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those that had CYP3A5%3/*%3. Among patients receiving a
liver with the (YP3A5%1 allele, those with the intestinal
CYP3A5%1 allele showed a significantly lower tacrolimus
C/D ratio than those with intestinal (YP3A5%3/*3 during
the 35 days following living-donor liver transplantation.
However, in groups of patients with the same intestinal
genotype, there was no significant difference in the
tacrolimus C/D ratio between those with hepatic
CYP3A5#3/#%3 and CYP3A5*1 alleles (Fig. 3). These
results indicate that the CYP3A5 genotype of the intes-
tine, rather than that of the graft liver, had a strong effect
on the tacrolimus C/D ratio, at least during the first 5
postoperative weeks. This result is similar to those of our
previous studies of different patient populations [3-6]. In
the analysis stratified by CYP3A5 mRNA expression
levels in the liver and intestine and by the tacrolimus
C/D ratio, some patients with the (YP3A5%3/*3 genotype

Fig. 5

were included in the ‘high” group because the frequency
of CYP3A5%3/*3 was about 60%. FFor this reason, CYP3A5
mRNA expression level had a smaller effect on tacroli-
mus pharmacokinetics compared with the CYP3A5%3

genotype.

We also examined the effects of the CYPIA5*3 genotype
on clinical outcome in patients after liver transplantation.
We showed previously that the probability of acute cel-
lular rejection during the first 10 days immediately fol-
lowing living-donor liver transplantation was associated
with the average trough concentration of tacrolimus
between postoperative days 2 and 4 (<7 ng/ml) and
higher levels of mRNA expression for multidrug resis-
tance 1 in the native intestine at surgery [26]. In the
present study, we analyzed the effect of the CYP3A5*3
genotype on the probability of acute cellular rejection

(a) The liver carrying CYP3A5*1 allele

(c) Scheme of the hypothesis based
on the present results
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Association between the cytochrome P450 (CYP) 3A5*3 genotype of grafted livers and the local tacrolimus concentration in the graft livers.
Schematic representation of the hypothesis generated by this study. In graft livers carrying the CYP3A5*1 allele (CYP3AS5 expressers), the local
hepatic concentration of tacrolimus is sufficient for immunosuppression (a). However, at the same tacrolimus concentration in whole blood, the local
hepatic concentration of tacrolimus is insufficient for immunosuppression in grafted livers that have the CYP3A5*3/*3 genotype (CYP3AS5 defect) (b).
Within the clinical therapeutic range of tacrolimus, there are separate positive linear relationships between the blood concentration of tacrolimus and
the hepatic concentration of tacrolimus for patients carrying the CYP3A5*1 allele and those who have the CYP3A5*3/*3 genotype. It is assumed that
differences in the hepatic concentration of tacrolimus result in different frequencies of acute cellular rejection for patients transplanted with a liver
carrying the CYP3A5*1 allele and those transplanted with a liver carrying the CYP3A5*3/*3 genotype (c).
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over a 1-week period beginning on postoperative day 14.
Given the influence of tacrolimus concentration before
postoperative day 10, we excluded episodes of acute cel-
lular rejection that occurred between postoperative days 11
and 13. The GYP3A5*1 allele in the graft liver, but not in
the native intestine, was associated with a significantly
higher occurrence of acute cellular rejection in comparison
with that associated with CYP3A5*3/*3. There was no
significant difference between the mean trough con-
centrations of tacrolimus between postoperative day 10 and
postoperative day 23 (for patients without acute cellular
rejection) and those from postoperative day 10 to the day
on which the diagnosis of acute cellular rejection was made
(for patients with acute cellular rejection). These results
suggest that the local hepatic concentration of tacrolimus
may be lower in patients engrafted with a liver carrying the
CYP3A5*1 allele than in those engrafted with a liver car-

rying CYP3A5*3/*3, even when the systemic blood con-

centration of tacrolimus is similar. Therefore, CYP3AS5 in
the graft liver might decrease the local hepatic concentra-
tion of tacrolimus, resulting in an insufficient immuno-
suppressive effect in liver transplant patients (Fig. 5). An
association between episodes of severe acute cellular
rejection and the concentration of tacrolimus in liver
biopsies, but not blood concentration of tacrolimus, was
.reported previously [27]. Taken together, these results
suggest that the target therapeutic window of tacrolimus,
on the basis of the trough concentration of peripheral blood
sampling, should be re-evaluated taking into account
whether the graft liver does or does not carry CYP3A5*1.

In this study, we found that the GYP3A5%3 genotype of
the small intestine of recipients is more important as an
indicator of the systemic exposure to tacrolimus for at
least 5 weeks after transplantation than the CYP345*3
genotype of the graft liver, whereas there was a higher
frequency of acute cellular rejection among patients
receiving a liver with a CYP3A5*1 allele than among those
receiving a liver with CYP3A5*3/*3. Further studies, such
as those involving measurement of tacrolimus concentra-
tions in liver biopsy specimens, are required to test the
theory that graft liver CYP3A5*3 genotype in living-donor
liver transplantation is a surrogate marker of the local
tacrolimus concentration in the graft liver. The CYP3A5*3
genotype of the graft liver may be a risk factor for the
occurrence of acute cellular rejection after postoperative
day 14 in living-donor liver transplantation. The
CYP3A5*3 genotype of recipients may be important for
estimation of the systemic pharmacokinetics of tacrolimus
and it may be important to adjust the target level of
tacrolimus after the initial post-transplantation period on
the basis of the (YP3A5*3 genotype of the graft liver.
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Plasma cell hepatitis (PCH) is an idiopathic disorder character-
ized by plasma cell infiltration in the allografts of patients who
have undergone liver transplantation. Although an increasing
number of cases of PCH have been reported in liver transplant
recipients with hepatitis C recurrence treated with interferon,
it is unclear whether PCH is induced by interferon itself. Here,
we describe the cases of two patients who developed PCH
just after the termination of antiviral therapy for recurrent
hepatitis C after living donor liver transplantation. Liver dys-
function appeared at 1 month in one patient and 2 months in
the other patient after pegylated interferon plus ribavirin
therapy, and liver histology showed interface hepatitis with

plasma cell-rich lymphoid aggregates. Both patients recov-
ered after steroid therapy and achieved sustained virological
response. These cases suggest that PCH could be induced by
the alteration of the immune condition resulting from the
termination of antiviral therapy. PCH should be considered
when the transaminase levels increase after antiviral therapy,
and it should be carefully distinguished from hepatitis C
relapse.

Key words: antiviral therapy, hepatitis C, liver
transplantation, plasma cell hepatitis

INTRODUCTION

LASMA CELL HEPATITIS (PCH), termed de novo

autoimmune hepatitis (AIH), is an idiopathic
disorder with the histological characteristics of AIH,
showing interface hepatitis with a predominantly
lymphoplasmacytic necroinflammatory infiltrate with
or without lobular involvement and bridging necrosis
in patients after undergoing liver transplantation for
indications besides AIH."* Interestingly, an increasing
number of PCH cases have been reported in liver trans-
plant recipients infected with hepatitis C virus (HCV),
including patients treated with interferon and ribavirin
for recurrent hepatitis C.**®* However, it is unclear
whether PCH is induced by interferon itself because the
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frequency of this disorder is low in a limited number
of reports. Moreover, the histological features of PCH
could not be completely distinguished from interface
hepatitis because of HCV. Therefore, whether PCH is a
real threat to the graft during antiviral therapy is contro-
versial at present. Here, we describe the cases of two
patients who developed PCH just after termination of
antiviral therapy for recurrent hepatitis C after living
donor liver transplantation (LDLT). As both patients
achieved sustained virological response (SVR) and had
no history of AIH, the termination of antiviral therapy
was the likely trigger for PCH in these patients.

