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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• The activity of drug-metabolizing enzymes,

primarily cytochrome P450 enzymes, can
determine a patient’s response to a drug.

• Therapeutic failure or drug toxicity in the
postoperative period after liver
transplantation is influenced by the drug
metabolizing capacity of the graft.

• Dose adjustment or selection of an
alternative drug, which is not a substrate for
the polymorphic enzyme may prevent the
development of side-effects in recipients of
poor metabolizer liver grafts.

WHAT THIS STUDY ADDS
• A validated analytical system with

metabolomic tools has been developed to
estimate the drug-metabolizing capacity of
transplanted liver, which allows the
prediction of potential poor metabolizer
phenotypes of donors and facilitates the
improvement of individual recipient
therapy.

• In the test of drug-metabolizing status, one
of the liver grafts was found to be a CYP2C9
poor metabolizer, while the other was a
CYP2C19 poor metabolizer.

• Rationalization of the medication resulted in
the recovery of both the grafts and the
recipients within 1 week.

AIMS
The drug-metabolizing capacity of transplanted liver highly influences
drug efficacy or toxicity, particularly in the early postoperative period.
The aim of our study was to predict therapeutic failures or severe
adverse drug reactions by phenotyping for cytochrome P450 (P450)
polymorphism resulting in reduced or no activity of the key
drug-metabolizing enzymes.

METHODS
A validated analytical system with metabolomic tools has been
developed for estimation of the drug-metabolizing capacity of
transplanted liver, which allows the prediction of potential poor
metabolizer phenotypes of donors and facilitates improvement of the
individual recipient therapy.

RESULTS
Of the 109 liver donors in Hungary, the frequency of poor metabolizers
was found to be 0.92%, 5.5% and 8.3% for CYP2C9, CYP2C19 and
CYP2D6, respectively. In the present study, two liver grafts transplanted
in paediatric recipients were reported to be poor metabolizer
phenotypes. The liver grafts presented normal function in the early
postoperative days; 2 weeks after transplantation, however, increasing
liver enzymes were detected. Histological investigation of a liver biopsy
suggested drug toxicity. The test of drug metabolizing status showed
one of the liver grafts to be a CYP2C9 poor metabolizer, and the other
was found to be a CYP2C19 poor metabolizer. Rationalization of the
medication resulted in the recovery of both the grafts and the
recipients within 1 week.

CONCLUSIONS
Prospective investigation of the P450 status may lead to the
optimization of drug choice and/or dose for a more effective therapy,
avoid serious adverse effects, and decrease medical costs. Phenotyping
donor livers and tailored medication can contribute to the
improvement of graft and recipient survival.
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Introduction

Liver transplantation (LTx) is an effective treatment for
patients with end stage liver disease. However, the widen-
ing gap between the waiting list and available cadaveric
livers continues to affect adversely mortality rates of can-
didates on the waiting list. On the other hand, improve-
ment in surgical techniques, anaesthesiology, intensive
care and immunosuppression have led to increasing
recipient and graft survival, and further efforts are made to
minimize the risk of graft dysfunction after LTx. Early graft
dysfunction is associated with the quality and type of liver
graft, type of preservation fluid and length of cold and
warm ischaemic time [1]. Late graft dysfunction is mani-
fested by rejection, infection, or recurrence of liver disease
[2]. One of the causes scarcely considered as a factor con-
tributing to graft and patient survival is the drug-
metabolizing capacity of the donor liver [3].

