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HCC.?”2® Further, AFP and DCP are directly associated
with HCC progression through the induction of cancer
cell proliferation and angiogenesis, respectively.””*
Thus, our results are in good accordance with previous
basic investigations and suggest that hepatic inflamma-
tion as well as elevated AFP and DCP levels indepen-
dently accelerate the progression of NBNC-HCC.

Diagnostic year of HCC was also directly associated
with the Milan criteria in this study. Although the reason
for this association is unclear, a progress in serum tumor
- markers is a possible explanation. Because sensitivities
of AFP and DCP were improved during this study period
(1995-2006),**-** one would think that serum AFP and
DCP levels are confounding factors for an association
between diagnostic year of HCC and the Milan criteria.

Recently, lifestyle-related factors including alcohol
intake and diabetes mellitus have been noted as risk
factors for the development of NBNC-HCC.*10-1234-38
Previous in vitro studies showed that ethanol and
glucose stimulate the proliferation and migration of
HCC,»#* indicating the direct association of alcohol
intake and diabetes mellitus with NBNC-HCC progres-
sion. However, in this study, these factors were not
directly associated with the Milan criteria. Although the
reason for this discrepancy remains unclear, alcohol
intake and diabetes mellitus were associated with the
Milan criteria through diagnosis of liver cirrhosis in this
study. Both ethanol consumption and diabetes mellitus
can activate fibroblasts,*'** which are crucial compo-
nents of the tumor microenvironment promoting the
growth and invasion of cancer cells.**** Thus, alcohol
intake and diabetes mellitus may be associated with the
clinical progression of NBNC-HCC through the tumor
microenvironment.

Then, we created a decision tree algorithm to identify
the clinical feature profiling associated with the staging
of NBNC-HCC; the reproducibility of this model was
confirmed by the independent validation datasets.
Serum AFP level was selected for the initial classifica-
tion, and serum DCP level was selected for the third
division, creating groups 3 and 4. Although it is still
unclear why the serum AFP level was associated with the
Milan criteria to a greater extent than the serum DCP
level, an association of the serum AFP level with the
pathological features of HCC is a possible explanation.
The AFP level is related to the number of HCC, whereas
the DCP level is more specific to vascular invasion.**=*’
In this study, the staging of HCC was evaluated by using
the Milan criteria, which include number and size of
HCC but not vascular invasion,” explaining why serum
AFP level was selected for the initial classification.
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Diagnosis of liver cirthosis was selected for the second
division in the decision tree algorithm. Although liver
cirrhosis is a well-known major risk factor for the devel-
opment of HCC,*!%122334%2 gur result indicates that liver
cirrhosis may suppress the progression of NBNC-HCC.
We do not have any data accounting for the association
between diagnosis of liver cirrhosis and suppression of
the NBNC-HCC progression, the following is, however,
a possible explanation for this contradiction. HCC sur-
veillance may be performed more often in patients with
liver cirrhosis than in those without liver cirrhosis,'*** so
HCC could be identified at an early stage in patients
with liver cirrhosis.

A limitation of this study is that a relationship
between progression of NBNC-HCC and non-alcoholic
steatohepatitis (NASH) was not evaluated. The reason is
that NASH-related HCC is often diagnosed as cryptoge-
nic cirthosis-related HCC because of reduction of
hepatic triglycerides according to the progression of
NASH, so-called “burned-out NASH".*® However, NASH
is deeply involved in the development of HCC and a
major reason for the increase in number of NBNC-HCC
patients.®*>*° Recently, visceral fat accumulation is also
reported to be an independent risk factor for HCC recur-
rence after curative treatment.”’ Thus, further study will
be focused on a relationship between the progression of
NBNC-HCC and NASH.

In conclusion, data mining disclosed complex asso-
ciations of risk factors and clinical feature profiling asso-
ciated with the staging of NBNC-HCC.
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Efficacy of splenectomy in preventing anemia in
patients with recurrent hepatitis C following liver
transplantation is not dependent on inosine triphosphate
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Aim: A genetic polymorphism of inosine triphosphate pyro-
phosphatase (ITPA) has been associated with pegylated-
interferon/ribavirin (PEG-IFN/RBV)-induced anemia in chronic
hepatitis C patients. However, correlation of the genetic
variant with anemia following liver transplantation has not
been determined.

Methods: Sixty-three hepatitis C virus (HCV)-positive
patients who underwent liver transplantation and PEG-IFN/
RBV therapy were enrolled. The rs1127354 was determined
for each individual.

Results: There was no relationship with anemia or RBV
dosage in patients carrying the CC allele (CC group, n = 43)
and those carrying the CA allele (CA group, n = 20). The inci-
dence of hemoglobin {Hb) decline >3 g/dL (CC: 4.7%, CA: 0%)
was relatively low, whereas the incidence of Hb levels

<10 g/dL (CC: 18.6%, CA: 30.0%) was high. Univariate analysis
revealed that splenectomy inversely correlated with Hb levels
<10 g/dL at 4 weeks (P =0.04). Among the 22 patients who
did not undergo splenectomy, the incidence of Hb levels
<10 g/dL tended to be lower in the seven patients carrying the
CA allele (28.6%) than in the 15 patients with the CC allele
(60.0%).

Conclusion: The ITPA genetic polymorphism does not cor-
relate with post-transplant PEG-IFN/RBV-induced anemia.
Splenectomy is useful in preventing anemia regardless of the
ITPA genotype.

Key words: inosine triphosphate pyrophosphatase genetic
polymorphism, liver transplantation, recurrent hepatitis C,
splenectomy

INTRODUCTION

EPATITIS C VIRUS (HCV) and its related diseases

are the leading cause of liver transplantation (LT)
worldwide.! The incidence of HCV re-infection is
increased in almost all cases after LT and the outcome of
post-transplant antiviral therapy is very poor.? Although
the combination of pegylated interferon and ribavirin
(PEG-IFN/RBV) is the standard antiviral therapy for
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HCV, it is expensive and has some side effects such as
flu-like symptoms, thrombocytopenia, and anemia. Of
these problems, anemia is a serious matter, especially
for Japanese patients, as erythropoietin replacement
therapies are not covered by public medical insurance
and are seldom performed. Furthermore, the incidence
of anemia after LT is as high as 50%, even without
anti-HCV therapy.? PEG-IFN/RBV therapy for recurrent
hepatitis C after LT has been reported to cause anemia in
no less than 71% of recipients.* To prevent these side
effects, various techniques have been trialed, including:
(i) simultaneous splenectomy at transplantation,®
and (ii) PEG-IEN-02 therapy with 200 mg RBV daily
followed by an increase in dosage according to the
tolerance of the individual.®

Recently, two single nucleotide polymorphisms
(SNPs) in the inosine triphosphatase pyrophosphatase

© 2011 The Japan Society of Hepatology
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(ITPA) gene were reported to correlate with treatment-
induced anemia in chronic hepatitis C patients. These
were identified as 1s1127354 and 1s7270101.7 These two
SNPs are known to be responsible for ITPA deficiency’
and inosine triphosphate (ITP) accumulation in eryth-
rocytes, and are thought to confer protective effects in
ribavirin-related hemolytic anemia. Of these two SNPs,
137270101 is not polymorphic in Japanese people,® but
variants at rs1127354 have been demonstrated to be
significantly associated with treatment-induced anemia
in Japanese hepatitis C patients.”'°

If this genetic polymorphism is a predictor of anemia
after post-transplant PEG-IFN/RBV therapy, then that
would lead to a new tailored anti-HCV treatment post-
LT. In this article, we describe the relationship of the
ITPA genetic polymorphism to anemia in LT patients
undergoing PEG-IFN/RBV therapy, and demonstrate the
usefulness of our strategies against the aforementioned
side effects.

