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Abstract

AIM: To investigate the tacrolimus dosage requirements
and blood concentrations in adult-to-adult right lobe
living donor liver transplantation (AALDLT) recipients
with small-for-size (SFS) grafts.

METHODS: During January 2007 and October 2008, a
total of 54 cases of AALDLT with an observation period
of 6 mo were enrolled in this study. The 54 patients
were divided into two groups according to graft-
recipient body weight ratio (GRBW): SFS grafts group
(Group S, GRBW < 0.8%, n = 8) and non-SFS grafts
group (Group N, GRBW = 0.8%, n = 46). Tacrolimus
12-hour blood levels and doses were recorded during
weeks 1, 2, 3 and 4 and months 2, 3, 4, 5 and 6 in
group S and group N. Meanwhile, acute rejection rates,
liver and renal function test results, and the number
of potentially interacting medications were determined
at each interval in the two groups. A comparison of
tacrolimus dosage requirements and blood levels were
made weekly in the first month post-surgery, and
monthly from months 2 to 6.

RESULTS: There were no differences in the demo-

graphic characteristics, acute rejection rates, liver and
renal function test results, or the number of potentially
interacting medications administered between the two
groups. The tacrolimus dosage requirements in group
S were significantly lower than group N at 2 wk (2.8 %
0.4 mg/d vs 3.6 £ 0.7 mg/d, P = 0.006), 3 wk (2.9 %
0.7 mg/d vs 3.9 £ 0.8 mg/d, Z = 0.008), 4 wk (2.9
0.8 mg/d vs 3.9 £ 1.0 mg/d, P = 0.023) and 2 mo (2.8
+ 0.7 mg/d vs 3.8 £ 1.1 mg/d, P = 0.033). Tacrolimus
12-h trough concentrations were similar between the
two groups at all times except for 2 wk post-trans-
plantation, when the concentrations were significantly
greater in group S recipients than in group N recipients
(11.3 £ 4.8 ng/mL vs 7.0 £ 3.8 ng/mL, P = 0.026).

CONCLUSION: SFS grafts recipients have significantly
decreased tacrolimus dosage requirements compared
with non-SFS grafts recipients in AALDLT during the
first 2 mo post-surgery.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

With the shortage of cadaveric donor organs, living donor
liver transplantation (LDLT) is generally accepted for end-
stage liver disease. In LDLT, the graft size is inevitably
small and requires regeneration, especially in small-for-
size (SES) grafts. Various studies have indicated that liver
regeneration and function return rapidly in both donor
and recipient after transplantation“'ﬂ. However, several
studies have shown that living donor liver transplant
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recipients required smaller doses of tacrolimus compared
with deceased donor liver transplant patients“’s], which in-
dicated that liver regeneration could affect the metabolism
of tacrolimus in LDLT. The liver is a large metabolic pool
which metabolizes many drugs including immunosuppres-
sant drugs in humans. Tacrolimus, a calcineurin inhibitor,
is predominantly metabolized in the liver by cytochrome
P450 3A4 (CYP3A4)". Kishino e# a/” reported that inter-
and intra-individual variations in CYP3A4 activity were
caused by differences in the actual ratio of graft vol-
ume (GV) to standard liver volume (SV) and donor age.
Furthermore, Fukatsu ¢z al” reported that graft hepatic
weight was significantly correlated with clearance of ta-
crolimus. One possible explanation for the high variability
of the optimal tacrolimus dose and its pharmacokinetics
is the difference in graft size. In recent years, LDLT in
adult patients with SES grafts has become increasingly
acceptedm. However, questions related to this technique
have arisen: What are the tacrolimus dosage requirements
in SES grafts which require adequate liver regeneration?
Does liver regeneration of SFS grafts have any impact
on tacrolimus metabolism? Are there any differences in
tacrolimus dosage requirements between SES grafts and
non-SES grafts in LDLT? The answers to these questions
are unknown because there are few studies on tacrolimus
dosage requirements in LDLT with SES grafts in the ex-
isting literature. Hence, the purpose of this study was to
determine the tacrolimus dosage requirements and blood
concentrations in adult-to-adult right lobe living donor liv-
er transplantation (AALDLT) recipients with SES grafts.

