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combined with mycophenolate mofetil (MMF) at an
initial dose of 1,000mg b.1.d, and corticosteroids which
was started with 1,000mg of methyl prednisolone
during anhepatic period, 100mg methyl-prednisolone
on day 1, tapered to 20mg on day 6, and 5mg on day
60. Anti-CD25 mAb (basiliximab) was administered
twice on days 0 and 4.

Control group .

Eleven patients of the control group received ei-
ther normal dosage of CNI (CsA 250-350ng/mL, FK
10-15ng/mL, N group) or low-dose CNI (LD group),
each without anti-CD25 mAb, which was not available
at the time of the study. MMF and steroids were ad-
ministered using the same doses as for LD-B group.

Postoperative renal function, incidence of acute
cellular rejection (ACR), patient survival, and other
clinical data were compared among these groups.
De novo hypertension was defined as hyperten-
sion requiring anti-hypertensive drugs after LDLT
without previous history of hypertension. De novo
diabetes mellitus was defined as new-onset diabe-
tes that required anti-diabetic drugs after LDLT
without previous history of diabetes mellitus.

To evaluate CNI concentration, the trough level
of tacrolimus was converted to 25x (FK trough) as
a CsA equivalent of tacrolimus to compare with the
CO0 of CsA.

Continuous data were expressed as mean+SD.
Group data sets were compared using student t-test
or Mann-Whitney U test. Categorical data were pre-

sented as percentages, and differences between pro-
portions were compared using the chi-square test. A
p value less than 0.05 was considered significant.

RESULTS

Six patients received low-dose CNI immuno-
suppressive regimen with anti-CD25 mAb (LD-B
group), whereas 8 patients received normal dos-
age of CNI with or without MMF (N group) and 3
patients received low-dose CNI without anti-CD25
mAb (LD group). Patients’ characteristics were sim-
ilar among the three groups, except that CNI was
mainly CsA in the LD-B and LI group, whereas it
was mainly FK in the N group. Preoperative CrCl
was similar among the three groups (37.1%10.0,
44,942 .5, and 34.4+10.6mL/min in LD-B, LD, and N
group, respectively, Table 1). CNI concentrations
were significantly higher in the N group than the
LD-B group and LD group at days 7 and 14 after
LDLT, but were similar after 1 month post-trans-
plantation (Figure 1A). GFR was similar in the
three groups preoperatively, and it tended to im-
prove 1 month after LDLT in the LD group and LD-
B group while it slightly deteriorated 1 month after
LDLT in the N group, although the change was not
statistically significant (Figure 1B). The incidence
of ACR was similar among the three groups (40%,
33% and 35%, for the LD-B, L and N group, respec-
tively, Figure 2A).

The morbidity and mortality rates in the early
period after LDLT (less than 6 months) are shown in

D-B (nG)

LD (n=3) N (n=8)

Recipient age 49.8+10.4 55.0£3.5 49.8+14.3
Gender (M/F) 5/1 211 6/2
Primary diagnosis
Virus cirrhosis (HBV, HCV) 5 3 6
PSC 0 0 1
Laennecs 1 0 0
Cryptogenic 0 0 1
MELD score 21.8+6.5 22.3+3.1 26.5+12.8
PreQP Crn 1.44+0.46 1.15+0.07 1.48+0.62
PreoOP Cer 37.1£10.0 44.9+£2.5 34.4+10.6
Donor age 40.0+12.4 44.0+10.6 39.4x13.6
CNI (FK/CSA) 1/5 0/3 /1
Graft (Left/Right) 1/5 211 117
GLV 633.7+91.0 598.0+£29.7 666.3:89.3
GWI/SLV (%) 48.8+4.1 49.6+2.1 53.5:8.5
WIT (min) 55.8+15.6 46.7+7.4 46.8+12.9
CIT (min} 83.2%29.5 80.0+44.2 71.4+57.1

Data are mean+SD or number of patients.