Therapeutic failure or drug toxicity in the postoperative
period is influenced by the drug-metabolizing capacity of
the graft.This capacity depends primarily on the levels and
activities of the cytochrome P450 enzymes (P450). P450
enzymes play a central role in the biotransformation of
various xenobiotics (drugs, pesticides, food additives, and
chemical pollutants) to more polar compounds, which are
readily excreted [4].The metabolites of a drug can be inac-
tive or less active than the parent compound, although
some biotransformation products show enhanced phar-
macological or toxicological activity. The activity of P450
enzymes can determine the recipient’s response to a drug.
Any change in the activity of P450 isoforms influences the
rate of activation or inactivation of drugs. The metabolic
conversion and excretion rate of drugs vary between
individuals, from extremely slow to ultrafast. The most
important reason for interindividual variation in drug
metabolism is genetic polymorphism of P450 genes. Some
P450 genes (CYP2C9, CYP2C19, CYP2D6, CYP3A5) are highly
polymorphic, resulting in enzyme variants with reduced or
even no activity [5].The genetically determined variance in
enzyme activity is further modulated by environmental
factors (comedication, nutrition) resulting in different drug
metabolism phenotypes [6]. For many drugs, three major
phenotypes can be distinguished:poor metabolizers, inter-
mediate metabolizers and extensive metabolizers [7]. As is
well known, a significant proportion of adverse drug reac-
tions as well as therapeutic failures is caused by genetically
based differences in drug metabolism and elimination
[8, 9]. Individuals with inactivating mutations and lack of
functional activity in P450 enzymes need tailored drug
treatment in order to avoid excessive drug concentration
and toxic effects. Dose adjustment or selection of an alter-
native drug, which is not a substrate for the polymorphic
enzyme, can prevent the development of side-effects in
poor metabolizers [8].

Donor livers can be screened for drug-metabolizing
capacity using phenotyping approaches. A validated

analytical system with metabolomic tools has been estab-
lished for estimation of the drug-metabolizing capacity of
liver grafts. This system allows the prediction of donors
with potential poor metabolizer phenotypes. Our knowl-
edge of poor metabolizer status facilitates tailoring of the
individual recipient therapy in the early postoperative
period and also advances the rationalization of medication
after liver transplantation. A well-designed therapeutic
strategy adjusted to the drug-metabolizing capacity of the
graft may also contribute to the reduction of hospitaliza-
tion of the recipients. The main goal of this study was to
determine the incidence of poor metabolizer phenotypes
in liver donors in Hungary and to analyze the clinical
impact of P450 polymorphism in the case of 16 donor-
recipient pairs of reduced-size LTx.

Methods

Study design
Liver tissues of 109 donors retrieved during the period
1997–2006 by the liver team of Semmelweis University
were used for phenotyping of the P450 status. Post-
operative drug therapy for 16 patients who underwent
split liver-graft transplantation was adjusted to the P450
phenotype of the donor liver in order to avoid drug-
toxicity caused by poor metabolizing capacity.

Liver tissue donors
The drug-metabolizing capacity of livers (n = 93) not
selected for transplantation or liver tissue remaining after
reduced-size LTx (n = 16) was determined by P450 pheno-
typing approaches. Demographic data of all donors,
subdivided as groups selected and not selected for trans-
plantation are shown in Table 1. The livers were retrieved
from haemodynamically stable brain dead donors with
normal or near normal liver function. Organ procurement
was performed according to well described techniques
[10]. The livers were perfused and stored in HTK (Fresenius
AG, Bad Homburg v.d.H., Germany). The use of human
tissue for scientific research was approved by the Hungar-

Table 1
Demographic data of liver donors (n = 109)

Non-transplanted
(n = 93)

Transplanted
(n = 16)

Sex:

Male 60.2% 31.3%

Female 39.8% 68.7%

Age (years) 43 (16–74) 25 (13–63)

Cause of death

Intracranial bleeding 68.7% 43.7%

Cerebral contusion 31.3% 56.3%
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ian Regional Committee of Science and Research Ethics. All
experimental activities were carried out under the regula-
tion of Act CLIV of 1997 on Health and the decree 23/2002
of the Minister of Health of Hungary.