MATERIALS AND METHODS

Inclusion and exclusion criteria

Patients were included in this analysis if they were
18 years or older, had their transplantation performed
at West China Hospital, received tacrolimus as basic
immunosuppression and were followed up for at least
6 mo post-surgery. Exclusion criteria: (1) Patients
receiving dual liver grafts. (2) Patients who had undergone
combined liver and kidney transplantation. (3) Patients
who were followed up for less than 6 mo and who
were lost to follow up. (4) Patients who underwent
retransplantation. And (5) patients who received
cyclosporine as basic immunosuppression.

Recipients and donors

According to the inclusion and exclusion criteria, the
study enrolled 54 AALDLT recipients and 54 donors
who underwent right lobe hepatectomy at West China
Hospital of Sichuan University during January 2007 and
October 2008.

The 54 donors consisted of 34 males and 20 females.
Donor age ranged from 19 to 53 years (mean, 30.9
t 8.5 years). The relationships of the donors to the
respective patients were: four fathers, three mothers,
11 offspring, 16 brothers, eight sisters, five wives, two
husbands and five friends.

All the recipients underwent LDLT using right lobe
graft without a middle hepatic vein. Of the 54 recipients, 45

(83.3%) were male and 9 (16.7%) were female. The average
age of the recipients was 43 (27-64) years. Indications
for transplantation were: chronic hepatitis B with liver
cirthosis (18 cases); fulminant hepatic failure (six cases);
hepatocellular carcinoma (28 cases) and other causes (two
cases). The pre-transplantation MELD scores of the
recipients were 1-13 in 30 patients, 14-24 in 16 patients, and
= 25 in eight patients.

According to the GRBW, the 54 AALDLT recipients
were divided into two groups: group S (GRBW < 0.8%),
eight cases and group N (GRBW = 0.8%), 46 cases.
Written informed consent was obtained from both donors
and recipients before surgery, and all the AALDLTSs were
apptroved by the Ethics Committee of West China Hospital.

Immunosuppression protocols
Basic postoperative immunosuppression consisted of cot-
ticosteroids and tacrolimus (Prograf; Fujisawa, Osaka, Ja-
pan). Supplemental immunosuppression consisted of my-
cophenolate mofetil (for benign diseases) or azathioprine
(for malignant diseases). Initial steroid tapers consisted of
1000 mg of intravenous (IV) methylprednisolone intraop-
eratively, followed by a 7-d taper (50 mg Q06h day 1, 40 mg
QG6h day 2, 30 mg QOh day 3, 20 mg QO6h day 4, 20 mg
Q8h day 5, 10 mg QO6h day 6 and 10 mg Q8h day 7) to
20 mg of oral prednisone once daily. The corticosteroid
was withdrawn from all patients within 3 mo after trans-
plantation. Initial suspected or biopsy-proven trejections
were treated with two 500-mg IV methylprednisolone bo-
luses on consecutive days, followed by a 7-d taper to 20 mg
of oral prednisone once daily.

Severe or steroid-resistant rejections were treated with a
7- to 14-d course of muromonab-CD3 (Orthoclone OKT3;
Orthobiotech Products, Raritan, NJ, USA). Initial tacrolimus
doses were 0.05-0.1 mg/kg per day divided into twice-
daily dosing. Tacrolimus doses were adjusted to achieve a
target 12-h trough concentration of 10-15 ng/mlL for the
first 3 mo post-transplantation, followed by 5-10 ng/mL
thereafter. Tacrolimus 12-h trough concentrations were
analyzed by the IMx assay (Abbott Laboratories, Chicago,
IL, USA).

Data collection

Tacrolimus daily doses and 12-h trough blood levels were
recorded in both group S and group N at the following
intervals after transplantation: weeks 1, 2, 3 and 4 and
months 2, 3, 4, 5 and 6. At each interval, serum aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), total bilirubin (IB), albumin (Alb), and cteatinine
(Cr) levels were recorded. Tacrolimus 12-h trough
concentrations, AST, AL'T, TB, Alb and Cr were measured
twice weekly in the first month post-surgery, and weekly
from month 2 to 6. At each interval, values recorded
for dose, level, and respective liver function and kidney
function test results represent the mean value over the
past days. Meanwhile, acute rejection rates and the number
of potentially interacting medications were determined
at each interval in the two groups. Body weight was also
recorded for each patient at each interval.
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Post-transplant (d)

