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Intra-individual variability of mycophenolic acid concentration 
according to renal function in liver transplant recipients receiving 

mycophenolate monotherapy
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Backgrounds/Aims: Mycophenolate mofetil (MMF) has wide inter- and intra-individual variability of mycophenolic acid 
(MPA) after liver transplantation (LT). On this study, we aimed to analyse the intra-individual variability of MPA concen-
tration in stable adult LT recipients receiving MMF monotherapy and develop a method to determine the target level 
in the situation of wide intra-individual variability. Methods: This retrospective cross-sectional study included 30 LT 
recipients. All patients received MMF monotherapy at a dose of 500 mg twice daily for ≥2 years and were divided 
into two groups based on renal function. MPA concentration-associated values were presented as mean with standard 
deviation and coefficient of variation (CV). Results: The normal renal function group (n=15) showed a mean 12-hour 
MPA concentration of 2.5±0.5 g/ml (range, 1.8±0.5 to 3.6±0.7 g/ml) and a mean CV of 20.4±7.7% (range, 8.7% 
to 39.4%). In the renal dysfunction group (n=15), the 12-hour MPA concentration fluctuated more widely with a mean 
value of 3.7±0.9 g/ml (range, 2.8±0.8 to 5.1±1.2 g/ml) and a mean CV of 24.5±4.9% (range, 17.1% to 37.5%). 
The 12-hour MPA concentration was significantly higher in the renal dysfunction group, as compared to the normal 
renal function group (p=0.001); whereas, the CV was not significantly different between the two groups (p=0.093). 
Conclusions: We determined the inter- and intra-individual variability of 12-hour MPA concentration after LT. The results 
suggested that therapeutic drug monitoring of MPA is necessary due to the inter-individual and intra-individual variability 
of MMF pharmacokinetics, especially in LT recipients with renal dysfunction. (Ann Hepatobiliary Pancreat Surg 2017;21:
11-16)
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INTRODUCTION

Mycophenolate mofetil (MMF) is commonly ad-

ministered after liver transplantation (LT) because of the 

lack of nephrotoxic effects unlike the calcineurin inhibitor 

(CNI).1-3 Mycophenolic acid (MPA), the pharmacokineti-

cally active product of MMF, has potent inhibitory effects 

on lymphocyte proliferation. MPA is taken up by the liv-

er, where it is glucuronidated to form an inactive 

compound. MPA metabolites are primarily eliminated by 

the kidneys.4,5 Thus, the blood level and clearance of 

MPA is greatly influenced by renal function.

MMF has been regarded as a categorically-dosed drug 

probably due to the wide inter- and intra-individual varia-

bility of the blood concentration as well as lack of in-

formation on clinician-oriented pharmacokinetics.6 Few 

clinical studies on the relationship between potency and 

drug concentration have been conducted previously. As a 

result, MMF has been administered on the basis of per-

sonal or institutional experience, without generalized 

guidelines to perform therapeutic drug monitoring (TDM) 

for dosage adjustment. Moreover, the wide intra-in-

dividual variability of MPA level has been ignored in the 

clinical setting due to lack of specific knowledge.

Decline in renal function results in significant impair-

ment of the clearance of MPA metabolites, with the con-
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sequent increase in blood concentrations of MPA metabo-

lites and augmented immunosuppression.7 Thus, in pa-

tients with renal dysfunction, special attention to the MPA 

pharmacokinetics is required on administration of MMF 

as the main immunosuppressant. We previously reported 

that it is necessary to adjust the MMF dosage on an in-

dividualized basis based on the results of MPA TDM, par-

ticularly for patients with markedly impaired renal 

function. Based on our experience, patients with renal 

dysfunction often showed a wide range of variability in 

the trough MPA concentration; thus, analysis of the pat-

tern of variability in MPA concentration is required.

The primary goal of the present study was to analyse 

the intra-individual variability of MPA concentration in 

stable adult LT recipients receiving MMF monotherapy; 

and the secondary goal was to develop a method to de-

termine the target TDM level in the situation of wide in-

tra-individual variability.

MATERIALS AND METHODS

Study design

This study was performed as a retrospective cross-sec-

tional study with two arms according to the patients’ renal 

function. Patients who underwent LT operation during the 

period between January 2003 and December 2011 were 

included in the study. This cross-sectional study was per-

formed during a 6-month study period from July 2016 to 

December 2016. The study was approved by the 

Institutional Review Board of Asan Medical Center 

(2015-0726).

