 720 mg twice daily. Some studies are only
available as abstracts.[?6:34-36] In the absence of stud-
ies of therapeutic drug monitoring with enteric-coat-
ed mycophenolate sodium, the discussion of thera-
peutic drug monitoring (section 3.5) reports data
from patients treated with mycophenolate mofetil.

3.1 Absorption and Distribution

Enteric-coated mycophenolate sodium is the en-
teric-coated sodium salt of MPA.'4!3! It has low
solubility in acidic media and high solubility at
pH >5.5-6.0,*"1 along with high intestinal permea-
bility.[*3 In vitro dissolution studies showed no re-
lease of MPA from enteric-coated mycophenolate
sodium at a pH of 1 (i.e. stomach pH), while there
was maximal release of MPA at a pH of 6.0 or 6.8
and slightly delayed release at a pH of 5.5 (these pH
values reflect intestinal pH).*! Only partial MPA
release (£40% of the dose) was seen at a pH of
5.0.B31

The absorption pharmacokinetics of single-[31-371
and multiple-dose!'*?* enteric-coated mycopheno-
late sodium in adult de novo renal transplant recipi-
ents,!'¥! adult patients receiving maintenance immu-
nosuppressive therapy?*3!-32 and paediatric®”! renal
transplant patients aged =5 years also receiving
ciclosporin emulsion-based regimens are summa-
rized in table 1. Oral enteric-coated mycophenolate
sodium had a mean absolute bioavailability of 71%
in stable renal transplant patients receiving mainten-
ance immunosuppressive therapy.[3

Drugs 2008; 68 (17)
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Table I. Pharmacokinetics of enteric-coated mycophenolate sodium (EC-MPS) in renal transplant patients. Mean values unless stated

otherwise
Study [design details] Treatment [no. of patients] Timepoint MPA tmax® MPA Cmax MPA AUC
(h) (ng/mlL) (ug ® h/mL)
In de novo renal transplant patients
Study ERL B301U'I [r, db]® EC-MPS 720 mg bid [48] 14 d post- 2 13.9 29.1¢
transplant
EC-MPS 720 mg bid [48] 3 mo post- 2 24.6 50.7¢
transplant
In stable maintenance treatment renal transplant patients
Arns et al.B'l [r, ol, co] EC-MPS 640 mg [24] SD 2.0 30.1 60.7¢
EC-MPS 720 mg SD 2.0* 26.1 66.5¢
MMF 1000 mg SD 0.75 30.2 63.7¢
Budde et al.?4 [r, db]° EC-MPS 720 mg bid [9] 15 mo 1.5% 18.9 57.4¢
MMF 1000 mg bid [9] Baseline 0.8 21.3 58.4¢
Tedesco-Silva et al.l*d [ol, co] EC-MPS 720 mg bid [40] >3 mo 2.5¢ 33.4 74.7°
MMF 1000 mg bid >3 mo 1.0 255 61.4¢
In paediatric renal transplant patients aged >5 years
Ettenger et al.®”] [nc] EC-MPS 360-720 mg [25] SD 2.5 36.3 74.34

Median values.

Steady-state AUC from time 0 to 12 h.
AUC from time zero to infinity.
e No statistical analysis used to test vs MMF.

o o T o

Substudy of pivotal trials in de novo*'! and maintenance treatment?® renal transplant patients.

AUC = area under the plasma concentration-time curve; bid = twice daily; co = crossover; Cmax = maximum plasma concentration;
db = double-blind; MMF = mycophenolate mofetil;, MPA = mycophenolic acid; nc = noncomparative; ol = open-label; r = randomized;
SD = single dose; tmax = time to Cmax; * p < 0.05, ** p < 0.01 vs MMF.

Oral administration of single doses of enteric-
coated mycophenolate sodium and mycophenolate
mofetil led to equivalent MPA exposure in stable
renal transplant patients receiving ciclosporin-based
maintenance immunosuppression.3'! In terms of the
AUC ratio, bioequivalence with mycophenolate
mofetil 1000 mg was seen for both enteric-coated
mycophenolate sodium 640 mg (90% CI 0.87, 1.04)
and 720 mg (90% CI1 0.91, 1.09). However, the two
formulations were not bioequivalent for Cmax ratios
(90% CI 0.71, 1.40 for enteric-coated mycopheno-
late sodium 640 mg and 90% CI 0.57, 1.12 for
enteric-coated mycophenolate sodium 720 mg), pre-
sumably because of high interpatient variability.l3"
The absorption of enteric-coated mycophenolate so-
dium was significantly slower than that of mycophe-
nolate mofetil; the median time to reach Cmax (tmax)
was more than doubled (table I).3"! After reaching
Cmax, there was a gradual fall in the MPA concen-
tration over =6 hours, with a second peak in some

© 2008 Adis Data Information BV. All rights reserved.

patients between 6 and 12 hours.[3! This is consis-
tent with studies of mycophenolate mofetil com-
bined with ciclosporin that show that enterohepatic
recycling of MPA led to a second peak in plasma
concentrations after 4—12 hours."®! There is indirect
evidence that tacrolimus is not associated with en-
terohepatic recycling.3%

In multiple-dose studies in renal transplant recip-
ients receiving maintenance immunosuppressive
therapy, enteric-coated mycophenolate sodium
720 mg twice daily was bioequivalent to mycophe-
nolate mofetil 1000 mg twice daily in terms of the
steady-state MPA AUC ratio (90% CI 0.87, 1.11(24
and 90% CI 1.04, 1.252]) [table I]. As expected, the
median tmax for MPA was longer for enteric-coated
mycophenolate sodium than for mycophenolate
mofetil (table I).1>*3? In the double-blind study, the
lower limit of the 90% CI for the Cmax geometric
mean ratio fell outside the bioequivalence range
(90% C10.70, 1.13).?*) Mean predose MPA concen-

Drugs 2008; 68 (17)
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trations were 4.35 ug/mL with enteric-coated myco-
phenolate sodium and 1.80 pg/mL with mycopheno-
late mofetil (geometric mean ratio 1.34; 90% CI
1.13, 1.59), reflecting the delayed release of MPA
that occurs with the enteric-coated formulation.**!

Consistent with findings in patients receiving
mycophenolate mofetil,® exposure to MPA was
lower on day 14 in newly transplanted patients re-
ceiving enteric-coated mycophenolate sodium
720 mg twice daily than at 3 months (table I).[4
Similarly, when enteric-coated mycophenolate sodi-
um 720 mg was administered twice daily to renal
transplant patients treated with ciclosporin and cor-
ticosteroids (n = 17), only nine patients achieved the
expected MPA exposure (AUC from time O to
12 hours [AUCi2] 30-60 pgeh/mL) early after
transplantation; the overall median MPA AUC2
was 26.0 ug  h/mL.1** In contrast, one study report-
ed adequate early exposure with enteric-coated my-
cophenolate sodium in Thai de novo renal transplant
recipients treated with ciclosporin microemulsion
and corticosteroids (n = 12) [mean MPA AUCj2 of
73.9 ug « h/mL on day 1 and 74.3 pug « h/mL on day
141.59 In this study, 10 of 12 patients were recipi-
ents of grafts from living donors and the mean body
weight was 48.1 kg, factors which may account for
the discrepant findings."’

A substudy (n = 48)!01 of a randomized trial in
de novo renal transplant recipients (section 4),4!]
provides longer-term comparative pharmacokinetic
data for mycophenolate sodium and mycophenolate
mofetil; this study has not been published in full and
statistical analyses are not fully reported, so the
findings should be considered preliminary. Enteric-
coated mycophenolate sodium 720 mg twice daily
was associated with a 32% increase in MPA expo-
sure over a 6-month treatment period relative to
mycophenolate mofetil 1000 mg twice daily
(p = 0.004); mean AUCs at 14, 90 and 180 days
were 29.1, 50.7 and 55.7 pug  h/mL, respectively, in
enteric-coated mycophenolate sodium recipients,
and 23.3,39.1 and 37.2 ug « h/mL in mycophenolate
mofetil recipients. The proportion of patients with
an AUC >30 pg « h/mL at 14, 90 and 180 days were
55%, 86% and 100%, respectively, with enteric-

© 2008 Adis Data Information BV. All rights reserved.

coated mycophenolate sodium (vs 15%, 76% and
72% with mycophenolate mofetil) [statistical ana-
lysis not reported].[*")

An intensified dosage regimen during the early
post-transplant period led to a higher MPA exposure
and this approach may contribute to better out-
comes.!?! In the intensified dosage regimen study
(see section 2 for dosage and design details), in
comparison with standard dosages, an intensified
dosage regimen led to higher MPA exposure (AUC
44.9 vs 31.8 pg e h/mL; p = 0.022) and free MPA
exposure (AUC 2.242 vs 1.162 ugeh/mL;
p = 0.002) on day 3 after transplantation.”®! During
the following 3 months, MPA exposure remained
stable despite the reducing dosages of enteric-coated
mycophenolate sodium.?°!

When enteric-coated mycophenolate sodium was
administered with a high-fat meal, there was no
change in overall systemic exposure to MPA, al-
though the Cmax was reduced by 33% and the rate of
absorption was slowed (tmax was delayed on average
by 5 hours).["* Although this effect was not thought
to be clinically important,['*! in the US,!'3) patients
are recommended to take enteric-coated mycophe-
nolate sodium 1 hour before or 2 hours after food
intake; in the EU, patients are asked to select admin-
istration with or without food and then to adhere to
their selection.!'!