Group S Group N P Maedication interaction factors Group S Group N P
Recipients’ age (yr) 419+116 434+73 NS (0.695) Patients administered interacting 2/8 7/46 NS
Donors’ age (yr) 28.6+44 318+95 NS (0.246) drugs
Sex (Male/female) 6/2 39/7 NS (0.864) Total number of treatment courses 4 9 NS
MELD score NS (0.911) Interacting drugs
1-13 5 25 Fluconazole 1 3 NS
14-24 2 14 Felodipine 1 2 NS
=25 1 7 Lansoprazole 2 4 NS
Indications for LDLT NS (1.000) Average length of therapy (d) 7 93 NS
Cirrhosis 3 15 No. of treatment courses on NS
HCC 4 24 postoperative day
FHF 1 5 1-30 5
Others 0 2 31-60 1 3
Rejection 1/8 4/46 NS (0.567) 61-180 0 1
Body weight 66.6+7.6  61.7+9.8 NS (0.244)
Biliary anastomosis NS (0.484)
Roux-en-Y 1(12.5) 3(7) 18 - @ Group S
Choledochocholedochostomy 7 (87.5) 43 (93) 16 L —m- Group N
NS: Not significant. ~14 r
%, 12 ~%
£ {
6 [ Group N g 10
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g°f S 6l
a 8
E S a4
b
S 2r
g 0 1 1 1 1 1 1 1
% 0 30 60 90 120 150 180 210
8

wi w2 w3 w4 M2 M3 M4 M5 M6
Time after transplant

Figure 1 Tacrolimus dosage requirements (week 1 to month 6). °P < 0.05.

Statistical analysis

Quantitative descriptive data were expressed as mean
+ standard deviation (SD) or median (minimum to
maximum). Qualitative descriptive data were expressed
as percentages. Fisher’s Exact, Xz, Student’s 7 and rank
tests were used for statistical analysis. Tacrolimus doses
and 12-h trough concentrations were compared weekly
for the first month post-transplantation. For months 2-6
post-transplantation, tacrolimus doses and 12-h trough
concentrations were compared monthly. ALT, AST,
TB, Alb, and Cr were also compared between the two
groups over the 6-mo period. All statistical analyses were
performed using SPSS version 16.0 for Windows statistical
software (SPSS Inc., Chicago, IL, USA). Differences with a
Pvalue < 0.05 wete considered significant.

RESULTS

The demographics of group S and group N cohorts are
listed in Table 1. There were no differences between the
two groups with regard to recipients’ age, donors’ age, sex,
and MELD score. In addition, there were no differences
between the two groups in indications for transplantation
or number of treated rejection episodes. There were no

Figure 2 Tacrolimus 12-h trough level. °P < 0.05.

differences between the two groups with regard to the
number of patients administered an interacting drug, total
number of courses of an interacting drug, or duration of
therapy (Table 2). Mean body weight for SES grafts recipi-
ents undergoing AALDLT was slightly higher (66.6 kg)
than for non-SFS grafts recipients undergoing AALDLT
(61.7 kg, P = 0.244 not significant). The proportion of
group S who underwent Roux-en-Y anastomosis was
greater than that in group N, however, not statistically sig-
nificant (12.5% vs 7%, P = 0.484).

Tacrolimus dosage requirements for each group over
the first 6 mo post-transplantation are shown in Figure 1.
There was no significant difference in doses during the
first week. The tacrolimus dosage requirements in group
S were significantly lower than those in group N at 2 wk
(2.8 £ 0.4 mg/d »s 3.6 £ 0.7 mg/d, P = 0.006), 3 wk (2.9
+ 0.7 mg/d »s 3.9 £ 0.8 mg/d, P = 0.008), 4 wk (2.9 =
0.8 mg/d »s3.9 + 1.0 mg/d, P = 0.023) and 2 mo (2.8 £
0.7 mg/d »s 3.8 £ 1.1 mg/d, P = 0.033). At 3, 4, 5 and
6 mo post-transplantation, there was no statistically sig-
nificant difference between the two groups with regard
to tacrolimus dosage requirements.