METHODS

Patients

ROM APRIL 1999 to March 2009, 112 HCV-RNA-

positive patients underwent LT at our institute, of
which 78 patients were administered PEG-IFN/RBV
therapy. Of these 78 patients, five patients who were
under treatment, six patients who dropped out from
treatment because of its side effect other than anemia
such as depression, and three patients whose Hb levels
after treatment were unavailable, were excluded from
this study. Therefore, 63 patients were retrospectively
analyzed. The current study was approved by the ethics
committee of Kyushu University.

Antiviral treatment

The primary doses of PEG-IFN a2b (Pegintron®;
Schering-Plough Inc, Kenilworth, NJ, USA) and RBV
(Rebetol®; Schering-Plough Inc) were 0.5 pg/kg per week
and 200 mg daily, respectively. They were increased to
1.5 ug/kg per week and 800 mg daily in a stepwise
manner according to individual tolerance as previously
described.® Neither granulocyte colony-stimulating
factor nor erythropoietin was used in any individual.

Assessment of the therapeutic effects
and anemia

A virological response (VR) was defined as a lack of HCV
RNA in response to the treatment regimen regardless
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of whether a relapse occurred when treatment was ter-
minated. A sustained virological response (SVR) was
defined as a lack of HCV RNA at 6 months after comple-
tion of the treatment. Treatment-induced anemia was
defined as a decline in hemoglobin (Hb) greater than
3 g/dL at 4 weeks, or a Hb level less than 10 g/dL at
4 weeks as previously described.”

DNA extraction and ITPA genotyping

DNA was extracted from the recipient’s exenterated liver
tissue at transplantation, and direct sequencing was per-
formed using a Big Dye Terminator v1.1 Cycle Sequence
Kit (Applied Biosystems Inc., Tokyo, Japan) according to
the manufacturer’s protocol. The primers used to iden-
tify the ITPA genetic polymorphism (rs1127354) were
5-AGA GTT ATC GAT GAG AAA-3’ (sense) and 5-GAG
AAA TCC AAC CAT CTT-3’ (antisense).

Statistical analysis

All data was analyzed using JMP® statistical soft-
ware. A y* test was performed for qualitative variables
and a Wilcoxon test was performed for quantitative
variables.

RESULTS

ITPA genotyping and anemia

HE ITPA MAJOR homozygote allele (1s1127354:

CC) was seen in 43 recipients (68.3%) and the het-
erozygote allele (CA) was seen in 20 recipients (31.7%).
No recipient enrolled in the current study carried the
minor homozygote allele (AA). The patients’ back-
grounds between these two genotypes have been out-
lined in Table 1. None of the pre-transplant, operative,
and pre-treatment factors exhibited any differences,
except for pre-treatment viral titre.

Among those carrying the CC allele, only two recipi-
ents (4.7%) showed a decline in Hb greater than 3 g/dL
at 4 weeks after the commencement of PEG-IFN/RBV
therapy; whereas none of the recipients carrying the
CA allele showed a Hb decline greater than 3 g/dL
(P=0.311; Fig. 1a). In contrast, eight recipients whose
Hb level was less than 10 g/dL at 4 weeks carried the CC
allele and six carried the CA allele (P =0.327; Fig. 1b).
In addition, the progression of anemia during the
treatment between two groups were compared by
each Hb decline at 4, 8, and 12 weeks after com-
mencement of the therapy to reveal that there was
no difference (-0.92 g/dL vs. -0.59 g/dL; P=0.59,
-1.33 g/dL vs. -0.74 g/dL; P=0.27, —-1.39 g/dL vs.

© 2011 The Japan Society of Hepatology
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Table 1 Comparison of the data among patients carrying CC allele and CA allele at 151127354

151127354 CC (n=43) CA (n=20) P-value
Pretransplantation factor
Recipient’s age (years), mean + SD 57%1 56+2 n.s
Recipient's sex (male / female), n 24 /19 14/6 n.s
Recipient’s BMI (kg-m™), mean + SD 24.9+0.62 24.0+0.88 ns
Donor's age (y), mean £ SD 33+2 34+2 n.s
Donor’s sex (male / female), n 31/12 12/8 n.s
Donor’s BMI (kg- m™), mean + SD 23.3+0.61 21.3+0.89 n.s
Pretransplant Hb level (g/dL), mean * SD 10.9 £0.36 11.2+0.48 n.s
MELD score, mean *+ SD 10.3+0.79 10.8+1.1 n.s
Operative factor )
Operative time (min), mean + SD 793 £31 839+ 44 n.s
Simultaneous splenectomy (yes/no), n 28 /15 13 /7 n.s
Intraoperative bleeding (mL), mean * SD 5752 £ 891 61051260 n.s
GV/SLV (%), mean + SD 405+ 1.4 42.3+2.0 ns
Post-transplantation factor
Bile duct complication (yes / no), n 40/ 3 16/ 4 n.s
Pretreatment viral load (logIlU/mL), mean £ SD 6.2+0.1 6.6+0.2 0.02
Pathological activity score, mean * SD 1.3+0.12 1.4+0.16 n.s
Pathological fibrosis score, mean + SD 1.1+£0.20 0.88£0.28 n.s
Immunospressive agents (CyA / FK), n 21 /22 15/5 n.s
Total dose of RBV during the first 4 weeks (mmg), mean * SD 8882 £ 703 8755 £ 1034 n.s
Pretreatment Hb level (g/dL), mean *+ SD 12.3+0.27 11.9+0.40 n.s

BMI, body mass index; CyA, cyclosporine; FK, tacrolimus; GV, graft volume; Hb, hemoglobin; MELD, model for end-stage liver disease;

n.s, not significant; SLV, standard liver volume.

—1.59 g/dL; P=0.81, respectively, Fig. 1c). The ITPA
genetic polymorphism did not correlate with PEG-IFN/
RBV-induced anemia after LT.