High interindividual and intraindividual variabil-
ity in MPA concentrations, especially trough con-
centrations,***2! has been observed after oral enter-
ic-coated mycophenolate sodium or mycophenolate
mofetil administration.[®-2431:3842] For instance, in a
multiple-dose study, the coefficient of variability
was <43% for all pharmacokinetic parameters for
both MPA formulations, except for MPA trough
concentration (82% and 42% for enteric-coated my-
cophenolate sodium and mycophenolate mofetil).**!
In renal transplant patients evaluated 6 months after
surgery, dosage-normalized MPA trough concentra-
tions were 3.6-fold higher in enteric-coated myco-
phenolate sodium (n =12) than mycophenolate
mofetil (n = 20) recipients, with significantly
(p < 0.05) higher interpatient variability in enteric-
coated mycophenolate sodium than mycophenolate
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mofetil recipients at three out of four timepoints (at
all four assessments, variability in trough MPA con-
centration was >80% for enteric-coated mycopheno-
late sodium and between 47% and 60% for myco-
phenolate mofetil).*?! Compared with mycopheno-
late mofetil, interpatient variability with enteric-
coated mycophenolate sodium was higher for MPA
tmax at 12 and 18 months (not at 6 and 24 months),
as was intrapatient variability in MPA tmax and
AUCp.#2

At steady state, the volume of distribution of
MPA is 54 L and it is highly bound to plasma
proteins (>98% to albumin).[!>!

3.2 Metabolismm and Elimination

Following the release of MPA from enteric-coat-
ed mycophenolate sodium in the small intestine,?*!
it is absorbed and metabolized primarily in the liver
by glucuronyl transferase to form the pharmacologi-
cally inactive metabolite MPAG.['*!51' AcyIMPAG
and a glucoside conjugate of MPA have also been
detected.”’ AcyIMPAG has pharmacological ac-
tivity and contributes =14% of the exposure to the
active drug.?! In a crossover study in renal trans-
plant patients (n = 40), the acyIMPAG mean Cmax
and mean AUC|2 values were 4.1 and 3.9 ug/mL
and 19.6 and 18.8 g « h/mL, respectively, for enter-
ic-coated mycophenolate sodium 720 mg/day and
mycophenolate mofetil 1000 mg/day after 28 days
of treatment. Point estimates for acyIMPAG Cmax
and AUC 2 indicated that, with respect to exposure
to acyIMPAG, mycophenolate sodium was equiva-
lent to mycophenolate mofetil.*?!

MPA is eliminated primarily via the kidneys.['!
After a radiolabelled oral dose of enteric-coated
mycophenolate sodium, >60% of the radioactivity
was recovered as MPAG and =3% as the active
drug. The mean renal clearance was 140 mL/min for
MPA and 15.5 mL/min for MPAG."S Some MPAG
was secreted in bile and reabsorbed into the system-
ic circulation as MPA after being deconjugated by
gut flora, at times producing a second peak in MPA
concentration =6-8 hours after the initial dose. The
mean elimination half-life (tv,p) of MPA was
8-16 hours (t,p of MPAG was 13-17 hours), indi-
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cating that twice-daily administration should ensure
adequate exposure to the drug.!'”!

3.3 Special Populations

The pharmacokinetics of a single dose of enteric-
coated mycophenolate sodium (=450 mg/m2) in
paediatric renal transplant recipients (aged
5-16 years) were broadly similar to those seen in
adults (table I).°71 Patients were receiving a
ciclosporin microemulsion-based regimen; myco-
phenolate mofetil treatment was withdrawn
48 hours before treatment with enteric-coated myco-
phenolate sodium. After enteric-coated mycopheno-
late sodium, children aged 5-10 years (n = 12) had a
higher MPA exposure than children aged
11-16 years (n = 13) [Cmax 40.2 vs 33.0 ug/mL and
AUC from time zero to infinity (AUCe) 82.2 vs
66.4 g « h/mL]. The higher exposure to MPA, es-
pecially in younger children, probably occurred be-
cause the children were dosed on the basis of body
surface area (BSA).’7 Although the higher expo-
sure is not considered to be clinically important,
lower doses based on bodyweight can be used (see
section 6 for paediatric dosage recommenda-
tions!7).

There are limited data on the pharmacokinetics of
enteric-coated mycophenolate sodium in patients
with renal or hepatic impairment.!'>! However, in
studies in patients with renal impairment receiving
mycophenolate mofetil, MPA concentrations were
not appreciably increased.['>! The US prescribing
information for enteric-coated mycophenolate sodi-
um indicates that no dosage adjustments are re-
quired for patients with delayed graft functioning
following transplantation, but that patients with se-
vere chronic renal impairment should be monitored
closely for adverse effects. In patients with hepatic
cirrhosis, MPA pharmacokinetics after administra-
tion of mycophenolate mofetil were relatively unaf-
fected.!! In the US, no dosage adjustments are
necessary in patients with hepatic impairment.l'4!>!

Enteric-coated mycophenolate sodium pharma-
cokinetics were not significantly different when re-
nal transplant patients with diabetes were compared
with non-diabetic transplant recipients.8!
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3.4 Potential Drug Interactions

Drug interactions may occur when enteric-coated
mycophenolate sodium is coadministered with
antacids, cholestyramine, oral contraceptives, an-
tiviral agents and other immunosuppressive
drugs.l'%151 A single dose of magnesium/aluminium-
containing antacids administered with enteric-coat-
ed mycophenolate sodium reduced MPA exposure
by =37%. It is recommended that while antacids
may be used intermittently, they should not be used
long-term on a daily basis,"'¥ or administered simul-
taneously with enteric-coated mycophenolate sodi-
um.["! In addition, coadministration of mycopheno-
late mofetil with cholestyramine and other bile-acid-
binding agents was found to reduce enterohepatic
recycling of MPA. The same interaction could be
expected with enteric-coated mycophenolate sodi-
um; therefore, it is recommended that enteric-coated
mycophenolate sodium is not coadministered with
bile acid-binding agents.['>! Drugs that reduce gut
flora could disrupt enterohepatic recycling, but there
are no specific recommendations regarding their
coadministration with enteric-coated mycopheno-
late sodium.[!

Mycophenolate mofetil coadministered with the
oral contraceptive levonorgestrel reduced levo-
norgestrel exposure by 15%.!'5 Therefore, it is re-
commended that consideration should be given to
using additional birth control methods when oral
contraceptives are coadministered with enteric-coat-
ed mycophenolate sodium.!>!

The proton-pump inhibitor (PPI) lansoprazole,
when coadministered with mycophenolate mofetil
and tacrolimus, lowered MPA exposure, an effect
that was associated with multidrug resistance
polymorphisms.'*3) The PPI rabeprazole was not
associated with lower MPA concentrations, sug-
gesting that this effect was specific to lansoprazole,
perhaps because of its inhibitory effect on gastric
acid secretion.!*3 There are no data regarding coad-
ministration of enteric-coated mycophenolate sodi-
um with other PPIs.

Aciclovir and ganciclovir could increase expo-
sure to plasma MPAG or to the antiviral agent
through competition for renal tubular secretion.!'*!!
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Monitoring of blood cell counts is recommended for
patients taking these antivirals with enteric-coated
mycophenolate sodium.!

At steady state, enteric-coated mycophenolate
sodium is reported to not affect the pharmaco-
kinetics of ciclosporin.l'*!51 However, 6 months
after transplantation in recipients of deceased donor
renal transplants (n =12), mean plasma ciclosporin
concentrations at 2 and 3 hours after drug adminis-
tration were higher in patients receiving enteric-
coated mycophenolate sodium than in matched con-
trols receiving mycophenolate mofetil (n = 20), and
tmax was longer (1.9 vs 1.5 hours; p = 0.04) [these
specific concentration and tmax differences were
also present at 12, 18 and 24 months after transplan-
tation].*¥ The clinical significance of these findings
remains to be explored, but may be relevant if
clinicians are using 2-hour post-dose ciclosporin
blood monitoring to determine ciclosporin dosage.
Ciclosporin appears to inhibit excretion of MPAG in
the bile, reducing enterohepatic recycling of
MPA.#5] Thus, concomitant administration of enter-
ic-coated mycophenolate sodium and ciclosporin
may reduce MPA exposure.'* If ciclosporin is in-
terrupted or discontinued, the enteric-coated myco-
phenolate sodium dosage may need to be re-evalu-
ated.!'#

Tacrolimus does not appear to inhibit the entero-
hepatic recycling of MPA, meaning that patients
receiving enteric-coated mycophenolate sodium and
tacrolimus could potentially have higher MPA ex-
posure than those receiving enteric-coated myco-
phenolate sodium and ciclosporin.*! However,
MPA exposure was not increased to a significant
extent in patients receiving enteric-coated mycophe-
nolate sodium who were switched from ciclosporin
microemulsion to tacrolimus.*®! In patients treated
with mycophenolate mofetil, diarrhoea was more
frequent in those receiving tacrolimus than
ciclosporin regimens, but exposure to MPA or its
metabolites in the first 3 months of treatment was
not different in those with or without diarrhoea,
suggesting that another mechanism is at play.%! In
stable renal transplant patients receiving tacrolimus
who were switched from mycophenolate mofetil to
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enteric-coated mycophenolate sodium, tacrolimus
Cmax and AUC values were 20% and 18% lower
after the switch (p =0.0013) and the MPA AUC was
27% higher after the switch (statistical analyses not
reported).[*’! These differences were considered to
be of no clinical significance.”*”) From a clinical
standpoint, there is no indication that dosage adjust-
ments are necessary when coadministering enteric-
coated mycophenolate sodium with tacrolimus.

Switching from tacrolimus to everolimus also did
not alter the pharmacokinetics of enteric-coated my-
cophenolate sodium.>! In contrast, switching from
ciclosporin to everolimus led to a 55% higher expo-
sure to MPA (mean MPA AUC was 27.9 ug « h/mL
when the ciclosporin dosage was at 100% of base-
line, 33.9 ugeh/mL at ciclosporin 50% and
43.3 ng e h/mL when ciclosporin was completely
withdrawn).[*®! These higher MPA concentrations
led to a 59% reduction in IMPDH activity
(p <0.005) and close monitoring of MPA pharmaco-
kinetics was suggested when using enteric-coated
mycophenolate sodium with everolimus. 36!

It is recommended that enteric-coated mycophe-
nolate sodium is not coadministered with azathio-
prine, as both drugs lead to inhibition of purine
metabolism,">! which would increase the risk of
myelosuppression.