Human liver microsomes
Tissues were homogenized in 0.1 M Tris-HCl buffer (pH 7.4)
containing 1 mM EDTA and 154 mM KCl. The hepatic
microsomal fraction was prepared by differential centrifu-
gation [11]. All procedures of preparation were performed
at 0–4°C. The protein content of microsomes was deter-
mined by the method of Lowry et al. [12], with bovine
serum albumin as the standard.

P450 enzyme assays
Published methods were followed to determine selective
enzyme activities: phenacetin O-dealkylation for CYP1A2
[13], coumarin 7-hydroxylation for CYP2A6 [14], mepheny-
toin N-demethylation for CYP2B6 [15], tolbutamide
4-hydroxylation for CYP2C9 [16], mephenytoin
4′-hydroxylation for CYP2C19 [17], dextromethorphan
O-demethylation for CYP2D6 [18], chlorzoxazone
6-hydroxylation for CYP2E1 [19], and nifedipine oxidation
for CYP3A4/5 [20]. The incubation mixture contained a
NADPH-generating system (1 mM NADPH, 10 mM glucose
6-phosphate, 5 mM MgCl2 and 2 units ml-1 glucose
6-phosphate dehydrogenase), human liver microsomes
and various substrates selective for P450 forms (phenace-
tin, coumarin, mephenytoin, tolbutamide, dextromethor-
phan, chlorzoxazone, or nifedipine). The amount of
microsomal protein used in enzymatic reactions was
0.8 mg ml-1 except for coumarin 7-hydroxylation
(0.4 mg ml-1) and phenacetin O-dealkylation (1 mg ml-1).
Microsomal P450 enzymes worked linearly in a 10–30 min
incubation period. Enzyme reactions were terminated by
the addition of ice-cold methanol. HPLC or fluorometric
analyses were performed according to published methods
[13–20]. Donor livers with P450 activity under the limit of
quantification for the corresponding metabolite were con-
sidered to be of poor metabolizer phenotype. The lower
limit of quantification was 1 pmol ml-1 for 7-hydroxy-
coumarin (CYP2A6), 50 pmol ml-1 for acetaminophen
(CYP1A2) and hydroxy-tolbutamide (CYP2C9),
100 pmol ml-1 for 4-hydroxy-mephenytoin (CYP2C19),
200 pmol ml-1 for nirvanol (CYP2B6), 6-hydroxy-
chlorzoxazone (CYP2E1) and oxidized nifedipine (CYP3A4),
and 500 pmol ml-1 for dextrorphan (CYP2D6). All measure-
ments were performed in duplicate with <5% inter- and
intraday precision.

Liver transplantation and recipient therapy
Sixteen patients who underwent partial LTx at the Trans-
plantation and Surgical Clinic were enrolled in the study.
The donor liver was split along the falciform ligament by
standard liver resection techniques [21], separating the
extended right lobe for transplantation and the left lateral

segments for P450 phenotyping. Immunosuppressive
therapy of the patients included cyclosporin A, mycophe-
nolic acid and prednisone. In the case of acute rejection,
the patient was treated with prednisone for 3–4 days.
Trough concentrations of cyclosporin A were determined
every day. Infection prophylaxis (co-amoxicillin and cypro-
floxacin) continued for 48 h after transplantation. Routine
treatments for ulcer prevention (omeprazole or pantopra-
zole), Pneumocystis jiroveci pneumonia prophylaxis
(sulfamethoxazole-trimethoprim) and herpes prophylaxis
(acyclovir) were administered. Fluconazole was used as an
antifungal agent when necessary.Valgancyclovir was given
for cytomegalovirus prophylaxis. Liver and kidney function
were monitored routinely. Liver biopsy was performed,
depending on the clinical picture, to assess the degree of
rejection, drug toxicity, necrosis, cholestasis, steatosis or
other pathological signs in the early and late postoperative
period. Histological diagnosis was based on haematoxylin
and eosin, PAS and sirius red staining.

Data analysis
P450 enzyme activities were expressed as mean � SD
values.Data analysis was performed using GraphPad InStat
version 3.05 (GraphPad Software, San Diego, CA). Frequen-
cies of poor metabolizers were calculated on the basis of
phenotyping tests.