ITPA genotype and RBV dosage

The dosage of PEG-IFNo2b and RBV were adjusted for
each individual so as not to cause any side effects,
including anemia. If the ITPA minor allele was able
to protect post-transplant patients from RBV-related
hemolytic anemia, the RBV dosage could be increased
in recipients carrying the CA allele. As described in
Table 1, total dose of RBV administered during the
first 4 weeks were similar in each group (8882 mg
vs. 8875 mg, P=0.787). It was possible to increase the
RBV dosage in 16 recipients (40%) carrying the CC
allele and eight recipients (40%) carrying the CA allele
(P=1.00; Fig.2a). Twelve patients carrying the CC
allele and four carrying the CA allele had their
RBV dosage decreased because of anemia (P =0.409;
Fig. 2b).

Ochi et al.® reported that there was marginal correla-
tion between ITPA genetic polymorphism and the
outcome of PEG-IFN/RBV therapy, probably because of

© 2011 The Japan Society of Hepatology

the dose reduction of RBV in patients showing severe
anemia. In patients enrolled in the current study, the
therapeutic effects between recipients carrying the CC
and those carrying the CA allele were not significantly
different; with a VR of 68.9% and 72.7% (P =0.746;
Fig. 3a), respectively. The SVR for these two groups was
38.9% and 42.7% (P = 0.768, Fig. 3b), respectively.

Efficacy of splenectomy

We performed simultaneous splenectomy at transplan-
tation for HCV-related liver diseases to prevent PEG-
IFN/RBV therapy-induced blood cytopenia. Univariate
analysis showed that splenectomy was significantly
related to a Hb level less than 10 g/dL after 4 weeks
(Table 2). Therefore, to prove the efficacy of splenec-
tomy against treatment-induced anemia, the incidence
of anemia and RBV dose reduction were compared
between 41 recipients who had undergone spontaneous
splenectomy (Spx group) and 22 recipients who had not
undergone splenectomy (Non-Spx group). Although the
incidence of Hb decline greater than 3 g/dL was not
significantly different between the two groups (2.4 vs.
4.5%, P=0.649; Fig. 4a), the Spx group showed a
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Figure 1 Inosine triphosphate pyro-
phosphatase (ITPA) genetic polymor-
phism and  pegylated-interferon/
ribavirin (PEG-IFN/RBV)-related
anemia after liver transplantation (LT).
(a) Hemoglobin (Hb) decline greater
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o
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than 3 g/dL at 4 weeks after the com- 0
mencement of therapy was found in
4.7% of CC allele carriers and in none
of the CA allele carriers. (b) hemoglo- ©)
bin (Hb) levels less than 10 g/dL at

C/A C/C C/A
n=43 n=20

4 weeks were found in 18.6% of CC
allele carriers and in 30.0% of CA allele
carriers. (c) Hb decline at 4, 8, and
12 weeks after commencement of the
therapy were compared. There was no
statistical difference in the progression
of anemia during the treatment
between two groups. (—): C/A n=20;
(-): C/C n=43. -2~

Hb decline

significantly lower incidence of Hb levels lower than
10 g/dL compared with the Non-Spx group (14.6 vs.
36.4%, P < 0.05; Fig. 4b). Additionally, the RBV dosage
tended to be increased more often in the Spx group than
in the Non-Spx group (46.3 vs. 22.7%, P = 0.09; Fig. 4c);
and at the same time was not reduced because of anemia
(19.5 vs. 36.4%, P =0.09; Fig. 4d), though there was no
statistical difference.

45 1
40.0%

RBV dose up

Figure 2 Inosine triphosphate pyro-
phosphatase (ITPA) genetic polymor-
phism and ribavirin (RBV) dosage. (a)
The dosage of RBV was increased in
40% of each genotype group. (b) RBV
dose reduction due to anemia was
found in 30% of those carrying the CC
allele and 20% of those carrying the CA C/C

allele. n=43

After commencement
of the therapy (weeks)

s GIA 1 = 20
"""" C/IC n=43

The incidence of treatment-induced anemnia between
those carrying the CC and CA alleles among the non-Spx
group was evaluated. Of the 22 recipients in the non-Spx
group, 15 carried the CC allele and seven carried the CA
allele. Although there was no significant difference
because of the small numbers involved, a Hb decline
greater than 3 g/dL and Hb levels less than 10 g/dL at
4 weeks were found more often in recipients carrying

© o
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(a

VR rate

the CC allele (6.6 vs. 0% and 60 vs. 28.6%, respectively;
Fig. 5a,b). In addition, tolerance to RBV seemed better
in recipients carrying the CA allele. The dosage of RBV
was able to be increased in 15.4% of those carrying the
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Figure 3 Inosine triphosphate pyro-
phosphatase (ITPA) genetic polymor-
phism and virological response. (a)
Cirological response (VR) between the
two genotypes was 68.9% and 72.7%.
(b) The incidence of the sustained viro-
logical response (SVR) was 38.9% and
42.9%.

CC allele and in 42.9% of those carrying CA (Fig. 5¢). At
the same time, RBV dose reduction due to anemia was
found in 46.7% of those carrying the CC allele and in
28.6% of those with the CA allele (Fig. 5d).

Table 2 Comparison of the data among patients whose Hb level < 10 g/dL and 210 g/dL at 4 weeks

Hb level at 4 weeks Hb > 10 g/dL Hb <10 g/dL P-value
(n=49) (n=14)

Pretransplantation factor
Recipient’s age (year), mean + SD 56+1 58+2 n.s
Recipient’s sex (male/female), n 32 /17 6/8 ns
Recipient’s BMI (kg-m™), mean + SD 24.6+0.6 245%+13 n.s
Donor’s age (year), mean = SD 33+2 34+4 n.s
Donor’s sex (male/female), n 33/ 16 10/ 4 n.s
Donor’s BMI (kg- m™?), mean = SD 23.0+0.6 215+1.2 ns
Pretransplant Hb level (g/dL), mean + SD 11.2+0.32 9.9%0.68 n.s
MELD score, mean + SD 10.2+0.73 10.9+1.2 n.s

Operative factor
Operative time (min), mean = SD 823+29 730 £ 63 n.s
Simultaneous splenectomy (yes/no), n 35/ 14 6/8 0.04
Intraoperative bleeding (mL), mean * SD 5721+ 786 5332+1260 n.s
GV / SLV (%), mean £ SD 402+1.0 445%+23 n.s

Post-transplantation factor
Bile duct complication (yes/no), n 40/3 16/ 4 n.s
Pretreatment viral load (loglU/mL), mean = SD 6.2+0.1 6.7+0.2 0.03
Pathological activity score, mean * SD 1.3+0.11 1.2+£0.22 n.s
Pathological fibrosis score, mean * SD 0.9%0.19 1.2+0.38 n.s
Immunospressive agents (CyA / FK) 25/ 24 11/3 n.s
Total dose of RBV during the first 4 weeks (mmg), mean £ SD 9282 + 633 7000+ 1294 n.s
Pretreatment Hb level (g/dL), mean & SD 12.7+£0.21 10.4 £0.40 <0.0001

BMI, body mass index; CyA, cyclosporine; FK, tacrolimus; GV, graft volume; Hb, hemoglobin; MELD, model for end-stage liver disease;

n.s, not significant; RBV, ribavirin; SLV, standard liver volume.