CASE REPORTS

Case 1

59-YEAR-OLD WOMAN underwent LDLT, with her
son as the donor, for HCV-related cirrhosis. Six
months after the LDLT, her liver biopsy showed HCV
recurrence with mild necroinflammatory activity and
mild fibrosis (METAVIR score, A1 F1) without acute
cellular rejection (ACR). The HCV genotype was 1b and
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the serum HCV RNA level was 3570 kIU/mL on an
Amplicor HCV assay. The serum immunoglobulin (Ig)G
level was 1260 mg/dL (reference range, 826~1840) and
she was negative for antinuclear antibodies (ANA).
She started antiviral therapy with 80 pg/week pegylated
interferon-o-2b and 600 mg/day ribavirin, together
with 2 mg/day tacrolimus and 1 g/day mycophenolate
mofetil (Fig. 1a). HCV RNA was undetectable in serum 2
months after the initiation of the treatment, and antivi-
ral therapy was continued for 14 months. The immuno-
suppressants administrated were not changed during
and after the antiviral therapy. Before the termination of
treatment, her transaminase levels remained normal;
however, 1 month later, her aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) levels
reached 455 and 6501IU/L, respectively, IgG level
increased to 2660 mg/dL, and she was positive for
ANA at a titer of 1:40 with a speckled pattern. Type 1
liver-kidney microsomal antibodies (anti-LKM-1)
was negative. Liver histology showed moderate
necroinflammatory activity and moderate fibrosis
(METAVIR score, A2 F2) with plasma cell-rich infiltra-
tion (Fig. 1b,c). As serum HCV RNA remained undetect-
able at that time; the International AIH Group score was
16, indicating definite AIH;® and the total score in the
histological scoring system for PCH® was 11, we diag-
nosed the patient with PCH. Steroid therapy with meth-
ylprednisolone was initiated at a dose of 500 mg/day for
3 days, and then the dose was tapered from 250 mg/day
on the fourth day to 62.5 mg/day on the sixth day. Then,
the drug was switched to 50 mg prednisolone, which
was tapered to 10 mg until the end of the sixth month.
AST and ALT levels decreased immediately after the
administration of steroid, and normalized during 2
months of the steroid therapy. Liver biopsy after 17
months of steroid therapy showed histological improve-
ment. Serum HCV RNA was undetectable in serum at 24
weeks after the completion of antiviral therapy, and she
was considered to have achieved SVR.

Case 2

A63-year-old woman underwent LDLT, with her son as
the donor, for HCV-related cirrhosis and hepatocellular
carcinoma. Liver biopsy at 19 days after LDLT revealed
mild ACR, but it resolved without any specific treat-
ment. At 23 months after LDLT, she developed recurrent
hepatitis C with mild activity and severe fibrosis on liver
biopsy (METAVIR score, Al F3). The HCV genotype was
2b and the serum HCV RNA level was 7.2 log IU/mL, as
detected by a real-time polymerase chain reaction-based
quantitation method. Antiviral therapy with 100 pg/

© 2013 The Japan Society of Hepatology
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Figure 1 (a) Clinical course of patient 1, who developed
plasma cell hepatitis induced by the termination of antiviral
therapy for recurrent hepatitis C after living donor liver trans-
plantation (LDLT). The fine lines indicate the alanine amino-
transferase (ALT) level (IU/L), and the dotted lines represent
the trough level of tacrolimus (ng/mL). Steroid administration
is shown as a black box; treatments with tacrolimus,
mycophenolate mofetil (MMF), and pegylated interferon plus
ribavirin (peg-IFN + RBV) are indicated by open boxes. Serum
hepatitis C virus (HCV) RNA levels (kIU/mL) are shown as
values or (-), which means undetectable. (b,c) Liver allograft
biopsy of patient 1 at 1 month after the termination of antiviral
therapy, showing interface hepatitis with plasma cell-rich infil-
tration (hematoxylin-eosin, original magnifications: [b] x200;
[c] x400).
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week pegylated interferon-a-2b and 400 mg/day
ribavirin was initiated (Fig. 2a). At that time, 50 mg/day
cyclosporin and 15 mg/day prednisolone were used
for immunosuppression. The prednisolone dose was
reduced to 10 mg/day after 3 months of antiviral
therapy. HCV RNA was undetectable in serum; however,
treatment was discontinued after 21 weeks because of
severe general fatigue. The transaminase levels were
reduced and maintained within the reference range
from 3 weeks to the end of antiviral therapy, but wors-
ened 2 months after the termination of the treatment to
an AST level of 136 IU/L and an ALT level of 152 TU/L.
The serum IgG level increased to 1719 mg/dL, from
641 mg/dL before the antiviral therapy. She was nega-
tive for ANA and anti-LKM-1 throughout her dinical

course. Liver biopsy revealed the features of AIH, includ-

ing portal inflammation with plasma cell-rich lymphoid
aggregates, interface hepatitis and centrilobular inflam-
mation (Fig. 2b,c). As HCV RNA was undetectable in
serum; the International AIH Group score was 14, sug-
gesting AIH;’ and the total score on the histological
scoring system for PCH was 10,° the patient was diag-
nosed with PCH. Methylprednisolone was started at a
dose of 500 mg/day for 3 days, and then the dose was
tapered from 250 mg/day on the fourth day to 62.5 mg/
day on the sixth day. The treatment was terminated on
the seventh day, followed by the initiation of 10 mg/day
prednisolone. The transaminase levels decreased and
normalized after 2 months of steroid administration,
and liver biopsy 19 months after the initiation of steroid
therapy showed the remission of hepatitis. She was con-
sidered to have achieved SVR on the basis of a negative
HCV RNA result at 24 weeks after the termination of
antiviral therapy.

DISCUSSION

N THIS REPORT, we demonstrated the cases of two

patients who developed PCH just after the termina-
tion of antiviral therapy for recurrent hepatitis C after
LDLT. The diagnosis of PCH in the present cases is
definite because both patients achieved SVR and recov-
ered after steroid therapy. Termination of antiviral
therapy likely induced PCH in these patients, as both
patients had no other trigger for PCH, such as reduction
of immunosuppression.

At our institute, 125 HCV-infected liver transplant
recipients were treated with standard interferon and/or
pegylated interferon in combination with ribavirin for
recurrent hepatitis C after LDLT between January 2001
and December 2012.1%!! Four of the 125 patients (3%),

Plasma cell hepatitis after LDLT E281
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Figure 2 (a) Clinical course of patient 2, who developed
plasma cell hepatitis after the termination of antiviral therapy
for recurrent hepatitis C after living donor liver transplantation
(LDLT). The fine lines indicate the alanine aminotransferase
(ALT) level (IU/L), and the dotted lines represent the trough
level of cyclosporin (ng/mL). Steroid administration is shown
as black boxes; treatments with cyclosporin and pegylated
interferon plus ribavirin (peg-IFN + RBV) are indicated by
open boxes. Serum hepatitis C virus (HCV) RNA levels (loglU/
mL) are shown as values or (-), which means undetectable.
(b,c) Liver allograft biopsy of patient 2 at 2 months after the
termination of antiviral therapy, showing interface hepatitis
with lymphoplasmacytic necroinflammatory infiltration
(hematoxylin-eosin, original magnifications: [b] x100; [c]
x400).
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including the two patients in this case report, developed
PCH during or within 6 months after antiviral therapy.
The other two patients who developed PCH during anti-
viral therapy showed interface hepatitis with moderate
plasma cell infiltration in liver histology and high serum
IgG levels. Clinical features of the two patients with
PCH during antiviral therapy could not be distinguished
from those of two patients who developed PCH after
termination of antiviral therapy. The incidence of PCH
in this study was similar to that in patients without
antiviral therapy in our previous report, in which the
incidence of PCH (de novo AIH) was 2.1% in 633
recipients.’” Therefore, it is unknown whether antiviral
therapy for HCV is involved in the development of PCH.
However, in the present cases, PCH occurred immedi-
ately after the termination of antiviral therapy, indicat-
ing that the cessation of interferon may have induced
the disease.