Results

Variations in P450 enzyme activities in
Hungarian donors
Maximal catalytic activity assays of various P450 enzymes
participating in drug metabolism were determined in
hepatic microsomal fractions of 109 Hungarian (Cauca-
sian) cadaveric donors. The choices of selective substrates
to identify P450 activities were based on published reports
[13–20]. The Vmax values represent the drug-metabolizing
capacity of the liver grafts at the time of explantation. P450
activities towards selective marker substrates varied in the
range of 10- or 100-fold (Table 2). In some cases, the activi-
ties ranged from nonquantifiable to a high value. Figure 1
shows the frequency distributions of CYP2C9, CYP2C19
and CYP2D6 activities. Liver donors with functional defi-
ciency were considered to be poor metabolizers.After phe-
notyping the 109 liver donors, the frequency of poor
metabolizers was found to be 0.92%, 5.5% and 8.3% for
CYP2C9, CYP2C19 and CYP2D6, respectively. Ultrarapid
metabolizers of the CYP2D6 substrate comprised 5.5% of
the donors (Figure 1C). The drug-metabolizing capacity of
the rest of the donors ranged between the extremes.

Transplantation of partial liver grafts
From January 1997 to July 2006, 16 (14 paediatric and
two adult) patients underwent partial LTx at the
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Transplantation and Surgical Clinic. The primary liver dis-
eases of recipients included congenital hepatic fibrosis
(eight patients), fulminant liver failure (five patients), gly-
cogenosis (one patient), primary sclerosing cholangitis
(one patient) and primary biliary cirrhosis (one patient).
The male : female ratio was 9 : 7. The mean Child-Pugh
score was 9 (ranging between 5 and 15). The mean cold
ischaemic time was 380 min (ranging between 340 and
615 min) and the mean warm ischaemic time was 58 min
(ranging between 30 and 110 min).

All liver grafts were implanted uneventfully and pre-
sented normal liver function after 1 week. There were no
vascular complications. One case with biliary tract compli-
cation was observed (6.2%). Re-operation for bleeding was
performed in three cases (18.7%). One paediatric patient
was succesfully retransplanted because of late biliary tract
complications. Acute rejection was detected and treated
successfully with steroid shot therapy (prednisone for
3–4 days) in seven cases (43.7%). Ten patients (62.5%)

Table 2
Characterization of human liver tissues (n = 109) for selective substrates
of P450 enzymes. The values are expressed as pmol product

mg-1 microsomal protein min-1

P450
Enzyme activity
Mean � SD Minimum Maximum

CYP1A2 267.9 � 209.38 blq 1107.1

CYP2A6 922.3 � 735.23 34.6 3806.7

CYP2B6 77.1 � 96.37 9.74 538.3

CYP2C9 245.3 � 194.19 blq 1056.0

CYP2C19 37.4 � 33.79 blq 160.1

CYP2D6 371.3 � 282.45 blq 1124.1

CYP2E1 1472.5 � 887.58 328.6 4983.1

CYP3A4/5 676.8 � 617.54 3.79 2861.5

blq, below the limit of quantification.
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Figure 1
Frequency distribution of CYP2C9 (A), CYP2C19 (B), and CYP2D6 (C) activities in Hungarian liver donors (n = 109)
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received fluconazole-based antifungal therapy for
7–18 days, depending on the clinical picture. The narrow
therapeutic range of cyclosporin A and the high potential
of metabolic drug interaction required daily determination
of blood concentrations of cyclosporin A and careful dose
adjustment. At present, 14 patients are alive with normal
graft function. The mortality rate was 12.5% (two patients
with fulminant liver failure). The 3-month and actual
patient survival rate was 87.5%. In two paediatric patients
(12.5%) transplanted with the HH-069 and HH-074 liver
grafts, significant elevation of the liver enzymes was
observed 2 weeks after LTx.