3.5 Therapeutic Drug Monitoring

Systemic exposure to free MPA is presumed to
be responsible for its immunosuppressive effect.38!
Based on studies of mycophenolate mofetil in com-
bination with ciclosporin, a MPA AUCi2 of
30-60 ng « h/mL is suggested as providing adequate
immunosuppression and a lower risk of adverse
events in the early post-transplantation period, al-
though in most studies there is no relationship be-
tween adverse events and MPA exposure.[38:4849]
Lower acute rejection rates with adequate MPA
exposure, interindividual variability in MPA
pharmacokinetics and lower drug exposure early
after transplantation suggest that therapeutic drug
monitoring may provide better prophylaxis against
graft failure than using fixed dosages.[*3-3
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However, currently, there is uncertainty as to the
value of therapeutic drug monitoring for MPA in
this clinical population.[*>>!1 One of the obstacles is
the lack of a relationship between MPA trough
concentrations, which are convenient to measure,
and the AUC.™* The first published trial of thera-
peutic drug monitoring evaluated a fixed dose of
mycophenolate mofetil 1000 mg twice daily versus
dosage adjustment of mycophenolate mofetil based
on a targeted MPA AUC of 40 puge h/mL (AUC
derived from a Bayesian estimator from samples
taken 20, 60 and 180 minutes after drug administra-
tion on days 7 and 14, and months 1, 3, 6 and 12).5%
Patients were randomized within 3 days of renal
transplantation (n = 65) and followed-up for
12 months. The AUC-targeted group received a
higher daily dosage of mycophenolate mofetil
(p < 0.0001) and experienced fewer treatment fail-
ures (29.2% vs 47.7%; p = 0.03) and biopsy-proven
acute rejection episodes (7.7% vs 24.6%; p = 0.01)
than the fixed dose group.®?! A recent randomized,
12-month trial in paediatric and adult renal trans-
plant recipients aged 22 years (n = 901; 62 patients
were aged <18 years) evaluated clinical outcomes
with fixed-dose versus concentration-controlled my-
cophenolate mofetil treatment.>¥ The dosage in the
concentration-controlled treatment group was based
on an abbreviated AUC12 derived from three MPA
concentrations taken predose, 30 and 120 minutes
after drug administration on days 3 and 10, week 4,
and months 3, 6 and 12 after transplantation. There
were no significant differences between the two
treatment groups in treatment failure or biopsy-
proven acute rejection. However, this finding may,
in part, be related to the fact that, although on the
third day after transplantation >34% of patients re-
ceiving MPA concentration-controlled treatment
had a MPA AUCi2 <30 pgeh/mL, treating
clinicians did not make dosage changes that were
sufficient to achieve the target AUC2.5%

Importantly, for those clinicians that are using
therapeutic drug monitoring, predose concentrations
seen with enteric-coated mycophenolate sodium do
not necessarily reflect overall MPA exposure.l** In
a post hoc pooled analysis of three trials, renal
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transplant patients (n = 88) treated with enteric-
coated mycophenolate sodium or mycophenolate
mofetil had median predose MPA concentrations of
2.40 and 1.83 pg/mL; in 3% of samples from enter-
ic-coated mycophenolate sodium recipients, MPA
concentrations were 215 g/mL.5 Therefore, dose
adjustment according to predose concentrations
could lead to inadequate MPA exposure if enteric-
coated mycophenolate sodium dosages are adjusted
downward in response to high predose concentra-
tions in some patients.4!

4. Therapeutic Efficacy

A number of studies have evaluated the efficacy
of enteric-coated mycophenolate sodium in prevent-
ing renal graft rejection, with the bulk of the evi-
dence relating to its use in ciclosporin microemul-
sion-based regimens. This section focuses on find-
ings from randomized, double-blind, multinational
trials comparing enteric-coated mycophenolate so-
dium with mycophenolate mofetil>>*! (section 4.1),
and pooled analyses of large (n >450), prospective
substudies of patients receiving enteric-coated my-
cophenolate sodium (myPROMS [myfortic Pro-
spective Multicenter Study])>¢! [section 4.2]. Data
are also presented from extensions of the random-
ized trialsP7! (section 4.1) and substudies of dia-
betic patients.[®”! All data are fully published.

Promising results have been seen with enteric-
coated mycophenolate sodium in regimens not
based on ciclosporin microemulsion (enteric-coated
mycophenolate sodium plus tacrolimus with corti-
costeroids®! or induction with daclizumab and anti-
thymocyte globulin/®) in renal transplant recipi-
ents. Corticosteroid-sparing regimens have also
been evaluated in renal transplant recipients receiv-
ing enteric-coated mycophenolate sodium.[%%63 En-
teric-coated mycophenolate sodium also produced
promising results in paediatric renal transplant pa-
tients receiving maintenance immunosuppressive
therapy after patients were switched from mycophe-
nolate mofetil.[*¥ However, as enteric-coated myco-
phenolate sodium is specifically approved for use
with ciclosporin and corticosteroids, and is not cur-
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rently approved for use with tacrolimus or in paedia-
tric patients, these studies are not discussed further.

There is also interest in reducing exposure to
calcineurin inhibitors in order to prevent chronic
allograft nephrotoxicity, and three studies have
shown the potential of enteric-coated mycopheno-
late sodium in calcineurin inhibitor-free, enteric-
coated mycophenolate sodium plus sirolimus- or
everolimus-based regimens,!%-¢71 with two of these
also using corticosteroid-sparing approaches.[0%:67)
Findings from the non-calcineurin-based regimens
are all preliminary and/or based on small (n <50)
noncomparative studies and are not discussed fur-
ther.

4.1 Comparisons with
Mycophenolate Mofetil

Randomized, double-blind, double-dummy, mul-
tinational, 12-month trials in de novo*!! renal trans-
plant patients and renal transplant patients receiving
maintenance immunosuppressive therapy® evalu-
ated the efficacy of enteric-coated mycophenolate
sodium in preventing renal graft rejection (see table
II for dosage and design details).

Patients enrolled were aged 18-75 years!>!l and
recipients of first,*!) or first or second® deceased
or living donor kidney transplants. In the mainten-
ance treatment trial,”®! patients had received trans-
plants 26 months previously, had stable graft func-
tion and were receiving a ciclosporin microemulsion
and mycophenolate mofetil immunosuppressive
regimen, with or without corticosteroids.

In the de novo treatment trial,*!! patients were
randomized to receive enteric-coated mycopheno-
late sodium 720 mg twice daily or mycophenolate
mofetil 1000 mg twice daily. Treatment was initiat-
ed within 48 hours of reperfusion of the transplanted
kidney and continued for 12 months. In all patients,
ciclosporin microemulsion treatment was initiated
within 24 hours, with dosage adjusted to achieve
target blood ciclosporin trough concentrations. Cor-
ticosteroids were tapered according to local practice,
although maintaining a dosage equivalent to predni-
sone =5 mg/day for at least 6 months. Antibody
induction therapies were used according to local
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Table Il. Efficacy of enteric-coated mycophenolate sodium (EC-MPS) in de novo“!l renal transplant patients (pts) and in renal transplant pts
receiving maintenance immunosuppressive therapy.?® Results of modified intention-to-treat analyses from randomized, double-blind,
multinational, 12-month trials comparing EC-MPS with mycophenolate mofetil (MMF)

Study Treatment No. of Timepoint  Endpoint (% of pts)
(mg bid) pts (mo) treatment  biopsy-proven  biopsy-proven biopsy-proven graft loss or
failure? acute rejection, acute rejection chronic death
graft loss or rejection
death
De novo renal transplant pts
Salvadori et al.#l  EC-MPS 720 213 6 25.8°
12 28.6 26.3 225 2.8 5.2
MMF 1000 210 6 26.2°
12 28.1 28.1 24.3 6.2 6.7
Maintenance treatment renal transplant pts
Budde et al.l?%lc EC-MPS 720 159 12 75 25 1.3 3.8 1.3
MMF 1000 163 12 12.3 6.1 3.1 4.9 3.1

a Defined as the incidence of biopsy-proven acute graft rejection, graft loss, death or loss to follow-up.2541]
b Primary endpoint. Clinical equivalence was concluded as the 95% CI for the between-group difference in event rates was within the

limits =12, +12.141
c Tolerability measures were the primary endpoint in this trial.
bid = twice daily.

protocols, as was cytomegalovirus (CMV) prophy-
laxis.*" In the maintenance treatment trial,”*! pa-
tients received mycophenolate mofetil 1000 mg
twice daily during a 14-day run-in period, and were
then randomized to receive enteric-coated mycophe-
nolate sodium 720 mg twice daily or mycophenolate
mofetil 1000 mg twice daily for 12 months. Target
blood ciclosporin trough concentrations were
100-200 ng/mL and oral corticosteroids were ad-
ministered in line with local practice, but at a steady
dosage during the first 3 months.

Efficacy assessments were completed at 6 and
12 months.[>>#!1 The composite primary endpoint in
the de novo treatment trial was treatment failure at
6 months, which included biopsy-proven acute re-
jection, graft loss, death or loss to follow-up. !
Tolerability assessments were the primary endpoints
in the maintenance treatment trial (section 5).*!
Secondary endpoints included treatment failure at
12 months, biopsy-proven acute rejection, graft loss
or death, biopsy-proven chronic rejection, and a
composite measure of biopsy-proven acute rejec-
tion, graft loss or death.?>#!l In the de novo treat-
ment trial,*! clinical equivalence between enteric-
coated mycophenolate sodium and mycophenolate
mofetil was concluded if the 95% CI for the differ-
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ence in event rate for the primary endpoint was
within the limits —12, +12. Efficacy analyses used
data from all randomized patients with at least one
efficacy assessment (modified intention-to-treat
[ITT] analyses).[>5411

In the de novo treatment trial,*!! 213 patients
were randomized to enteric-coated mycophenolate
sodium and 210 to mycophenolate mofetil. There
were no significant baseline differences in demo-
graphic and clinical characteristics between treat-
ment groups. In the enteric-coated mycophenolate
sodium and mycophenolate mofetil groups, the
mean patient age was 47.1 and 47.2 years, 64.3%
and 67.6% were male, 85.0% and 82.4% received
deceased donor kidneys, 16.9% and 12.4% were
donor CMV positive/recipient CMV negative, and
20.7% and 13.3% had cold ischaemia times
224 hours. Of the patients randomized to enteric-
coated mycophenolate sodium, 151 (70.9%) com-
pleted 12 months of study treatment compared with
158 (75.2%) patients randomized to mycophenolate
mofetil, with the majority who discontinued doing
so because of adverse events (16.9% of enteric-
coated mycophenolate sodium recipients vs 13.8%
of mycophenolate mofetil recipients).
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In the maintenance treatment trial,’>> 159 pa-
tients were randomized to receive enteric-coated
mycophenolate sodium and 163 to receive myco-
phenolate mofetil. There were no significant differ-
ences between groups in terms of baseline character-
istics. In the enteric-coated mycophenolate sodium
and mycophenolate mofetil groups, the mean ages
were 48.6 and 46.8 years, 61% and 70.6% were
male, 90.6% and 87.7% were receiving a first kid-
ney transplant, patients were recruited a mean 844
and 864 days after transplant, mean serum creatinine
levels were 141.2 and 138.8 umol/L, 84.9% and
85.3% were receiving corticosteroids, and the mean
ciclosporin trough concentrations were 188.9 and
190.1 ng/mL. In the enteric-coated mycophenolate
sodium group, 10.1% of patients discontinued treat-
ment prematurely and 5.7% discontinued because of
adverse events, with corresponding rates in the my-
cophenolate mofetil group of 11.7% and 2.5%.!%!

