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Abstract Mycophenolate mofetil (MMF) is arelatively new immunosuppressive drug.

It inhibits inosine monophosphate dehydrogenase, a key enzyme in the de novo
pathway of purine synthesis, and thus causes lymphocyte-sel ective immunosup-
pression. Largeclinical trialshavereveal ed the efficacy of MMF inthe prevention
of allograft rejection when administered together with cyclosporin or tacrolimus
and corticosteroids.

Although the adverse effect profile of MMF is comparatively benign, gastro-
intestinal adverseeffectsareamajor concern. Theseeffectsarepartially explained
by the increased immune suppression, by the mode of action and by interactions,
particularly with other immunosuppressants. The aetiology of the rarest gastro-
intestinal adverse effectsis still not completely clear. Therapy depends upon the
clinical gravity of the adverse effects and is therefore a case of waiting and ob-
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serving. An adjustment of dosage of immunosuppressants according to the clin-
ical situation and, particularly in the case of MMF, spreading the total dosage
over more than 2 daily doses are often sufficient. Should adverse effects persist
for a longer period of time and be of a more serious nature, a comprehensive
invasive diagnostic processis necessary, including endoscopy and biopsy and the
search for opportunisticinfections. In this case, dosage reduction or the complete
withdrawal of MMF seems to be unavoidable.

Severe gastrointestinal complications with MMF are rare, but when they do
occur they may require extensive diagnosis and treatment. In the future, thera-
peutic drug monitoring and, where necessary, pharmacological modifications of
MMF could lead to a further reduction of adverse effects with an equal or even

increased efficacy.

Organ transplantation is a widely used proce-
dure for patients with end-stage organ failure. Acute
rejection is il the most frequent cause of graft loss
withinthefirst year. With cal cineurin inhibitor—based
immunosuppression (cyclosporin and tacrolimus),
40 to 60% of renal transplant reci pients experience
at least 1 episode of acute rejection during thefirst
year.ll Treatment of acute rejection involves ad-
ministration of high doses of corticosteroidsand/or
antilymphocyte preparations,!? and graft loss is
common in patients who do not respond. In recent
years, several new immunosuppressive drugs have
been tested inlargeclinical trials and some of them
have already been licensed for several indications.

Mycophenolate mofetil (MMF) is one of these
new immunosuppressive agents. It prevents the
replication of T and B lymphocytes by inhibiting
the de novo pathway of purine synthesis.®l By its
unique mode of action it improves baseline immu-
nosuppression without adding significant toxicity.
The drug has been shown to prevent rejection in
several animal transplant models,!l and even to be
capable of reversing ongoing rejection.®l However,
gastrointestinal adverse effectswith MMF seem to
be a major concern. Most gastrointestinal adverse
effects are of an irritative nature, but some gastro-
intestinal haemorrhages and intestinal perforations
have aso been reported. This review attempts to
summarise the current knowledge of the agetiology,
incidence and management of these gastrointes-
tinal adverse effects.

0 Adis International Limited. All rights reserved.

1. Mode of Action and Pharmacology

The aetiology of the gastrointestinal adverse ef-
fects of MMF isnot absolutely clear. It isacombi-
nation of several effects. In order to understand
this, knowledge of the mode of action, pharmacol-
ogy and metabolism is of crucial importance. All
of these have been previously reviewed.[67 The
following paragraphs attempt to summarise the
current knowledge for the reader.

MMF isthe ester of mycophenolic acid (MPA),[89]
which is the biologically active component. The
main mechanism of action of MPA istheinhibition
of inosine monophosphate dehydrogenase (IM-
PDH), a key enzyme in the de novo pathway of
purine synthesis,[3 whichisrequired for the prolif-
eration and function of T and B lymphocytes.[10:11]
Since T and B lymphocytesrely solely on this path-
way for the production of guanosine nucleotides,
the proliferation of these cellsis specifically inhib-
ited (fig. 1).[2 In addition, further modes of action
exist.[®l Two isoforms of IMPDH have been iden-
tified with different expressions and sensitivity to
MPA .[15,16]

Following oral administration, MMF is rapidly
absorbed and hydrolysed to free MPA, the active
metabolite. MPA potently, selectively and revers-
ibly inhibitsIMPDH. Unlike most other cells, lym-
phocytes rely on the de novo pathway more than
the salvage pathway (hypoxanthine-guanine phos-
phoribosyltransferase) for purine biosynthesis. En-
terocytes rely approximately 50% on the de novo

Drug Safety 2001; 24 (9)
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Fig. 1. Classification of different cell types and tissues according to the relative importance of the two pathways for purine synthesis.
Inosine monophosphate dehydrogenase (IMPDH) is a key enzyme in the de novo pathway of purine synthesis. IMPDH is selectively
and reversibly inhibited by mycophenolic acid (MPA). The antiproliferative effect of MPA can be reversed by the addition of guanosine
or deoxyguanosine. The major purine salvage pathway is catalysed by hypoxanthine-guanine phosphoribosyltransferase (HGPRT).
Lymphocytes rely almost solely on the de novo pathway. Neurons and brain cells are almost independent of IMPDH. Most other cell
types are somewhere between the two extremes. Enterocytes are approximately 50% dependent on IMPDH. However, these data
concern only short term treatment, and information on dependency during long term treatment is not available. However, induction
of IMPDH in lymphocytes by long term therapy with mycophenolate mofetil has been shown!* (reproduced from Allison AC, Eugui
EM. Mycophenolate mofetil, a rationally designed immunosuppressive drug. Clin Translpant 1993; 7: 96-112,13 with permission

from Munksgaard International Publishers Ltd., Copenhagen, Denmark).

pathway; however this may change during long
term therapy with drugs such as MMF.[12]

After oral administration, MMF is subject to
complete first-pass metabolism to MPA. The bio-
availability of MMF is excellent (90% is found as
MPA). MMF is, under normal conditions, not de-
tectable in plasma. The pharmacokinetics of this
drug are complicated by the fact that MPA glucu-
ronide (MPAG), which is the glucuronidated (and
pharmacologically inactive) metabolite of MPA,
undergoes enterohepatic recirculation, allowing
sustained plasma concentrations of the drug. The
mean terminal half-life, including enterohepatic
recirculation, of MPA is 15.8 hours. Peak plasma
concentrations occur 0.6 to 0.7 hours after admin-
istration. Recently, 2 other metabolites have been
identified in the plasma of patients undergoing
immunosuppressive therapy with MMF[17 1 of
which shows immunosuppressive activity compa-
rable to that of MPA .[18] So far it remains unclear
whether these metabolites also contribute to ad-
verse effects. However, in predose trough samples
concentrations up to those of MPA are reached.