© 2011 The Japan Society of Hepatology
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Figure 4 The efficacy of splenectomy
for anaemia and ribavirin (RBV) toler-
ance. (a) The incidence of a hemoglobin
(Hb) decline greater than 3 g/dL at
4 weeks was evident in 2.4% of recipi-
ents who had simultaneous splenec-
tomy at liver transplantation (LT) (Spx
group) and 4.5% of recipients were not
subjected to a splenectomy (non-Spx
group). (b) The incidence of Hb level
less than 10 g/dL at 4 weeks was signifi-
cantly lower in the Spx (14.6%) as com-
pared with the non-Spx group (36.4%).
(c) The dosage of RBV tended to
increase more often in the Spx group
(46.3%) than in the non-Spx group
(22.7%). (d) RBV dose reduction due to
anemia tended to be less frequent in the
Spx group (19.5%) than in the non-Spx
group (36.4%).
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other diseases because of the recurrence of hepatitis C''.
Although PEG-IFN/RBV is the only standardized anti-

CV-RELATED LIVER DISEASES are the main HCV therapy after LT, the outcome is poor with less than

reason for liver transplantation worldwide.! The 30% of cases exhibiting a SVR. This is likely because
post-transplant prognosis for HCV is worse than with of immunosuppressive agents used and severe side
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effects, including anemia.” Treatment-induced anemia
is an important issue in Japan where erythropoietin-
replacement therapy is seldom performed. The ITPA
genetic polymorphism was recently reported to be asso-
ciated with PEG-IFN/RBV-induced anemia in chronic
hepatitis C patients.”*'® However, the correlation
between this genetic polymorphism and post-transplant
PEG-IFN/RBV induced anemia has never been examined
until now.

We have made many attempts to prevent side effects,
such as minimal dose of PEG-IEN/RBV at therapy com-
mencement followed by dose adjustment in a stepwise
manner.® In the current study, we hypothesized that the
CA allele at rs1127354 correlated to post-transplant
PEG-IFN/RBV therapy-induced anemia, and that those
who carried the CA allele could tolerate a full dose of
PEG-IFN/RBV without reduction.

Among the 63 recipients enrolled in this study, the CA
allele was found in 20 (31.7%) patients, a frequency
corresponding to previous reports regarding Japanese
people.® Contrary to the hypothesis, the ITPA genetic
polymorphism did not correlate with treatment-
induced anemia after LT as shown in Figures 1 and 2.
The incidence of Hb decline greater than 3 g/dL was
relatively low, whereas the numbers of patients with Hb
levels less than 10 g/dL were high at 4 weeks of post-
transplant PEG-IFN/RBV therapy compared with those
in previous reports for chronic hepatitis C patients.”'® In
the current study, Hb decline was found in 4.7% of
individuals in the CC group and none in the CA group,
whereas this was 47.6-48.7% and 0.8-4.5%, respec-
tively, in chronic hepatitis C patients.”'® In contrast, a
Hb level below 10 g/dL was found in 18.6% and 30.0%
in the CC and CA groups, respectively, and in 9.3-
15.9% and 0.0-0.8% of chronic hepatitis C patients.”°
These findings may reflect that post-transplant patients
are originally subject to severe anemia with or without
PEG-IEN/RBV treatment and that our stepwise manner
protocol in PEG-IFN/RBV therapy prevents the progres-
sion of anemia.

Ochi et al.” demonstrated that the ITPA genetic poly-
morphism correlated not only with anemia but with
treatment efficacy. In the present study, however, the VR
was not different between the two genotypes. It can be
assumed that this was because of similar RBV tolerance,
although another possibility is that the difference for
each pretreatment viral load (6.2 vs. 6.6 loglU/mL)
affected the efficacy of the ITPA minor genotype. It was
recently reported that treatment-related anemia would
possibly be associated with a greater occurrence of VR™.
The correlation of the ITPA genetic polymorphism or

© 2011 The Japan Society of Hepatology
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anemia with the efficacy of PEG-IFN/RBV therapy
requires further investigation.

Another strategy against the side effects of post-
transplant PEG-IEN/RBV therapy at our institute is
simultaneous splenectomy at LT°. Splenectomy is
known to be effective and safe in combination with
PEG-IFN/RBV therapy for thrombocytopenic patients
with HCV-related cirrhosis,*™** but its efficacy in allevi-
ating anemia is yet to be demonstrated. In the guidelines
for the treatment of chronic hepatitis and cirrhosis due
to HCV in Japan,'® a splenectomy is recommended for
patients with a platelet count less than 50 000/mm?>.
Kishi et al.'” described that a splenectomy was effective
for treating leukocytopaenia, thrombocytopenia, but
not for anemia in post-transplant recurrent HCV
patients. In fact, there was no difference in pretreatment
Hb levels between the Spx and non-Spx groups (12.0 vs.
12.4 g/dL, P=0.39; data not shown) in the present
study. However, the incidence of Hb levels less than
10 g/dL after treatment was significantly lower in the
Spx group as compared with the non-Spx group, which
shows the efficacy of a splenectomy for treatment-
induced anemia after LT. At the same time, the ITPA
genetic polymorphism tended to be associated with
treatment-induced anemia and RBV tolerance in the
non-Spx group only, similar to chronic hepatitis C
patients. Conversely, it could be said that a splenectomy
prevents PEG-IFN/RBV-related anemia regardless of the
ITPA genetic polymorphism. However, neither splenec-
tomy nor other factors that were suggested to be signifi-
cantly associated with anemia by univariate analysis was
shown to be associated with Hb level <10g/dl at 4 weeks
after commencement of the therapy by multiple logistic
regression (data not shown). The proof of the efficacy
of splenectomy in preventing PEG-IFN/RBV induced
anemia needs further investigation.

In conclusion, this is the first report regarding the
relationship of the ITPA genetic polymorphism and
anemia caused by post-transplant PEG-IFN/RBV therapy
in recurrent HCV. The ITPA genetic polymorphism does
not correlate with treatment-induced anemia after LT.
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recurrent hepatocellular carcinoma
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Aim: Hepatocellular carcinoma (HCC) is primarily treated
with hepatic resection and/or locoregional therapy. When
HCC recurs and further treatment is no longer possible owing
to poor liver function, liver transplantation (LT) or living-donor
LT (LDLT) is considered. The aim of this study was to clarify risk
factors for tumor recurrence after LDLT in patients with recur-
rent HCC.