PSC: Primary sclerosing cholangitis, MELD: model for end-stage liver disease, PreOp Crn: preoperative serum
creatinine, PreOP Cer: preoperative creatinine clearance, CNI: calcineurin inhibitors, GLV: graft liver volume,
GW/SLV%: graft weight/recipient standard liver volume (GW/SLV) ratio (%), WIT: warm ischemic time, CIT: cold

ischemic time

- 221 -



Minimal CNI for Preoperative Renal Dysfunction

Hepato—Gastroenterology 58 {2011)

LD-B group (n=6}

N group (n=8)

LD group (n=3)

Chronic renal failure (Crn> 4mg/dL) 1]
Infection
CMYV infection 1 (17%)
Bacterial infection 0
Surgical complication 0
De novo Diabetes Mellitus 1(33%)
De novo hypertension 1 (25%)

0 1 (12.5%)*

0
2 (25%) (MDRP, MRSA)

2 (25%) (PVT, Biliary
stenosis)

0
2 (25%)

*Died 5 months after LDLT

The incidence of acute cellular rejection was
similar between renal sparing patients and control
patients, suggesting that the renal sparing pro-
tocol (LLD-B group) was safe and effective enough
to suppress immunological response after LDLT.
One patient of the control group (N group) died of
chronic renal failure, while none of the LD-B group
did, suggesting that even the difference in CNI dose
during the first month post-transplantation might
contribute to renal dysfunction in patients with pr-
eoperative chronic renal impairment.

One patient from the LD group developed se-
vere persistent acute rejection that could not be
controlled despite treatment. Although any con-
clusion drawn from a single case could be viewed
as an overstatement, it is possible that the com-
bination of low-dose calcineurin inhibitor without
anti-CD25 mAbD is too weak to suppress the immu-
nological response even in living donor liver trans-
plantation.

To our knowledge, this is the first report of renal
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ABSTRACT

Background/Aims: The feasibility of oral administration of once-daily prolonged-release tacrolimus (TAC-
PR) in de novo liver transplantation is not clear and therefore was investigated further. Methodology: The
clinical profiles of 16 consecutive primary living donor liver transplantation (LDLT) recipients, who received
oral TAC-PR once daily (TAC-PR group) between January 2009 and August 2010, were compared with those
of 14 consecutive liver transplantation recipients given twice-daily tacrolimus (TAC; TAC group) between
August 2006 and January 2009. Of the 14 patients in the TAC group, 9 received LDLT (TAC-L subgroup).
Results: Patient characteristics were similar between groups. Trough levels of TAC during the first 3 months
after liver transplantation were well-adjusted in both groups. Dose adjustment was more frequently required
(31.3%) in the TAC-PR group and the total amount of TAC was significantly higher in the TAC-PR group
(181.1+£75.3mg) than in the TAC-L group (100.2+53.8mg, p=0.014). The incidence of biopsy-proven acute
cellular rejection, renal dysfunction, other morbidities and hospital stay length were similar between groups.
Conclusions: Oral administration of TAC-PR for de novo liver transplantation recipients was well tolerated
with similar safety and efficacy profiles as traditional twice-daily TAC with closely controlled adjustment of
the TAC-PR dose.
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INTRODUCTION

Calcineurin inhibitors, which emerged in the 1970s, are the most potent immunosuppressants
available. Organ transplant recipients receive calcineurin inhibitors twice daily in an oral formula
of either tacrolimus (TAC) or cyclosporine A as a primary immunosuppressive regimen. Recently,
a prolonged-release formulation of TAC (Graceptor, Astellas Pharma Japan Ltd, Tokyo, Japan;
hereafter referred to as TAC-PR) was developed to provide once-daily dosing with efficacy and
safety similar to those of the twice-daily formulation (1). After the initial trial however, there
have been no studies reported in the field of liver transplantation. Moreover, it is not clear from
the available data whether there are any difficulties in adjusting doses during the early
post-transplant period in de novo liver transplantation recipients. The aim of the present study
was to compare the feasibility, safety and efficacy of a regimen of oral administration of TAC-PR
with that of traditional twice-daily TAC in de novo living donor liver transplantation (LDLT)

recipients.

METHODOLOGY

Sixteen consecutive primary adult-to-adult LDLT recipients during the period between January
2009 and August 2010 received one dose of TAC immediately after the transplant, followed by
oral TAC-PR in a once-daily protocol (TAC-PR group) from postoperative day 1 (POD 1). In
contrast, 14 consecutive primary adult liver transplantation recipients (TAC group) during the
period between August 2006 and January 2009 received TAC twice daily. Nine of these patients
underwent LDLT (TAC-L group) and 5 patients underwent deceased donor whole liver
transplantation (TAC-D group).

The initial daily dose of TAC, 0.5mg/kg in both the TAC-PR and TAC groups, was given through

a nasogastric tube immediately after arrival in the intensive care unit after liver transplantation
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and then the tube was clamped for 1 hour. The dose of TAC-PR given on POD 1 was calculated
using the following formula: TAC-PR POD 1 dose (mg) = 2xamount of TAC on POD 0 (mg) x
target trough level (ng/mL) x (0.6-0.8)/trough level on POD 1 (ng/mL).