Inrenal transplant recipients, the area under the
curve (AUC) of MPA is generally proportiona to
dosage over a range of 100 to 3500 mg/day.[19
Pharmacokinetic parameters of MPA in renal
transplant recipients differ between the immediate
post-transplantation period and later periods. The

0 Adis International Limited. All rights reserved.

AUC and peak plasma concentration (Cnax) Of
MPA are approximately 50% lower in the early post-
transplant period (<40 days post-transplantation)
than in stable renal transplant recipients. This dif-
ference is possibly attributable to increased clear-
ance in the early post-transplant period.[2°!

Interaction studies with cyclosporin, ganciclo-
vir, aciclovir, cotrimoxazole (trimethoprim-sul-
famethoxazole) and an aluminium/magnesium-
containing antacid (Maalox™) did not reveal any
clinically relevant effects of MMF on these drugs
that would have required an adjustment of their
dosage. On the other hand, the co-administration
of antacids and MMF inhibits the absorption of
MMF: Chax and AUC (0 to 24 hours) are 38 and
15% lower, respectively. The administration of
cholestyramine may reduce plasma concentrations
of MPA considerably. The administration of MMF
together with food to renal transplant patients de-
creased Chax by approximately 40% but had no
effect on AUC, suggesting that the extent of ab-
sorption was unaffected.[20]

There is strong evidence that MPA trough con-
centrations are influenced by both calcineurin in-
hibitors used in combined immunosuppressive
regimens.[21:221 Zucker and co-workers described a
dose-dependent inhibition of UDP-glucuronosy!-
transferase (UDPGT) by cyclosporin and tacroli-
mus, which led to an increase in MPA concentra-

Drug Safety 2001; 24 (9)
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tion and areduction in MPAG concentration.[23! In
the case of cyclosporin areciprocal inhibitory ef-
fect was found, whereas for tacrolimus the mecha-
nism of the competitive inhibition remained un-
clear. However, the elevated MPA concentrations
in patients receiving tacrolimus compared with
those on cyclosporin are not completely explained
by the competitive inhibition of UDPGT. Gregoor
et al.124l described an increase in MPA concentra-
tions after cessation of cyclosporin, and suggest-
ed that a second mechanism could be responsible
for decreasing MPA concentrationsin the presence
of cyclosporin. Further analysis is necessary to
evaluate the mechanism and clinical relevance of
these findings, although the effect of cyclosporin
on MPA plasma concentrations?? has recently
been further elucidated.[26:271 Co-administration of
tacrolimus and MMF does not increase MPA ex-
posure, but coadministration of cyclosporin in-
hibits the enterohepatic recirculation of MPA,
thereby decreasing exposure to MPA. In addition,
postoperative development of the albumin level
plays a decisive role, particularly for liver trans-
plantation.[28]

Mean AUCs (0to 12 hours) of MPA and MPAG
aregenerally higher in patientswith impaired rena
function, but in large clinical trials no apparent re-
lationship was found between these higher AUCs
and the incidence of adverse events. Thismight be
different for patientsreceiving long term treatment,
where the clearance may be lower.[20 Recent data
revealed that free MPA concentrations and the free
fraction of MPA are elevated in many patientswith
severerenal dysfunction when receiving short term
therapy with MMF.[29 This increase in free MPA
and the free fraction of MPA appears to be attrib-
utable both to the uraemic state per se and to com-
petition for albumin binding sites with the renally
eliminated metabolite MPAG. Whether patients
with severe renal insufficiency may need adjust-
ment of their MMF dosage is so far unclear, a-
though recently published data indicate that a ju-
dicious decrease in the MMF dosage may be
appropriate in some patientswith chronic renal im-
pairment.[291 The increased free MPA concentra-

0 Adis International Limited. All rights reserved.

tion may in part explain the favourable effects of
MMF, compared with azathioprine, on long term
graft survival in patients with delayed graft func-
tion.[30]

A new formulation of mycophenolate (myco-
phenolic acid sodium salt; ERL-080) is currently
in phaselll clinical trialsfor the prevention of kid-
ney transplant rejection when administered with
cyclosporin microemulsion. There are signs that
ERL-080 may be as efficacious as MMF, but with-
out the gastric irritation.!332 However, it is still
too early to expect conclusiveevidence, and further
clinical studiesin comparison with MMF must ver-
ify this hypothesis.

2. Aetiopathogenesis of
Gastrointestinal Adverse Effects

The definitive aetiology of the gastrointestinal
adverse effects of MMF isunknown. Different fac-
tors may explain different effects, and a combina-
tion of different and partially divergent mecha
nisms may lead to a specific gastrointestinal
disorder. Thefollowing are the most prominent ae-
tiological factors.

2.1 Nonspecific Effects

One main reason for the reported gastrointes-
tinal adverse effects of MMF is quite straightfor-
ward. The enhanced immunosuppression caused
by the addition of MMF to other immunosup-
pressive regimens33-31 increases the general sus-
ceptibility to common infectious diseases. MMF is
highly lymphocyte-specific. However, it does not
facilitate specific immunosuppression. Every ad-
ditional immunosuppressant increases the risk, not
only of specific and opportunistic infections, but
also of the common infectious diseases. Some of
the reported gastrointestinal adverse effects of
MMF are trivial gastrointestinal infections that
might not have emerged without MMF or would
have remained without clinical manifestations.
One should keep in mind that thisis not a specific
effect of MMF, but an effect of the increased im-
munNosuUppression.

Drug Safety 2001; 24 (9)
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There are some indications that MMF particu-
larly increasesthe susceptibility of the gastrointes-
tinal tract to infectious diseases. Guerard et al.[3l
described 2 cases of MMF-associated intestinal
microsporidiosis. Both patients exhibited chronic
diarrhoea and massive bodyweight loss. Stool
analysisreveal ed microsporidian spores, identified
as Enterocytozoon bieneusi by polymerase chain
reaction. Despite treatment for several weeks, the
clinical symptoms and positive stool analysis re-
mained until MMF was discontinued and replaced
by azathioprine. The investigators speculated that
thelack of interferon-y resulting from the T helper
cell depletion induced by MMF was probably re-
sponsible, at least in part, for the onset of micro-
sporidiosis. In the large scale rena studies, MMF
was not associated with an increase of opportunis-
tic infections but a search was not made for micro-
sporidia.[33-35

2.2 Specific Effects in the
Gastrointestinal Tract

Single dose acute toxicity in rats is associated
with gastrointestinal toxicity, evidenced by excess
fluid secretion, mucosal reddening and ulceration
in the stomach and small intestine. Dogs given oral
doses of MMF 60 mg/kg once daily exhibited gas-
trointestinal erosion and necrosis. An increased
frequency of diarrhoea and soft faeces occurred in
dogs given 30 mg/kg/day over a period of 1 year.
Moreover, high doses of MMF inhibit the prolifer-
ation of basal epithelial cells of the small intestine
in mice.l37

Dependency on the de novo pathway of purine
synthesis varies widely between cell types. Thus,
cell types and tissues can be arranged according to
their dependence on the de novo and salvage path-
ways of purine synthesis (fig. 1). Lymphocytesare
on one extreme, brain cells the other and most cell
types, able to use both pathways, occupy interme-
diate positions. Enterocytes are approximately
50% dependent on the de novo pathway.[1314 So
far itisunclear what happens under long term treat-
ment with IMPDH inhibitors. There are hints that
with long term therapy an induction of IMPDH

0 Adis International Limited. All rights reserved.

activity may occur, at least in lymphocytes.[12:38] | f
thisistruenot only for lymphocytesit may explain
thelow additional incidence of gastrointestinal ad-
verse events comparing the 6-month and 3-year
data from the large trias in renal transplantation
(tables | and I1).