Methods: The study comprised 104 patients who had
undergone LDLT because of end-stage liver disease with
recurrent HCC. The recurrence-free survival rates after the
LDLT were calculated. Risk factors for tumor recurrence were
identified.

Results: The 1-, 3- and 5-year recurrence-free survival rates
were 89.6%, 80.3% and 78.4%, respectively. By univariate
analysis, the factors affecting recurrence-free survival were
the sum of the largest tumor size and number of tumors of 8
or more (P < 0.0001), des-y-carboxy prothrombin of more than

300 mAU/mL (P =0.0001), and a neutrophil-to-lymphocyte
ratio (NLR) of 4 or more (P =0.0002), o-fetoprotein of more
than 400 ng/mL (P =0.0001) and bilobar tumor distribution
(P = 0.046). A multivariate analysis identified independent risk
factors for post-LDLT tumor recurrence including the sum of
tumor size and number of tumors of 8 or more (P = 0.0004)
and an NLR of 4 or more (P=0.01). The 1- and 3- year
recurrence-free survival rates in the recipients who had both
risk factors were 30.0% and 15.0%, respectively.

Conclusion: LDLT should not be performed for patients who
have both independent risk factors after any treatments for
HCC.

Key words: hepatocellular carcinoma, living-donor liver
transplantation, neutrophil-to-lymphocyte ratio, number of
tumors, tumor size

INTRODUCTION

SHORTAGE OF cadaveric organs for transplanta-
tion continues to impair our ability to provide
liver transplantation (LT) despite progress in surgical
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techniques and immunosuppression.'? Currently, there
is no consensus on how to manage patients with
hepatocellular carcinoma (HCC) while awaiting LT.
Guidelines published in the UK state that locoregional
therapy, such as transarterial chemoembolization
(TACE), radiofrequency ablation (RFA), ethanol in-
jection therapy and microwave coagulation therapy
(MCT), should be considered for all listed patients with
HCC.? In Asian countries, religious, cultural and politi-
cal ideologies have created significant obstacles to the
transplantation of organs from cadavers. As a result,
HCC is primarily treated with hepatic resection and/or
locoregional therapy.** However, when HCC recurs and
further treatment is no longer possible owing to poor
liver function, LT is considered.* Organ shortages
have forced patients with recurrent HCC to endure long
waiting periods that are associated with tumor develop-
ment. Thus, living-donor LT (LDLT) is a potential choice
for treating recurrent HCC patients after the use of other
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treatments.* Since the 1994 report demonstrating suc-
cessful LDLT, living donors have been increasingly used
because of the disparity between demand and supply,
even in Western countries.*® Moreover, a blood relation-
ship between the donor and the recipient in LDLT may
give the recipient a chance to receive a transplant even
during the suboptimal conditions of HCC.”®

Thus, it is important to focus on factors that affect
tumor recurrence after LDLT in patients with recurrent
HCC.

The neutrophil-to-lymphocyte ratio (NLR) has
recently emerged as a useful prognostic factor for the
recurrence of several malignancies. An NLR of 5 or more
was reported to be a marker of survival in colorectal
cancer patients.'’ Halazun et al. reported that an NLR of
five or more was an independent predictor of the recur-
rence and poor overall survival in patients with colorec-
tal liver metastases."' Recently, it was demonstrated that
a preoperative NLR of 5 or more was an adverse predic-
tor of recurrence-free survival for patients undergoing
hepatic resection for HCC."? Furthermore, an elevated
NLR significantly increased the risk of HCC recurrence
after LT"® or LDLT.™

Mazzaferro et al. recently proposed the “up-to-seven
criteria”, with 7 being the result of the sum of the largest
tumor size (in cm) and number of tumors, to predict
patient survival after LT, based on a large sample size.'®
We have reported the outcome of LDLT for otherwise
unresectable and/or untreatable HCC patients”'® and
proposed two risk factors for recurrence-free survival:
a tumor size greater than 5cm and des-y-carboxy
prothrombin (DCP) levels greater than 300 mAU/mL
(Kyushu University [KU] criteria).” Furthermore, we pre-
viously reported a series of 68 cases of LDLT for patients
who had received pretransplant treatment for HCC.
DCP above 300 mAU/mL was shown to be an indepen-
dent risk factor for tumor recurrence after LDLT in the
published work. Since this report, LDLT has become a
more common treatment for such patients, thus gener-
ating a larger cohort for study.

Therefore, the aim of the present study was to clarify
the risk factors of tumor recurrence after LDLT in
patients with recurrent HCC.

METHODS

Recipients

NE HUNDRED AND sixty-seven recipients under-
went LDLT because of end-stage liver disease with
HCC at Kyushu University Hospital between April 1999
and August 2012. In this study, 104 adult patients (41

© 2012 The Japan Society of Hepatology
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female and 63 male) were enrolled who had undergone
LDLT because of end-stage liver disease with recurrent
HCC after treatment. The pretransplant treatments for
HCC, such as RFA, TACE, MCT and/or hepatic resection,
were dependent upon the recipient’s liver function
and tumor status. Graft types included left lobe with
caudate lobe graft (n = 63), right lobe graft without the
middle hepatic vein (n=37) and posterior segment
graft (n=4). The etiology of liver cirthosis included
hepatitis C (n=75), hepatitis B (n =20), cryptogenic
disease (n=4), alcohol abuse (n=3) and primary
biliary cirrhosis (n = 2) (Table 1). Our selection criteria
to perform LDLT for HCC patients were as follows: (i)
no modality except LDLT available to cure the patients
with HCC; (ii) no extrahepatic metastasis; and (iii) no
major vascular infiltration.*” There were no restrictions
on the tumor size, number of tumors or pretransplant
treatment. Since defining the KU criteria, we have not
performed LDLT for HCC patients with a tumor size
greater than 5cm and DCP levels greater than
300 mAU/mL.

Pretransplant imaging was used to estimate the
maximum tumor size, number of tumors and up-to-
seven criteria. a-Fetoprotein (AFP), DCP and NLR were
measured before the LDLT. The histological grades
obtained from the explanted livers were used for tumor
differentiation.

Donor and graft selection

Donors were selected from among the candidates who
hoped to be living donors."® Donors were required to be
within the third degree of consanguinity with recipients
or spouses, and to be between 20 and 65 years of age.
For a donor who was not within the third degree of
consanguinity, individual approval was obtained from
the Ethics Committee of Kyushu University Hospital.
Good Samaritan donations were not used.