Clinical outcome for the recipients of grafts
HH-069 and HH-074
Two paediatric recipients, a 12-year-old girl with congeni-
tal liver fibrosis and a 16-year-old girl with primary scleros-
ing cholangitis, were transplanted with donor livers
HH-069 and HH-074, respectively. The donor HH-069 was
an 18-year-old woman who died in a traffic accident,
whereas HH-074 was a 25-year-old man who died from a
cerebral haemorrhage. After transplantation of the partial
liver grafts, the postoperative course in both cases was

uneventful without surgical complications. Doppler ultra-
sound examination showed normal graft circulation and
morphology.Two weeks after transplantation, a significant
increase in concentrations of transaminases, alkaline phos-
phatase or bilirubin indicated liver function failure
(Figure 2).A biopsy of the graft HH-069 showed liver necro-
sis, fatty degeneration, eosinophyl bodies and apoptosis
probably due to drug toxicity, without any signs of rejec-
tion or infection (Figure 3).

In the test of drug-metabolizing status of the liver
grafts at the time of explantation, the HH-069 liver
showed strongly reduced activity of CYP2C9, and HH-074
was found to be a poor metabolizer of CYP2C19 sub-
strates. Both liver grafts had normal CYP3A4 activity
(Table 3). Withdrawal of omeprazole, sulfamethoxazole-
trimethoprim and fluconazole was suggested because
of the functional CYP2C9 deficiency of the graft
HH-069. Rationalization of medication, withdrawal of
fluconazole and replacement of pantoprazole with famo-
tidine, was also proposed for the recipient of graft
HH-074. As a consequence of these alterations in
medication, both liver grafts recovered within 1 week
(Figure 2) and have retained normal function for more
than 1 year.
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Figure 2
Liver transaminases (A) (GOT, (�); GPT, (�)), alkaline phosphatase (�), g-glutamyl transferase (�) (B) and serum bilirubin (C) concentrations of recipients
transplanted with grafts HH-069 and HH-074. Arrows show the modification in medication
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Discussion

Lifelong monitoring of liver graft function is essential and
inevitable, since graft dysfunction may occur at any time
after transplantation. Low synthetic functions of the graft
and increasing or persistent elevations in liver transami-
nases, alkaline phosphatase, or bilirubin indicate hepatic
allograft dysfunction. Since the pattern of hepatic enzyme
elevations is frequently not helpful in discovering the
causes of allograft dysfunction, histological examination of
a liver biopsy may contribute to a distinct diagnosis (infec-
tion or rejection) [22]. Hepatic allograft dysfunction may
also occur as a consequence of drug therapy [23]. Medica-
tions commonly used for the treatment of transplant
patients, including azathioprine, sulfamethoxazole-
trimethoprim and antifungal agents (amphotericin B,

fluconazole) have been reported to cause hepatotoxicity
[24–26]. Macrolide antibiotics, such as erythromycin, have
been associated with cholestatic hepatitis [27]. Further-
more, lipid-lowering agents frequently used in liver recipi-
ents can be associated with chronic liver abnormalities
[28].The relationship between the onset of symptoms and
commencement of drug administration may provide a
clue to the presence of drug-related hepatotoxicity,
although it is usually difficult or impossible to exclude
unequivocally drug toxicity as the cause for liver graft dys-
function. Drug-related hepatic injury is manifested by
hyperbilirubinaemia associated with elevations in tran-
saminase and alkaline phosphatase concentrations. The
fact that a liver biopsy demonstrates a rather nonspecific
picture as a consequence of drug toxicity, may point to
some limitations of histological evaluation [22]. Drug-
induced hepatitis often reverses upon reduction or discon-
tinuation of the offending medication. However, it should
be noted that hepatic injury caused by drugs, e.g. amoxicil-
lin, may occasionally result in fulminant hepatic failure and
may lead to destruction of the liver graft in spite of with-
drawal of the drug [29].