At first glance it may seem asif a considerable
increase in the incidence of a number of adverse
events, such as diarrhoea, exists. However, these
tables show cumulative data: table | refersto a pe-
riod of 6 months and table Il to a period of 36
months, including all the events of the first 6
months. In fact, for the longer period of time only
afew additional events occur. Thisis particularly
the case when one takes into consideration that,
for instance, diarrhoea is in no way qualified or
guantified, and even 1 case of diarrhoea (e.g. any
trivial gastrointestinal infection) would haveled to
areport.

Thus, most gastrointestinal adverse events seem
to occur in the first 6 month postoperative phase,
when the MPA plasma concentrations are highest.
The direct effect of MMF on enterocytes, resulting
indiarrhoea, usualy startsvery rapidly after MMF
treatment is initiated and disappears soon after
MMF withdrawal .[3®] After administration of
[M“CIMMF labelled in the MPA moiety, all tissues
with the exception of the intestines, stomach and
caecum exhibited concentrations of radioactivity
well below those in plasma.l®l Thus, MPA is pres-
ent in ahigh concentration in the epithelial cells of
the gastrointestinal tract. It seems possible that
high local concentrations of MPA, not reflecting
systemic exposure, may contribute to the gastroin-
testinal adverse events. In several studies, with-
drawal of MMF because of gastrointestinal ad-
verse events was significantly related to the MMF
dose, whereas withdrawal for other adverse events
was not.l*! Therefore, all adverse effects seem to
be related to Cna, Whereas immunosuppressive
activity seems to be related to total exposure
(AUC). This relationship offers opportunities for
the management of gastrointestinal adverse effects
(section 4).141

Drug Safety 2001; 24 (9)
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Table |. Gastrointestinal adverse events with mycophenolate mofetil (MMF) in prevention of acute rejection in cadaveric renal transplantation.
Data are based on intention-to-treat analysis and are from 3 blinded, randomised, clinical trials? at 6 months (US and European trials) or 12
months (Tricontinental trial)

Adverse event Group
placebo azathioprine MMF 2 g/day MMF 3 g/day
European triall33
Number in group 166 165 160
Adverse events [number (%)]
all gastrointestinal effects® 69 (41.6%) 75 (45.5) 84 (52.5)
diarrhoea 21 (12.7) 21 (12.7) 25 (15.6)
abdominal pain 18 (10.8) 19 (11.5) 18 (11.3)
dyspepsia 9(5.4) 5(3.0) 8 (5.0)
nausea 4(2.4) 7(4.2) 10 (6.3)
gastroenteritis 2(1.2) 4(2.4) 7(4.4)
vomiting 2(1.2) 4(2.4) 6 (3.8)
stomach ulcer 3(1.8) 2(1.2) 2(1.3)
duodenal ulcer 1(0.6) 2(1.2) 1(0.6)
gastrointestinal haemorrhage 0 0 2(1.3)
rectal haemorrhage 0 1(0.6) 1(0.6)
duodenal ulcer haemorrhage 0 1(0.6) 0
haemorrhagic pancreatitis 0 0 1(0.6)
large intestine perforation 0 2(1.2) 2(1.3)
US triall®
Number in group 166 167 166
Adverse events (%)
diarrhoea 23.8 315 37.3
oesophagitis 3.0 5.5 6.6
gastritis 0 6.1 3.6
gastrointestinal haemorrhage 1.2 4.2¢ 4.2
Tricontinental trial®4
Number in group 162 171 164
Mild-moderate adverse events (%)
diarrhoea 17 28 31
abdominal pain 23 26 31
nausea 20 14 20
vomiting 8 12 16
Severe adverse events (number)
enteric infection NA NA n=9
colitis NA NA n=3
hepatitis NA NA n=5

a MMF was added to cyclosporin and corticosteroids and compared with placebo (European study) or azathioprine (US and Tricontinental
studies). In the US study, additional antithymocyte globulin induction therapy was used.[33-35]

b Not all single events are listed in this table.
¢ Exsanguination from bleeding ulcers.
NA = not applicable (data not given).

An effect of cyclosporin on the enterohepatic ~ amount of glucuronidase-producing gut floralead-
recirculation of MPA may exist, although thisis  ing to a lower deglucuronidation of the MPAG,
still speculative.?? Cyclosporin, originally devel-  which is excreted with the bile. This may contrib-
oped for use asan antibacterial, might decreasethe  uteto alocally high enteric concentration of MPA

0 Adis International Limited. All rights reserved. Drug Safety 2001; 24 (9)
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and MPAG. Finally, enterohepatic recirculation it-
self may lead to high enteric MPA concentrations.

Diarrhoea is the most frequent adverse effect
observed during treatment with MMF, at least in
renal transplant recipients. Its pathogenic mecha-
nisms remain unknown. Because of its great proli-
ferative activity, theintestinal epitheliumis partic-
ularly susceptible to damage by mitotic inhibitors
that interfere with normal cell proliferation. Stud-
iesin animals, using doses higher than those used
in humans, have demonstrated that high doses of
MMEF inhibit the proliferation of basal epithelial
cells of the small intestine.[13 Nevertheless, such
an effect has never been reported in humans. Du-
cloux et al.[3% suggested villus atrophy as 1 of the
mechanisms involved in gastrointestinal adverse
effects, or at least in MMF-related severe diar-
rhoea. They reported on a patient with severe diar-
rhoea, flatulence and weakness with 5 to 10 stools
per day 2 months after the introduction of MMF
2 g/day. A thorough examination found no other
pathology than the loss of normal villus structures
in histol ogical examination of duodenal tissue. The
intestinal crypts were markedly elongated and
opened onto aflat absorptive surface. 20 days after
the withdrawal of MMF, the diarrhoea stopped.
Two monthslater, the duodenal histology was con-
sidered improved and 6 months later was consid-
ered normal. MMF-induced diarrhoea usually be-
gins very rapidly after MMF treatment and also
disappears soon after MMF withdrawal. In this
case, diarrhoea occurred 2 months after MMF
treatment and disappeared 20 days after its with-
drawal. This particular time frame could suggest a
different mechanism. Late-onset MM F-induced
severe diarrhoea should probably be investigated
for villus atrophy. If villus atrophy is proven, fur-
ther investigations are not warranted.