Enteric-coated mycophenolate sodium had simi-
lar efficacy to mycophenolate mofetil in the preven-
tion of renal transplant rejection in de novo™! renal
transplant patients and renal transplant patients re-
ceiving maintenance immunosuppressive ther-
apy.[! For the primary endpoint in the de novo
treatment trial,'*!! the efficacy of enteric-coated my-
cophenolate sodium was equivalent to that of myco-
phenolate mofetil, with a treatment failure rate at
6 months of 25.8% versus 26.2% (between-group
difference 95% CI —8.7, +8.0) [table II].

In de novo™ renal transplant patients and renal
transplant patients receiving maintenance immu-
nosuppressive therapy,®! there was no significant
difference between enteric-coated mycophenolate
sodium and mycophenolate mofetil in the propor-
tion of patients experiencing biopsy-proven acute
rejection, biopsy-proven chronic rejection, graft loss
or death, or the composite of biopsy-proven acute
graft rejection, graft loss or death at 12 months
(table II).[*!1 Moreover, renal transplant patients re-
ceiving maintenance immunosuppressive therapy
could be switched from mycophenolate mofetil to
enteric-coated mycophenolate sodium without af-
fecting efficacy.®!
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In the de novo treatment trial, severe acute rejec-
tion episodes (Banff grade III) occurred in 2.1% of
enteric-coated mycophenolate sodium recipients
and 9.8% of mycophenolate mofetil recipients.[*!! In
this trial, antibody induction therapy was adminis-
tered to 39.4% of enteric-coated mycophenolate so-
dium recipients and 42.9% of mycophenolate mofe-
til recipients. In addition, there were no significant
differences between patients receiving enteric-coat-
ed mycophenolate sodium and those receiving my-
cophenolate mofetil in the mean corticosteroid dos-
age at 12 months (0.1 vs 0.1 mg/kg/day), the mean
ciclosporin microemulsion dosage at 12 months (3.5
vs 3.2 mg/kg/day) or the mean blood ciclosporin
trough concentration at 12 months (166.3 vs
170.6 ng/mL).[4!l

The efficacy of enteric-coated mycophenolate
sodium in patients with diabetes was assessed in
post hoc subgroup analyses of the de novo treatment
trial (n = 76) and the maintenance treatment trial
(n = 89).101 In the de novo treatment trial, the
treatment failure rate at 6 months was 14.7% in pa-
tients with diabetes receiving enteric-coated myco-
phenolate sodium versus 26.7% in patients receiving
mycophenolate mofetil; corresponding 12-month
rates were 17.6% versus 26.2% for treatment failure,
14.7% versus 19.0% for biopsy-proven acute rejec-
tion and 2.9% versus 7.1% for graft loss or death
(between-group differences were nonsignificant for
all comparisons). In the maintenance treatment trial,
six diabetic patients died or had mild severity biop-
sy-proven acute rejection (three in each treatment
group) and none experienced graft loss.[!

4.1.1 Extension Studies

Patients completing these trials were enrolled in
noncomparative extensions to evaluate the long-
term use of enteric-coated mycophenolate sodi-
um.33% The de novo treatment trial extension in-
cluded 247 of 367 patients (62%) who completed
the core trial and who were followed-up for a further
24 months in the extension phase.® The mainten-
ance treatment trial extension recruited 260 of 297
patients (88%) who completed the core trial, all of
whom were included in the 12-month follow-up
efficacy analyses, whereas patients who discontin-
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ued during the first 12 months of the extension
(n = 65) were excluded from the 24-month analyses
(n = 195). In the extension phase, all patients
(including those initially randomized to mycophe-
nolate mofetil) received enteric-coated mycopheno-
late sodium 720 mg twice daily.[5%

There was no decline in the efficacy of enteric-
coated mycophenolate sodium in de novo renal
transplant patients and renal transplant patients re-
ceiving maintenance immunosuppressive therapy
over 24 months of follow-up.”¥3°1 Among de novo
renal transplant patients initially randomized to en-
teric-coated mycophenolate sodium or mycopheno-
late mofetil, 3% and 5% experienced biopsy-proven
acute rejection, 2% and 1% experienced graft loss,
5% and 2% died or experienced graft loss, and 6%
and 5% had biopsy- and clinically-confirmed chron-
ic rejection after 24 months of therapy with enteric-
coated mycophenolate sodium in the extension
phase.[® Among renal transplant patients receiving
maintenance immunosuppressive therapy who re-
ceived enteric-coated mycophenolate sodium in the
extension phase after initial randomization to enter-
ic-coated mycophenolate sodium or mycophenolate
mofetil, the composite of biopsy-proven acute rejec-
tion, graft loss or death occurred in 2% and 2% of
patients at 12 months, and 8% and 3% at 24 months;
biopsy-proven acute rejection occurred in 1% and
2% at 12 months, and 4% and 2% at 24 months;
biopsy-confirmed chronic rejection occurred in 4%
and 2% at 12 months, and 6% and 4% at 24 months;
graft loss occurred in 0% and 1% at 12 months, and
2% and 2% at 24 months; and death occurred in 1%
and 0% at 12 months, and 3% and 0% at
24 months >

4.2 The myPROMS Study

The myPROMS study comprises a series of
open-label, multinational substudies, which use a
core protocol to explore the efficacy and tolerability
of enteric-coated mycophenolate sodium in de novo
renal transplant patients® or renal transplant pa-
tients receiving maintenance immunosuppressive
therapy?®® treated with a ciclosporin microemul-
sion-based regimen.
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Pooled data (n = 456) from three myPROMS
substudies in de novo treatment recipients/*8-"! were
used to assess the efficacy of enteric-coated myco-
phenolate sodium as a componenet of ciclosporin
microemulsion-based regimens.”> The patients
were single organ, renal transplant recipients, aged
18-75 years; one study excluded patients with a cold
ischaemia time of >24 hours and recipients of grafts
from deceased donors aged <10 or >60 years.> The
studies involved randomization to either a lower or
higher ciclosporin microemulsion dosage regi-
menl’!! or early versus delayed introduction of
ciclosporin microemulsion,%8%°1 using ciclosporin
blood monitoring to determine dosage. As well as
ciclosporin microemulsion, patients received enter-
ic-coated mycophenolate sodium 720 mg twice
daily, induction therapy with basiliximab or
daclizumab, corticosteroids, and Pneumocystis
jiroveci and CMV prophylaxis according to local
practice. The primary efficacy variables in the
pooled analysis were incidence of treatment failure
(defined as biopsy-proven acute rejection, graft loss
or death) and graft function (median calculated cre-
atinine clearance [CLcR]) at 6 and 12 months in the
modified ITT population. The mean age was
47.4 years, 64.0% were male, 6.1% had received a
previous renal transplant, 72.6% received their graft
from a deceased donor and the mean cold ischaemia
time was 14.4 hours.!%!

A pooled analysis is also available from three
myPROMS substudies in renal transplant patients
receiving maintenance immunosuppressive therapy
(n = 588).5¢! First or second renal transplant recipi-
ents were eligible if they had stable graft function
and had been receiving mycophenolate mofetil and
ciclosporin microemulsion with or without cortico-
steroids for >3 months.”® Patients were aged
18-75 years, although one study included patients
aged >6 years; 3.1% of the entire study population
were aged 6-18 years. Patients aged >18 years were
switched from mycophenolate mofetil 1000, 1500,
2000 or 3000 mg/day to enteric-coated mycopheno-
late sodium 720, 1080, 1440 or 2160 mg/day, re-
spectively (conversion to higher than equimolar
dosages was allowed); ciclosporin microemulsion
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Table Ill. Efficacy of enteric-coated mycophenolate sodium (EC-MPS) in de novo®® renal transplant patients (pts)!*® and renal transplant
pts receiving maintenance immunosuppressive therapy. Results of pooled analyses of myPROMS substudies

Study Treatment No. of Timepoint ~ Treatment  Biopsy-proven Chronic Graft loss Death
pts (mo) failure? acute rejection rejection (% of pts) (% of pts)
(% of pts) (% of pts) (% of pts)

De novo renal transplant pts
Legendre et al.l51  EC-MPS 720 mg bid 456 6 23.9° 20.6 5.3 3.1 0.9

12 25.9° 221 6.6 3.1 1.3
Maintenance treatment renal transplant pts
Pietruck et al.l56 EC-MPS 588 6 1.9 1.7 0.3 0 0.2

720-2160 mg/day

a Defined as the incidence of biopsy-proven acute rejection, graft loss or death.[55:561

b Primary efficacy variable.
c Tolerability measures were the primary endpoint in this study.
bid = twice daily.

and corticosteroids were also administered. Tolera-
bility was the primary endpoint in this analysis.
Secondary efficacy endpoints, assessed after
6 months of therapy, included the incidence of treat-
ment failure (defined as biopsy-proven acute rejec-
tion, graft loss or death). Efficacy was assessed in
the modified ITT population. The mean age was
43.8 years, 63.9% were male, 10.2% had received a
prior renal transplant, mean time since transplanta-
tion was 37.4 months and 61.2% were recipients of
grafts from deceased donors.%%!