The dose was adjusted based on the morning trough level from POD 1 to 3 and then the dose of
TAC-PR for POD 4 was determined by the trough level on POD 3. The evening dose of TAC
was adjusted based on the morning trough level on each day after POD 1. The dose was held
when the trough level was over 20ng/mL and additional doses were administered when the
trough concentration of TAC was suboptimal. The target trough level of TAC was 8-12ng/mL
within 28 days after liver transplantation and 6-10ng/mL between 29 to 90 days after liver
transplantation in both groups.

The immunosuppression regimen comprised TAC-PR or TAC and corticosteroids, starting with
1g methylprednisolone during the transplant, then tapering from 100mg/day to 5mg/day in
patients with primary biliary cirrhosis, primary sclerosing cholangitis or autoimmune hepatitis,
or tapering off in recipients with liver failure of other etiologies. Mycophenolate mofetil was
added in patients with renal impairment, rejection episodes or others as needed. Patients with
hepatitis C virus (HCV) received corticosteroid-free immunosuppression, comprising TAC or
TAC-PR, mycophenolate mofetil and basiliximab (anti-CD25 monoclonal antibody, Novartis
Pharma K.K., Tokyo, Japan).

An elementary diet (ED) tube (8Fr, silicon, Create Medic Co., Ltd, Yokohama, Japan) was placed
into the jejunum during the transplant surgery and an ED was started as soon as possible. Oral
intake of medicine including TAC was started when water intake was fully possible and followed
oral intake of food. A biliary drainage tube (pancreatic tube, 5Fr, Sumitomo Bakelite, Tokyo,
Japan) was placed in all recipients and drained until the serum total bilirubin level was below

3mg/dL after cholangiography using the drainage tube.
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The incidence of holding TAC or adding TAC, biopsy-proven acute cellular rejection (BPAR),
renal toxicity evaluated by estimated GFR (eGFR) (2), infection and other morbidities during the
first 3 months after liver transplantation was compared between TAC-PR group and TAC group

or between the TAC-L group and TAC-D subgroups.

Statistical analysis

Continuous data are expressed as mean =SD and group data sets were compared using Student’s ¢
test, a Mann-Whitney U test or the Kruskal-Wallis test. Categorical data are presented as
percentages and differences between proportions were compared using the chi-squared test. The
cumulative risk of BPAR was estimated by Kaplan-Meier analysis (log rank test). A p value of

less than 0.05 was considered to be significant.

RESULTS

Background and characteristics of recipients were similar between the TAC-PR group and TAC
groups, except for recipient age and graft volume (Table 1). Age of recipients in the TAC-PR
group was 55.3+£7.9 years, significantly higher than that of recipients in the TAC group
(45.5+£14.9 years, p=0.030) and tended to be higher than that of recipients in the TAC-L group
(47.4+13.0 years, p=0.071). Graft weight was 554+117g in the TAC-PR group, 892+485g in the
TAC group (p=0.014, vs. TAC-PR group) and 5634+98g in the TAC-L group (n.s. vs. TAC-PR
group). Preoperative model of end-stage liver disease score and eGFR were similar between the
groups. Seven (43.8%) patients with HCV in the TAC-PR group and 3 (21.4%) patients with
HCYV in the TAC group received steroid-free immunosuppression.

Trough levels of TAC were similar between the TAC-PR and TAC-L groups throughout the study

period while those of the TAC-D group were slightly higher than those of the TAC-PR group,
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although there was no statistical difference between them except on POD7 and POD90 (Figure
1A). Trough levels in the TAC-PR group were well controlled within the target level even in the
early post-transplantation period.

The incidence of holding TAC was 1/16 (6.3%, POD1) in the TAC-PR group and 3/14 (21.4%,
POD1, POD2 and POD6) in the TAC group due to high trough levels. The incidence of
additional TAC (Figure 2) due to low trough levels was 5/16 (31.3% POD2-7) in the TAC-PR
group, while in the TAC group all of the adjustments were managed by increasing the evening
dose.

The administered dose of TAC was higher in the TAC-PR group compared with the TAC-L
group and similar to that in the TAC-D group (Figure 1B). The daily dose of TAC was increased
until POD 21 when it peaked, then decreased in both the TAC-PR and TAC groups. The total
amount of TAC was 1.8-fold higher in the TAC-PR group than in the TAC-L group and slightly
less than that in the TAC-D group (Figure 1C).

The start time of the ED after transplant was similar between groups and initiation of oral intake
of food was also similar between groups. Gastrointestinal symptoms such as diarrhea and
vomiting were uncommo‘n (6.3% in the TAC-PR group, 14.3% in the TAC group) in both groups
(Table 2).