Theremay be other mechanismsfor gastrointes-
tinal toxicity and diarrhoea. A patient receiving
combination therapy with MMF 500mg twice daily,
tacrolimus 2 mg/day and corticosteroids after renal
transplantation experienced abdominal pain, diar-
rhoea and major anorexia.[*2 Intestinal biopsy re-
vealed that the villus height was normal and that

0 Adis International Limited. All rights reserved.

therewasno increasein cellsinthelaminapropria
The most striking observation wasthe dramaticin-
crease in the number of apoptotic cells located in
thetipsand mid regions of thevilli, and this obser-
vation was confirmed by sensitive histochemical
techniques. In contrast, there were no apoptotic
cellsin the crypts.[42

Self-amplification may also beinvolved in gas-
trointestinal damage caused by MMF, since re-
duced dietary intake of nutrients because of an-
orexia may reduce purine availability via the
salvage pathway at a time when the de novo path-
way isinhibited by MPA.[“3 Experimental studies
on the nutritional and intestinal effects of MMF
have shown significant increases in villus width,
height and sagittal section area in the jejunum of
MM F-treated animals.[*4 Those changes were as-
sociated with a 32% reduction in the number of
villi per microscopic field. Intheileum, villus size
and density were unchanged. In contrast to many
clinical observations, the stools were mildly in-
spissated with a 22% decrease in stool water con-
tent relative to control animals.[* MMF did cause
an apparent reduction in absorptive capacity in the
jelunum, which was compensated by an increased
uptake in the ileum. The investigators speculated
that these findings may represent a pattern of ad-
aptation, where adecrease in nutrient uptake prox-
imally intheintestine causes an increasein absorp-
tive capacity distally.[*+4%] Although they found that
the observed effects on absorptive capacity in vitro
did not appear to affect the overall well-being of
theanimals, in situationswhere nutrient absorptive
capacities are already reduced, this may be more
significant.

2.3 Abdominal Pain, Cytomegalovirus
Tissue Invasive Disease and Leucopenia

Abdominal pain occurs frequently in rena
transplant recipients receiving MMF therapy. The
cause of this abdominal pain has not been fully
elucidated, but may involvelocal irritation, aswell
as the inhibition of rapidly dividing cells of the
gastrointestinal tract. There are observations that
cytomegal ovirus (CM V) infection may account for

Drug Safety 2001; 24 (9)
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Table Il. Gastrointestinal adverse events with mycophenolate mofetil (MMF) in prevention of acute rejection in cadaveric renal transplantation.
Data are based on intention-to-treat analysis and are from 3 blinded, randomised, clinical trials? at 3 years

Adverse event

Patients with adverse event (%)

placebo azathioprine MMF 2 g/day MMF 3 g/day
European triall®3
(n = 166) (n = 165) (n = 160)

Diarrhoea 13.9° 21.2 26.3
Abdominal pain 11.4° 15.8 14.4
Nausea 2.4° 6.7 9.4
Vomiting 1.8° 4.2 6.3
US triall®3

(n=164) (n = 165) (n = 166)
Diarrhoea 32.9 41.8 47.0
Abdominal pain 29.3 315 319
Nausea 335 345 34.9
Vomiting 18.3 20.0 18.1
Adverse events leading to study termination 6.7 3.6 8.4
Tricontinental trial®4

(n=162) (n=171) (n =164)
Diarrhoea 19.8 35.1 38.4
Abdominal pain 25.9 29.8 34.1
Nausea 21.6 19.3 24.4
Vomiting 7.4 16.4 19.5

a MMF was added to cyclosporin and corticosteroids and compared with placebo (European study) or azathioprine (US and Tricontinental
studies). In the US study, additional antithymocyte globulin induction therapy was used.[33-3%]

b 1-year data after the last patient reached 1 year post-transplant, comparator patients stopped taking placebo.

some of the gastrointestinal symptoms.[#8] The mi-
lieu of inflammation and added immunosuppres-
sion is conducive to activation of CMV. Kaplan et
al .18l investigated the prevalence of active CMV in
patients exhibiting abdominal pain on maintenance
MMF therapy. All patients showing midepigastric
pain for longer than 3 days underwent esopha-
gogastroduodenoscopy (EGD) with biopsy. CMV
was diagnosed by the presence of inclusion bodies
and immunohistochemical studies. Nine out of 10
patients exhibiting persistent midepigastric pain
showed evidence of gastrointestinal CMV. How-
ever, there has been critisism of this study regard-
ing the numbers involved and the missing control
group.[47]

In the large trials on renal transplantation there
wasan overlapping of leucopeniawith — separately
reported — CMV disease/infections, in particular in
the MMF treatment groups. Tissue-invasive CMV
disease seems to be the major concern. The inci-

0 Adis International Limited. All rights reserved.

dence of certain opportunistic infections was high-
erintheactivetreatment groupsthanin the placebo
group (specifically CMV tissue-invasive disease,
herpes simplex and herpes zoster). Thereisclearly
an effect of the overall immunosuppression on the
incidence of CMV infection and on the severity of
disease.[*d] It is, in this connection, tempting to
compare the data from the European study with
those of the Tricontinental and US studies.[33-3% |t
appears that the incidence of CMV tissue-invasive
disease in the azathioprine groups in the latter 2
studies is even higher than in the MMF 2 g/day
group in the European study, which suggests that
this opportunistic infection may be the conse-
guence of the cumulative immunosuppression,
rather than the use of MMF per se. But such acom-
parison is, despite the similar structure of the stud-
ies, not possible for formal reasons (that isthein-
clusion and exclusion criteria were not the same
and the doses of axathioprine were not the same,

Drug Safety 2001; 24 (9)
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therefore interstudy comparison is not possible).
However, there is no indication that MMF, more
than any other immunosuppressive drug used in
combination, is responsible for CMV infection or
disease. MMF, compared with azathioprine, is not
an independent risk factor for CMV infection, 9
although there are indications that CMV infection
may lead more frequently to CMV disease in pa-
tients receiving MMF.[59

In the case of CMV disease, the overall immu-
nosuppression should, whenever possible, be re-
duced. There is no strong argument supporting
MMF withdrawal. Inthelargeclinical trials, which
were blinded, MMF was continued in quite anum-
ber of cases without negative consequences. But
athough CMV itself, as well as ganciclovir, can
affect the bone marrow, many support the reduc-
tion of MMF, whichisalso potentially myelotoxic.
CMV therapy follows the usua guidelines inde-
pendent of whether MMF therapy is discon-
tinued.[51] In case of ganciclovir resistance, reduc-
tion of immunosuppression may bethecrucial step
in therapy.[52

2.4 Renal Insufficiency, Metabolites and
Paediatric Recipients

Renal insufficiency increases the mean AUC of
MPA and MPAG. In the largeclinical trials, nore-
| ationship between renal insufficiency and adverse
effects was found,[33-3% put this may be different
during long term therapy.