Enteric-coated mycophenolate sodium was asso-
ciated with high rates of graft survival in de novo
renal transplant patients.’>! Approximately one-
quarter of patients experienced treatment failure at
months 6 and 12 (primary endpoint), with graft loss
occurring in =3% of patients (table I11).153

Renal transplant patients receiving maintenance
immunosuppressive therapy were successfully
switched from mycophenolate mofetil to enteric-
coated mycophenolate sodium with low rates of
treatment failure.® Less than 2% of patients experi-
enced treatment failure and no patient experienced
graft loss (table III).

Renal function remained stable in both de
novo™! renal transplant patients and in renal trans-
plant patients receiving maintenance immunosup-
pressive therapy.® Median CLcr was 58.5, 62.5
and 62.9 mL/min at months 3, 6 and 12, respective-
ly, in de novo patients (primary endpoint at months 6
and 12).5°1 In renal transplant patients receiving
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maintenance immunosuppressive therapy, mean
CLcRrR was 65.3 mL/min at baseline and 66.9 mL/
min at month 6.1

The efficacy of enteric-coated mycophenolate
sodium in patients with diabetes who underwent
renal transplantation was assessed using this same
pooled data from the myPROMS substudies.[*”! In
the analysis of de novo renal transplant patients, 79
of 456 (17%) had pre-transplant diabetes and there
were no significant differences in 6- or 12-month
efficacy variables between patients with and without
diabetes at baseline. At 6 months, the treatment
failure rate was 19.0% and 24.9% in diabetic and
non-diabetic patients; corresponding 12-month rates
were 20.3% and 27.1% for treatment failure, 17.7%
and 23.1% for biopsy-proven acute rejection, and
5.1% and 4.2% for graft loss or death. Of 588 pa-
tients in the pooled analysis of renal transplant pa-
tients receiving maintenance immunosuppressive
therapy, 92 (16%) had diabetes. The treatment fail-
ure and biopsy-proven acute rejection rates at
6 months were 3.3% and 2.2% in patients with
diabetes at baseline versus 1.6% and 1.6% in non-
diabetic patients (statistical analysis not reported).
All cases of biopsy-proven acute rejection were of
mild severity (Banff criteria).["

There is interest in reducing exposure to calci-
neurin inhibitors as this could lead to better renal
function by reducing calcineurin-related nephrotox-
icity.®7!1 De novo renal transplant patients were
randomized to standard (n = 45) or reduced (n = 44)
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ciclosporin exposure, based on different 2-hour
post-dose blood ciclosporin concentration tar-
gets.”!1 All patients received enteric-coated myco-
phenolate sodium and steroids, along with basilix-
imab induction. There were no differences between
standard and reduced ciclosporin-exposure groups
in serum creatinine (160 and 145 pmol/L at
6 months, and 163 and 162 umol/L at 12 months) or
CLcRr (55.3 and 61.5 mL/min at 6 months, and 56.5
and 59.7 mL/min at 12 months). There were four
patients who died (one in the standard-exposure and
three in the reduced ciclosporin-exposure group)
and no graft losses in either treatment group.”’!! In
one of the myPROMS substudies in de novo renal
transplant patients, %86 patients were randomized to
early (day 0) [n = 97] or delayed (day 6) [n = 100]
initial administration of ciclosporin microemulsion
therapy, with the dosage based on ciclosporin blood
monitoring. At 3 months, CLcR did not differ signif-
icantly between early versus delayed ciclosporin
microemulsion treatment groups (51.1 vs 53.8 mL/
min) and at 12 months there were also no between-
treatment differences in CLcR or in rates of treat-
ment failure, biopsy-proven acute rejection, graft
loss, death or other secondary endpoints.[®! When
these patients were followed-up for 30 months, there
were no significant differences in median CLcR
(55 vs 57 mL/min for early vs delayed) and the graft
survival results were favourable, with no graft losses
and one patient death in the early treatment
group.[%°! Therefore, in these studies, there was no
long-term benefit in terms of renal function from
reduced-exposure ciclosporin! or in delaying ci-
closporin treatment.[6"!

5. Tolerability

Tolerability data comparing enteric-coated my-
cophenolate sodium 720 mg twice daily with myco-
phenolate mofetil 1000 mg twice daily are available
from the randomized, double-blind, multinational,
12-month trials in de novo renal transplant pa-
tients™!! and renal transplant patients receiving
maintenance immunosuppressive therapy!> (see
section 4.1 for trial details). In the maintenance
treatment trial,”! the primary endpoints were the
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incidence and severity of GI adverse events (see
section 5.2.1) and neutropenia (neutrophil count
<1500 cells/mm3)[see section 5.1.1] at 3 months.
Non-inferiority was shown if the upper limit of the
97.5% CI for the difference in incidence rate be-
tween enteric-coated mycophenolate sodium and
mycophenolate mofetil was <10%.3! Tolerability
data were also obtained from the 24-month exten-
sion phases of these trials™%>°1 (section 4.1).

Tolerability data are also available from the
pooled analyses of the de novo'>! and maintenance
treatment®® myPROMS substudies (section 4.2);
the primary analysis variables in the maintenance
treatment analysis were the incidence of adverse
events and the incidence of dose reductions or inter-
ruptions of enteric-coated mycophenolate sodium
because of adverse events.l>® In addition, tolerabili-
ty data have been obtained from the PROGIS (Pa-
tient Reported Outcomes in renal transplant patients
with or without GI Symptoms)’?) and myTIME
(Tolerability of Myfortic® in Combination with Ne-
oral® or Tacrolimus in Renal Transplant Patients
with Gastrointestinal Intolerance)!”?! studies (section
5.2.2). These studies were undertaken because the
tolerability measures used in the randomized trials
were crude with respect to measurement of GI
symptoms, and because well validated measures of
patient-reported symptoms would provide better es-
timates of GI symptoms and burden.”>73! Unlike the
clinical trials, these studies do not provide a blinded,
concurrent comparison of the tolerability of enteric-
coated mycophenolate sodium with mycophenolate
mofetil.

The open-label, multinational PROGIS study en-
rolled patients aged =18 years who had undergone
renal transplantation =1 month previously and had
been receiving immunosuppressive therapy, includ-
ing ciclosporin, tacrolimus, sirolimus and/or myco-
phenolate mofetil (=7% were receiving mycopheno-
late mofetil monotherapy). All patients had been
treated with mycophenolate mofetil for >2 weeks.[”?!
Patients (n = 177) with mild, moderate or severe GI
symptoms were converted from mycophenolate
mofetil to an equimolar dosage of enteric-coated
mycophenolate sodium (patients without symptoms
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continued to receive mycophenolate mofetil, al-
though results from this treatment arm are not re-
ported). GI symptoms were assessed using the Gas-
trointestinal Symptom Rating Scale (GSRS) [higher
scores indicating higher symptom burden], the Gas-
trointestinal Quality of Life Index (GIQLI) [assess-
ing Gl-specific Health-Related Quality of Life (HR-
QOL)], and the Psychological General Well-being
Index (PGWBI) [assessing HR-QOL and psycho-
logical well being]. Patients were assessed
4-6 weeks after switching to enteric-coated myco-
phenolate sodium. Tolerability results were reported
in the per-protocol population.[’?]

The open-label, multicentre, 3-month myTIME
study enrolled patients aged 18-75 years (n = 734)
who had undergone renal transplantation =1 month
previously, had been receiving immunosuppressive
therapy (comprising mycophenolate mofetil with
ciclosporin or tacrolimus with or without cortico-
steroids) for 22 weeks, and were experiencing mild
to moderate GI symptoms considered to be related
to mycophenolate mofetil.[*! Patients were switched
to an equimolar dosage of enteric-coated mycophe-
nolate sodium. The primary endpoint was the
change from baseline in the overall GSRS score at
3 months. Analyses were conducted in the modified
ITT population (n = 728).1"3

5.1 General Adverse Event Profile

5.1.1 Comparisons with Mycophenolate Mofetil

In the maintenance treatment trial, adverse
events were reported in 93.7% of enteric-coated
mycophenolate sodium recipients and 92.6% of my-
cophenolate mofetil recipients.?>! Neutropenia (pri-
mary endpoint) occurred in 0.6% of enteric-coated
mycophenolate sodium recipients and 3.1% of my-
cophenolate mofetil recipients, a difference in rates
of 2.5% (95% CI —-6.74, 0.80) during the first
3 months of the trial. A severe adverse event or
infection occurred in 21.3% and 20.9% of enteric-
coated mycophenolate sodium and mycophenolate
mofetil recipients,®! and 29.5% of patients in each
treatment group experienced drug-related adverse
events.!>
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In the de novo treatment trial, adverse events
were reported in 98.1% of enteric-coated mycophe-
nolate sodium recipients and 98.1% of mycopheno-
late mofetil recipients.*! Most adverse events were
of mild to moderate severity, with severe adverse
events occurring in 38.0% of enteric-coated myco-
phenolate sodium recipients and 41.0% of mycophe-
nolate mofetil recipients. There was no significant
difference between enteric-coated mycophenolate
sodium and mycophenolate mofetil recipients in the
incidence of suspected drug-related adverse events
(53.1% vs 60.5%).141 Neutropenia occurred in one
enteric-coated mycophenolate sodium recipient and
in one mycophenolate mofetil recipient; the absolute
neutrophil count was >500 cells/mm3 in all pa-
tients.[*!]