Despite having lower dosage requirements at 2, 3 and
4 wk and 2 mo post-transplantation, tacrolimus 12-h blood
concentrations were not significantly different between the
two groups except for week 2 post-transplantation (11.3
+ 4.8 ng/mL »s 7.0 * 3.8 ng/mL, P < 0.05, Figure 2). In
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Month
1 2 3 4 5 6

Group N

ALT (IU/L) 1159 67.9 43.6 39 38 37.7

AST (IU/L) 52.7 47 349 39.3 36.1 38.9

TB (umol/L)  23.1 18.5 17.2 14.9 17.6 17.9

Alb (g/L) 35.1 40.7 429 41.2 43 427

Cr (umol/L)  55.5 55.1 59 55.7 54.1 5243
Group S

ALT (IU/L) 1242 78.2 46.8 415 34.4 39.7
AST (IU/L) 62.6 53.4 425 39.9 38.8 39.3

TB (umol/L) 332 225 196 181 16 15.6
Alb (g/L) 336 397 423 427 439 429
Cr(umol/I) 569 583 6l 617 645 63

addition, there were no significant differences between the
two groups with regard to ALT, AST, TB, Alb, or Cr over
the entire study petiod (Table 3).

DISCUSSION

LDLT has emerged as an effective alternative strategy to
overcome donor organ shortage. In recent years, LDLT
in adult patients with SES grafts has become increasingly
acceptedm. With SES grafts, it is considered that reduced
functional liver mass is a necessity for adequate liver
regeneration. Nevertheless, the liver is a large metabolic
pool which metabolizes many drugs including immu-
nosuppressant drugs in humans. Tacrolimus (FK500) is
a potent immunosuppressive agent that is widely used
in organ transplantation“[”. Because FK506 has serious
side-effects (such as nephrotoxicity, hypertension and
neurotoxicity) and a narrow therapeutic window (5-
20 ng/mL)l“J, the desired blood concentration should
be achieved as soon as possible. However, tacrolimus
dosage requirements and blood concentrations in LDLT
with SES grafts have not yet been reported.

Ours results indicated that tacrolimus dosage require-
ments were substantially reduced in AALDLT recipients
with SFS grafts compared with non-SFS grafts recipients
during the first 2 mo post-transplantation despite having
similar 12-h trough concentrations. Beyond 2 mo post-
transplantation, dosage requirements between the two
groups were similar.

The reason for the relatively low tacrolimus dosage
requirements in SES grafts recipients during the first 2 mo
post-transplantation is not clear. However, there are sev-
eral possibilities. We analyzed pharmacokinetic variables
between group S and group N (such as absorption, vol-
ume of distribution, and clearance) to explain the dosage
requirement difference. Tacrolimus dosage requirements
may be reduced by increased absorption, decreased vol-
ume of distribution, or decreased clearance. Neither in-
creased absorption nor decreased volume of distribution
in group S was a possible explanation. The only difference
in group S and group N that could impact on absorption
was the greater proportion of AALDLT recipients with a
Roux-en-Y anastomosis. The proportion of group S who

underwent Roux-en-Y anastomosis was greater than that
in group N (12.5% o5 7%), but this was not statistically sig-
nificant (P = 0.484). Moreover, a Roux-en-Y anastomosis
1s associated with decreased immunosuppressive absorp-
tion""”, The volume of distribution of immunosuppres-
sants was larger rather than smaller in group S because of
their heavier body weight (SFS grafts recipients were 4.9
kg heavier than non-SFS grafts recipients).

Another explanation for the lower tacrolimus dosage
requirements in group S might be reduced immunosup-
pressive clearance, which may be explained by two pos-
sible mechanisms. The first possible mechanism is that
as the graft size in group S was smaller than in group N,
it did not meet the demands of metabolism. SFS grafts
have a relatively small liver mass because the GRBW is
less than 0.8% and severe ischemic injuries caused by
decreased hepatic arterial inflow or even hepatic artery
thrombosis can occur” ", Fukatsu ez a/” reported that
graft hepatic weight was significantly correlated with
clearance of tacrolimus in adult patients who had under-
gone LDLT, and Sugawara ez a/mreported that the op-
timal tacrolimus dose was best correlated with GV/SV
ratio. Lee ez al'” reported that the clearance of tacrolim-
us was related to GRWR and the clearance of tacrolimus
was decreased in patients with a small graft. Kishino e a/"”
reported that the mean Ti/2 of tacrolimus in patients
with SFS grafts (GV/SV ratio: smaller than 50%) was
significantly (P < 0.05) longer than that in patients with
GV/SV larger than 51%. These results suggest that graft
size is important and could influence the clearance of
tacrolimus. The reason why graft size can influence the
clearance of tacrolimus is not very clear. CYP3A4 con-
tent and activity in liver grafts may partially explain the
problem. Tacrolimus is mainly metabolized by CYP3A4
in the liver and intestine™"”. Powis e a/*" reported that
CYP3A4 content and activity in human liver tissue de-
creased rapidly after surgical removal, and Kishino ez a/”
reported that inter- and intra-individual variations in
CYP3A4 activity were caused by differences in GV/SV
ratio and donor age. In other words, the reduced CY-
P3A4 content and lower CYP3A4 activity in SES liver
grafts could partially explain the difference in tacrolimus
dosage requirements between group S and group N.