Aswell as MPAG, 2 metabolites of MPA have
been identified, 1 of these showing immunosup-
pressive activity comparable to that of MPA.[18] |t
islikely that metabolites play a role in the occur-
rence of adverse effects, particularly those of gas-
trointestinal origin.[4%

More than in adults, paediatric recipients may
experience gastrointestinal adverse effects and
benefit from therapeutic drug monitoring.[53-571

3. Incidence

A number of studies have concluded that the
overall safety and tolerability of MMF are accept-
able and at least equivalent to those of azathio-
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prine.[355859 Fyrthermore, a number of definite
advantages exist with respect to safety, for example
in patientswith gout.[%% The most frequent adverse
effects of MMF involve the gastrointestinal sys-
tem. The major gastrointestinal adverse effectsare
diarrhoea, abdominal pain, nausea and vomiting
(table ). There are also reports of gastrointestinal
haemorrhages and intestinal perforation, but the
total numbers are small.

Studies exploring the safety and pharmaco-
kinetics of MMF at dosages ranging from 100
mg/day to 4 g/day suggested a dose-related de-
crease in the incidence of rejection at dosages of 2
g/day or higher. Doses higher than 3 g/day were
associated with gastrointestinal adverse effects of
an irritative nature in a certain number of patients.
Steady-state plasma concentrations of MPA were
reached by day 7 after administration in patients
with refractory rejection.[61]

Thereal incidence of gastrointestinal aswell as
of other adverse effects of MMF is unknown. In
the large randomised blinded trials, which are the
most objective source of information, MMF was
always used in combination with at least cyclo-
sporin and corticosteroids. Therefore, these trials
provideinformation on the adverse effects that oc-
cur because of the supplementary therapy, and
these effects are not necessarily those of MMF
alone. The lower incidence of gastrointestina ad-
verse effectsin patients with autoimmune diseases
isexplained to alarge extent by the lower concom-
itant immunosuppression of these patients (see
section 3.2 on autoimmune disorders).[62-641 Stud-
ies of monotherapy with MMF are naturally rare
and asarulenot randomised or blinded. Therefore,
one can only describe the common adverse events
that occur during combination therapy.

The first reports on gastrointestinal toxicity
originated from Platz et al.l% In a large animal
model using mongrel dogs, they found adverse ef-
fects of MMF (at that time called RS-61443) 40
mg/kg/day, principally involving the gastrointesti-
nal tract. Nausea, vomiting, diarrhoesa, gastritisand
anorexia were the most common symptoms and
seemed to be dose-related. This initia report on
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Table lll. Gastrointestinal adverse events of mycophenolate mofetil
(MMF) in renal transplantation. Data are from a randomised clinical
trial for the treatment of a first acute renal allograft rejection.[%]
Patients received cyclosporin, corticosteroids and azathioprine or
MMF. Intention-to-treat analysis at 6 months

Adverse event Incidence [number (%)]

azathioprine MMF

(n =108) (n=113)
Gastritis 4(3.7) 12 (10.6)
Anorexia 12 (11.1) 23 (20.4)
Vomiting 18 (16.7) 27 (23.9)
Dyspepsia 21 (19.4) 29 (25.7)
Nausea 30 (27.8) 40 (35.4)
Diarrhoea 42 (38.9) 57 (50.4)
Abdominal pain 26 (24.1) 47 (41.6)

gastrointestinal toxicity was followed by severa
othersin experimental[65:66] and early clinical[67.68]
trials.

3.1 Renal, Liver and Heart Transplantation

More reliable information came from the dou-
ble-blind randomised trials that led to the registra-
tion of MMF.[33-35] The data from these 3 pivotal
trials have been reviewed several times.[7:69.70 A
pooled efficacy analysisof the 3trialsexists,[59 but
unfortunately a pooled safety analysisis not avail-
able. Table| summarisesthe published information
after 6 months. The considerable differencesin the
frequency of events such as diarrhoea, abdominal
pain, nausea and vomiting remain unexplained. All
of these events were reported more frequently in
the USI33] and Tricontinental 34 studies than in the
European(33 study. Asthe concomitant medication
and geographical aspects cannot explain these dif-
ferences, one must assume that a difference exists
in the stringency of reporting. This difference is
even more pronounced in the 3-year data(tablell).
The lack of clear definitions of diarrhoea, abdom-
inal pain, etc. also hasan effect. One-off eventswill
be recorded, as will severe illnesses that required
therapeuticintervention. All of thesefactorsreduce
the value of the reported statistics. In fact, one can
assume that almost every patient experienced diar-
rhoea once within the 3-year observation period.
The same may betruefor other gastrointestinal ad-
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verse events of an irritative nature. We have to as-
sume that the incidence given in these trials is a
combination of randomness of reporting and sever-
ity. As long as clear definitions of the adverse
events are missing, these data are informative but
are far from being exact and comparable.

Studies on MMF for the treatment of renal re-
jection revealed the same gastrointestinal adverse
effects (table 111) but at higher incidences, reflect-
ing the higher exposure to immunosuppressive
drugs in those patients.’X! In addition, one must
take into consideration that MMF was adminis-
tered at 3 g/day inthese studies. Moredetailed data
are provided by arandomised, double-blind, multi-
centre, concentration-controlled study of the safety
and efficacy of oral MMF for the prevention of
acute rejection after kidney transplantation.[“! Ad-
verse events were analysed with regard to their de-
pendence on MPA AUC. A clear relationship be-
tween AUC and the incidence of biopsy-proven
rejection, and between dose and the incidence of
adverse events leading to withdrawal, was found
(table 1V).

Combination therapy of MMF with tacrolimus
will bediscussed in section 3.3, although most data
have a so been obtained from kidney transplant pa-
tients. Sufficiently large studies on MMF in liver
transplantation that allow a correct assessment of
theincidence, i.e. randomised and blinded studies,
do not exist. Current publicationsindicate satisfac-
tory efficacy and compatibility.[”>74 However, fre-

Table IV. Relationship of gastrointestinal adverse events with
mycophenolate mofetil (MMF) to the area under the concentration-
time curve (AUC) of mycophenolic acid in renal transplantationl“°]

Adverse event Number (%) of patients with event

lowAUC intermediate high AUC
(n=51) AUC (n=47) (n=52)
Leading to withdrawal of MMF
Diarrhoea 0 2(4.3) 5(9.6)
Vomiting 0 1(2.1) 3(5.8)
Abdominal pain 0 0 4(7.7)
Probably or possibly related to MMF
Diarrhoea 4 (7.8) 4 (8.5) 10 (19.2)
Vomiting 1(2) 3(6.4) 5(9.6)
Abdominal pain 3(5.9) 4 (8.5) 7 (13.5)
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quent dosage adjustments seem to be required, es-
pecialy within the framework of the conversion of
cacineurininhibitorsto MMF, because of frequent
adverse effects, particularly of a gastrointestina
nature.l”® In combination with tacrolimus (section
3.3), specia attention to gastrointestina adverse
effects, particularly diarrhoea, is required.