Among enteric-coated mycophenolate sodium
and mycophenolate mofetil recipients, CMV infec-
tion occurred in 21.6% and 20.5% of de novo renal
transplant patients; in the corresponding treatment
groups, CMV disease occurred in 4.7% and 4.3% of
patients.”!! In renal transplant patients receiving
maintenance immunosuppressive therapy, CMV in-
fection was detected in 1.9% and 1.8% of enteric-
coated mycophenolate sodium and mycophenolate
mofetil recipients.[>

Extension Studies

In the 24-month extensions of the de novo®® and
maintenance treatment®™ trials (during which all
patients received enteric-coated mycophenolate so-
dium), adverse events occurred in 88%0% and
92%"%1 of patients originally randomized to enteric-
coated mycophenolate sodium, and 89%58! and
92%"%1 of patients originally randomized to myco-
phenolate mofetil. Among patients originally ran-
domized to enteric-coated mycophenolate sodium or
mycophenolate mofetil in the de novo treatment
trial, severe adverse events occurred in 30% and
27% of patients, drug-related adverse events oc-
curred in 27% and 30%, and discontinuations be-
cause of adverse events occurred in 11% and
13%.5%81 Among patients originally randomized to
enteric-coated mycophenolate sodium or mycophe-
nolate mofetil in the maintenance treatment trial,
dose reductions or interruptions because of adverse
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events occurred in 11% and 14% of patients during
the 24-month extension, severe adverse events or
infections occurred in 32% and 26%, and discon-
tinuations because of adverse events occurred in 4%
and 8%.5%

Haematological events were observed with a
similar incidence during extension studies, irrespec-
tive of whether patients had initially received enter-
ic-coated mycophenolate sodium or mycophenolate
mofetil during the double-blind trials.33°1 Among
de novo renal transplant patients originally random-
ized to enteric-coated mycophenolate sodium or
mycophenolate mofetil, anaemia occurred in 7%
and 6% of patients, leukopenia occurred in 14% and
10%, neutropenia occurred in 3% and 0%, and
thrombocytopenia occurred in 1% and 1%.05%
Among patients originally randomized to enteric-
coated mycophenolate sodium or mycophenolate
mofetil in the maintenance treatment trial, anaemia
occurred in 8% and 3% of patients during the
24-month extension, leukopenia occurred in 7% and
7%, neutropenia occurred in 1% and 2%, and
thrombocytopenia occurred in 1% and 0%.5

5.1.2 The myPROMS Study

Adverse events occurred in 454 of 456
(99.6%)1>1 and 370 of 588 (62.9%)P% enteric-coat-
ed mycophenolate sodium recipients in the pooled
analyses of the de novo'™! and maintenance treat-
mentP% myPROMS substudies. Approximately
60% of adverse events were of mild or moderate
severity in both de novo renal transplant patients?>!
and renal transplant patients receiving maintenance
immunosuppressive therapy.*®! Adverse events or
infections thought to be related to enteric-coated
mycophenolate sodium occurred in 54% of de novo
renal transplant patients and resulted in either dose
adjustment or interruption of enteric-coated myco-
phenolate sodium in 7.5% of patients.> Dose re-
duction or interruption of enteric-coated mycophe-
nolate sodium because of adverse events occurred in
4.1% and 1.9% of renal transplant patients receiving
maintenance immunosuppressive therapy.l>%!

Laboratory parameters and vital signs were stable
throughout in renal transplant patients receiving
maintenance immunosuppressive therapy.[>®
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5.2 Gastrointestinal Adverse Events

5.2.1 Comparisons with Mycophenolate Mofetil

In the maintenance treatment trial, enteric-coated
mycophenolate sodium was noninferior to myco-
phenolate mofetil in the overall incidence of GI
adverse events (primary endpoint) at 3 months (26%
vs 21%!?*") [between-group difference 95% CI -3.7,
14.8"41]. The incidence rates for the most commonly
occurring GI adverse events (e.g. nausea, diarrhoea,
dyspepsia, gastro-oesophageal reflux disease,
vomiting) are shown in figure 2.1 The overall
incidence of gastrointestinal adverse events at
12 months was 30% in enteric-coated mycopheno-
late sodium recipients and 25% in mycophenolate
mofetil recipients.!”! Dose reductions and/or inter-
ruptions because of GI adverse events occurred in
8% of enteric-coated mycophenolate sodium recipi-
ents and in 6% of mycophenolate mofetil recipients,
with dose discontinuation because of GI adverse
events occurring in 2% of patients in each treatment
group.?!

After 12 months’ follow-up in renal transplant
recipients receiving maintenance immunosuppres-
sive therapy, the mean change in the GI severity
score was 0.23 in patients receiving enteric-coated
mycophenolate sodium and 0.47 in patients receiv-
ing mycophenolate mofetil (between-group differ-
ence —0.24; 95% CI —0.51, 0.03).1] GI adverse
event severity scores ranged from 0 (no event) to 3
(severe event).!®!

In the de novo treatment trial, there was no signif-
icant difference between enteric-coated mycopheno-
late sodium and mycophenolate mofetil recipients in
the overall incidence of GI adverse events after
12 months of therapy (81% vs 80%).1*! In addition,
there was no significant difference between enteric-
coated mycophenolate sodium and mycophenolate
mofetil recipients in the proportion of patients ex-
periencing dose reduction, dose interruption or dis-
continuation because of GI adverse events (15% vs
20%).1411

Extension Studies
In the 24-month extensions of the de novo® and
maintenance treatment®™! trials (during which all
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Fig. 2. Gastrointestinal (Gl) tolerability of enteric-coated mycophenolate sodium (EC-MPS) 720 mg twice daily in comparison with mycophe-
nolate mofetil (MMF) 1 g twice daily in renal transplant patients receiving maintenance immunosuppressive therapy. Incidence of most
common Gl adverse events after 3, 6 and 12 months of follow-up of a randomized, double-blind, multinational, 12-month trial; statistical

analyses not reported.’?s! GE = gastro-oesophageal.

patients received enteric-coated mycophenolate so-
dium), drug-related GI adverse events occurred in
12%81 and 14%!>°! of patients originally random-
ized to enteric-coated mycophenolate sodium, and
9%!38) and 8% of patients originally randomized
to mycophenolate mofetil. Diarrhoea was the most
common drug-related GI adverse event in the main-
tenance treatment trial, occurring in 6% and 3% of
patients originally randomized to enteric-coated my-
cophenolate sodium or mycophenolate mofetil.>”’

5.2.2 The PROGIS, myTIME and myPROMS Studies

Switching renal transplant patients who were ex-
periencing GI symptoms from mycophenolate
mofetil to enteric-coated mycophenolate sodium
significantly reduced the burden of GI symptoms,
according to the results of the PROGIS?! and my-
TIME!?! studies. In the myTIME trial, the overall
GSRS score (primary endpoint) was significantly
reduced from baseline (i.e. during mycophenolate
mofetil therapy) with enteric-coated mycophenolate
sodium after 3 months of therapy (table IV), with a
significant (p < 0.0001) difference apparent after
1 month of treatment.[”*! GSRS subscale scores were
significantly reduced from baseline at 4-6 weeks in
the PROGIS trial,/’?! and at 1 and 3 months in the
myTIME trial’% (table IV).
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In the PROGIS trial, significant (p < 0.0001)
improvements from baseline in GIQLI total and
subscale scores, and PGWBI total and subscale
scores were also seen after 4—6 weeks’ treatment
with enteric-coated mycophenolate sodium.7?!

An overall improvement from baseline in GI
symptoms was reported by 66% of patients in both
the PROGIS"? and myTIME!"3! trials, with 51% of
patients in the PROGIS trial”? and 55% of patients
in the myTIME trial”* reporting an improvement in
HR-QOL. In the PROGIS trial, estimated minimal
important differences were 0.4—0.8 for GSRS sub-
scale scores and 0.2-0.5 for GIQLI subscale
scores.!”?!

GI adverse events occurred in 354 of 456
(78%)1%1 and 138 of 588 (24%)P°) enteric-coated
mycophenolate sodium recipients in the pooled
analyses of the de novo'®! and maintenance treat-
ment®®! myPROMS substudies. GI adverse events
were of mild or moderate severity in 323 of 354
de novo renal transplant patients®! and 137 of
138 renal transplant patients receiving maintenance
immunosuppressive therapy;*®! the most commonly
occurring GI adverse events included constipa-
tion,! nausea,’>?® diarrhoea®>°! and upper or
lower abdominal pain.[*®! Discontinuation, dose re-
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duction or dose interruption of enteric-coated myco-
phenolate sodium because of GI adverse events oc-
curred in 16% of de novo renal transplant patients in
the first 12 months.! In renal transplant patients
receiving maintenance immunosuppressive therapy,
enteric-coated mycophenolate sodium dose reduc-
tion or interruption because of GI adverse events
occurred in 2% and 1% of patients.>%!

5.3 Serious Adverse Events

As with other immunosuppressive agents, the US
prescribing information for enteric-coated myco-
phenolate sodium carries a black-box warning that
immunosuppression may lead to increased suscepti-
bility to infections and to the development of lym-
phoma and other neoplasms.!'>! It is thought that the
increased risk is related to intensity and duration of
immunosuppression, rather than to use of a specific
agent.l"¥l Skin neoplasms may occur, and protective
clothing and use of sunscreens to reduce exposure to
sunlight is recommended.["*! It is also recommended
that treating physicians are experienced in immu-
nosuppressive therapy and organ transplanta-
tion,['*13! with access to adequate laboratory and
other medical resources.!!!

There was no significant difference between en-
teric-coated mycophenolate sodium and mycophe-
nolate mofetil recipients in the overall incidence of
serious adverse events in either the de novo (55% vs
54%) renal transplant patients'*!! or renal transplant
patients receiving maintenance immunosuppressive
therapy (23% vs 30%)!>) in 12-month trials. In the
de novo treatment trial, there was no significant
difference between enteric-coated mycophenolate

sodium and mycophenolate mofetil recipients in the
incidence of serious infection (22% vs 27%), al-
though serious pneumonia occurred in significantly
fewer enteric-coated mycophenolate sodium than
mycophenolate mofetil recipients (0.5% vs 4%;
p = 0.01).4 In the maintenance treatment trial,
serious infections occurred in significantly fewer
enteric-coated mycophenolate sodium than myco-
phenolate mofetil recipients (9% vs 16%; p < 0.05),
although there was no significant between-group
difference in the incidence of serious pneumonia
(2% vs 5% of patients).!*! Other serious infections
in enteric-coated mycophenolate sodium and myco-
phenolate mofetil recipients included urinary tract
infection, pyelonephritis or urosepsis (2.5% vs
5.5%); CMV infection or CMV pneumonia (0% vs
1.2%); sepsis (1.3% vs 0%); upper respiratory tract
infection (1.3% vs 0.6%); and gastroenteritis (0.6%
vs 1.2%).1%1

Serious leukopenia occurred in two enteric-coat-
ed mycophenolate sodium recipients and seven my-
cophenolate mofetil recipients in the de novo treat-
ment trial.l*!!