Cumulative incidence of BPAR by POD 90 was 18.7% in the TAC-PR group and 50.0% in the
TAC group. There was no statistically significant difference in the incidence of BPAR within
POD 90 (Figure 3).

Preoperative eGFR was not different between groups. The ratio of the lowest eGFR within POD
90 to preoperative eGFR was almost identical between groups (75.3% in TAC-PR group, 70.5%
in TAC group and 75.2% in TAC-L group) (Table 2).

Postoperative surgical morbidities, such as postoperative intra-abdominal bleeding or portal vein
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thrombosis, were similar between groups (Table 2). Postoperative non-surgical morbidities such
as infection were not specific to the TAC-PR group, although two recipients developed
intracranial bleeding which was not considered to be a side effect of TAC. Duration of hospital
stay after liver transplantation was similar between groups (TAC-PR 93.7+58.5 days, TAC

103.7+114.5 days; Table 2).

DISCUSSION

Once-daily administration of TAC is better for recipients because of easy handling with less
stress than the mandatory scheduled intake of the twice-daily formula. Oral administration of
twice-daily TAC for de novo liver transplantation recipients is widely accepted in clinical
practice, however, because of its simplicity and efficacy in stable post-transplantation recipients
(3-7). In contrast, oral administration of TAC-PR for de novo liver transplantation carries a risk
of inappropriate control of the drug concentration, which can cause graft damage or graft loss.
Therefore, in some programs, intravenous TAC is administered concurrent with oral TAC in the
early post-transplantation period due to the fear of suboptimal drug concentration (personal
communication). Another regimen for TAC-PR in liver transplantation recipients is oral
administration of twice-daily TAC or temporary intravenous administration of TAC at first, then
conversion to a TAC-PR formula. As long as the concentration is well controlled, once-daily oral
administration of TAC is better for de novo liver transplantation recipients than methods that
require conversion because of its simplicity and unnecessary conversion of the TAC formula.

To date, there has been only one clinical trial of TAC-PR for de novo liver transplantation
recipients (1) but the authors did not mention the management of the TAC-PR dose and its
clinical outcome. In the present single center cohort study of the use of once-daily TAC-PR in de

novo liver transplantation, we investigated the feasibility of oral administration of TAC-PR and
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the incidence of holding or adding TAC-PR early after liver transplantation to evaluate the
difference between TAC-PR and the traditional TAC protocol.

We presented a formula for calculating the first dose of TAC-PR on PODI1 based on the trough
level of TAC after one dose immediately after liver transplantation, which proved to be very
accurate. The trough level of early post-transplantation recipients (POD 2 to POD 7) was quite
well controlled within the target level of TAC. The incidence of holding the dose of TAC-PR was
low. In contrast, dose adjustment by adding a dose due to a suboptimal concentration of TAC was
required in 5/16 (31.3%) recipients from POD 2 to POD 7 in the TAC-PR group, while all dose
adjustments were managed by increasing the evening dose of TAC in the TAC group. Thus, the
dose adjustment for TAC-PR was not difficult but careful attention was required, especially
within the first week after liver transplantation. This procedure of “adding a dose” could be
prevented if the dose is determined after establishing the TAC trough level of the day; however
we chose to determine the scheduled dose for POD 4 and after, based on the trough levels of the
day before for fear of missing a dose. Our method may be more acceptable in the clinical setting
due to the certainty.

The actual dose of TAC was generally higher in the TAC-PR group than in the TAC group and it
was 1.8-fold higher in the TAC-PR than in the TAC group for the first 90 days after liver
transplantation, consistent with previous studies (1,8). This is probably due to the reduced
absorption of TAC from the intestine. TAC is absorbed mainly from the proximal jejunum, while
the prolonged release particles of TAC-PR interfere with absorption, which is important for the
once-daily oral administration protocol.

The incidence of acute cellular rejection tended to be higher in the TAC group than in the
TAC-PR group. The deviation of the incidence of acute cellular rejection is likely due to the

small number of recipients in both groups. The incidence of other morbidities
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post-transplantation, including infection and renal dysfunction, was also similar.

This study was a non-randomized cohort study comparing the TAC-PR and TAC protocols with
only a small number of cases in both groups. The results clearly demonstrate, however, that the
TAC-PR protocol is more feasible and effective with strict adjustment compared to the
traditional twice-daily TAC protocol. Future studies should clarify the long-term feasibility and
efficacy, especially the rate of reduction of non-compliance and reduction of renal dysfunction
when using the TAC-PR formula.

