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The exposure of mycophenolic acid in live donor liver
transplant patients (those receiving a partial hepatic
volume) in comparison to deceased donor liver transplant
patients (those receiving the whole hepatic volume) after
administration of mycophenolate mofetil has not been
reported earlier. The aim of the present study is to com-
pare the pharmacokinetics parameters of mycophenolic
acid and mycophenolic acid glucuronide in live donor
liver transplant patients versus deceased donor liver
transplant patients. Twelve live donor liver transplant and
12 deceased donor liver transplant recipients were studied
over a dosing interval after intravenous administration of
mycophenolate mofetil. The maximum concentration
(Cmax) and the area under the plasma concentration versus
time curve (AUC) for mycophenolic acid in live donor liver
transplant patients were significantly higher than in
deceased donor liver transplant patients (Cmax/AUC: live
donor liver transplant patients: 16.1 ± 6.6 μg/mL/43.9 ±
12.6 μg/mL⋅h vs deceased donor liver transplant patients:
10.7 ± 2.0 μg/mL/28.9 ± 7.1 μg/mL⋅h; P = .046/.002). The

volume of distribution was higher in the deceased donor
liver transplant patients compared with live donor liver
transplant patients. However, the mean plasma concen-
tration at 12 hours (Clast), drug disposition rate constant,
half-life (t1/2), and mean residence time were similar in
both groups. The mean plasma concentration of mycophe-
nolic acid glucuronide was 1.4 to 2.0 times higher in
deceased donor liver transplant patients compared with
live donor liver transplant patients. These observations
point to the need to use a lower dosage (approximately
30%) of mycophenolate mofetil in live donor liver trans-
plant patients compared with deceased donor liver trans-
plant patients.
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Mycophenolic acid (MPA) is a noncompetitive
inhibitor of inosine monophosphate (IMP)

dehydrogenase, which prevents de novo synthesis of
purine nucleotides in proliferating T and B lympho-
cytes. The morpholino ester derivative of MPA,
mycophenolate mofetil (MMF), is a non-nephrotoxic
immunosuppressive agent, which is increasingly
being used with calcineurin inhibitors in solid organ
transplant patients.1-4 Mycophenolate mofetil has
been used to reduce the incidence of acute rejection,
preserve deterioration in renal function, and spare
the use of steroids in deceased donor liver trans-
plantation (DDLT).5-11
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Most of the pharmacokinetic studies of MMF have
been performed in healthy volunteers; kidney, heart,
or lung patients; or DDLT patients.11-14 Wide varia-
tions in the kinetic parameters between patients and
within a patient over time, as well as between
patients with different organs transplanted, have
been recognized.15-21 With the shortage of DDLTs, an
increasing number of live donor liver transplants
(LDLT) have been performed all over the world.22-25

The DDLT recipients receive the full volume of liver,
but the LDLT recipients receive only about 55% to
60% of normal hepatic volume. The impact of receiv-
ing a partial hepatic volume with LDLT on the
tacrolimus dose-concentration relationship has
already been reported.26,27 However, such informa-
tion on MMF kinetics changes has not been reported.

Given that MPA is glucuronidated in the liver to
mycophenolic acid glucuronide (MPAG) and that the
glucuronidation process is impaired in rats with par-
tial hepatic allograft,25 it is important to evaluate the
pharmacokinetics of MPA in LDLT patients.

AIM

The aim of the present study is to examine the dif-
ferences in the plasma MPA and MPAG concentra-
tion versus time profile in LDLT and DDLT after
intravenous (IV) administration of MMF.

PATIENTS AND METHODS

Between January 2005 and November 2005, 12 con-
senting adult LDLT and 12 adult DDLT recipients were
prospectively enrolled in a protocol approved by the
institutional review board to study the pharmacoki-
netics of MPA after intravenous administration of
MMF. The institutional review board for the
University of Rochester Medical Center approved this
study. Patients with a retransplant or multiple organ
transplants were excluded from this study.
Characteristics of the patients are given in Table I. All
patients were initiated with IV MMF at a dose of 1 g
twice per day (constant 2-hour infusion using an
Alaris pump [Matrix Medical, Minneapolis,
Minnesota]) for 2 to 8 days (mean 3.7 ± 1.8; median 3.5
days) and then converted to oral MMF 1 g twice a day,
when oral feeds were resumed. Serial blood samples
were drawn at 0 (predose) and at 1, 2, 2.5, 3, 4, 5, 6, 7,
8, 10, and 12 hours after starting IV MMF on the sec-
ond or third postoperative day. Blood samples were
drawn in BD Vacutainer tubes spray-coated with
K2EDTA (Wilburn, Kernesville, North Carolina) and