Eligible donors proceeded to the imaging studies,
including chest and abdominal X-rays and 3-mm-slice
computed tomography (CT) scans for graft volumetric
analysis. 3-D CT was introduced for volumetric analysis
and delineation of vascular anatomy. The standard liver
weight (SLW) of recipients was calculated according to
the formula of Urata et al.'” Graft weight (GW) was
predicted by CT volumetric analysis. Decisions regarding
the graft type for recipients were based on the preopera-
tively predicted GW to SLW (GW : SLW) ratio. The left
lobe with caudate lobe graft was used when the preop-
eratively predicted GW : SLW ratio was more than 35%. A
posterior segment graft was used when the donor’s vas-
cularvariation was suitable to take the posterior segment.
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Table 1 Characteristics of recipients and donors

Variables n
Recipient
Sex (male/female) 63/41
Age (years, range) 58.0 (41-72)
Etiology
HCV 75
HBV 20
Cryptogenic 4
Alcohol 3
PBC 2
MELD score (range) 11.5 (4-31)
Diabetes mellitus (yes/no) 31/73
Splenectomy (yes/no) 60/44
CNI (TAC/CyA/None) 44/57/3
Donor
Sex (male/female) 75/29
Age (years, range) 34.3 (20-63)
Graft (left/right/posterior) 63/37/4

GW : SLW ratio (%, range) 41.0 (23.6-67.6)

Tumor
Maximum size (cm, range) 2.4 (0-7.0)
n (range) 17 (0-400)
Milan criteria (yes/no) 52/52

NLR (range)

AFP (ng/mL, range)

DCP (mAU/mL, range)

Duration between first Tx and LDLT
(days, median, range)

Duration between last Tx and LDLT
(days, median, range)

3.1 (0.44-20.2)
1516 (1-43 000)
349 (3-5934)
1198 (61-4272)

349 (30-2140)

Times of treatment (range) 3 (1-11)
Microvascular invasion (yes/no) 39/65
Pathological differentiation 7/63/34

(well/moderate/poor)

AFP, a-fetoprotein; CNI, calcineurin inhibitor; CyA, cyclosporin
A; DCP, des-y-carboxy prothrombin; GW, graft weight; HBV,
hepatitis B virus; HCV, hepatitis C virus; MELD, Model for
End-Stage Liver Disease; NLR, neutrophil-to-lymphocyte ratio;
SLW, standard liver weight; TAC, tacrolimus; Tx, pretransplant
treatment.

Postoperative management

The graft retrieval technique, recipient surgery and
perioperative management of the recipients, including
immunosuppression regimens, have been described
elsewhere.”'® Immunosuppression was initiated using a
protocol based on either tacrolimus (Prograf; Astellas
Pharma, Tokyo, Japan) or cyclosporin A (Neoral; Novar-
tis Pharma, Tokyo, Japan) with steroid and/or mycophe-
nolate mofetil (MMF, Chugai Pharmaceutical, Tokyo,

Risk factors in LDLT for recurrent HCC 3

Japan). Tacrolimus was used in 44 recipients and
cyclosporin in 57 recipients. Three recipients did not
receive calcineurin inhibitor owing to postoperative
poor disease course. A target trough of tacrolimus was
set at 10 ng/mL for 3 months after LDLT, followed
by 5-10 ng/mL thereafter. A target trough level of
cyclosporin A was set at 250 ng/mL for 3 months after
LDLT, followed by 150-200 ng/mL thereafter. Methyl-
prednisolone was initiated on the day of LDLT, tapered
and converted to prednisolone 7 days after LDLT. Pred-
nisolone treatment was tapered and discontinued 6
months after LDLT. MMF was used in 91 recipients and
was started at 1000 mg/day on the day after LDLT,
tapered and discontinued until 6 months after LDLT. A
trough level was not measured for MMF.

All patients had monthly follow ups, and the median
follow-up period was 1738 days, with 723 days and
2891 days as the 25th and 75th percentiles, respectively.

Post-LDLT tumor recurrence and risk factors

Hepatocellular carcinoma recurrence after the LDLT was
set as the primary end-point of this study. All patients
underwent abdominal CT scan every 3 months, and
chest CT scan and bone scintigraphy every 6 months
within 5 years after LDLT. Tumor recurrence was defined
as when any imaging studies revealed the recurrence of
HCC. Recurrence-free survival was defined as the time
period between LDLT and tumor recurrence.

Univariate and multivariate analyses were performed
to identify the factors associated with recurrence-free
survival after the LDLT.

Statistical analysis

Recurrence-free survival rates were calculated by the
Kaplan-Meier product-limited method. Data were
expressed as means.

Cox regression analysis was applied to the multivari-
ate analyses. Variables that were used for the analysis
included recipient age, donor age, Model for End-Stage
Liver Disease score, presence of hepatitis C virus, pres-
ence of diabetes mellitus, recipient sex, donor sex,
GW : SLW ratio, the sum of the largest tumor size (in
cm) and the number of tumors, pretransplant NLR, pre-
transplant AFP, pretransplant DCP, graft type, splenec-
tomy, duration between first treatment for HCC and the
LDLT, duration of last treatment for HCC and the LDLT,
times of pretransplant treatment and type of calcineurin
inhibitor. All statistical analyses were performed using
JMP ver. 9.0 software (SAS, Cary, NC, USA). P<0.05
was considered significant.

© 2012 The Japan Society of Hepatology
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Approval of institutional review board

The Institutional Review Board of Kyushu University
Hospital approved this study protocol (no. 23-58).

RESULTS

HE CHARACTERISTICS OF the recipients and
donors from this study are shown in Table 1. Fifty-
two of 104 patients (50.0%) exceeded the Milan criteria.
Patients previously underwent at least one of the
following treatments for primary or recurrent HCC:
TACE (n=85), RFA (n =54), ethanol injection therapy
(n=30), MCT (n = 17), hepatic resection (n=11) and
hepatic arterial infusion chemotherapy (n = 7). Median
times of treatment were 3.0 (1-11 times), median dura-
tion from first treatment to LDLT was 1199 days (61~
4272 days) and median duration from last treatment to
LDLT was 348 days (30-2140 days).
Receiver~operator curve (ROC) analysis for tumor
recurrence after LDLT was used to detect the cut-off line
of the sum of the largest tumor size (in cm) and num-
ber of tumors, and NLR. The area under the ROC
(AUROC) of the sum of the largest tumor size (in cm)
and number of tumors was 0.833. A cut-off value of the
sum was set as 8.0, because ROC analysis revealed that
a cut-off value of 8, which had 84.2% of the sensitivity
and 80.0% of the specificity, was the most suitable
value. Similarly, the AUROC of NLR was 0.700 and a
cut-off value of NLR of 4 was set using the analysis.
The 1-, 3- and 5-year recurrence-free survival rates in
enrolled recipients were 89.6%, 80.3% and 78.4%,
respectively. Among the 104 recipients, 19 patients
developed tumor recurrence after LDLT. A univariate
analysis revealed that the sum of the largest tumor size
(in cm) and number of tumors of 8 or more, had an
NLR of 4 or more, AFP levels of more than 400 ng/mL,
DCP levels of more than 300 mAU/mL and bilobar
tumor distribution were risk factors for tumor recur-
rence after LDLT (P <0.0001, P=0.0002, P<0.0001,
P<0.0001, and P=0.046, respectively) (Table 2).
Although the nodule size and number of nodules were
risk factors of tumor recurrence by the univariate analy-
sis, these factors statistically interfered with the sum of
the largest tumor size (in cm) and number of tumors for
performing multivariate analysis. The AUROC of the
number of nodules was 0.790 and that of the largest
nodule size was 0.753. Both data were less than that of
the sum of the largest tumor size and number of tumors
(0.833). Thus, we selected the sum of the largest tumor
size and number of tumors for multivariate analysis.
Multivariate analysis revealed that the sum of the largest

© 2012 The Japan Society of Hepatology
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tumor size (in cm) and number of tumors of 8 or
more and an NLR of 4 or more were independent risk
factors for tumor recurrence after LDLT in this study
(P=0.0004 and P=0.011, respectively) (Table 3).