The effectiveness of the postoperative drug therapy is
highly influenced by the drug-metabolizing capacity of the
donor liver [3]. In humans, there is a large interindividual
variability in drug metabolism, which results in different
pharmacological effects and toxicity of drugs in the popu-
lation.Variability is basically due to genetic polymorphisms
of the drug-metabolizing enzymes. CYP3A enzymes, which
account for almost 50% of total hepatic P450s,are the main
catalysts of many drugs including immunosuppressive
agents. Although no genetic polymorphism with clinical
relevance has been described for the CYP3A4 gene, a
greater than 30-fold interindividual variability was found in
nifedipine oxidase activity measured in the 109 grafts in our

A B

Figure 3
Histology (haematoxylin and eosin staining) of biopsy taken from HH-069 14 days after transplantation. Arrows point to a group of swollen ‘ground glass’
hepatocytes (A) and to an acidophilic (Councilman) body (B). (original magnification 400¥)

Table 3
P450 phenotyping of liver grafts. Drug-metabolizing capacity of grafts
showing normal function (n = 14) was compared with P450 activities of

grafts HH-069 and HH-074

P450
Enzyme activity (pmol mg-1 min-1)
Liver grafts (n = 14) HH-069 HH-074

CYP1A2 286.3 � 373.66 421.0 1107.1

CYP2A6 718.8 � 532.48 716.2 1354.1

CYP2B6 52.7 � 43.00 538.3 215.1

CYP2C9 271.2 � 89.70 blq 572.5

CYP2C19 29.5 � 17.25 32.8 blq

CYP2D6 442.2 � 116.64 604.8 1069.7

CYP2E1 1105.4 � 335.03 905.2 2135.5

CYP3A4/5 892.5 � 645.96 1013.9 1197.8

blq, below the limit of quantification.
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study.CYP3A4 is abundantly expressed in liver and the main
cause for interindividual variation is induction or inhibition
due to concomitant drug therapies or environmental
factors. In contrast, CYP3A5 expression is highly polymor-
phic.The frequency of defective CYP3A5 alleles resulting in
the absence of functional CYP3A5 in the liver is 90–93% in
Caucasians [30]. Since CYP3A4 and CYP3A5 have largely
overlapping substrate specificities, patients carrying func-
tional CYP3A5 alleles are expected to metabolize CYP3A
substrates at higher rates and they require a higher daily
dose. Owing to this and to the narrow therapeutic range,
continuous monitoring of immunosuppressive drug con-
centrations is essential.

Much has been learned about the genetic polymor-
phism of CYP2C9, CYP2C19 and CYP2D6, which have a sig-
nificant effect on the elimination of many drugs.
Treatment of poor metabolizers with average doses of
drugs leads to higher drug exposure, which may increase
the risk of adverse drug reactions or drug toxicity. This
means that we must take into consideration the effects
of different drugs routinely used after transplantion.
Screening the liver donors for poor metabolizer pheno-
types may improve the prospects of survival. In our study,
the results of 109 Hungarian (Caucasian) donors revealed
considerable interindividual variations in the activities of
the P450 enzymes which are in agreement with those
previously reported [31–33]. P450 activities varied by one
or even two orders of magnitude. In the case of CYP1A2,
CYP2C9, CYP2C19 and CYP2D6, the activities ranged from
undetectable to high Vmax values. These results can be
partly explained by genetic polymorphism, mainly of
CYP2C9, CYP2C19 and CYP2D6, which display different
functional allele variants. Poor metabolizer phenotypes of
CYP2C9, CYP2C19 and CYP2D6 are found in 1–2%, 2–6%
and 5–10% of Europeans, respectively [8, 34]. In our study,
liver donors with P450 activities under the limit of quan-
tification were considered to be poor metabolizers. The
rates of poor metabolizers for CYP2C9, CYP2C19 and
CYP2D6 in 109 Hungarian donors (0.92%, 5.5% and 8.3%,
respectively) were similar to rates in the Caucasian
population. The frequency of ultrarapid metabolizers
with extremely high microsomal dextromethorphan
O-demethylation activity was 5.5% in Hungarian donors.
This is in agreement with the variation reported by Lun-
dqvist et al. [35] who showed that the extreme increase in
CYP2D6 activity was a consequence of duplication or mul-
tiplication of the active CYP2D6 gene.