Several studies have shown an association between
PCH (de novo AIH) and antiviral therapy for recurrent
hepatitis C after liver transplantation.””® In these studies,
most of the patients developed PCH during antiviral
therapy, and a few cases of PCH after the termination of
antiviral therapy have been reported. One study dem-
onstrated two cases of de novo AIH that occurred after
the end of antiviral therapy for recurrent hepatitis C after
liver transplantation.’® Both patients developed de novo
ATH at 1 month after the termination of pegylated inter-
feron plus ribavirin therapy, but hepatitis caused by
HCV recurrence was not completely excluded in both
cases because the patients’ sera tested positive for HCV
RNA after termination of antiviral therapy. Berardi et al.
reported nine liver transplant recipients with de novo
AIH associated with antiviral treatment for hepatitis C
recurrence.” While eight patients of the nine in their
report had de novo AIH during antiviral therapy, one
patient who achieved SVR developed de novo AIH at
1 month after termination of antiviral therapy. Our
present cases and these reported cases suggest that
PCH can be induced by the termination of antiviral
treatment.

It is important that PCH is considered in differential
diagnoses along with relapse of HCV in patients devel-
oping liver dysfunction just after the termination of
interferon therapy. The present cases showed elevation
of transaminase levels at 1 and 2 months after the ces-
sation of antiviral therapy when the relapse of HCV
usually occurs. As it takes several days to obtain the
results of serum HCV RNA examination, it would be
initially difficult to distinguish HCV relapse from the
other causes of liver dysfunction. Liver biopsy should be

© 2013 The Japan Society of Hepatology

Hepatology Research 2014; 44: E279-E283

immediately done and histological diagnosis using the
scoring system for PCH is recommended to differentiate
it from other causes of liver dysfunction, including
hepatitis C relapse in this situation. PCH in the present
cases could be diagnosed just after the elevation of trans-
aminase levels, and received steroid therapy immedi-
ately after the diagnosis of PCH, resulting in good
treatment response and good prognosis.

In conclusion, PCH could be induced by the altera-
tion of the immune condition resulting from the termi-
nation of antiviral therapy. PCH should be considered
when the transaminase levels increase after interferon
therapy, and it should be carefully distinguished from
hepatitis C relapse.
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Chronic Rejection Associated with Anfiviral Therapy
for Recurrent Hepatitis C after Living-Donor
Liver Transplantation
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Background. Chronic rejection (CR) has been reported to be associated with antiviral therapy for recurrent hepatitis
C in liver transplant (LT) recipients. The aims of this study were to clarify the details of antiviral therapy-associated
CR after living-donor liver transplantation (LDLT) and to identify the factors associated with CR.

Methods. A retrospective chart review was performed on 125 recipients who had received antiviral therapy for re-
current hepatitis C after LDLT between January 2001 and September 2012. The characteristics of patients who de-
veloped CR during or within 6 months after antiviral therapy were compared with those of 76 patients who did not
develop CR despite receiving antiviral therapy for more than 1 year.

Results. Seven of 125 (6%) patients developed CR during or within 6 months after the end of antiviral therapy. CR
was diagnosed after a median (range) of 9 (1~16) months of antiviral therapy. In five patients, rejection progressed
rapidly and resulted in death within 3 months after diagnosis. Analysis revealed two significant factors associated with
CR: reduction of the immunosuppressant dose during antiviral therapy and a low fibrosis score as the indication for
antiviral therapy.

Conclusions. CR developed in association with antiviral therapy for recurrent hepatitis C after LDLT. This compli-
cation may be prevented by ensuring that the immunosuppressant dose is not reduced during antiviral therapy.

Keywords: Chronic rejection, Hepatitis C, Liver transplantation, Living donor, Antiviral therapy.
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Hepatitis C virus (HCV) infection, which leads to liver
cirrhosis and hepatocellular carcinoma, is the most
common indication for liver transplantation (LT) in Japan,
the United States, and western Europe. Most patients who
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undergo LT for HCV-related liver disease develop recurrent
viral infection, and 70% to 90% suffer from histologically
proven recurrent hepatitis (1-6). The progression of recur-
rent hepatitis C is often rapid. Without appropriate antiviral
therapy, 10% to 25% of patients develop cirrhosis within
5 years after transplantation, and this explains the relatively
poor prognosis for HCV-positive recipients compared with
HCV-negative recipients (7). Interferon (IFN)-based com-
bination therapy is commonly administered to prevent the
progression of hepatitis C after LT (8, 9), but its efficacy in
LT recipients is limited. The mean (range) sustained viro-
logic response (SVR) rate in patients with recurrent hepa-
titis C after LT is only 30% (8%-50%) (10). One reason for
the low SVR rate is the high rate of treatment withdrawal,
particularly because of the unique adverse effects of IFN
therapy for transplant recipients, including chronic rejection
(CR) (11, 12).

CR is characterized by progressive ductopenia, with
atrophy and loss of the bile ducts in the portal tracts and by
arteriopathy with foamy cell infiltration (13—15). A chole-
static liver enzyme pattern suggests the diagnosis of CR. If
bile duct enlargement and/or hepatic artery changes are
excluded by imaging studies as potential causes of abnormal
liver function tests, then CR is confirmed or excluded by
liver biopsy examination. The incidence of CR after LT is
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approximately 3% to 5%. This event does not simply rep-
resent end-stage acute cellular rejection (ACR), although the
two may be temporally related. The pathogenesis of CR is
not completely understood, although its association with
donor-specific human leukocyte antigen antibodies was re-
cently reported (16). Additional immunosuppressive therapy
is unlikely to be beneficial for CR patients, particularly those
with late disease in which bile duct loss affects more than 50%
of the portal tracts, and retransplantation is required (15).

Several studies have suggested an association of CR
with IFN-based antiviral therapy (17-20). Two recent re-
ports found that CR was associated with antiviral therapy
for recurrent hepatitis C after LT (11, 12). Stanca et al. (12)
reported that 12 of 70 LT recipients with HCV infection
treated with pegylated IFN (peg-IFN) and ribavirin devel-
oped CR. Their study indicated that ACR and CR are
not strongly associated and that CR progresses rapidly, ter-
minating in graft failure. Fernandez et al. (1I) reported
that 7 of 79 (9%) patients developed CR during anti-
viral therapy. They found that the use of cyclosporine in
immunosuppression therapy, achievement of an SVR,
and ribavirin discontinuation were factors associated with
CR development.