Table 4 shows the correlation between explant pathol-
ogy and each risk factor. The frequency of microvascular
invasion and poorly differentiated tumors increased
among patients who had both independent risk factors
of tumor recurrence.

The 1-, 3- and 5-year recurrence-free survival rates in
recipients who had no risk factor (n=>58) were all
100%. The 1-, 3- and 5-year recurrence-free survival
rates in recipients who had the sum of the largest tumor
size (in cm) and number of tumors of 8 or more
were 78.9%, 55.4% and 55.4%, respectively. Those in
patients who had an NLR of 4 or more were 100%,
81.8% and 61.4%, respectively. The 1- and 3-year
recurrence-free survival rates in recipients who had
both risk factors were 30.0%, and 15.0%, respectively.
The 5-year recurrence-free survival rate could not be
obtained (Fig. 1). The differences among the four
groups were significantly different (P < 0.0001).

DISCUSSION

HIS IS THE largest study to investigate LDLT with

recurrent HCC.* It is crucial to clarify when patients
with poor liver function and HCC should be listed as
candidates for LDLT. We chose recurrence-free survival
rate as the end-point in this study because preliminary
analysis revealed that 27 deaths occurred in the
enrolled recipients, of which 14 causes of death were
not tumor-related.

To date, several studies have attempted to extend the
Milan criteria to encompass HCC patients with poten-
tially curable tumors.”'*""-?*> The up-to-seven criteria
may predict patient survival even after LDLT.*'* The
ROC analysis for tumor recurrence after LDLT revealed
that the sensitivity of the cut-off value of 7 was 89.4%
and the specificity was 71.7%. It meant that a cut-off
value of 7 was less suitable than that of 8 in this study.
Although we previously proposed that the number of
tumors did not affect tumor recurrence after LDLT,*"1¢
the results obtained from the present study suggest that
the number of tumors as well as largest tumor size
should be taken into consideration to select HCC
patients for LDLT.

The precise mechanism of how NLR affects tumor
recurrence is still unclear. Infiltration of pro-
inflammatory macrophages, cytokines and chemokines
in the tumor microenvironment can boost tumor
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Table 2 Risk factors for tumor recurrence: univariate analysis

Variables n Recurrence-free survival (%) P

1 year 3 years 5 years

Recipient variables

Sex
Male 63 84.5 82.7 79.5 0.81
Female 41 97.4 75.7 75.7

Age (years)
>60 46 88.1 82.3 82.3 0.67
<60 58 90.8 79.1 76.1

Etiology
HCV 75 88.8 79.6 77.2 0.64
Others 29 91.4 82.0 82.0

Pretransplant MELD
<15 84 91.2 80.1 78.0 0.99
215 20 82.1 82.1 82.1

Diabetes mellitus
Yes 31 89.1 84.4 78.8 0.75
No 73 89.7 78.5 78.5

NLR
>4 21 72.7 55.9 41.9 0.0002
<4 83 93.5 86.2 86.2

Splenectomy
Yes 60 90.9 79.9 79.9 0.82
No 44 87.8 80.2 77.4

Calcineurin inhibitor
TAC 44 90.0 80.9 80.9 0.78
CyA 57 89.4 80.1 77.3

Donor variables

Sex
Male 75 92.7 82.9 80.4 0.34
Female 29 82.1 74.1 74.1

Donor age (years)
>40 25 95.2 89.6 89.6 0.19
<40 79 88.0 77.6 75.3

Graft type
Others 67 90.2 75.4 72.5 0.13
Right 37 88.6 88.6 88.6

GW : SLW ratio
<35 24 86.1 76.0 76.0 0.62
235 80 90.5 81.5 79.1

Tumor variables
Nodule size (cm)

25 6 50.0 333 333 0.0004
<5 98 92.2 83.5 81.4

No. of nodules
>5 34 75.2 58.0 58.0 0.0002
<5 70 96.8 91.6 88.7

Nodule size + number
>8.0 33 67.9 46.4 46.4 <0.0001
<8.0 71 100 96.5 93.8

© 2012 The Japan Society of Hepatology
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Table 2 Continued
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Variables n Recurrence-free survival (%) P
1 year 3 years 5 years

DCP (mAU/mL)+
>300 19 51.6 38.7 38.7 <0.0001
<300 84 97.3 89.5 87.1

AFP (ng/mlL)
>400 22 75.8 53.1 44.3 <0.0001
<400 82 93.3 87.5 87.5

Tumor distribution
Bilobar 65 85.3 74.7 721 0.046
Unilobar 39 97.0 90.4 90.4

Duration between the first treatment and the LDLT
<1 year 21 80.0 68.7 68.7 0.20
21 year 83 92.1 83.3 80.7

Duration between the last treatment and the LDLT
<1 year 72 86.5 76.5 76.5 0.26
21 year 32 96.6 89.1 82.3

Times of treatment
>4 36 85.0 67.9 67.9 0.06
<4 68 91.9 86.7 83.9

tData of one case was lacking because of warfarin intake.

AFP, a-fetoprotein; CyA, cyclosporin A; DCP, des-y-carboxy prothrombin; GW, graft weight; HCV, hepatitis C virus; KU, Kyushu
University; LDLT, living-donor liver transplantation; MELD, Model for End-Stage Liver Disease; NLR, neutrophil-to-lymphocyte ratio;

SLW, standard liver weight; TAC, tacrolimus.

growth, invasion and metastases.”*** Recently, Moto-
mura et al. reported that interleukin (IL)-17-producing T
cells are thought to release CXC chemokines that recruit
neutrophils, leading to elevated NLR, and promote the

Table 3 Risk factors for tumor recurrence: multivariate

analysis

Variables Odds ratio 95% CI P
Nodule size + number >8.0 15.2 3.34-68.9 0.0004
NLR >4 4.02 1.38-11.6 0.011
DCP >300 mAU/mL 3.09 0.87-11.0 0.082
AFP >400 ng/mL 1.23 0.37-4.08 0.73
Bilobar distribution 1.12 0.24-5.21 0.88

AFP, a-fetoprotein; CI, confidence interval; DCP, des-y-carboxy
prothrombin; NLR, neutrophil-to-lymphocyte ratio.