kept on ice until centrifugation, and the plasma
obtained was transferred into a clear tube and frozen
at –20°C until analysis. The plasma concentrations of
MPA and MPAG were measured using a high-perfor-
mance liquid chromatography (HPLC) method that
has been validated in our laboratory.28 Various phar-
macokinetic parameters were calculated using non-
compartmental analysis with WinNonlin software
(Version 4.1, Pharsight Corporation, Mountainview,
California). The parameters calculated included termi-
nal disposition rate constant (λz), terminal disposition
half-life (t1/2), area under the concentration versus time
curve (AUC), systemic clearance (CL), steady-state
volume of distribution (Vss) and mean residence time
(MRT) after IV administration, the peak plasma con-
centration (Cmax) time to reach peak concentration
(tmax), and last plasma concentration (Clast at 12 hours).
These parameters are presented as mean ± standard
deviation (SD). Statistical comparison of different
parameters was made using the t test (SPSS software,
Version 14.0, Chicago, Illinois). A P value <.05 was
considered statistically significant. 

All of the study patients also received oral
tacrolimus, starting at a dose of 0.05 mg/kg twice a day.
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Table I Characteristics of DDLT vs LDLT Patients

DDLT LDLT

Male 11 7
Female 1 5
Mean age recipients, y, ± SD 51.5 ± 13.1 51.6 ± 6.7
Mean age donor, y, ± SD 51.3 ± 13.5 38.3 ± 11.6
Mean weight, kg, ± SD 86.9 ± 22.6 88.1 ± 17.2
Mean height, cm, ± SD 174.7 ± 5.3 172.1 ± 10.0
Body mass index, kg/m2, 29.11 ± 6.9 30.6 ± 8.1

± SD
Mean body surface area, m2, 2.06 ± 0.27 2.1 ± 0.20

± SD 
Diagnosis (n)

Hepatitis C 5 5
Ethanol 3 4
Cryptogenic 1 2
Primary biliary cirrhosis 0 1
Autoimmune 1 0
Sclerosing cholangitis 1 0
Biliary atresia 1 0

Blood type (n)
O 5 8
A 3 3
B 1 1
AB 3 0

LDLT, live donor liver transplant; DDLT, deceased donor liver transplant.



The dose of tacrolimus was adjusted as per the clinical
conditions, and the target trough levels were normally
maintained around 8 to 10 ng/mL. The patients also
received 500 mg of methylprednisolone before perfu-
sion of the liver and then a total of 600 mg of methyl-
prednisolone that was tapered over the next 5 days
(day 1: 100 mg bid, day 2: 80 mg bid, day 3: 60 mg bid,
day 4: 40 mg bid, and day 5: 20 mg bid).

RESULTS

The characteristics of the patients, including the pri-
mary diagnosis, age, and gender distribution for both
groups of patients, are shown in Table I. Similarly,
the laboratory values, including albumin level
(LDLT: 2.1 ± 0.4 g/L, DDLT: 2.3 ± 0.5 g/L, P = .14) in
the patients on the study day, are shown in Table II.

The overall mean concentration of MPA over time
for DDLT and LDLT is shown in Figure 1, and the
pharmacokinetic parameters of MPA after IV admin-
istration of MMF are shown in Table II. There was a
wide variation in various pharmacokinetic parame-
ters of MPA in LDLT and DDLT patients after intra-
venous MMF.

The maximum plasma concentration achieved in
LDLT recipients was significantly higher than in DDLT
recipients (16.1 ± 6.6 μg/mL LDLT vs 10.7 ± 2.0 μg/mL
in DDLT; P = .046). The AUC was also significantly
higher in LDLT recipients compared with DDLT recip-
ients (43.9 ± 12.6 μg/mL⋅h LDLT vs 28.9 ± 7.1 μg/mL⋅h
in DDLT; P = .002). However, the mean concentration
at time 0, mean C12 concentrations, drug disposition
rate constant, half-life, and mean residence time were
not significantly different. The volume of distribution
and clearance was significantly higher in DDLT com-
pared with LDLT (Table III). The mean MPAG concen-
tration was 1.4 to 2.0 times higher in DDLT compared
with LDLT during the kinetics study (Figure 2). The
ratio of AUCMPAG to AUCMPA was 47 ± 26 and 18 ± 11
for DDLT and LDLT, respectively. Assuming the frac-
tion of MPA metabolized to MPAG to be close to 1, the
elimination clearance of MPAG was 809 ± 458 and
1437 ± 951 mL/hr (P < 0.051), respectively.