Although the details of patients with antiviral therapy-
associated CR after deceased-donor liver transplantation
(DDLT) have been reported (11, 12), no study of antiviral
therapy-associated CR in patients receiving living-donor
liver transplantation (LDLT) has been published thus far.
The features specific to LDLT, including blood-relative do-
nors, posttransplantation liver regeneration, and ABO-
incompatible LT, might result in characteristic differences
between LDIT and DDLT patients.

We aimed to clarify the details of antiviral therapy-
associated CR after LDLT and to identify the factors asso-
ciated with CR.

RESULTS

Patient Characteristics and Treatment Outcomes

The study included 125 HCV-infected LT patients
treated with standard IFN and/or peg-IFN in combination
with ribavirin for recurrent hepatitis C after LDLT. Of these,
69 (55%) were men (median [range] age at the beginning of
therapy, 57 [32-70] years). Most patients were infected with
HCV genotype 1b (n=101 [81%]). The HCV genotype for
the remaining patients was 2a (n=14), 2b (n=6), 3a+3b
(n=1), and indeterminate (n=2). Genotype was not exam-
ined in one patient. The median (range) serum HCV RNA
load at the beginning of antiviral therapy after LDLT was
3980 (31 to <69,000) kIU/mL. The median (range) donor
age was 42 (19-65) years. Seventy-three (58%) donors were
men, and 84 (67%) were blood relatives of the recipients.
The graft type was the right lobe for 108 (86%) patients and
the left lobe for 17 (14%) patients. The blood type combi-
nation was incompatible for 27 (22%) patients. Thirty-six
(29%) patients had histologically diagnosed ACR before
antiviral therapy, 16 of whom had moderate or severe
ACR. No patient had shown ACR findings in the liver biopsy
examination immediately before antiviral therapy. The me-
dian (range) time to treatment initiation after LDLT was
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8.9 (1.1-72.4) months. Before treatment, necroinflammatory
activity of levels A1, A2, and A3 based on the METAVIR score
was found in 82 (66%), 40 (32%), and 3 (2%) patients, re-
spectively. Fibrosis scores of F0, F1, F2, and F3 were found
in 19 (15%), 82 (66%), 19 (15%), and 5 (4%) patients,
respectively. Tacrolimus-based immunosuppression was ad-
ministered to 117 (94%) patients and cyclosporine was ad-
ministered to 7 (6%) patients. Mycophenolate mofetil (MMF)
without calcineurin inhibitor (CNI) was administered to one
patient because of renal failure at the beginning of antivi-
ral therapy. In the patients who received tacrolimus, the
mean (range) serum trough level at therapy initiation was
6.2 (2.0-12.7) ng/mL. In addition to CNIs, MMF and pred-
nisolone were administered at the start of the antiviral treat-
ment to 39 (31%) and 21 (17%) patients, respectively.

Of the 123 patients in whom the final treatment out-
comes could be evaluated, 54 (44%) patients achieved SVR,
12 (10%) relapsed, 30 (24%) were nonresponders, and 27
(22%) withdrew from treatment. The remaining two pa-
tients were still undergoing treatment during the analysis.

Characteristics of Patients with Antiviral
Therapy-Associated CR

Seven of 125 (6%) patients developed CR during or
within 6 months after the end of antiviral therapy. The
characteristics and clinical courses of these seven patients
are shown in Table 1. Although four patients had a history
of ACR before antiviral therapy was initiated (three of
whom had moderate or severe ACR), three had no previous
ACR episodes. The METAVIR score-based fibrosis level be-
fore antiviral therapy was F0 in three of the seven patients,
F1 in three patients, and F2 in one patient, indicating that
the antiviral therapy had been initiated at an early stage of
fibrosis. The median (range) time from transplantation to
initiation of antiviral therapy in these seven recipients was 9
(2-72) months. Tacrolimus was administered to five pa-
tients and cyclosporine was administered to one patient
when the antiviral therapy was initiated. One patient did not
receive a CNI because of renal failure (patient 7). Four pa-
tients received MME, and one patient received prednisolone
in combination with tacrolimus and MME The trough
levels of tacrolimus and cyclosporine were within the ther-
apeutic range. Standard amounts of immunosuppressant
were therefore used for all patients, except for patient 7 who
received MMF only. Immunosuppressant doses were re-
duced during therapy in five of seven patients. The tacrolimus
dose was reduced for two patients (patients 2 and 3), as a re-
sult of which the blood trough level of tacrolimus decreased by
approximately 2 ng/mL. In patient 3, MMF (500 mg/day) was
also stopped during treatment. In patient 4, the MMF dose
was reduced from 1000 to 250 mg per day, and prednisolone
treatment (2.5 mg/day) was also terminated during treatment.
In patient 5, MMF (1000 mg/day) was stopped immediately
after initiation of antiviral therapy. Patient 6 received no CNI,
and MMF dose was reduced from 500 to 250 mg per day
during treatment. Three patients received standard IFN, and
four received peg-IFN. Ribavirin was not administered to
three patients immediately before the diagnosis of CR because
of anemia.

CR was diagnosed after a median (range) of 9 (1-16)
months of antiviral therapy. Two patients were diagnosed
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TABLE 1. Characteristics of patients with CR associated with antiviral therapy
Patient 1 2 3 4 5 6 7
Age (years) 62 41 45 67 50 59 49
Gender Female Male Female Female Female Male Male
ABO mismatch with donor Match Match Match Mismatch Match Mismatch Match
Relation to donor Related Related Nonrelated Related Nonrelated Nonrelated Nonrelated
Graft type (lobe) Right Right Right Right Left Right Right
Splenectomy No No No No Yes Yes No
Previous ACR Yes Yes Yes No Yes No No
Previous moderate/severe ACR Yes No Yes No Yes No No
Previous steroid pulse Yes No No No Yes No No
HCV genotype 1b 1b 1b 2a b 1b 1b
HCV RNA (kIU/mL) before IFN >850 3620 1790 >5000 <5000 <5000 16,000
METAVIR score before IFN A2 F2 A2 FO Al FO Al F1 A2 F1 Al FO Al F1
Months from LT to IFN 13 2 5 13 7 9 72
Months from initiation 9 1 16 10 15 8 7
of IFN to diagnosis of CR .
Immunosuppressant at Tacrolimus Tacrolimus, Tacrolimus, Tacrolimus, Cyclosporine, MMF Tacrolimus, MMF MMEF
initiation of IFN MMF MME, PSL
Trough level of CNI 7.8 7.9 7.9 6.8 152 5.9 —
Reduction of No Yes (tacrolimus) Yes (tacrolimus, Yes (MME, PSL) Yes (MMF) No Yes (MMF)
immunosuppressant MMEF)
during IFN (reduced drugs)
Type of IFN Standard Standard Standard Pegylated Pegylated Pegylated Pegylated
Ribavirin discontinuation No No Yes Yes No No Yes
IFN at diagnosis of CR On treatment On treatment 1 month after 5 months after On treatment On treatment On treatment
end of IFN end of IFN
At diagnosis of CR
Liver biopsy Foam cell Bile duct atrophy Bile duct atrophy Bile duct atrophy, Bile duct atrophy, Bile duct atrophy, Foam cell
arteriopathy, bile duct loss bile duct loss bile duct loss arteriopathy,
bile duct bile duct
atrophy atrophy
AST (IU/L) 121 90 53 73 331 124 36
ALT (1U/L) 67 37 43 63 288 52 32
ALP (IU/L) 2034 906 494 1751 2143 528 1164
v-GTP (IU/L) 561 768 155 209 515 27 1489
Bilirubin (mg/dL) 18.6 18.8 31.5 38.1 11.8 16.4 22.6
HCV RNA (kIU/mL) Undetectable 460 Undetectable Undetectable 16,000 Undetectable 0.40
Treatment for CR Tacrolimus, MMF Tacrolimus Tacrolimus, Tacrolimus, Tacrolimus, MME, Tacrolimus, Tacrolimus, MME,
steroid pulse, MME, PSL rapamycin, steroid pulse, rapamycin,
MMF steroid pulse MMF steroid pulse
Qutcome Died Alive Died Died Died Died Died
Months from 64 — 1 1 1 3 1
diagnosis of
CR to death