The adverse effects of MMF in heart transplan-
tation are similar to those observed in studies on
renal transplantation (table V).[76-78]

3.2 Autoimmune Disorders

The most common adverse events reported in
patients with rheumatoid arthritis were, again, an-
orexia, nausea, vomiting, diarrhoea, constipation,
abdominal pain and dyspepsia.l52 However, all of
them were reported infrequently compared with
transplant recipients, which may be related to the
fact that when used to treat autoimmune disease,
MMF is administered with considerably less con-
comitant immunosuppression. In patients with in-
flammatory bowel disease, the adverse event pro-
file of MMF is apparently altered,[6364.79-82] gnd
nongastrointestinal adverse events are reported
more frequently than in other trials. This may re-
flect theinvestigators being moreinclined to inter-
pret gastrointestinal disorders as a sign of the un-
derlying disease rather than as an adverse effect.
The most frequently observed events were head-
ache, nausea, meningitis, upper airway infection,
vomiting, depression and migraine.

3.3 Combination with Tacrolimus

The combination of MMF with tacrolimus and
corticosteroids in renal transplantation has been
widely evaluated.[83-87] There are 2 randomised tri-
as. The FK506/MMF Dose-Ranging Kidney Trans-
plant Study Group compared MMF 1 g/day, MMF
2 g/day and azathioprine 1.5 mg/kg/day in combi-
nation with tacrolimus (target concentration of 5to
15 pg/L), corticosteroids and induction therapy (5
to 14 days of antithymocyte globulin or muro-
monab CD3).1871 They found that there was no ap-
parent difference between the azathioprine and
MMF 1g group. However, most patients on MMF

0 Adis International Limited. All rights reserved.

Table V. Gastrointestinal adverse events with mycophenolate
mofetil (MMF) in heart transplantation(’®!

Adverse event Number (%) of patients with event

azathioprine MMF

(n = 289) (n = 289)
Nausea 157 (54) 156 (54)
Vomiting 82 (28) 98 (34)
Diarrhoea 99 (34) 131 (45)
Oesophagitis 8(3) 21 (7)
Gastritis 10 (4) 19 (7)

2 g/day had their dosage lowered within thefirst 3
months, primarily because of gastrointestina or
haematol ogical adverse events.[87] The second ma-
jor trial was a prospective, randomised, trial of
tacrolimus/prednisone versus tacrolimus/predni-
sone/MMF in renal transplant recipients.[848 The
combination of tacrolimus, corticosteroids and
MMF was associated with alower incidence of re-
jection than the combination of tacrolimusand cor-
ticosteroids. A major advantage of the combination
of tacrolimus and MMF isthat tacrolimus pharma-
cokinetics are not altered by MMF;[88 however,
MMF pharmacokinetics are strongly influenced.[23]

3.4 Combination with Sirolimus

Sirolimus in combination with MMF for the
prevention of acute graft rejection has been ana-
lysed to an even lesser extent.[89 In a randomised
trial comparing sirolimuswith cyclosporinin com-
bination with corticosteroids and MMF 2 g/day,
patient and graft survival and the incidence of
biopsy-proven acuterejection at 12 month were com-
parable between sirolimusand cyclosporin, where-
as safety profiles were different. The sirolimus/
MMF group showed 38% diarrhoea compared with
11% in the cyclosporin/MMF group. MMF was
withdrawn at 6 months.[89 When evaluating these
results, it should be taken into consideration that
the rate of patients with diarrhoea was consider-
ably lower than described in the earlier prophylac-
tic studies.[33-3% At the same time, the MPA con-
centrationsin the sirolimus group were higher than
in the cyclosporin group, so that in this case vari-
ous effects overlap each other.
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3.5 Paediatric Patients

The experiencein children is limited.[9091 Nev-
ertheless it is obvious that MMF will be used in-
creasingly in children in view of their more vig-
orous immune response. In 1999, 35% of North
American paediatric renal transplant recipients
received MMF.[®9 However, large randomised
blinded trials are missing. Single centre studies re-
port controversial data, from no additional effi-
cacy!9394 to a major advantage.l®®! It islikely that
elevated free MPA concentrations in children with
renal insufficiency(?? are of more importance than
in adults, and may partially contribute to the in-
creased incidence of adverse effects.[?] However
there is evidence that substitution of MMF for az-
athioprine leads to an improvement in immuno-
suppression and renal function in children with on-
going chronic rejection!®” and chronic cyclosporin
nephrotoxicity.[%! It isimportant to realise that the
pharmacokinetics of MMF are influenced by the
concomitant immunosuppression,®3! and therefore
it seems advisable to monitor AUC in paediatric
patients on MMF.[545% |imited sampling may be
sufficient to predict the AUC with sufficient accu-
racy.[56l

Currently, it is recommended to commence
MMF at a dosage of 600 mg/m? twice daily. Close
monitoring is necessary, especially for small chil-
dren, to avoid significant nutritional problems
which could occur with the use of MMF.[57]

3.6 Overview

Table VI attempts to summarise the informa-
tion from major studies by estimating rates of
MM F-attributable gastrointestinal adverse events.
The range of reported incidence is enormous, and
depends strongly on the interpretation of the infor-
mation: is the realistic incidence the reported inci-
dence with MMF minus the incidence in the com-
parator group? How important are the reported
effects? Unfortunately, there is no information
available on the clinical severity of the reported
effects. For example, theterm ‘diarrhoea’ may rep-
resent amild discomfort of 2 or 3daysduration and
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Table VI. Incidences of gastrointestinal adverse events possibly
related to mycophenolate mofetil (MMF) therapy

Estimated rate
(%) of clinically

Adverse events Reported incidence

(%) during MMF

combination significant
therapy®P:© gastrointestinal
adverse events®
Diarrhoea 0to 50 5t0 10
Abdominal pain 1to 40 5
Dyspepsia 0to25 0
Nausea 2to 50 5
Gastritis 1to 10 2
Gastroenteritis lto4 2
Vomiting 1to 35 <10
Ulcer disease 3 2
Gastrointestinal lto4 3
haemorrhage
Large intestine 1 1
perforation
Oesophagitis 3to7 3
Anorexia 10to 20 3

a Summary of events reported by several studies.[33-3540.71.76,99-101]
Incidences may be extremely different depending on dosage,
indication, time point and transplanted organ.

b MMF always given in combination with cyclosporin and cortico-
steroids, and in some cases after antithymocyte globulin or re-
jection therapy (pulse therapy with corticosteroids).

c The lower value represents the lowest reported incidence with
the incidence in the comparator group subtracted. The higher
value usually represents the incidence with MMF 3 g/day or
during enhanced immunosuppression.

d Estimates for adult patients from the reports of different studies,
the detailed data from the European study,® personal experi-
ence and communication with different clinical experts. How-
ever this is subjective information and should be treated as
such.

several stools per day, or a severe disease with
bodyweight loss, anorexia and malabsorption of
immunosuppressive drugs with watery and bloody
stoolsfor several weeks. The datapublished to date
on MMF fail to give this type of information, and
further data are indispensable.