DISCUSSION

Limited studies on the pharmacokinetics of drugs
used in the recipients of LDLT have been performed.
These studies have used a small number of patients, or
the analysis is limited to trough blood concentrations
measured for drugs such as cyclosporine, tacrolimus,
and propofol.26,27,29-32

Higher tacrolimus blood levels have been reported
in LDLT patients compared with deceased donor
liver recipients.26 This has led to the use of reduced
doses of tacrolimus in the early postoperative period
in LDLT recipients.27 Based on a population pharma-
cokinetic analysis immediately after surgery, patients
receiving LDLT showed a smaller clearance, and the
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Table II Biochemical Parameters (Mean ± SD), DDLT vs LDLT

MMF WBC Hct Plat BUN Creat Alb T Bili AST ALT ALK GGT

DDLT 12.2 ± 5.7 29.2 ± 3.6 68.8 ± 40.6 42.5 ± 16.5 1.9 ± 1.2 2.3 ± 0.4 3.5 ± 3.3 916 ± 1146 698 ± 482 84.8 ± 71.1 74.3 ± 51.0
LDLT 15.2 ± 6.9 25.5 ± 5.9 73.8 ± 29.3 29.5 ± 11.0 1.05 ± 0.7 2.1 ± 0.3 2.1 ± 1.0 286 ± 197 299 ± 284 76.6 ± 51.8 66.0 ± 57.2
P value .89 .68 .72 .02 .14 .14 .06 .13 .41 .47 .5

P < .05 between intravenous and oral study days. DDLT, deceased donor liver transplant; LDLT, live donor liver transplant; WBC, white blood cell count
(103/mL); Hct, hematocrit %; Plat, platelets (103/mL); BUN, blood urea nitrogen (mg/dL); Creat, creatinine (mg/dL); Alb, albumin (g/L); T Bili, total
bilirubin (mg/dL); AST, aspartate aminotransferase (U/L); ALT, alanine aminotransferase (U/L); ALK, alkaline phosphate (U/L); GGT, damma glutamyl
transpeptidase (U/L).

Figure 1. Mean plasma concentrations (with SD) of mycopheno-
lic acid (MPA) over time after initiation of 1 g IV mycophenolate
mofetil (MMF) in live donor liver transplants (LDLTs) and
deceased donor liver transplants (DDLTs).
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clearance increased with time after transplantation
(1.8% increase per day).29

Mycophenolic acid is primarily eliminated as a glu-
curonide conjugate. Glucuronide conjugation has been
shown to be impaired during hepatic regeneration but
recovers completely within 2 weeks after partial hepa-
tectomy in rats.25 In a recent publication, Tian et al33

have also reported decreased clearance of MPA in
partially hepatectomized rats early postsurgery that
recovers completely within 2 weeks to normal values.

We have previously shown that the bioavailability
of MPA is only about 50% after oral administration of
MMF in the perioperative period in DDLT patients.34

In this study, we evaluated the pharmacokinetics of
MMF after IV administration in LDLT and DDLT
patients. When comparing our observations in recipi-
ents of DDLT versus LDLT, there were several note-
worthy observations. Generally, after an identical
dosage regimen, the plasma concentrations were sig-
nificantly higher during the IV therapy in LDLT
patients compared with DDLT patients. There was no
significant difference in the plasma concentration of
MPA at time 0 and at the end of the dosing interval
after IV administration of MMF, indicating achieve-
ment of steady state in each subject. When MMF was
administered intravenously, there were no significant
differences in the disposition rate constant, disposi-
tion half-life, and mean residence time, but Cmax and
AUC were significantly higher and CL and Vss were
significantly lower in the LDLT patients compared
with DDLT patients. Based on previous studies, serum
albumin levels appear to have an effect on the plasma
concentration of MPA.11 In the present series, mean
albumin level in LDLT recipients was not significantly
different from DDLT recipients. The observed differ-
ences in VSS may be related to the decreased plasma
protein binding of MPA in DDLT compared to LDLT,
due to higher bilirubin concentrations.