ALT, alanine aminotransferase; AST, aspartate aminotransferase; PSL, prednisolone.
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with CR after antiviral therapy was terminated. Antiviral
therapy was discontinued in the remaining five patients.
Of note, six patients were treated with IFN for more than
7 months, suggesting that long-term administration of
IFN is associated with CR. Liver biopsy was performed for
diagnosis of CR because of abnormal liver function tests in
all cases. All patients with documented CR had high levels
of alkaline phosphatase (ALP). Total bilirubin levels were
extremely high (11.8-38.1 mg/dL) at diagnosis, suggesting a
delayed diagnosis of CR. All liver biopsies showed atrophy
affecting most bile ducts as well as hepatocanalicular cho-
lestasis. Two patients (patients 1 and 7) showed foam cell
obliterative arteriopathy. Bile duct loss was shown in 100%,
67%, and 20% of the portal tracts in patients 4, 5, and 6,
respectively. In none of the seven patients was evidence of
ACR found in the biopsy specimens. Hepatic artery or bil-
iary tract obstruction or structuring was excluded by imag-
ing in all patients.

Serum HCV RNA was undetectable in four patients at
CR diagnosis and remained undetectable in all four patients
during the follow-up period. Two of the four patients were
considered to have SVR. Final outcomes could not be de-
termined in the remaining two patients who died within
24 weeks after termination of treatment.

Various intensive treatment protocols were used for
these seven patients after CR diagnosis, including increase of
tacrolimus dose, addition or increase in MMF and/or
prednisolone dose, administration of steroid pulse therapy,
and inclusion of rapamycin in the therapy. CR progressed
rapidly to liver failure in five patients (patients 3—7). These
five patients died within 3 months after diagnosis of CR due
to liver failure and infection. The liver damage in patient 1
gradually progressed to liver failure, and the patient died at
64 months after CR was diagnosed. Only one patient (pa-
tient 2) recovered from CR and survived, although a follow-up
liver biopsy showed chronic hepatitis C.

Risk Factors of CR Associated with
Antiviral Therapy

Factors associated with the development of CR during
and after antiviral therapy were analyzed by comparing the
features of 7 CR patients with those of 76 patients who did
not develop CR despite receiving antiviral therapy for more
than 1 year (Table 2). A reduction of the immunosuppressant
dose during antiviral therapy (P=0.034) and a low fibrosis
stage before antiviral therapy (P=0.045) were significantly
associated with antiviral therapy-related CR. No significant
associations were found with other variables, including donor
factors, ribavirin discontinuation, and undetectable HCV
RNA. The rate of previous ACR (P=0.065), rate of previous
moderate or severe ACR (P=0.059), ALP level (P=0.121),
and y-glutamyl transpeptidase (y-GTP) level (P=0.051) be-
fore antiviral therapy was higher in the patients who devel-
oped CR, but the differences from patients without CR were
not significant.

DISCUSSION

Of the 125 patients, 7 (6%) who received antiviral
therapy for hepatitis C after LDLT developed CR. CR
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progressed rapidly, resulting in death within 3 months after
diagnosis, in 5 of these 7 patients.

The risk of rejection have been suggested to increase
with IFN administration because of the drug’s theoretical
immunomodulatory actions, such as up-regulation of hu-
man leukocyte antigen class II antigens and induction of
proinflammatory cytokines (21). Previous studies have
reported that the frequency of CR in patients who received
IFN was substantially higher compared with patients who
did not receive antiviral therapy (11, 12, 17). In the present
study, the rate of antiviral therapy-associated CR was 6%.
This rate is high, because no CR occurred in the entire study
period other than during or within 6 months after termi-
nation of antiviral therapy in the 230 HCV-positive re-
cipients analyzed. Some cases showed sudden onset of
CR after a long transplantation period in the absence of
preexisting ACR, supporting the association of antiviral
therapy with CR.

In our analysis, the two significant risk factors for CR
were reduction of the immunosuppressant dose during
antiviral therapy and low fibrosis score at antiviral therapy
initiation. Additional characteristics associated with CR
were elevated cholestatic enzyme levels at the time of diag-
nosis, onset of CR more than 7 months after treatment
initiation (excluding one patient) and poor prognosis after
the diagnosis. The MMF dose was reduced or stopped dur-
ing antiviral therapy in four of five patients who had re-
ceived MMF at the start of the treatment. We had initially
tried to reduce the MMF dose during antiviral therapy, be-
cause MMF is known to suppress the bone marrow and
could therefore augment the cytopenic effects of IFN and
ribavirin. We had reduced immunosuppressant according to
our reduction protocol even during antiviral therapy. Based
on the data, we subsequently changed our strategy to
maintaining the MMF dose and increasing the trough level of
CNIs during antiviral therapy. The reason for the association
between the low fibrosis score and CR is currently unclear.
Although some institutions recommend early introduction of
antiviral therapy (8, 9), our data suggest that antiviral therapy
should not be administered to patients with no or mild fi-
brosis. On the contrary, it is reported that tolerance to therapy
decreases significantly in patients with a fibrosis stage >3 on
baseline liver biopsy (22). Therefore, the antiviral therapy
should be initiated in patients with a fibrosis stage 2, as the
recent review articles recommended (23, 24).

All our patients underwent LDLT, but no characteris-
tics specific to LDLT, including blood-relative donors, graft
size, and ABO incompatibility, were identified as risk factors
for CR in our study. This appears to indicate that LDLT and
DDLT patients do not differ with respect to antiviral
therapy-associated CR.

Early diagnosis of CR, as well as prevention, is im-
portant for ensuring improved outcomes in LT recipients.
CR was diagnosed in our patients after liver damage had
already progressed. Histologic diagnosis of CR was difficult
in all these cases, despite repeated liver biopsy examination.
However, all the patients had elevated ALP and y-GTP levels
before jaundice was observed. CR should therefore be
suspected when a cholestatic liver enzyme pattern develops
during antiviral therapy for hepatitis C. When imaging has
excluded large bile duct and/or hepatic artery changes as the
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TABLE 2. Risk factors for CR