Patient selection

From our institutional LT database of over 5000 pa-

tients, 30 adult LT recipients were selected for inclusion 

in the study. All selected patents were stable in liver func-

tion and had been treated with MMF monotherapy at a 

daily dose of 1000 mg (500 mg twice per day) for ≥2 

years, primarily because they were not able to tolerate 

CNI-associated nephrotoxicity. Patients who showed any 

type of graft dysfunction during the study period were ex-

cluded from study.

Three MMF agents,  Celcept (Roche) and two generic 

drugs Myrept (Chong Kun Dang pharmaceuticals, Korea) 

and Myconol (Hanmi pharmaceuticals, Korea), are avail-

able in our institution and selection was made based on 

the physicians’ preference. In this study, the bioavail-

ability of these 3 agents was regarded as the same. Myrept 

was preferentially administered to LT recipients under-

going MMF monotherapy; thus, a half of the study pa-

tients received 250 mg or 500 mg tablets of Myrept. 

Patients receiving different doses of MMF in the morning 

and evening (e.g., 500 mg plus 750 mg per day) as well 

as daily administration of MMF ≥1500 mg were ex-

cluded from the analysis of 12-hour MPA TDM. Most of 

the study patients were in the ≥5 years post-LT, hence, 

the target MPA level was set at 2-3 ng/ml.

In addition, we selected the patients based on serum 

creatinine levels as the normal renal function group 

(normal group: mean serum creatinine ≤1.4 mg/dl; n=15) 

and the renal dysfunction group (dysfunction group: mean 

serum creatinine 2.0-2.9 mg/dl; n=15). The clinical pro-

files of patients in these two study groups were adjusted 

by propensity score matching. None of the patients in the 

renal dysfunction group underwent hemodialysis during 

the cross-sectional study period.

The detailed MMF immunosuppression profiles have 

been described previously.6,8 Pre-dose 12-hour blood sam-

ples were subjected to MPA TDM using an enzyme multi-

plied immunoassay technique (EMIT: Dade-Behring, 

Marburg, Germany) performed on a Cobas Mira analyser 

(Roche, Basel, Switzerland). The results of MPA TDM 

were usually reported within 2 hours after blood sampling 

on an outpatient basis.

Statistical analysis

To avoid bias from intra-individual variations in serum 

creatinine level, the mean values of consecutive three 

measurements (usually during 6 months) were used to 

classify the patients based on renal function. The serial 

12-hour MPA levels during the latest 12 months were 

obtained. Considering that the patients usually visited the 

outpatient clinic every 2-3 months and MPA TDM was 

performed at every visit, the MPA TDM sample number 

per patient was ≥5. MPA TDM-associated values were 

reported as mean with standard deviation (SD) and co-

efficient of variation (CV); wherein the CV is the ratio 

of the SD in trough blood concentration to the mean 

trough concentration (expressed as percentage) as follows: 

“CV=SD/Mean×100%”.9,10
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Fig. 1. Serial measurement of 12-hour mycophenolic acid 
(MPA) concentration in liver transplant recipients with normal
renal function after administration of mycophenolate mofetil 
500 mg twice per day.

Fig. 2. Serial measurement of 12-hour mycophenolic acid 
(MPA) concentration in liver transplant recipients with renal 
dysfunction after administration of mycophenolate mofetil 
500 mg twice per day.

Numerical variables were presented as means with SD 

and ranges. Continuous variables were compared with the 

Student t-test. A p-value ＜0.05 was considered to in-

dicate a statistically significant difference. Statistical anal-

yses were performed using SPSS (version 22; IBM, New 

York, NY) and Statistica (version 6.0; StatSoft, Tulsa, 

OK) software.

RESULTS

Patient profiles

The primary causes of LT in the 30 study patients were 

hepatitis B virus-associated liver cirrhosis (n=22), alco-

holic liver diseases (n=3), acute liver failure (n=3), hep-

atitis C virus-associated liver cirrhosis (n=1) and primary 

sclerosing cholangitis (n=1). Among these, there were 25 

male patients. The mean patient age was 52.3±7.3 years 

(range, 34-62). Six patients underwent deceased-donor 

LT, and 24 patients (84.6%) underwent living-donor LT. 