In conclusion, oral administration of TAC-PR for de novo liver transplantation recipients was
well tolerated with a safety and efficacy profile similar to that of the traditional twice-daily TAC

with closely controlled adjustment of the TAC-PR dose.
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FIGURE 1. Trough level and administered amount of tacrolimus. (A) Trough level of tacrolimus.
*p=0.034 (TAC-PR vs. TAC-D), **p=0.022 (TAC-PR vs. TAC-D); (B) Administered amount of
tacrolimus; (C) Total amount of tacrolimus during first 90 days after liver transplantation.
p=0.014 TAC-PR vs. TAC-L.

TAC-PR: Tacrolimus Prolonged Release; TAC-D: deceased donor liver transplant with
traditional twice-daily tacrolimus; TAC-L: Living donor liver transplant with traditional

twice-daily tacrolimus; POD: Postoperative Day. Gray zone: target trough level.
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FIGURE 2. Incidence of additional tacrolimus in the TAC-PR group (n=16). Additional
TAC-PR was required due to suboptimal levels within the first week after liver transplantation,

but there was no need for additional TAC-PR after POD 10. POD: Postoperative Day.
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FIGURE 3. Incidence of biopsy-proven acute cellular rejection within 3 months after LDLT.

There was no statistical difference between TAC-PR and TAC groups (p=0.110) BPAR:

Biopsy-Proven Acute Cellular Rejection; POD: Postoperative Day.
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TABLE 1. Patient characteristics.

TAC-PR TAC TAC-L TAC-D p value
(QD) (BID) (BID) (BID)
(n=16) (n=14) (n=9) (n=5) TAC-PR vs. | TAC-PR vs.
TAC TAC-L

Age (y) 55.3+7.9 45.5+14.9 47.4+13.0 | 42.0+£19.1 0.030 0.071
Gender (M/F) 7/9 8/6 4/5 4/1 0.464 0.552
Primary diagnosis

HCV 7 3 1 2 0.088 0.170

HBV 2 2 2 0

PBC/PSC 2 2 1 1

Wilson disease 0 1 0 1

Badd-Chiari 1 0 0 0

EtOH 1 0 0 0

Fulminant 1 1 1 0

Others 2 5 4 1
Type of donor

Deceased 0 5 0 5 0.009 0.999

Living 16 9 0
Type of graft

Left lobe with 7 4 4 0 0.832 0.303

caudate

Right lobe 9 3 3 0

Right lateral 0 2 2

section

Whole liver 0 5 0 5

Graft weight (g) 554x117 8924485 563+98 14854250 0.014 0.852
Preoperative MELD 21.8+£10.4 20.1+6.7 23.34£6.0 14.4+£3.4 0.603 0.704
score
Preoperative eGFR 83.4+35.2 70.9£33.5 62.7+34.8 85.8+28.4 0.333 0.171
(mL/min)
Operative time (min) 709+87 808+225 819+261 791+£176 0.140 0.161
Blood loss (mL) 7303+£4645 | 5014+3128 | 41902461 | 6498+3925 | 0.138 0.080
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TABLE 2. Postoperative course and morbidities.

TAC-PR TAC TAC-L TAC-D p value
(QD) (BID) (BID) (BID)
(n=16) (n=14) (n=9) (n=5) TAC-PR TAC-PR vs.
vs. TAC TAC-L
Starting ED diet  (POD) 2.8+0.7 3.6+3.0 3.0+1.0 4.0+4.1 0.668 0.343
Starting of oral intake ~ (POD) 14.4+11.2 | 16.0+13.6 | 17.9+16.5 | 13.0+8.0 0.727 0.543
Diarrhea and other abdominal 1 (63%) |2(143%) |0 1 (20%) 0.464 0.444
symptoms (%) '
Acute cellular rejection (%) 3 (18.8%) | 7 (50.0%) | 4 (44.4%) | 3 (60%) 0.07 0.17
Ratio of 75.3% 70.5% 75.2% 62.0% 0.798 0.996
postoperative-minimal-eGFR/pre
operative-eGFR
Morbidities
Postoperative 0 3 2 |
intra-abdominal bleeding
Portal vein thrombus 0 1 0 1
Hepatic artery stenosis 0 2 1 1
Acute renal failure 0 1 0 1
Infection 1 4 3 1
Intracranial bleeding 2 0 0 0
Hospital stay (day) 93.74£58.5 | 103.7+114. | 125.7+150. | 72.8#14.6 | 0.778 0.486
5 2
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