Table 4 Correlation between explant pathology and risk factors

differentiation of tissue macrophages in peritumoral
regions into tumor-associated macrophages (TAM).'
Both IL-17-producing T cells and TAM may accelerate
tumor progression and antitumor T-cell exhaustion. As
shown in Table 4, pathological examination revealed
poorly differentiated HCC and microvascular invasion
in the explanted liver in seven of eight recipients who
had both independent risk factors of tumor recurrence.
The use of routine biopsy to identify tumor grading has
been abandoned owing to concerns of tumor seeding,
leading to an extensive search for suitable surrogate
markers to predict tumor differentiation or vascular
invasion. Halazun etal. showed that elevated NLR
correlated with microvascular invasion and poorly
differentiated tumors."” The results from our study are
consistent with this previous report. The interpretation

Variables No risk factor NLR 24 Tumor size and number Both risk factors P
(n=58) (n=13) of tumors 28 (n = 25) (n=8)

Microvascular invasion 12 (20.7%) 4 (30.8%) 16 (64.0%) 7 (87.5%) <0.0001

Poorly differentiated tumor 12 (20.7%) 3 (23.1%) 12 (48.0%) 7 (87.5%) 0.0005

NLR, neutrophil-lymphocyte ratio.

© 2012 The Japan Society of Hepatology
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Figure 1 Recurrence-free recipient survival after living-donor
liver transplantations for hepatocellular carcinoma. The 1-, 3-
and 5-year recurrence-free survival rates in recipients who had
no risk factor (n=758) were all 100%. The 1-, 3- and 5-year
recurrence-free survival rates in recipients who had the sum of
the largest tumor size (in cm) and number of tumors of 8 or
more were 78.9%, 55.4% and 55.4%, respectively. Those in
patients who had an neutrophil-to-lymphocyte ratio (NLR) of
4 or more were 100%, 81.8%, and 61.4%, respectively. The 1-
and 3-year recurrence-free survival rates in recipients who had
both risk factors were 30.0% and 15.0%, respectively. The
5-year recurrence-free survival rate could not be obtained. The
differences among the four groups were significantly different
(P < 0.0001). yr, years.

of NLR in patients with end-stage liver disease, often
complicated with hypersplenism and pancytopenia,
seems to require caution. Furthermore, patients with
end-stage liver disease often develop specific bacterial
peritonitis or other bacterial infections because of
impaired immune system. There may be limitation for
the evaluation of NLR in such patients.

Seventy-eight of 104 patients underwent pretrans-
plant treatment more than twice in this study. More-
over, the times of pretransplant treatment, the interval
between the first treatment and LDLT, and the interval
between the last pretransplant treatment and LDLT did
not affect the outcome of LDLT. Next, we focused on
how to predict patients with a high risk of tumor recur-
rence after LDLT. For the univariate and multivariate
analysis, we chose variables that had been obtained
before transplantation. The 5-year recurrence-free sur-
vival rate after the LDLT was 100% for recipients who
did not have both risk factors of tumor recurrence.

Risk factors in LDLT for recurrent HCC 7

Therefore, according to our results, HCC can be treated
with any treatment modality whenever the patient's
liver function is tolerable to such treatments. However,
patients who have the sum of the largest tumor size (in
cm) and the number of tumors of 8 or more and have an
NLR of 4 or more should be excluded from LDLT.
Further study is needed on whether LDLT can be per-
formed for patients who have a single independent risk
factor or not, because the 5-year recurrence-free survival
rate for patients who had the sum of the largest tumor
size (in cm) and the number of tumors of 8 or more was
55.4%, and for patients who had an NLR of 4 or more
was 61.4%. A recent report recommended giving
psychosocial considerations careful attention for both
donor and recipient in LDLT.*

In conclusion, the type or duration of treatment for
HCC did not affect the outcome of LDLT, but LDLT
should not be performed for patients who have the sum
of the largest tumor size (in cm) and number of tumors
of 8 or more and with an NLR of 4 or more after any
treatments for HCC to prevent tumor recurrence.
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Early extensive viremia, but not rs8099917 genotype, is the
only predictor for cholestatic hepatitis C after living-donor

liver transplantation
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Aim: Cholestatic hepatitis C is one of the most serious but
still unaddressed disorders after liver transplantation.

Methods: In this study, we analyzed 49 patients who under-
went living-donor liver transplantation (LDLT) to treat hepatitis
C virus (HCV) infection.

Results: Five patients developed cholestatic hepatitis C,
with total bilirubin of 15.2 £ 3.1 mg/dL at diagnosis 6.2 + 1.0
weeks after LDLT. Univariate analysis showed that larger graft
to standard liver volume ratio, higher HCV RNA titer at 2
weeks, earlier peak HCV RNA titer and cytomegalovirus infec-
tion were the significant risk factors. The development of
cholestatic hepatitis C was not significantly associated with
interleukin-28B genotype (rs8099917); four out of five
affected patients had the T/T genotype. Multivariate analysis

showed that higher HCV RNA titer at 2 weeks was the only
significant factor (P =0.026) for the development of chole-
static hepatitis C. Receiver—operator curve analysis showed
that that HCV RNA titer of more than 7.2 logi,lU/mL was the
optimal cut-off for characterizing cholestatic hepatitis C. All of
the patients were serum HCV RNA negative after treatment
with pegylated interferon and ribavirin and all the patients are
alive.

Conclusion: Early extensive viremia, but not the rs8099917

genotype, was the only predictor for cholestatic hepatitis C
after LDLT.

Key words: cholestatic hepatitis, hepatitis C, interleukin
28B, liver transplantation, living donor, splenectomy

INTRODUCTION

LTHOUGH END-STAGE LIVER disease secondary
to hepatitis C virus (HCV) is the leading indication
for liver transplantation (LT), re-infection of HCV is a
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widespread, unaddressed and serious event.! It has been
reported that approximately one-quarter of patients
develops cirrhosis within 10 years after LT for HCV;
therefore, graft outcomes after LT for HCV are inferior to
those for other indications.?

Nevertheless, recurrent hepatitis C after LT is repre-
sented by a spectrum of disorders, including mild to
severe inflammation with various degrees of fibrosis
progression over several years.'? Of note, HCV re-
infection can result in very aggressive hepatitis in a
small number of patients, and is usually characterized
by rapid progression of cholestasis with fibrosis result-
ing in graft failure and death.>* This outcome has been
termed post-transplant cholestatic hepatitis C and its
risk factors include higher donor age, HCV genotype 1,
extremely high viral titers and bolus steroid administra-
tion for acute rejection.>* More recently, two reports
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