CR (n=7) No CR (n=76) P
Age at LT (years) 50 (41—67) 56 (36—69) 0.506"
Gender, male/female 3/4 44/32 0.352"
HCV genotype, 1/non-1 6/1 71/5 0.421"
Donor age at LT (years) 46 (28—60) 42 (21—65) 0.8577
Donor gender, male/female 4/3 40/36 0.568"
Sex mismatch, match/mismatch 0/7 26/50 0.064°
ABO mismatch, match/mismatch 5/2 59/17 0.507"
Relation to donor, related/nonrelated 3/4 48/28 0.254°
HLA-A matched number, 0/1/2/unknown 0/5/2/0 13/44/16/3 0.332°
HLA-B matched number, 0/1/2/unknown 2/4/1/0 21/47/5/3 0.778"
HLA-DR matched number, 0/1/2/unknown 3/3/1/0 18/47/8/3 0.487¢
Graft type, left lobe/right lobe 1/6 9/67 0.608"
Splenectomy, yes/no 2/5 38/38 0.247°
Previous ACR, yes/no 4/3 17159 0.065°
Previous moderate/severe ACR, yes/no 3/4 9/67 0.059°
Previous steroid pulse therapy, yes/no 2/5 8/68 0.198"
Months from LT to therapy 9.0 (1.8—72.4) 9.1 (2.2—68.8) 0.694°
Valuables at initiation of IFN
Age (years) 55 (41—68) 57 (37—70) 0.599%
CNI tacrolimus/cyclosporine 5/1 71/5 0.376°
Trough level for tacrolimus (ng/mL) 7.3 (0—7.9) 6.2 (2.6—10.9) 0.641¢
AST (IU/L) 68 (24—464) 76 (21—331) 0.908"
ALT (IU/L) 88 (25—354) 79 (20—392) 0.842°%
ALP (IU/L) 878 (283—2977) 462 (168—2818) 0.121°
v-GTP (IU/L) 317 (48—1623) 112 (15—1704) 0.051°
Bilirubin (mg/dL) 0.8 (0.3—10.4) 0.9 (0.3—4.6) 0.861°
Activity grade, A1/A2/A3 4/3/0 50/24/2 0.693“
Fibrosis stage, FO/F1/F2/F3 3/3/1/0 4/56/13/3 0.045%
Reduction of immunosuppressant during IFN, yes/no 5/2 22/54 0.034°
Ribavirin discontinuation during IFN, yes/no 3/4 26/50 0.468°
Undetectable HCV RNA during IFN, yes/no 4/3 51/25 0.439"

# Wilcoxon rank-sum test.
b Chi-square test.

Comparison was made between 7 patients with CR and 76 patients without CR despite receiving antiviral therapy for more than 1 year (No CR).
Qualitative variables expressed as number. Quantitative variables expressed as median (range).

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HLA, human leukocyte antigen.

potential etiology of abnormal liver function, we believe that
cessation of antiviral therapy and initiation of intensive
immunosuppressive therapy should be considered, even
without histologic confirmation of CR.

Some limitations of this study are its retrospective
nature and relatively small sample size. Because the fre-
quency of CR was low, the sample size was not adequate for
multivariate analysis.

In conclusion, CR developed in association with
antiviral therapy for recurrent hepatitis C after LDLT. Re-
duction of the immunosuppressant dose during antiviral
therapy should be avoided and antiviral therapy should not
be administered to patients with no or mild fibrosis to
prevent antiviral therapy-associated CR. Early CR diagno-
sis should be suspected when a cholestatic liver enzyme
pattern develops during antiviral therapy. In these cases,
discontinuation of antiviral therapy and increase in the

immunosuppressant dose are recommended when other
causes of liver dysfunction are excluded.

MATERIALS AND METHODS

Patients

A total of 232 patients with HCV-related end-stage liver disease

underwent LDLT at Kyoto University Hospital between March 1999 and
September 2012. Two patients who received a liver graft from an identical
twin were excluded from this study, because they did not require immu-
nosuppression because of genetic identity. Of the remaining 230 patients,
157 patients were followed up for more than 6 months after LDLT in our
hospital. Antiviral therapy was administered to 125 of the 157 patients with
recurrent hepatitis C between January 2001 and September 2012. They were
diagnosed with recurrent hepatitis C after LDLT via serum HCV RNA
analysis and histologic evidence. The remaining 32 patients did not receive
antiviral therapy for various reasons: serum HCV RNA negative after LDLT
(n=4), no histologic hepatitis C recurrence in the follow-up period (n=13),
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no fibrosis seen by liver histology (n=8), and ongoing treatment for the other
complications (n=7). CR was defined histologically according to the updated
International Banff Schema for Liver Allograft Rejection with the following
criteria: (a) the presence of bile duct atrophy/pyknosis affecting most of the
bile ducts with or without bile duct loss, (b) convincing foam cell obliterative
arteriopathy, or (c) bile duct loss affecting more than 50% of the portal tracts
(13). Patients who were diagnosed with CR based on these diagnostic criteria
during or within 6 months after terminating antiviral therapy were examined
for antiviral therapy-associated CR. The clinical features of these 7 patients
with CR were compared with those of 76 patients who did not have CR despite
receiving antiviral therapy for more than 1 year to determine the risk factors
for CR.

The study protocol was approved by the ethics committee at Kyoto
University and performed in compliance with the Helsinki Declaration.

Treatment Protocol and Definition of Responses
to Treatment

Between January 2001 and April 2004, 40 patients with recurrent hepa-
titis C after LDLT received treatment with IFN-a-2b plus ribavirin (25).
From May 2004 to June 2011, patients received combination therapy with
peg-IFN-a-2b plus ribavirin (26). Patients who acquired a negative serum
HCV RNA status within 12 months after treatment initiation continued to
recejve the treatment for an additional 12 months. Patients who tested
negative for serum HCV RNA for more than 6 months after completing [FN
therapy were defined as having achieved SVR. For those who tested positive
for serum HCV RNA after 12 months of treatment, therapy was dis-
continued or switched to maintenance therapy with low-dose peg-IFN (27),
and patients were classified as having shown no response.

Histologic Assessment

Liver biopsy examination was performed when patients showed abnor-
mal liver function tests, or at yearly intervals, with informed consent. Bi-
opsy specimens were evaluated by two pathologists (H.H. and A.M.-H.)
with extensive experience in the pathology of LT. Necroinflammatory ac-
tivity (A0-A3) and fibrosis stage (FO-F4) were assessed using METAVIR
scores (28).

Immunosuppression

Tacrolimus with Jow-dose steroid or MMF was administered to most
patients for immunosuppression (25). The target whole blood lower level
for tacrolimus was 10 to 15 ng/mL during the first 2 weeks, 10 ng/mL there-
after, and 5 to 8 ng/mL starting from the second month. Steroid therapy was
initiated at a dose of 10 mg/kg methylprednisolone before graft reperfusion
then tapered down from 1 mg/kg per day on days 1 to 3, to 0.5 mg/kg per day
on days 4 to 6, and to 0.3 mg/kg per day on day 7. Subsequently, oral pred-
nisolone was continued at 0.3 mg/kg per day until the end of the first month,
and this was followed by 0.1 mg/kg per day until the end of the third month.
After that, steroid administration was terminated. MMF was initiated at a
starting dose of 10 to 15 mg/kg on day 1, which was gradually increased to a
target dose of 30 mg/kg, and this was continued for 6 months. Thereafter,
MMF administration was terminated. Four patients received cyclosporine
microemulsions instead of tacrolimus. MMF and/or prednisolone was ad-
ministered again to patients who experienced refractory rejection or required
reduction of the tacrolimus or cyclosporine dose because of adverse events and
then tapered down gradually. Twenty-seven patients who received ABO-
incompatible transplants were treated with rituximab, plasma exchange, and
hepatic artery or portal vein infusion with prostaglandin E1 and methyl-
prednisolone (29).

Virologic Assays

HCV genotype was determined using a genotyping system based on
polymerase chain reaction (PCR) to amplify the core region using
genotype-specific primers (30). The serum HCV RNA load was evaluated
before LDLT, before IFN treatment, once a month during treatment, and
24 weeks after treatment using PCR and an Amplicor HCV assay (Cobas
Amplicor HCV Monitor; Roche Molecular Systems, Pleasanton, CA) until
April 2008. A real-time PCR-based quantitation method for HCV (COBAS
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AmpliPrep/COBAS TagMan HCV Test; Roche Molecular Systems) was used
alternatively from May 2008.