Table VI also attemptsto give someredlisticin-
formation on the incidence to be expected of clin-
ically significant gastrointestinal events when us-
ing MMF in combination therapy. However, thisis
subjective information and represents the personal
experience of the author as well as a number of
clinical experts.
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4. Management of Gastrointestinal
Adverse Effects

The management of adverse gastrointestinal
effects is strongly dependent on their nature and
severity. Fortunately, most gastrointestinal effects
are of an irritative nature. However, some of the
effects that manifest themselves as mild disorders
may develop into life-threatening disease. The
management of these effects must consider the se-
verity, the possible threat, the available diagnostic
and therapeutic procedures with their own risks
and hazards, and the cost factor. For practical rea-
sons, we divide the management into 3 sections:
mild, moderate and serious gastrointestinal events.
However, this categorisation is academic. In clini-
cal practice an event may change rapidly from a
mild disorder to a serious life threatening disease.
A possible example of this situation: abdominal
pain may be categorised as a mild disorder, but
abdominal pain under corticosteroids may aso be
thefirst clinical symptom of intestinal perforation,
alife-threatening complication.

4.1 Mild

Mild gastrointestinal symptoms are frequently
self-limiting. They are part of normal life. Symp-
toms such as occasiona vomiting, mild abdominal
pain and infrequent diarrhoea are typical exam-
ples. If the clinical situation allows observation of
these symptoms and does not recommend immedi-
ate intervention, the first choice is to do nothing,
but to be on the aert. Nausea, constipation and
mild abdominal pain often disappear within sev-
eral days. Symptomatic treatment may be helpful.

If the symptoms persist and remain mild, the
concomitant, especially immunosuppressive, med-
ication should be carefully reviewed. Freguently, a
reduction of the overall immunosuppressive load
ispossible and may bethe best availabletreatment.
The mechanism of reduction depends on the per-
sonal preferences of the physician, and may consist
of reducing cyclosporin, corticosteroids or MMF.
The possibilities for corticosteroid or cyclosporin
reduction or discontinuation, and for immunosup-
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pressive regimens using MMF aone, have been
widely reviewed.[7.102110] |n individual cases one
should decide according to the clinical situation
whether arguments possibly exist for reducing one
or the other immunosuppressive drug. For exam-
ple, signs of nephrotoxicity or hyperlipidaemia
could be an indication for the reduction of cyclo-
sporin. An indication for the reduction of MMF
could be atime-related connection between intro-
duction of MMF and gastrointestinal symptoms,
plus a history of gastrointestinal illnesses (ulcers,
bleeding, diverticulum). More than for other com-
binations, the coadministration of tacrolimus en-
hances theimmunosuppressive and adverse effects
of MMFE.[2123 |n this case, the clinical need for
such avigorous therapy should be examined closely.

Should an overall reduction of immunosup-
pression not seem possible, achangein the admin-
istration of the total daily dose of MMF to form 2
or 3 divided doses may be sufficient to treat ad-
verse effects.[7:3578] There is strong evidence that
ahigh MPA trough concentrationisassociated with
an increased risk of adverse effects.[*l] Addition-
ally, administration with food may be helpful .[]

If these measures are not successful, areduction
of the dosage of MMF by 50% will eradicate most
mild gastrointestinal problems. If all these meas-
ures do not have the necessary effect, the problem
can no longer be considered to be only mild.

4.2 Moderate

All moderate gastrointestinal problems, wheth-
er considered to be caused by an adverse effect, or
an intercurrent disease, or both, must be thorough-
ly diagnosed. If serious nausea, vomiting, anor-
exia, abdomina pain and bodyweight loss persist
for more than 10 days, an upper tract endoscopy
(EGD) with biopsies from oesophagus, stomach
and duodenal tissue is mandatory. Standard stool
cultures and parasitological examination are nec-
essary and rare complications must be taken into
consideration.[38] Again, before a specific treat-
ment is introduced, the available options to reduce
the overall immunosuppression should be exam-
ined. Drugs that overlap in toxicity (such as, for
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example, corticosteroids and MMF in the case of
ulcer disease) should be avoided whenever possi-
ble before further treatment is commenced. Nau-
sea, vomiting and diarrhoea could be treated symp-
tomatically for alimited period of time. However,
treatment for more than 2 weeks without further
diagnostic measures is not recommended.

As well as reduction in immunosuppression
whenever possible, the treatment of ulcer disease
includes proton pump inhibitors and Helicobacter
pylori eradication where indicated. If no specific
treatment is possible or is ineffective, the MMF
dosage should be reduced. Whenever possible, re-
duction is preferable to withdrawal, as rebound re-
jections may occur.

4.3 Serious

Serious gastrointestinal adverse effectsof MMF
arerare. However, inthe 3 controlled trialsonrena
transplantation,[33-35 serious gastrointestinal ad-
verse effectsoccurred only in thetreatment groups.
Among 658 patients (European and US study only)
treated for 6 months, 4 stomach ulcers, 3 duodenal
ulcers, 17 gastrointestina haemorrhages, 4 large
intestine perforations and 1 haemorrhagic pancre-
atitis were seen. These serious events cannot clear-
ly be attributed to MMF itself, but may be related
totheintroduction of MMF to theimmunosuppres-
sive regimens.

In cases of ulcer disease in patients receiving
MMF, withdrawal of the drug is recommended.
Large intestine perforations and ischaemic colitis
may also be related to MMF[111 Presently, MMF
withdrawal and intensive treatment according to
general clinical guidelines is necessary. A tempo-
rary increase in corticosteroid therapy may help to
prevent rebound rejection and to treat rel ative adre-
nocortical insufficiency. However, increased corti-
costeroids possess their own risks of perforations
and peritonitis. The exact pathological mechanism
of these seriouscomplicationsremainselusive, and
some patients may be more susceptible to these ef -
fects than others.
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There are limited reports on further gastroin-
testinal adverse effects of MMF, and these require
further analysis and attention.[112]

Table VII summarises the management options
proposed in this chapter and suggests some com-
mon treatment guidelines. These guidelinesarein-
tended to help, but they are not intended as argu-
ments to withhold any diagnostic or therapeutic
measures. Every patient needs the full attention of
hisor her physicianin order to obtain the best avail-
able therapy.