There was no case of retransplantation. All patients had 

been treated with either CNI-based or CNI-MMF combi-

nation immunosuppressive therapy early after LT, and 

gradually converted to MMF monotherapy primarily due 

to intractable nephrotoxicity. All patients were maintained 

on a fixed daily dose of MMF (500 mg twice per day) 

for ＞2 years recently, during which period, none of the 

patients experienced significantly noticeable changes in 

graft function as well as any episode suspected of acute 

rejection. These clinical profiles were similar in the two 

study groups after selection with propensity score match-

ing on the primary disease (p=0.87), patient age at LT 

(p=0.67) and type of LT (p=0.74).

Variability of 12-hour MPA concentration in 

patients with normal renal function

In the normal renal function group (n=15), the 12-hour 

MPA concentration showed wide fluctuation periodically 

in most of the patients, probably due to irregular interval 

after drug ingestion and influence of diet and other 

medications. Only a few patients showed small fluctuation 

in 12-hour MPA concentration (Fig. 1). The 12-month 

mean value with SD of 12-hour MPA concentration in 

each patient ranged from 1.8±0.5 g/ml to 3.6±0.7 g/ml 

at the mean serum creatinine level of ≤1.4 mg/dl. The 

mean CV was 20.4%, and ranged from 8.7% to 39.4% 

in each patient. Overall, the estimated mean 12-hour MPA 

concentration value was 2.5±0.5 g/ml and the mean CV 

value was 20.4±7.7%.

Variability of 12-hour MPA concentration in 

patients with renal dysfunction

The 12-hour MPA concentration showed more fluctua-

tion periodically in nearly all of patients in the renal dys-

function group (n=15), as compared to the normal renal 

function group (Fig. 2). The 12-month mean value with 

SD of 12-hour MPA concentration in each patient ranged 

from 2.8±0.8 g/ml to 5.1±1.2 g/ml at the mean serum 

creatinine level of between 2.0 mg/dl and 2.9 mg/dl. The 
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Fig. 3. Scatter plot of mean 12-hour mycophenolic acid 
(MPA) concentration and coefficient of variation (CV) in liver
transplant recipients with normal renal function (blank circle)
and renal dysfunction (solid triangle) after administration of 
mycophenolate mofetil 500 mg twice per day.

CV of each patient was between 17.1% and 37.5%, with 

a mean CV value of 24.5%. Thus, the overall mean values 

were estimated at 3.7±0.9 g/ml of 12-hour MPA concen-

tration and 24.5±4.9% of CV value.

Comparison of mean and variability of 12-hour 

MPA concentration according to renal function

The 12-hour MPA concentrations in the normal and re-

nal dysfunction groups were compared in terms of the 

mean value (p=0.001) and CV (p=0.093) (Fig. 3).

DISCUSSION

The 12-hour MPA concentration is widely variable 

within a patient as well as between patients after LT. Such 

wide inter- and intra-individual pharmacokinetic varia-

bility results in the need for categorical dosing of the im-

munosuppressant, MMF.5,7,11 However, accumulated expe-

rience in clinical administration in LT recipients has fa-

cilitated clinicians’ attempts to overcome such pharmaco-

kinetic variability through evidence-based analysis.

In the early period of MMF use, high doses of MMF 

of up to 1000-3000 mg/day were recommend even in the 

situation of concurrent use of CNI in the western coun-

tries, which might be an overestimated dosage to compen-

sate for poor absorption of MMF. High dosages might be 

acceptable in a considerable proportion of patients; how-

ever, empirical MMF administration occasionally resulted 

in unexpected infectious episodes.6 In our experience of 

MMF administration in ＞1000 LT patients, we have rare-

ly administered MMF 1500 mg per day after the early 

posttransplant period. In everyday practice, we have fre-

quently performed MPA TDM especially during the early 

period after MMF administration in order to screen out 

the poor MMF absorbers. Recently, for poor MMF ab-

sorbers, MMF can be replaced with mammalian target of 

rapamycin (mTOR) inhibitors, despite other serious ad-

verse side-effects.12,13 In the Korean setting, frequent per-

formance of MPA TDM after LT is fully covered by the 

nationwide social medical insurance, thus, it is possible 

to perform MPA TDM in all cases.