These observations are consistent with the expec-
tation that a reduced-size liver will clear the drug
less readily. The observations are also consistent
with the report in the rat study, indicating that the
loss of the ability to clear the drug is lower than what
is expected based on the reduced liver mass and the
decreased activity of glucuronide-conjugating
enzymes during the hepatic regeneration process.
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Table III Kinetics Parameters: Intravenous MMF DDLT vs LDLT

Cmax, μμg/mL tmax, h Clast, μμg/mL λλz, h
–1 t1/2, h AUC, μμg/mL⋅⋅h CL, L/h Vss, L MRT, h

DDLT
Mean 10.73 1.67 0.33 0.15 5.52 28.92 26.89 84.93 3.27
SD 2.05 0.49 0.17 0.08 2.31 7.13 6.16 24.45 1.10
Median 10.84 2.00 0.33 0.12 5.72 25.75 28.70 93.59 3.12

LDLT
Mean 16.12 1.78 0.48 0.19 4.28 43.86 18.43 54.49 3.08
SD 6.56 0.44 0.23 0.08 1.72 12.57 6.41 19.11 1.13
Median 13.90 2.00 0.55 0.16 4.39 46.07 16.04 64.01 2.97

P value .046 .37 .11 .38 .16 .002 .002 .01 .52

LDLT, live donor liver transplantation; DDLT, deceased donor liver transplantation; MMF, mycophenolate mofetil; λz, terminal disposition rate constant;
t1/2, terminal disposition half-life; AUC, area under the plasma concentration versus time curve; CL, systemic clearance; Vss, steady-state volume of dis-
tribution; MRT, mean residence time after intravenous administration; Cmax, peak plasma concentrations; tmax, time to reach peak concentration; Clast, last
plasma concentration at 12 hours.

Figure 2. Mean plasma concentrations (with SD) of mycopheno-
lic acid glucuronide (MPAG) over time after initiation of 1 g intra-
venous mycophenolate mofetil (MMF) in live donor liver
transplant (LDLTs) and deceased donor liver transplants (DDLTs).



During the IV infusion of MMF, glucuronidation of
MPA to MPAG in LDLT (smaller size of the liver) is
somewhat inefficient compared with DDLT (larger
hepatic mass). This results in higher plasma concen-
tration of MPA during, and several hours after com-
pletion of MMF infusion in LDLT patients (Figure 2).
The MPAG concentration was higher in DDLT recip-
ients compared with LDLT recipients at all the time
points examined. MPAG clearance is dependant on
renal function. Higher MPAG concentrations have
been reported in patients with renal dysfunction.35

Given that DDLT patients had a decreased renal
function compared with LDLT patients, the higher
concentration and the lower clearance of MPAG may
also be due to the impaired elimination of MPAG in
DDLT compared with LDLT patients.

Given that the oral bioavailability is low during the
early post–liver transplant (LTx) period, it may be pru-
dent to use IV MMF in these patients during the first
few days after transplantation.34 The benefit of this
regime on the reduced rate of rejection has been
reported previously from our center.36 Independent of
the mechanism involved, LDLT patients will require
lower doses of MMF (approximately 30% lower dose)
compared with deceased donor livers to achieve simi-
lar therapeutic exposure to MPA during the early post-
operative period. In addition, a better exposure of MPA
in LDLT with the currently used dosing regimen of
MMF may allow a reduction in tacrolimus dose or a
delay in the introduction of tacrolimus to prevent the
calcineurin-related nephrotoxicity and neurotoxicity. It
may also allow a reduction in the induction dose of
steroid bolus. Further studies with immunomodula-
tion markers may be helpful to optimize overall
immunosuppression.

CONCLUSION

After a fixed intravenous dose of MMF, a signifi-
cantly higher exposure of MPA is observed com-
pared with DDLT. To achieve comparable AUC in
LDLT patients and DDLT patients, a mean reduction
in dose of MMF by approximately 30% may be pru-
dent. On the other hand, a higher exposure of the
current dosing regimen in LDLT patients may facili-
tate the use of a lower dose/concentration range of
calcineurin inhibitors or a delay in the introduction
of calcineurin inhibitors to preserve renal function.
This reasoning may also facilitate use of a reduced
dose of steroids for induction in these patients.

Financial disclosure: This study was supported by a grant
from Roche.
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