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Potential Immunological Advantage of
Intravenous Mycophenolate Mofetil with
Tacrolimus and Steroids in Primary Deceased
Donor Liver Transplantation and Live Donor
Liver Transplantation Without Antibody
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With the current immunosuppressive regimens, graft loss secondary to immunological reasons after successful liver
transplantation is a rarity; acute rejections, however, do occur, with the majority of them being steroid-responsive. The aim of
the present study is to examine the rate of acute rejection with tacrolimus, intravenous (IV) mycophenolate mofetil (MMF), and
steroids in primary deceased donor liver transplant (DDLT) and live donor liver transplant (LDLT) recipients. During the year
2005, 130 patients (mean age: 54.9 � 10.8, males: 84, females: 46, 112 DDLT and 18 LDLT) received primary liver
transplantation. They were followed up for the incidence of acute rejection in the first 12 months. Liver biopsies were performed
as clinically indicated; protocol liver biopsies were never performed. A total of 127 liver biopsies were performed. Thirty-two had
a rejection activity index (RAI) score of �3, of which 24 biopsies in 20 patients were not treated with a steroid bolus. Eight
(6.1%) patients (mean RAI score: 5.1 � 1.4) received 750 to 1500 mg of methylprednisolone over 3 days. Out of these, 2 were
noncompliant, 4 were off MMF, and 1 was on cyclosporine. All patients responded to steroid therapy. None of the patients
required any antibody preparation. In conclusion, IV MMF with tacrolimus and steroids is useful and required antirejection
therapy in 6.1% of liver transplant recipients. Liver Transpl 14:202–209, 2008. © 2008 AASLD.
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The introduction of cyclosporine in the early 1980s al-
most doubled patient and graft survival after liver
transplantation.1-3 Steroid-resistant acute cellular re-
jection could be reversed with the use of monoclonal
murine anti-CD3 (OKT3) preparation.4 With the intro-
duction of tacrolimus in the early 1990s, the hepatic

graft loss from acute or chronic rejection became a
rarity.5,6 However, acute rejections after primary liver
transplantation do occur, although with reduced inci-
dence and severity.7-10 Most of the acute rejections can
be easily reversed with the use of steroids and/or con-
version to tacrolimus from cyclosporine A.11-14 Newer

Abbreviations: Alk PO4, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CsA, cyclosporine A;
DDLT, deceased donor liver transplant; ETOH, alcohol-induced cirrhosis; GGTP, gamma glutamyl transpeptidase; HAI, hepatitis
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immunosuppressive medications, mycophenolate mofetil
(MMF) and chimeric and humanized antibody against in-
terleukin 2 receptor, have been successfully used with
calcineurin inhibitor and steroids to reduce the rate of
acute rejection even further.15-17 Rapamune, a target of
rapamycin inhibitor,18 had also been used with tacroli-
mus, and the initial results were very promising.19 Unfor-
tunately, because of the increased rate of hepatic artery
thrombosis20 in primary liver transplantation, the Food
and Drug Administration has prohibited its use for the
first 30 days after liver transplantation.

MMF is an inosine monophosphate dehydrogenase
inhibitor that prevents the de novo synthesis of purine
in lymphocytes.21,22 The drug was initially used with
cyclosporine in kidney transplantation with significant
reduction in the rate of acute rejection. Subsequently,
the drug was used in liver transplantation.23 It showed
a further reduction in acute rejection with better pres-
ervation of the renal function. However, in more than
50% of the patients, the drug was discontinued for
gastrointestinal, bone marrow suppression, and other
reasons.15,24 All the trials in kidney and liver trans-
plantation were performed with an oral formulation of
MMF. There are several reports to suggest a reduced
rate of acute cellular rejection after primary liver trans-
plantation with the use of oral MMF, tacrolimus, and
steroids,16,24,25 but the fact remains that rejection does
occur.