Statistical Analysis

To evaluate the association between patient characteristics and CR, the
characteristics were defined and compared between patients with and
without CR. Medians and ranges were determined for continuous variables,
and data were analyzed using the Wilcoxon rank-sum test. Categorical
variables were expressed as counts, and data were analyzed using the chi-
square test. A significance level of P<0.05 was considered significant. Sta-
tistical analyses were performed using PASW Statistics version 18.0.0 (SPSS,
an IBM company).
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Abstract

Tacrolimus is widely used as an immunosuppressant in liver transplantation, and tacrolimus-induced acute kidney injury
(AKI) is a serious complication of liver transplantation. For:early detection of AKI, various urinary biomarkers such as
monocyte chemotactic protein-1, liver-type fatty acid-binding protein, interleukin-18, osteopontin, cystatin C, clusterin and
neutrophil gelatinase-associated lipocalin (NGAL) have been identified. Here, we attempt to identify urinary biomarkers for
the early detection of tacrolimus-induced AKI in liver transplant patients. Urine samples were collected from 31 patients
after living-donor liver transplantation (LDLT). Twenty recipients developed tacrolimus-induced AKI. After the initiation of
tacrolimus therapy, urine samples were collected on postoperative days 7, 14, and 21. In patients who experienced AKI
during postoperative day 21, additional spot urine amples were llected on postoperative days 28, 35, 42, 49, and 58. The
8 healthy volunteers, whose renal and-liver functxons were' normal ‘Were asked to collect their blood and spot urine samples.
The urinary levels of NGAL, monocyte chemotactic protein-1 and liver-type fatty acid-binding protein were significantly
higher in patients with AKI than in those wnthout while those of interleukin-18, osteopontin, cystatin C and clusterin did not
differ between the 2 groups. The area under the receiver operating characteristics curve of urinary NGAL was 0.876 (95%
confidence interval;.0.800-0.951; P<<0.0001), which was better than those of the other six urinary biomarkers. In addition,
the urinary levels of NGAL at postoperative day 1 (p =0,0446) and day 7 (p=0.0006) can be a good predictive marker for
tacrolimus-induced AKI within next 6 days, respectively. In conclusion, urinary NGAL is a sensitive biomarker for tacrolimus-
induced AKI, and may help predlct renal event caused by tacrolimus therapy in‘liver transplant patients.
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Introduction

Tacrolimus, a calcineurin inhibitor, is widely used as an
iImmunosuppressant in patients undergoing liver transplantation.
Although therapeutic drug monitoring helps maintain the blood
concentration of tacrolimus within a narrow therapeutic range (5—
15 ng/ml)), preventing adverse reactions such as nephrotoxicity
and neurotoxicity, adverse reactions do occur in patients with
greater blood concentrations of tacrolimus [1]. One such severe
adverse reaction is nephrotoxicity. Acute kidney injury (AKI) is a

PLOS ONE | www.plosone.org

frequent complication of liver transplantation and its incidence has
been reported to range between 36% and 78% [2—4]. Postoper-
ative AKI has been reported to cause high mortality in the
recipients [3,4], and one of the main risk factors for acute renal
failure after liver transplantation is calcineurin inhibitor toxicity
[5,6]. Thus, tacrolimus nephrotoxicity is a serious problem for
liver transplant recipients.

Although serum creatinine (Scr) is a commonly used marker for
renal function, it fails as a marker for renal injury due to the
following reasons: Scr level increases after changes in glomerular
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Liver transplant patients
(August 2010 — July 2013; n=93)

(n=9) 1) Perioperative renal impairment before
- — =D tacrolimus administration
2) Any renal replacement therapy

v
Postoperative tacrolimus-based immunosuppressive therapy (n=84)

A\ 4 \ 4
Normal kidney function Renal impairment : increase in Scr level of 50
(n=24) % within continuous 96 hours
(AKI, n=60)
1) Bacterial infection 1) Scr did not lowered even
2) Surgery for by dose reduction of
hemostasis tacrolimus
(n=13) 3) Post-surgical i (_ni4_(-))_> 2) Postoperative renal
-3 diabetes mellitus impairment by septic
4) Acute rejection ischemia, antibiotics and
(Temporal hepatorenal syndrome
discontinuation of (Other cause induced AKI)
tacrolimus)
v v
Normal kidney function 1) Renal impairment accompanied by
{Control, n=11) elevated blood level of tacrolimus

2) Scrlowered by dose reduction of
tacrolimus regardless its blood level
(Tacrolimus-induced AKl, n=20)

Figure 1. Diagnostic algorithm of tacrolimus-induced AKI in the patients after liver transplantation. Between August 2010 and July
2013, 93 patients were enrolled with the written informed consent. Nine patients with perioperative renal impairment before the administration of
tacrolimus-based posttransplant immunosuppressive treatment and patients with any renal replacement therapy were excluded. Patients with renal
impairment by some other causes including septic ischemia, antibiotics and hepatorenal syndrome were also excluded from this study. In addition,
the patients of renal impairment with low tacrolimus levels, whose Scr levels were not changed even by the decrease of tacrolimus dosage, were also
excluded indicating other causes-derived renal impairment such as tubular necrosis post-surgery. Among 24 patients with normal kidney function, 13
patients with post-transplant infectious disease, surgery for hemostasis, post-surgical diabetes mellitus and acute rejection episode were excluded for
the temporal discontinuation of tacrolimus administration. Finally, the clinical data of the 11 control patients and 20 patients with tacrolimus-induced
AKI were used.

doi:10.1371/journal.pone.0110527.g001
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filtration, and hence is thought to be a delayed marker for
decreased renal function [7]. In addition, Scr is affected by non-
renal factors such as age, sex, body weight, muscle mass, total body
volume, and protein intake [8,9]. Therefore, more sensitive and
specific biomarkers are needed to detect AKT at an early stage.

Until now, various biomarkers for AKI have been identified,
such as neutrophil gelatinase-associated lipocalin (NGAL), and
liver-type fatty acid-binding protein (L-FABP). In clinical practice,
NGAL serves as a good biomarker for AKI in emergency room
patients [10], during septic shock [11], and after cardiac surgery
[12,13] and liver transplantation [14,15]. L-FABP is also a good
biomarker for renal damage following cisplatin-induced nephro-
toxicity [16], contrast-induced nephrotoxicity [17], and septic
shock induced AKI [18].

In 2007, the Acute Kidney Injury Network (AKIN) criteria for
the classification and staging of AKI was published [19].
According to these criteria, an absolute increase in Scr levels of
at least 0.3 mg/dL or a percentage increase of more than or equal
to 50% within 48 h is defined as AKI. However, in some liver
transplant recipients, the changes in Scr are gradual and cannot be
evaluated according to the AKIN criteria. Therefore, new and
reliable diagnostic methods for the detection of tacrolimus-induced
AKI are needed. In this light, here, we attempt to identify urinary
biomarkers for the early detection of tacrolimus-induced AKI in
patients undergoing living-donor liver transplantation (LDLT).

Table 1. Patient characteristics.