The effective therapeutic dose of MPA is currently 

unknown. We previously reported a relatively low in-

ter-individual correlation between MMF dosage and 

12-hour MPA concentration (r2=0.271, R=0.521, p
＜0.001); based on the posttransplant period, r2 was 0.153 

at 0-3 months, 0.228 at 4-12 months, 0.508 at 1-2 years, 

0.293 at 3-5 years, and 0.247 at ＞5 years. Regarding 

12-hour tacrolimus concentration, a similar degree of in-

ter-individual variation was observed (r2=0.247, R=0.497, 

p＜0.001); based on the posttransplant period, r2 was 

0.056 at 0-3 months, 0.162 at 4-12 months, 0.085 at 1-2 

years, 0.071 at 3-5 years, and 0.213 at ＞5 years. These 

results suggest that the inter-individual drug-concentration 

variation of tacrolimus was comparable to that of MMF.6 

Therefore, administration of MMF as MMF-based im-

munosuppression is not recommended in cases wherein 

MPA TDM is not conducted.

Inter-individual variation of MPA concentration is the 

most important point to consider before intentional con-

version to MMF monotherapy. In our LT program, nearly 

all of the patients who received MMF monotherapy were 

“naturally selected” through a process of trial-and-error, 

such that most of the poor absorbers dropped out. In prac-

tice, we have not attempted MMF monotherapy if the 

12-hour MPA trough level was ＜1.0 g/ml after daily 

intake of 1500 mg MMF because such cases can be re-

garded as poor MMF absorbers. Any compulsory applica-

tion of MMF monotherapy without consideration of MPA 

TDM might result in higher rates of acute rejection, which 

were presented in literature.14-18 In contrast, a prospective 

randomised trial of MMF monotherapy did not present 

any episodes of acute rejection during 5 years of the fol-
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low-up study period.19

In this study, the primary study goal was focused on 

the intra-individual variability of MPA concentration. In 

patients with normal renal function, the mean of in-

dividual CV value of 12-hour MPA concentration was 

2.5±0.5 g/ml with 20.4±7.7% of CV value, which was 

lower than expected. In studies with renal transplantation, 

high inter-individual variability of tacrolimus was re-

portedly associated with a higher incidence of acute 

rejection.9,10 In contrast, in patients with renal dysfunction, 

the mean of individual CV value of 12-hour MPA concen-

tration was 3.7±0.9 g/ml of 12-hour MPA concentration 

with 24.5±4.9% of CV value, suggesting that the 12-hour 

MPA concentration significantly increased as a result of 

renal dysfunction; however, the intra-individual variability 

was not significantly influenced. Thus, the general con-

cept of MMF dose-adjustment based on MPA TDM can 

be applicable to patients with renal dysfunction. Based on 

the practical need, our secondary study goal was to devel-

op a method to determine the target MPA level in the sit-

uation of intra-individual variability in patients with renal 

dysfunction.

Pharmacokinetically, MPA metabolites are eliminated 

primarily via the kidneys, thus MPA concentration is 

greatly affected by renal function.4,5 The results of this 

study demonstrated that noticeable increase in serum crea-

tinine levels significantly raised the MPA level. We pre-

viously demonstrated that patients administering 500 mg 

MMF twice per day (MMF 1000 mg group) showed a 

12-hour MPA trough level of 1.20±0.35 g/ml at the serum 

creatinine level of ≤1.4 mg/dl, 2.78±1.19 g/ml at the se-

rum creatinine level of 1.56-3.35 mg/dl without hemodial-

ysis, and 3.83±0.87 g/ml at higher serum creatinine level 

of 3.55-8.31 mg/dl with hemodialysis.8 Thus, the im-

portance of meticulous MPA TDM especially in patients 

with renal dysfunction is emphasized.

The present study had several limitations. First, this is 

a retrospective, single-center study with a small number 

of patients. Thus, multi-center studies are necessary to re-

cruit more patients. Second, we selected only the patients 

showing stable liver function on MMF monotherapy, thus 

they might be highly selected already. Studies are required 

that include a patient pool that reflects various clinical sit-

uations in actual practice.

In conclusion, the results of this study provided the de-

tailed information on inter- and intra-individual variability 

of 12-hour MPA concentration. MPA TDM is necessary 

to reasonably cope with the inter-individual and intra-in-

dividual variability of MMF pharmacokinetics in LT 

recipients.
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