In de novo renal transplant recipients, malignan-
cies or lymphoma were reported in five enteric-
coated mycophenolate sodium recipients and in five
mycophenolate mofetil recipients.[*!! In renal trans-
plant patients receiving maintenance immunosup-
pressive therapy, lymphoma developed in two enter-
ic-coated mycophenolate sodium recipients and one
mycophenolate mofetil recipient, non-melanoma
skin cancer developed in two enteric-coated myco-
phenolate sodium recipients and three mycopheno-
late mofetil recipients, and other malignancies de-

Table IV. Gastrointestinal tolerability of enteric-coated mycophenolate sodium in stable renal transplant patients (pts) with gastrointestinal
symptoms switched from mycophenolate mofetil to equimolar dosages of enteric-coated mycophenolate sodium.273 Mean symptom

scores from the Gastrointestinal Symptom Rating Scale

Study Assessment points No. of pts ~ Abdominal  Reflux Diarrhoea  Indigestion Constipation Overall
pain
Chan et al.l”? Baseline 176 2.8 2.6 3.2 3.3 2.3 NA
(PROGIS) 4-6 wk 1.9* 1.6* 2.1 2.2* 1.7¢ NA
Bolin et al.l™3 Baseline 728 2.5 23 3.0 2.8 2.2 2.6
(myTIME) 1 mo 1.8* 1.6* 2.0* 2.0 1.8* 1.9%
3 mo 1.7* 1.6 2.0* 2.0* 1.7* 1.8*2

a Primary endpoint.
NA = not available. * p < 0.0001 vs baseline.
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veloped in one enteric-coated mycophenolate sodi-
um recipient and two mycophenolate mofetil
recipients.[>>3]

In the US, there is a black-box warning that
women of child-bearing potential must use contra-
ception while taking MPA, either as enteric-coated
mycophenolate sodium or mycophenolate mofe-
tl.57) Tt is recommended that a negative preg-
nancy test is obtained before initiating treatment
with enteric-coated mycophenolate sodium and that
effective contraception must be used before initiat-
ing treatment, during treatment and for 6 weeks after
discontinuing treatment.l'*!3! Enteric-coated myco-
phenolate sodium is not recommended for use
during pregnancy and should be reserved for cases
where there are no alternative treatments or where
the benefits outweigh the risks to the fetus.!!*!!
Mycophenolate mofetil has been associated with
teratogenic effects in humans, with a number of
cases reported of infants born with cleft lip and
palate malformations, microtia, external auditory
canal malformations, micrognathia and hypertelor-
ism.[’® To date, there are no reports of similar
malformations associated with enteric-coated myco-
phenolate sodium treatment. Enteric-coated myco-
phenolate sodium is contraindicated in breast-feed-
ing women (in the EU),[ or cessation of breast
feeding should be taken into consideration (in the
US),[1 although it is unknown whether it is excret-
ed in breast milk.l'+!3!

Enteric-coated mycophenolate sodium and my-
cophenolate mofetil are currently undergoing a safe-
ty review by the US FDAUS777 o investigate a
possible association between these drugs and the
development of progressive multifocal leukoence-
phalopathy, a rare but life-threatening neurological
disorder most commonly affecting patients with
lowered immunity.

6. Dosage and Administration

Enteric-coated mycophenolate sodium is ap-
proved in the EU,['*! the USI!3! and in other coun-
tries worldwide for the prevention of graft rejection
following renal transplantation with allogeneic
grafts. In both the EU!' and the US,[! it is ap-
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proved for use in combination with ciclosporin and
corticosteroids in adult patients.

The recommended enteric-coated mycophenolate
sodium dosage is 720 mg twice daily, taken as a
tablet swallowed whole and not crushed so as to
preserve the enteric coating. This dosage corre-
sponds to a dosage of mycophenolate mofetil
1000 mg twice daily, but as enteric-coated myco-
phenolate sodium and mycophenolate mofetil are
absorbed at different rates, they should not be used
interchangeably without physician supervision.!'!
In patients who are newly undergoing renal trans-
plantation, treatment with enteric-coated mycophe-
nolate sodium should commence within 72 hours of
transplantation surgery.!'#! In the US,"5! it is recom-
mended that the drug is taken on an empty stomach
1 hour before, or 2 hours after, food intake. In the
EU, it is recommended that it can be taken with or
without food, but that patients select one of these
options and adhere to the selected option.!'#!

Enteric-coated mycophenolate sodium is not ap-
proved for use in paediatric patients,'“!>! and the
US prescribing information states that the safety and
efficacy of enteric-coated mycophenolate sodium
have not been established in paediatric de novo renal
transplant patients.!'>) However, based on the pae-
diatric pharmacokinetic study®’! (section 3.4), the
US prescribing information notes that a dosage of
enteric-coated mycophenolate sodium 400 mg/m?2
BSA can be administered twice daily for stable
paediatric renal transplant patients, up to a maxi-
mum of 720 mg twice daily.['> The suggested daily
dosage of enteric-coated mycophenolate sodium is
1080 mg in paediatric patients with a BSA of
1.19-1.58 m2 and 1440 mg in patients with a BSA of
>1.58 m2.I51 The medication is given in divided
doses twice daily using 180 or 360 mg tablets.!'!
Doses for paediatric patients with a BSA of
<1.19 m2 cannot be accurately administered using
currently available formulations of enteric-coated
mycophenolate sodium.!

Patients with severe renal impairment (glomeru-
lar filtration rate <25 mL/min) should not be treated
with enteric-coated mycophenolate sodium dosages
above 1440 mg/day and should be monitored for
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adverse effects that could arise from high MPA and
MPAG concentrations.!"*!> Local prescribing infor-
mation should be consulted for contraindications,
specific warnings and precautions, specific dosage
recommendations in special populations and infor-
mation regarding combined use with other drugs.

7. Place of Enteric-Coated
Mycophenolate Sodium in the
Prevention of Renal Transplant Rejection

The European Association of Urology provides
the most recent treatment guideline for renal trans-
plantation.!'78 The specific immunosuppression re-
commendations include prophylactic treatment with
ciclosporin- or tacrolimus-based regimens, contin-
ued indefinitely, with protocol variations as neces-
sary. Treatment with MPA, as mycophenolate mofe-
til, is recommended for use with ciclosporin and
corticosteroids. In patients without acute rejection,
ciclosporin and corticosteroid dosages can be re-
duced when mycophenolic mofetil is part of the
regimen, although it is noted that there is no clinical
evidence that it is safe to eliminate corticosteroids
from macrolide-based induction regimens within the
first 6 months of treatment. It is also recommended
that patients receiving mycophenolic mofetil receive
regular monitoring of bone marrow function. As the
guidelines were last updated in March 2004, before
enteric-coated mycophenolate sodium was available
on the market, there are no specific recommenda-
tions regarding the use of enteric-coated mycophe-
nolate sodium as a substitute for mycophenolate
mofetil.[!-78]

MPA is a reversible, noncompetitive inhibitor of
IMPDH, which is a first-line treatment for prophy-
laxis against graft rejection in kidney transplant
recipients.[>7°l Mycophenolate mofetil was the first
commercially available oral prodrug of MPA. It is
more effective in preventing rejection episodes and
is associated with better graft function than azathio-
prine,% and, increasingly, mycophenolate mofetil
has replaced azathioprine in immunosuppressive
treatment regimens.’!  Patients treated with
ciclosporin-based regimens that include mycophe-
nolate mofetil from the induction phase onward

© 2008 Adis Data Information BV. All rights reserved.

achieve good outcomes, with =90% graft survival
and <20% rejection episodes by 1 year.[®) However,
mycophenolate mofetil treatment is associated with
adverse GI events, including gastritis, diarrhoea,
anorexia, nausea and vomiting;'*! dose reductions
or interruptions to ameliorate GI symptoms may be
associated with acute graft rejection and lower graft
survival in the first year following transplanta-
tion.[681]

Enteric-coated mycophenolate sodium was de-
veloped with the aim of achieving improved GI
tolerability, in order to provide an alternative to
mycophenolate mofetil.'"?! Findings from pharma-
cokinetic studies in renal transplant patients treated
with enteric-coated mycophenolate sodium are con-
sistent with a delayed release of MPA beyond the
upper GI tract (section 3.1). Although there are
concerns about greater pharmacokinetic variabil-
ity,[*?! the available data suggest that MPA exposure
and pharmacodynamic response with enteric-coated
mycophenolate sodium treatment are not signifi-
cantly different from those with mycophenolate
mofetil (sections 2 and 3). As with mycophenolate
mofetil, MPA exposure with enteric-coated myco-
phenolate sodium early after transplantation is re-
duced compared with exposure later in treat-
ment.[1434]

Mycophenolate mofetil dose reductions and dis-
continuations are associated with an increased risk
of acute graft rejections“®#? and lower graft survi-
val,1011831 suggesting that better outcomes could be
obtained if MPA exposure was optimized. An inten-
sified enteric-coated mycophenolate sodium dosage
regimen early in treatment was effective in ensuring
consistent, higher MPA exposure,”® and may re-
present a useful advance in management, as prelim-
inary findings on the efficacy and tolerability of an
intensified dosage regimen are encouraging.®! Fur-
ther testing of this strategy is required to demon-
strate that it produces better outcomes.®*

High variability in MPA pharmacokinetics with
mycophenolate sodium and mycophenolate mofetil
means that treatment optimization may be difficult
with fixed-dose regimens and that therapeutic drug
monitoring may be useful to ensure optimal expo-
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sure to MPA.["?I Unfortunately, MPA trough con-
centrations do not predict exposure and prospective
studies are needed to assess the efficacy and feasi-
bility of therapeutic drug monitoring.['”l Although
findings from a first trial of therapeutic drug moni-
toring in de novo renal transplant recipients receiv-
ing mycophenolate mofetil were promising (section
3.5), a second trial found no benefit to therapeutic
drug monitoring, although the negative findings
may have arisen because the treating clinicians did
not raise dosages to the extent required by the con-
centration-dependent dosage regimen.53! Further
randomized trials are necessary, as the positive trial
was an open-label trial and the feasibility of trans-
ferring the specific AUC sampling strategy used to
other clinical settings is unknown.®!! There are no
trials of therapeutic drug monitoring using enteric-
coated mycophenolate sodium.®!]