Urinary NGAL as an AKI Biomarker after Liver Transplantation

Experimental Procedures

Patients and urine samples

A total of 21 adult patients (7 men and 14 women) who
underwent LDLT at Kyoto University Hospital between August
2010 and March 2012, were enrolled in a pilot study after -
obtaining written informed consent. We performed power analysis
using the patients who developed AKI within 14 days after liver
transplantation. Among the 21 patients, 14 were diagnosed with
AKI. Additionally, the patients were classified into 2 groups
according to the urinary NGAL levels. The number of patients
with NGAL levels lower than the cut-off value (62.0 ng/mg
creatinine) was 4 among AKl-free patients and 1 among AKI
patients. The power of this study was calculated as 0.606. For a
power greater than 0.8, a sample size of 30 would be required.

Based on the results of the preliminary study, we extended the
observation period to add 10 more patients. A total of 93 patients
(45 men and 48 women; age, >18 years) who underwent LDLT at
Kyoto University Hospital between August 2010 and July 2013,
were enrolled in the present study after obtaining written informed
consent. Nine patients with perioperative renal impairment before
the administration of tacrolimus-based posttransplant immuno-
suppressive treatment, patients with renal impairment by some
other causes including septic ischemia, antibiotics and hepatorenal
syndrome, and patients with any renal replacement therapy were
also excluded from this study. In addition, the patients of renal
impairment with low tacrolimus levels, whose Scr levels were not

Healthy (n=8)

AKI (n=20)

P value

AKl-free (n=11)

Age (ye: o : . 3
Sex (male/female) 8/0
Body weight (ko) s . 65198

Primary disease (n)

 Biliary at sia A
Primary biliary cirrhosis

irus-related liver cancer -~ =

group match

Identical

Incompatible
Child Pugh score
MELD score

Donor |

Preoperative Scr (mg/dL)

Preoperative eGFR
(mL/minute/1.73 m?)

Mean blood levels of tacrolimus during the 21-day -
postoperative period
(ng/mL)

4/7
610x124

s
‘ 15.0+6.9 ‘
Lo s
/0.61i0.19

86.6+26.7

851+1.79 NS

8.65+1.97

postoperative day.
doi:10.1371/journal.pone.0110527.t001
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NOTE: The results are given as mean * standard deviation. Statistical analysis was performed using the Mann-Whitney U test and Kruskal-Wallis test.
Abbreviations: BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; MELD, Model for End-stage Liver Disease; Scr, serum creatinine; POD,
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Figure 2. Comparison of the urinary levels of NGAL (A), MCP-1 (B), L-FABP (C), IL-18 (D), osteopontin (E), cystatin C (F), and clusterin
(G) among healthy volunteers (8 measurements of 8 subjects), AKI-free group (11 measurements of 11 subjects) and AKI group (20
measurements of 20 subjects). Data were from urinary samples on postoperative day 1 immediately before the administration of tacrolimus in
liver transplant patients (AKl-free group and AKI group). Data were normalized to urinary creatinine concentration and plotted on a logarithmic Y axis.
Statistical analyses were performed using the Mann-Whitney U test and Kruskal-Wallis test. *<0.05, **P<<0.01, ***P<0.001. NGAL, neutrophil
gelatinase-associated lipocalin; MCP-1, monocyte chemotactic protein-1; L-FABP, liver-type fatty acid-binding protein; IL-18, interleukin-18, N.D., not

detected.
doi:10.1371/journal.pone.0110527.9002

changed even by the decrease of tacrolimus dosage, were also
excluded from this study indicating other causes-derived renal
impairment such as tubular necrosis post-surgery. Among them,
the clinical data of the 31 liver transplant patients (12 men and 19
women) were retrospectively analyzed in the present study (Fig. 1).
For comparison, 8 healthy male volunteers were also recruited
with written informed consent. This study was conducted in
accordance with the Declaration of Helsinki and its amendments,
and was approved by the Ethics Committee of Kyoto University
Graduate School and Faculty of Medicine. All patients provided
written informed consent.

In all liver transplant patients, postoperative immunosuppres-
sive therapy using tacrolimus was initiated on the morning after
surgery (postoperative day 1). The blood concentration of
tacrolimus was measured using a chemiluminescent enzyme
immunoassay (ARCHITECT, Abbott). The daily oral dose of
tacrolimus was adjusted to achieve target trough blood concen-
trations of 10-15 ng/mL during the first 2 weeks following
surgery, approximately 10 ng/mL during the next 2 weeks, and 5—
7 ng/mL thereafter [20]. Spot urine samples were collected
immediately before the administration of tacrolimus on postoper-
ative day 1 as the control urine lacking tacrolimus. After the
initiation of tacrolimus therapy, urine samples were collected on
postoperative days 7, 14, and 21. In patients who experienced AKI
during postoperative day 21, additional spot urine samples were

PLOS ONE | www.plosone.org

collected on postoperative days 28, 35, 42, 49, and 58. The 8
healthy volunteers, whose renal and liver functions were normal,
were asked to collect their blood and spot urine samples. All urine
samples were stored at —80°C with protease inhibitor cocktail
tablets (Complete Mini, Roche Diagnostics, Mannheim, Ger-
many).

Urinary creatinine was determined according to the Jaffé
reaction by using the LabAssay Creatinine kit (Wako Pure
Chemical Industries Ltd., Osaka, Japan). The biomarker candi-
dates were measured using commercially available ELISA Kkits,
according to the manufacturer’s instructions. NGAL, monocyte
chemotactic protein-1 (MCP-1), osteopontin, and cystatin C were
measured using ELISA kits purchased from R&D Systems
(Minneapolis, MN). L-FABP level was determined using ELISA
kits from CMIC Co., Ltd (Tokyo, Japan). Interleukin-18 (IL-18)
was assessed using ELISA kits from Medical & Biological
Laboratories Co. Ltd (Nagoya, Japan). Clusterin was measured
using kits from AdipoGen Inc. (Incheon, Korea). The level of each
urinary biomarker was normalized to urinary creatinine levels to
adjust for changes in urine concentration.

Diagnostic criteria of tacrolimus-induced AKI and data
collection

Tacrolimus-induced AKI was diagnosed by the attending
physicians or nephrologists, and not fully according to the AKIN

4 October 2014 | Volume 9 | Issue 10 | e110527
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Figure 3. Comparison of the urinary levels of NGAL (A), MCP-1 (B), L-FABP (C), IL-18 (D), osteopontin (E), cystatin C (F), and clusterin
(G) between AKl-free group (37 measurements of 11 subjects) and AKI group (40 measurements of 20 subjects). Data were from
urinary samples in the post-transplant tacrolimus therapy. Data were normalized to urinary creatinine concentration and plotted on a logarithmic Y
axis. Statistical analyses were performed using the Mann-Whitney U test and Kruskal-Wallis test. *P<0.05, ***P<0.001. NGAL, neutrophil gelatinase-
associated lipocalin; MCP-1, monocyte chemotactic protein-1; L-FABP, liver-type fatty acid-binding protein; IL-18, interleukin-18, N.D., not detected.
doi:10.1371/journal.pone.0110527.g003
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Figure 4. Receiver operating characteristic curve analysis of urinary NGAL (A), MCP-1 (B), L-FABP (C), IL-18 (D), osteopontin (E),
cystatin C (F), and clusterin (G). Urinary biomarker levels were corrected using urinary creatinine concentrations. NGAL, neutrophil gelatinase-
associated lipocalin; MCP-1, monocyte chemotactic protein-1; L-FABP, liver-type fatty acid-binding protein; IL-18, interleukin-18.
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