4.4 Therapeutic Drug Monitoring

Immunosuppressive drugs such as cyclosporin
or tacrolimus are initially administered on amg/kg
basiswith later dosage adjustment to achieve atar-
get blood concentration. MMF is usually adminis-
tered at afixed dose of 2g/day as recommended by
the manufacturer. Therapeutic drug monitoring is
not generally suggested to optimise its activity or
reduce its toxicity, with the exception of adjust-
ments for extremes of body size in adults and chil-
dren.[113] However thisis not generally accepted.[”]

Van Gelder et al.[*?! reported arandomised, double-
blind, multicentre, concentration-controlled study
of the safety and efficacy of oral MMF for the pre-
vention of acute rejection after kidney transplanta-
tion. They found that MPA predose (trough) con-
centration and AUC were significantly related to
the incidence of biopsy-proven rejection, whereas
the MMF dose was significantly related to the oc-
currence of adverse events. Theresults suggest that
individualisation of the MMF dose based on the
AUC of MPA may have merit. However, the costs
and benefits of thisstrategy has not been compared
with the fixed dose strategy currently in use.

M ore sophisticated models that account for the
time course of therisk of rejection may allow even
more rational adjustment of MMF dosage or MPA
AUC target with time.['4 Langman et al.["*% in-
vestigated a combination of pharmacokinetic and
pharmacodynamic monitoring. The relationship
between M PA concentrationin plasma, IMPDH ac-
tivity in whole blood and nucleotide concentration
inlymphocyteswasinvestigated in renal transplant
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Table VII. Management of gastrointestinal adverse effects of mycophenolate mofetil (MMF)

Adverse event

Symptoms

Important diagnostic/-
therapeutic procedures

Management options

Mild

Vomiting
Abdominal pain
Diarrhoea

Nausea
Constipation
Gastroenteritis

Moderate
Serious nausea

Continuous vomiting

Anorexia
Severe diarrhoea

Abdominal pain

Serious

Gl haemorrhage
Perforation
Ulcer disease

Anorexia

Occasional, no bodyweight loss
Mild, occasional

Occasional (<4 stools/day) no
bodyweight loss, less than 10 days

Mild
Occasional
Short duration, known aetiology

Persistent, no response to
symptomatic treatment

No regular food intake, bodyweight
loss, inadequate levels of
immunosuppression

Bodyweight loss

Continuous, bodyweight loss,
persistence >10 days

Moderate to severe pain, persistence

Any kind of Gl bleeding
Any gastrointestinal perforation

Gastric, duodenal and rectal ulcer,
not healing within 10 days of
treatment

Severe bodyweight loss, malnutrition

No specific diagnostic
procedures indicated

Review of pharmacotherapy,
OGD and colonoscopy with
biopsies, stool cultures,
parasitological examination

Immediate endoscopy
Immediate surgery

Endoscopy, biopsies
pharmacotherapy

OGD, colonoscopy, biopsy,
stool cultures

1. Observation

2. Reduction of immunosuppressive
therapy

3. Dose splitting (twice daily to 3 times
daily)

4. Administration with food

5. 50% dosage reduction of MMF

6. Symptomatic treatment (nausea,
constipation, diarrhoea) for a limited
period of time (10 days)

1. Reduction of immunosuppressive
therapy

2. Symptomatic pharmacotherapy
(nausea, vomiting, diarrhoea)

3. 50% dosage reduction of MMF

4. MMF withdrawal if indicated

1. MMF withdrawal

2. Intravenous corticosteroids may be
required for rebound rejection

3. Specific treatment of Gl
complications (endoscopic treatment of
bleeding, pharmacotherapy of ulcer
disease, surgery, intensive care
treatment if indicated)

OGD = oesophagogastroduodenoscopy; Gl = gastrointestinal.

recipients who were randomised to receive either
MMF or azathioprine in combination with cyclo-
sporin and prednisone. They found aninverserela-
tionship between the MPA concentration and IM-
PDH activity inwholeblood. Thepeak concentration
of MPA achieved 1 hour after administration re-
sulted in an approximately 40% inhibition of IM-
PDH activity. However, no correlation with MPA
AUC was studied. No statistically significant dif-
ference between the predose and the 12-hour post-
dose activity was observed.

Recently, Sanquer et al.[38 reported an analysis
of the pharmacological activity of MMF in stable
kidney transplant recipients receiving MMF ther-
apy for different periods from 2 monthsto 3 years.
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They found that long term treatment with MMF
was associated with an induction of IMPDH activ-
ity. MPA trough blood concentrationswere also al -
tered as described before,[12 but changes were not
consistent in any particular direction.

Paediatric patients tend to have a higher in-
cidence of adverse gastrointestinal events. In a
comparison of adults and paediatric patients, the
incidence of gastrointestinal symptomswassignif-
icantly higher in the children (54.5 vs 21.6%; p =
0.02).1571 Significant bodyweight loss was seen
more often in the smaller paediatric patients (body-
weight < 15kg) compared with thelarger paediatric
patients (60 vs 11.7%, p = 0.05). The necessity to
discontinue MMF was significantly higher in the
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paediatric patients, especially in those who
weighed |ess than 15kg.

The available data suggest that therapeutic drug
monitoring will enableindividualised therapy with
MMF, according to the clinical needs of the organ
(type of organ transplant, histocompatibility, time
after transplantation) and the recipient. It is obvi-
ous that large proportions of the reported gastroin-
testinal effects are preventable.[4C]

5. Conclusion

MMF is a valuable new immunosuppressive
drug that is highly effective in the prevention of
acute allograft rejection and increasingly tested in
other indications. MMF offers arelatively benign
safety profile, but gastrointestinal adverse effects
are amajor concern. The mode of action of MMF
and its pharmacokinetics partially explain the ae-
tiology of the observed gastrointestinal effects.
Published safety datafrom theinitial trials on effi-
cacy are not appropriate for detailed anaysis of
gastrointestinal adverse events. More accurate data
suggest that the gastrointestinal adverse effectsare
mainly related to Cnax, Whereas the efficacy isre-
lated to AUC. Thismay offer possibilitiesto retain
the efficacy and reduce the adverse effects with
different administration regimens.

Most gastrointestinal adverse events are of an
irritative nature and are freguently self-limiting.
However, some serious events such as intestina
perforations and gastrointestinal haemorrhage are
a major concern. A central register of serious ad-
verse events would be helpful in investigating the
mechanism and real incidence of these effects. Fi-
nally, drug monitoring will help to optimise MMF
therapy and to reduce adverse effects.
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