Bioavailability of oral MMF in liver transplant (LTx)
recipients is different compared to that in healthy vol-
unteers and kidney transplant, heart transplant, and
lung transplant recipients, for whom the absorption is
more than 90%. In LTx patients, it was found that the
trough concentration of mycophenolic acid (MPA; active
metabolite of MMF) improved during the first 30 days
post transplantation,26 and bioavailability was almost
double 4 weeks post LTx compared to 1 week post
LTx.27 At our institution, we have been using intrave-
nous (IV) MMF in immediate post-LTx patients until the
patients can take oral MMF. We initially reported a
retrospective analysis of 28 live donor liver transplants
(LDLTs) using IV MMF with a 10.5% rate of late acute
rejections; in the majority of those patients, compliance
was in question.28 We subsequently performed a phar-
macokinetic study in LTx recipients and found that the
bioavailability of oral MMF and peak concentration of
MPA were less than 50% in comparison with IV MMF.29

The aim of the present study is to examine the rate of
acute rejection, severity of rejection, and response to
antirejection therapy in primary deceased donor liver
transplant (DDLT) and LDLT recipients.

PATIENTS AND METHODS

Between January 2005 and December 2005, 130 con-
secutive, nonrandomized patients with primary liver
transplantation (112 DDLT and 18 LDLT) were exam-
ined according to an institute review board–approved
protocol. There were 84 male and 46 female patients.
The mean age of the recipients was 54.9 � 10.8 years
(DDLT, 55.3 � 11.4; LDLT, 52.1 � 5.9), and the mean

donor age was 49.3 �16.2 years (DDLT, 51.2 � 16.2;
LDLT, 37.7 � 10.5). The overall mean Model for End-
Stage Liver Disease score at the time of LTx was 20.4 �
9.6 (DDLT, 21.6 � 9.8; LDLT, 13.5 � 4.6). The primary
diagnosis of the patients is shown in Table 1. Post
transplantation, the incidence and severity of rejection,
treatment and response of rejection, and liver function
for the first 12 months were examined. Biopsies were
performed as clinically indicated. Protocol biopsies
were never performed. All biopsies were reviewed by the
same pathologist and scored for rejection activity index
(RAI; per Banff’s criteria30), hepatitis activity index, fi-
brosis, cholestasis, steatohepatitis, and ischemic in-
jury. Immunosuppression at various time intervals
from LTx for DDLT and LDLT is given in Table 2.

Immunosuppression Protocol

All patients were initiated on IV MMF at a dose of 1 g
twice daily (constant 2-hour infusion) and then con-
verted to oral MMF at a dose of 1 g twice daily when they
would tolerate oral intake. In addition, study patients
received oral tacrolimus, starting at a dose of 0.05
mg/kg twice daily. The dose of tacrolimus was adjusted
according to the clinical conditions, and the target
trough levels were normally maintained around 8-10
ng/mL in the first month and then gradually reduced to
6 ng/mL by 12 months. The patients also received 500
mg of methylprednisolone prior to reperfusion of the
liver. A total dose of 200 mg/day of methylprednisolone
was given over 5 days with 20 mg of prednisolone there-
after as maintenance.

RESULTS

Every patient was followed up for a period of 12 months
to evaluate the rate of rejection. A total of 127 liver
biopsies were performed as clinically indicated. Sixty-
seven patients had 1 liver biopsy, 31 had 2 liver biop-
sies, 15 had 3 liver biopsies, 8 had 4 liver biopsies, and
6 had 5 liver biopsies.

Out of these, 71 biopsies were performed for patients
with hepatitis C virus (HCV) infection (1.6 biopsies per
patient), and 56 were performed for non-HCV patients
(0.6 biopsies per patient). The distribution of RAI is
given in Table 3. Out of 127 biopsies, 95 biopsies
(74.8%) had an RAI score of �2 (0: 15, 1: 39, 2: 41), and
the remaining 32 (25.2%) had an RAI score of �3. Out of
32 biopsies with an RAI score of �3, 24 biopsies in 20
patients were not treated with steroid bolus because of
associated HCV infection (n � 12 patients), bile duct
stricture (n � 3 patients), and other associated condi-
tions (n � 5 patients; Table 4).