Sixteen patients transplanted with partial liver grafts
were included in our clinical study. In the case of two pae-
diatric patients transplanted with grafts HH-069 and
HH-074, liver dysfunction was observed 11–14 days after
transplantation. The rest of the patients presented almost
normal liver function and no signs of drug toxicity in this
period. On the basis of phenotyping analyses of donor
livers for these 14 recipients, none of the donors displayed
poor drug-metabolizing capacity.P450 phenotyping of the

livers HH-069 and HH-074 revealed that the donors were
poor metabolizers for CYP2C9 and CYP2C19 substrates,
respectively. This was assumed to lead eventually to drug-
induced liver toxicity. Withdrawal of the drugs involved
in metabolic drug interactions via CYP2C9, namely
sulfamethoxazole-trimethoprim, fluconazole and omepra-
zole, resulted in normalization of the HH-069 liver function
within 1 week. CYP2C9 is the principal enzyme involved in
drug interactions caused by sulfamethoxazole or flucona-
zole [36–38]. CYP2C9 is a minor enzyme in omeprazole
metabolism [39]. All of these drugs have been reported to
cause acute hepatitis, which resolves spontaneously on
discontinuation of the drugs [26, 40, 41]. Rationalization of
the drug therapy by withdrawing fluconazole and replac-
ing pantoprazole with famitidine also reversed the dys-
function of the HH-074 liver graft carrying defective
CYP2C19. CYP2C19 is the major enzyme in pantoprazole
biotransformation [42], whereas no P450 is involved in
famotidine metabolism and famotidine does not inhibit
the activity of any P450 [43]. It should be mentioned that
fluconazole has metabolic drug interaction potential with
substrates selective for not only CYP2C, but also for CYP3A
[37, 38]. The inhibition of CYP3A activity by fluconazole
leads to elevated blood concentrations of the immunosup-
pressive drug, cyclosporin A. For the paediatric recipients
transplanted with HH-069 and HH-074 liver grafts, the
trough concentrations of cyclosporin A were doubled
2 days after administration of fluconazole. P450 inhibition
occurs almost immediately at the beginning of treatment
and lasts while fluconazole is present; careful tailoring
(reduction) of the daily dose of cyclosporin A is essential
during treatment. Steroid shot therapy for acute rejection
also influences cyclosporin A concentrations. Since pred-
nisone is a potent CYP3A inducer resulting in more rapid
elimination of cyclosporin A [44], increase in the daily dose
of the immunosuppressive drug was required during pred-
nisone treatment and for some days after withdrawal of
the steroid.

P450 phenotyping of liver grafts on the basis of P450
enzyme activities provides information on the current
drug-metabolizing capacity. The measurement of P450
activities requires liver tissue (at least 0.5 g for eight P450
activities), which is easily obtained in the case of reduced-
size LTx. For recipients who undergo full-size LTx, drug-
metabolizing capacity can be predicted by P450
genotyping and phenotyping with transcriptomic tools.
Screening drug metabolizing function of the liver grafts
regarding poor metabolizer phenotypes can be an impor-
tant factor in patient and graft survival. As also verified by
these two cases, P450 phenotyping may contribute to the
evaluation of clinical and histological data and to the
determination of a proper diagnosis. Although the inci-
dence of poor metabolizer liver donors is not frequent,
about 1–10% in Caucasians for CYP2C9, CYP2C19 and
CYP2D6 enzymes, reduced drug metabolizing capacity
requires individual drug therapy.
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