For clinicians using some form of therapeutic
drug monitoring, it is important to note that predose
MPA concentrations are higher with enteric-coated
mycophenolate sodium than with mycophenolate
mofetil, but that this does not indicate higher expo-
sure.® This means that the enteric-coated myco-
phenolate sodium dosage should not be adjusted
downward in response to higher predose concentra-
tions that may be observed after switching formula-
tions.

Children undergoing renal transplantation who
are treated off label with enteric-coated mycopheno-
late sodium with dosages determined by BSA have a
slightly higher MPA exposure than adults.?” A
more conservative strategy would be to determine
dosage according to bodyweight, although dosage
recommendations are available for children using
surface body area for children whose BSA is
>1.19 m2 (section 6).13!

In well designed trials in patients receiving
standard ciclosporin emulsion-based regimens (sec-
tion 4.1), enteric-coated mycophenolate sodium and
mycophenolate mofetil showed equivalent efficacy
in de novo transplant recipients,*!! while in stable
renal transplant patients receiving maintenance im-
munosuppressive therapy, there were no significant
differences between treatment groups for any effi-
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cacy endpoint.”! Good results with maintenance
treatment, including low rates of graft rejection,
were achieved when treatment with enteric-coated
mycophenolate  sodium was continued for
12 months in the myPROMS substudies (section
4.2) and for 36 months in the extensions of the
pivotal randomized trials (section 4.1.1). In de novo
renal transplant patients treated with mycophenolate
sodium in the myPROMS studies, there was no loss
of efficacy in the reduced- or delayed-exposure
ciclosporin microemulsion treatment groups com-
pared with standard ciclosporin microemulsion dos-
age regimens (section 4.2).086%711 The treatment
benefits seen in these studies applied equally to the
subpopulation of patients with diabetes.[6"!

Enteric-coated mycophenolate sodium is current-
ly approved for use in combination with ciclosporin
and corticosteroids (section 6). Findings from stud-
ies of the use of enteric-coated mycophenolate sodi-
um with corticosteroid-sparing regimens,®83 ta-
crolimus-based regimens,/®!l and sirolimus- and
everolimus-based regimens!®-%7l suggest that similar
positive outcomes occur with these regimens. How-
ever, further study is required before drawing firm
conclusions about the efficacy of enteric-coated my-
cophenolate sodium in non-ciclosporin-based regi-
mens.

Enteric-coated mycophenolate sodium had a sim-
ilar tolerability profile to mycophenolate mofetil in
well designed trials in de novo renal transplant pa-
tients and stable renal transplant patients receiving
maintenance immunosuppressive therapy (section
5.1.1). As with other immunosuppressive drugs, in
the US, enteric-coated mycophenolate sodium car-
ries a black-box warning regarding an increased risk
of infections and neoplasms with immunosuppres-
sive treatment (section 5.3). However, significantly
fewer enteric-coated mycophenolate sodium than
mycophenolate mofetil recipients developed serious
pneumonia in the de novo treatment trial and serious
infections in the maintenance treatment trial (section
5.3). There was no difference between treatment
groups in the rate of neutropenia in the first
3 months of treatment and, for enteric-coated myco-
phenolate sodium, <3% experienced neutropenia
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over 36 months of treatment in extensions of the
pivotal trials (section 5.1.1). Overall, a small num-
ber of patients (<3%) developed lymphoma or non-
melanoma skin carcinomas.

GI adverse events are a focus of special attention
as they occur commonly in patients receiving immu-
nosuppressive treatments and are associated with
dose reductions and interruptions (with the potential
for an increased risk of graft failure), non-adherence
to treatment and a lower HR-QOL.[!:86] The more
recent identification of the acyIMPAG metabolite,
which also inhibits IMPDH and which might pro-
duce a local inflammatory effect, adds further inter-
est to this area of investigation (section 2). However,
anumber of factors complicate study into GI intoler-
ance. For instance, GI symptoms are especially
common in renal transplant patients. A large Scandi-
navian cross-sectional epidemiological survey of
adult renal transplant patients reported a high preva-
lence of indigestion (83% of patients), abdominal
pain (69%), constipation (58%) and reflux (47%).[3¢!
The possible causes include transplant surgery itself,
concurrent illnesses such as GI infections or diabe-
tes, and individual or additive effects of immu-
nosuppressive drugs and concomitant medica-
tions.[®7! Finally, difficulty in measuring upper and
lower GI tract symptoms constitutes another obsta-
cle to a proper understanding of GI effects.[©!

In well designed trials of unselected de novo
renal transplant patients or stable renal transplant
patients receiving maintenance immunosuppressive
therapy, the overall incidence of GI adverse events
was similar between enteric-coated mycophenolate
sodium and mycophenolate mofetil recipients (sec-
tion 5.2.1). Furthermore, there was no clear differ-
ence in dose reductions, interruptions or withdraw-
als because of GI adverse events between the two
formulations.[?#!1 Tn the extension studies,>’% in-
fections and GI events were the most common ad-
verse events for patients receiving enteric-coated
mycophenolate sodium. However, in the myTIME
and PROGIS studies, patients selected for having GI
symptoms associated with mycophenolate mofetil
treatment consistently experienced significant re-
ductions in GI symptoms and improved HR-QOL
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after switching to enteric-coated mycophenolate so-
dium (section 5.2.2). It should be noted that the
myTIME and PROGIS studies were noncompara-
tive studies using non-randomly selected clinical
samples and that well controlled trials are needed to
confirm these preliminary findings.

In the myPROMS studies, three-quarters of
de novo renal transplant patients reported GI symp-
toms in the first year of treatment with enteric-
coated mycophenolate sodium and nearly a fifth
experienced dose reductions or interruptions or dis-
continued treatment (section 5.2.2). GI adverse
event rates were much lower in stable renal trans-
plant patients receiving maintenance immunosup-
pressive therapy, with only one patient with severe
GI symptoms over a 12-month period (section
5.2.2). These studies suggest that although GI symp-
toms are problematic early in treatment, enteric-
coated mycophenolate sodium is associated with a
low rate of GI adverse events in stable renal trans-
plant patients receiving maintenance immunosup-
pressive therapy.

It is difficult to reach a definitive interpretation of
the GI tolerability findings. Initiating treatment with
enteric-coated mycophenolate sodium does not lead
to fewer GI adverse events, fewer dose reductions or
discontinuations than initiating treatment with my-
cophenolate mofetil (section 5.2.1)!2>41381 but pa-
tients receiving mycophenolate mofetil who develop
GI symptoms appear to benefit from a switch to
enteric-coated mycophenolate sodium.!”>73 How-
ever, it is well understood that in renal transplant
patients, not all GI symptoms are attributable to the
immunosuppressive regimen and that symptoms re-
solve without need for change in =50%.378°! There-
fore, reducing the dosage of immunosuppressive
agents should be avoidable, and adjusting the regi-
men should not be the first step in the management
of GI symptoms with mycophenolate mofetil or with
enteric-coated mycophenolate sodium. Davies et
al.®! suggest first trying other strategies, including
monitoring without intervention patients who are
not severely ill, further medical investigations such
as stool cultures, treatment of detected conditions
and empirical treatments such as dietary changes or
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antidiarrhoeal agents. A similar step-wise strategy is
suggested by Maes et al.,'®”) commencing with stop-
ping non-immunosuppressive drugs and proceeding
with microbiological and serological investigations
before changing the immunosuppressive agent.

In conclusion, enteric-coated mycophenolate so-
dium has a delayed absorption from the GI tract in
comparison with mycophenolate mofetil, thereby
potentially reducing GI adverse events. In random-
ized, double-blind trials of de novo and maintenance
immunosuppressive therapy in renal transplant pa-
tients receiving ciclosporin emulsion-based regi-
mens, enteric-coated mycophenolate sodium was as
effective as mycophenolate mofetil in preventing
renal graft rejection. Enteric-coated mycophenolate
sodium provides an alternative to mycophenolate
mofetil in the treatment of de novo renal transplant
recipients and ongoing research should indicate
whether an intensified dosage regimen can further
improve clinical outcomes. Renal transplant patients
receiving mycophenolate mofetil maintenance im-
munosuppressive therapy may be switched to enter-
ic-coated mycophenolate sodium without compro-
mising efficacy.

The general tolerability profile of enteric-coated
mycophenolate sodium was similar to that of myco-
phenolate mofetil. Patients selected for GI intoler-
ance associated with mycophenolate mofetil treat-
ment showed reductions in GI symptoms when
switched to enteric-coated mycophenolate sodium,
while in unselected patients in comparative trials,
there was no difference between enteric-coated my-
cophenolate sodium and mycophenolate mofetil in
GI tolerability. Enteric-coated mycophenolate sodi-
um provides an alternative to mycophenolate mofe-
til in renal transplant patients receiving mycopheno-
late mofetil maintenance immunosuppressive ther-
apy who have GI symptoms that have not responded
to other management strategies, because they may
experience improvement if switched to enteric-coat-
ed mycophenolate sodium. Thus, in association with
ciclosporin-based regimens, enteric-coated myco-
phenolate sodium is a valuable treatment option for
immunosuppressive prophylaxis in adult renal trans-
plant recipients.
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