The remaining 8 patients (DDLT: 7, LDLT: 1, mean
RAI score: 5.1 � 1.4) received 750 to 1500 mg of meth-
ylprednisolone over 3 days. Details of these patients are
summarized in Table 5. One patient had moderate cho-
lestasis (#71) and ischemic injury, and another (#109)
had moderate central cholestasis and 30% steatosis;
however they both responded to steroid bolus. Three
patients had subtherapeutic tacrolimus trough concen-
trations (�5.0 ng/mL). One patient (#113) was on a
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microemulsion formulation of cyclosporine without
MMF, and another 3 patients (#83, LDLT; #109 and
#121, DDLT) were not on MMF at the time of rejection.
The mean time to rejection was 74.0 � 76.2 days post
transplant. Two patients (#80 and #92) were noncom-
pliant for taking immunosuppressive medication.
Seven patients are currently alive with nearly normal
liver function. All patients responded to steroid ther-
apy. None of the patients received monoclonal antibod-
ies for induction or as treatment for rejection.

DISCUSSION

Despite improvement in patient survival and graft sur-
vival with an extremely low rate of graft loss from acute
or chronic rejection, acute rejection does occur with
varying frequencies. The majority are steroid-respon-
sive; steroid-resistant rejections, however, are also
cited in up to 36% of cases (Table 6).

The rate of acute cellular rejection in the US multi-
center trial31 was 58.55% in the tacrolimus group and
65.03% in the cyclosporine group. Corticosteroid-resis-
tant rejection occurred under the tacrolimus group and
cyclosporine group in 16.34% and 30.82% of patients,
and refractory rejection occurred in 2.28% and 12.03%
of patients, respectively. In the European multicenter
trial,32 the rates of acute rejection were 40.5% for ta-
crolimus and 49.8% for cyclosporine. For refractory
acute and chronic rejections, comparisons for tacroli-
mus versus cyclosporine were 0.8% versus 5.3% and

1.5% versus 5.3%, respectively. The highest rate of
acute rejection of 83.2% was reported in the cyclospor-
ine group in the Pittsburgh randomized trial.9 In several
other studies, rates varying from 26% to 76% have been
reported.7,8,16,33,34 The rate of acute rejection with ta-
crolimus and MMF in the Pittsburgh prospective ran-
domized study24 was 38.9% for triple versus 45.2% for
double at 12 months. The lowest rate of acute rejection
(10.7%) was reported for IV MMF with tacrolimus and
steroids in LDLT with a mean follow-up of 17 months.28

In the present study, the overall rate of acute rejec-
tion that required antirejection therapy in the first year
post transplant was 6.1%. All patients were steroid-
responsive. Out of the 8 patients who required steroid
bolus, 2 patients were noncompliant for taking immu-
nosuppressive agents, 3 patients had a subtherapeutic
tacrolimus concentration, and 4 patients were not on
MMF. Higher rates of rejection have been reported in
patients who were not on MMF maintenance therapy.35

The main difference in the present study is that we used
the IV formulation of MMF, whereas in other studies
oral MMF was used (Table 6).

Oral MMF is reported to have a bioavailability of
�90% in healthy volunteers, kidney transplant recipi-
ents, and heart transplant recipients.28,36-38 In LTx
patients, a progressive rise of the MPA trough concen-
tration has been reported over the first month post
transplant, which correlates with the rise in serum al-
bumin.26,39 Also, an increase in the area under the
curve after oral MMF at 2 weeks post LTx and after 4

TABLE 1. Characteristics of Patients: DDLT Versus LDLT

DDLT LDLT Overall

Demographics
Male 75 9 84
Female 37 9 46
Mean age recipients (years) 55.3 � 11.4 52.1 � 5.9 54.9 � 10.8
Mean age donors (years) 51.2 � 16.2 37.7 � 10.5 49.3 � 16.2
Mean MELD score 21.6 � 9.8 13.5 � 4.6 20.4 � 9.6

Diagnosis
HCV 37 8 45
ETOH 30 5 35
PBC 4 2 6
Autoimmune 6 0 6
PSC 3 0 3
NASH 3 0 3
Hemochromatosis 2 0 2
HBV 3 0 3
Sarcoidosis 2 0 2
Acute fulminant hepatic failure 1 0 1
Biliary atresia 1 0 1
Cryptogenic 19 3 22
HCC without cirrhosis 1 0 1