Another explanation for reduced immunosuppressive
clearance in SES liver grafts may be related to several
cytokines and growth factors. Several studies”"* have
revealed that a SFS liver graft retained the capacity
to regenerate faster by modulation of the expression
pattern of HGF, IL-6 and TGF-f1 immediately after
LDLT and both the regeneration rates and the levels of
cytokines and growth factors were higher in SES liver
grafts than normal sized liver grafts. These markers have
also shown an ability to decrease cytochrome P450 3A
activity in the liver in both mice and humans™ ", which
may decrease its ability to metabolize drugs. In other
words, there were many more cytokines and growth
factors (such as HGE, IL-6) in SES liver grafts, which
could decrease the clearance of tacrolimus.
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In order to eliminate the impact of drug interactions,
the potential medications which could affect tacrolimus
level were determined in the two groups. It was noted
in several studies that fluconazole, felodipine and
lansoprazole could elevate tacrolimus blood level by
inhibiting the activity of CYP3A4”* 1In the present
study, the majority of patients in both groups were
administered interacting drugs in the first month post-
transplantation. However, there were no differences
between the two groups with regard to the number of
patients administered an interacting drug, total number of
courses of an interacting drug, or duration of therapy. As
a result, the impact of drug interactions was balanced in
the two groups.

To make a rough determination of hepatic function
and kidney function in group S and group N, we
measured serum AST, ALT, TB, Alb, and Cr levels
at each interval post-transplantation in both groups
of patients. AST, ALT, and TB reflected the hepatic
metabolic function while Alb was responsible for the
synthetic function of the liver. AST, ALT, and TB levels
were slightly greater at almost all follow-up intervals and
Alb level was slightly lower in group S in the first 3 mo
post-transplantation, although there was no statistical
significance. This could not explain the difference in
tacrolimus dosage requirements between group S and
group N, however, more sensitive measures of hepatic
function, i.e. galactose, caffeine, indocyanine green
and monoethylglycinexylidide clearance test, should be
performed to confirm the hypothesis.

There are several limitations to this study. Firstly, the
sample size was small in group S. In addition, we did
not study tacrolimus pharmacokinetics in this analysis
which may have strongly affected the difference in the
tacrolimus dosage requirements between the two groups.

In conclusion, AALDLT recipients with SFS grafts
have significantly decreased tacrolimus dosage requirements
compared with non-SES grafts recipients during the first
2 mo post-surgery, in spite of having similar tacrolimus
concentrations. We recommend that relatively low initial
doses of tacrolimus should be administered to these
patients.

COMMENTS

Background

Several studies have shown that living donor liver transplant recipients required
smaller doses of tacrolimus compared with deceased donor liver transplant
patients, which indicated that liver regeneration could affect the metabolism of
tacrolimus in living donor liver transplantation (LDLT). However, there are few
studies in the existing literature on tacrolimus dosage requirements in LDLT
with small-for-size (SFS) grafts which require adequate liver regeneration.
Research frontiers

In recent years, LDLT in adult patients with SFS grafts has become increasingly
accepted. The administration of immunosuppressants for SFS grafts has not been
explicitly reported due to limited studies. In this field, the research goal was to
determine the optimal initial tacrolimus dose for LDLT recipients with SFS grafts.
Innovations and breakthroughs

Several studies have shown that living donor liver transplant recipients required
smaller doses of tacrolimus compared with deceased donor liver transplant
patients. This is the first study to compare tacrolimus dosage requirements in

patients who received a graft with adequate hepatic mass and patients who
received a SFS graft in LDLT.

Applications

This study revealed that relatively low initial doses of tacrolimus should be
administered to patients who receive a SFS graft in LDLT, which is a good
guideline to follow for the rational administration of tacrolimus in future LDLT
recipients with SFS grafts.

Terminology

SFS graft: SFS liver graft, this is generally considered when a graft has a graft-
recipient body weight ratio (GRBW) less than 0.8% in LDLT. GRBW: Graft-
recipient body weight ratio.
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