*Total 112 18 130

Abbreviations: DDLT, deceased donor liver transplant; ETOH, alcohol-induced cirrhosis; HBV, hepatitis B viral
infection–related cirrhosis; HCC, hepatocellular carcinoma; HCV, hepatitis C viral infection–related cirrhosis; LDLT, live donor
liver transplant; MELD, Model for End-Stage Liver Disease; NASH, nonalcoholic steatohepatitis; PBC, primary biliary
cirrhosis; PSC, primary sclerosing cholangitis.
*Twenty-three patients also had HCC.
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weeks post LTx compared to the first week was also
described.27 However, a formal kinetic study in the im-
mediate postoperative period in LTx recipients was
never done. It was presumed that it would be the same
as that of healthy volunteers and kidney transplant and
heart transplant patients. Our previous study has
shown that oral absorption of MMF in the second week
is less than 50% and may be even less in the first week
in LTx recipients. Also, the peak concentration of MPA
with IV MMF was more than twice that of oral MMF.29 A
higher peak concentration and higher area under the
curve of MPA with tacrolimus and steroids allow the
hepatic allograft to survive without significant risk of
acute rejection.

It is true that over a period of time clinicians have
learnt not to treat borderline acute rejection (RAI � 3).
Also, borderline acute rejection could be hard to distin-
guish from recurrent HCV. Indication of LTx with HCV
infection has increased. Avoidance of steroid bolus in
the presence of HCV recurrence with borderline rejec-
tion is currently practiced more frequently than in the
past. In the present study, 20 patients (24 biopsies) had
an RAI score of �3 and were elected not to receive
steroid bolus, whereas in some other studies, the same
patients may have been treated. With 3 immunosup-
pressive agents as baseline maintenance, clinicians
may feel more comfortable by adjusting the baseline
maintenance doses of immunosuppressive agents
rather than steroid bolus.

Despite this change in management of acute rejec-
tion, we feel that immediate postoperative administra-
tion of the IV formulation of MMF may have an advan-
tage over oral MMF, for which bioavailability and peak
concentration are less than 50% in LTx recipients.29

Further immunological studies with qualitative differ-
entiation of various lymphocytic populations using im-
munological markers and measurements of cytokine
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TABLE 3. Distribution of RAI

Biopsy

1

Biopsy

2

Biopsy

3

Biopsy

4

Biopsy

5 Total

RAI
0 11 2 1 1 0 15
1 19 10 6 2 2 39
2 20 8 5 4 4 41
3 8 6 2 0 0 16
4 4 4 1 1 0 10
5 2 0 0 0 0 2
6 2 0 0 0 0 2
7 1 1 0 0 0 2
Total 67 31 15 8 6 127

HCV 34 20 10 4 3 71
Non-HCV 33 11 5 4 3 56
DDLT 56 27 15 8 6 112
LDLT 11 4 0 0 0 15

Abbreviations: DDLT, deceased donor liver transplant;
HCV, hepatitis C viral infection; LDLT; live donor liver
transplant; RAI, rejection activity index.
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and compliment levels may be useful for providing an
effective rejection-free immunosuppression regime that
is well tolerated in clinical practice without causing
overimmunosuppression.

This is a single-center nonrandomized study; how-
ever, we do not believe that this precludes our observa-
tion of a low rate of rejection with IV MMF, tacrolimus,
and steroids in post-LTx patients. Prospective random-
ized multicenter trials would, however, be useful to
confirm our findings.

In conclusion, our observation suggests that IV use of
MMF immediately after LTx, in combination with oral
tacrolimus and steroids, may provide rejection-free sta-
tus in a majority of LTx recipients. This may be related
to the peak concentration and bioavailability of IV MMF
being more than twice that of oral MMF in the immedi-
ate post-LTx period.
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R, Schröder H, et al. Pharmacokinetics and bioavailability
of mycophenolic acid after intravenous administration
and oral administration of mycophenolate mofetil to heart
transplant recipients. Ther Drug Monit 2005;27:315-321.

39. Shaw LM, Kaplan B, DeNofrio D, Korecka M, Brayman KL.
Pharmacokinetics and concentration-control investiga-
tions of mycophenolic acid in adults after transplantation.
Ther Drug Monit 2000;22:14-19.

INTRAVENOUS MMF IN LIVER TRANSPLANTATION 209

LIVER TRANSPLANTATION.DOI 10.1002/lt. Published on behalf of the American Association for the Study of Liver Diseases


