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67.3%, and 66.4%, respectively. Overall survival rates
and graft survival, defined as the time from LT to
death or retransplantation, did not significantly differ
between recipients with GRWR > 0.8% and those with
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Figure 1. Overall survival rates according to GRWR.
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GRWR < 0.8% [P = 0.79 (Fig. 1) and P = 0.87,
respectively].

Baseline Assessments of the Whole Cohort

Marked decreases in zinc (45.4 = 12.1 pg/dL), preal-
bumin (7.0 = 2.4 mg/dL), and TLC (863.3 = 207.3/
ul) and marked increases in ammonia (98.1 = 17.8
pg/dL) and tyrosine (138.8 + 12.0 pmol/L) were seen
before LDLT. The pretransplant BCAA level (395.2 =
51.0 umol/L) was low but still within the reference
range. Consequently, the BTR (3.0 * 0.5) was
subnormal.

Peritransplant Changes in the Parameters

The low pretransplant zinc level steeply dropped for 2
to 3 days after LDLT and subsequently increased to
reach the pretransplant level at about POD 5, contin-
ued to increase until it was normalized during w2,
and gradually improved thereafter (Fig. 2A). The low
pretransplant prealbumin level increased gradually
after LDLT and took up to 1 year to normalize (Fig.
2B). The high pretransplant ammonia level notably
declined immediately after LDLT to normalize within
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Figure 2. Time course of peritransplant changes of parameters: (A) zinc, (B) prealbumin, (C) TLC, (D) BCAA, (E) ammonia, (F) tyrosine,

and (G) BTR.
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Figure 2. Continued.

w1l and continued to decrease slightly thereafter (Fig.
2C). The TLC level dropped shortly after LDLT, then
gradually recovered to the normal level within 2
months after transplantation, and continued to
increase thereafter (Fig. 2D). The BCAA level
decreased over the first 5 days after LDLT to a sub-
normal level, then gradually increased until it normal-
ized in w2, and further improved thereafter (Fig. 2E).
The high pretransplant serum tyrosine level rapidly
declined immediately after LDLT to return within the
normal range by POD 2/3, then further decreased
until POD 5, and remained relatively stable thereafter
(Fig. 2F). Consequently, the BTR rose rapidly to nor-
malize on POD 5, remained stationary for the next 3
weeks, and gradually improved thereafter (Fig. 2G).

Peritransplant Changes in the Parameters
According to the GRWR: <0.8% Versus >0.8%

The backgrounds and peritransplant characteristics
of the recipients with GRWR < 0.8% and those with
GRWR > 0.8% are given in Tables 1 and 2. There
were no significant differences between the groups in
age, sex, body mass index (BMI), CTP, MELD scores,
etiology of disease, number of ABO-incompatible
grafts, donor age, preoperative levels of the parameters

examined, operative blood loss and transfusion units
(erythrocyte concentrates), or cold and warm ischemia
times.

There were no significant differences between the 2
groups with respect to zinc, prealbumin, TLC, or
BCAA levels at any time point (Fig. 3A-D). Although
the prealbumin and BCAA levels were close between
the groups early after LDLT, at a longer time period
after surgery, the GRWR > 0.8% group showed some-
what persistent yet insignificant increases in prealbu-
min and BCAA levels in comparison with the levels in
the GRWR < 0.8% group. )

Ammonia and tyrosine levels declined faster and
normalized earlier in the GRWR > 0.8% group. The
ammonia level significantly dropped from 98.6 = 15.5
and 97.0 = 17.7 pg/dL before LDLT to 46.0 = 13.1
and 48.8 = 17.1 pg/dL at w2 in the GRWR > 0.8%
group and the GRWR < 0.8% group (P < 0.001 and P
< 0.001), respectively, with a significantly greater
mean ratio of reduction in the GRWR > 0.8% group
versus the GRWR < 0.8% group (P = 0.01). The
ammonia level was significantly lower in the GRWR >
0.8% group versus the GRWR < 0.8% group on PODs
2 and 3 (P = 0.001) and remained decreased, although
nonsignificantly, thereafter (Fig. 3E). The tyrosine level
significantly dropped in the GRWR > 0.8% group and
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TABLE 1. Patient Characteristics
GRWR > 0.8% (n = 141) GRWR < 0.8% (n = 67) P Value
Donor age (years) 43.4 £ 11.9 41.0 £ 10.9 0.21
Recipient age at transplantation (years) 51.83 £ 12.5 48.9 = 14.6 0.25
Sex: male/female (n/n) 65/76 33/34 0.77
BMI on admission (kg/m?) 22.9 + 4.3 23.8 +4.7 0.17
Underlying disease (n)
HCC on top of viral hepatitis B or C 35 17 0.93
Viral hepatitis B/C-related cirrhosis 34 12 0.44
PBC/PSC 23 11 0.99
ALF 9 6 0.50
Biliary atresia after Kasai operation 8 6 0.38
Alcoholic cirrhosis 7 4 0.76
Metabolic diseases 4 3 0.54
NASH 5 2 0.83
Autoimmune hepatitis 3 1 0.76
Others 13 5 0.59
ABO compatibility (n) 0.35
Identical /compatible 98 42
Incompatible 43 25
Preoperative CTP classification: A or B/C 48/93 21/46 0.75
Preoperative MELD score 19.8 = 8.5 21.7 = 10.5 0.17
Baseline levels of parameters
Zinc (ng/dL) 44.9 + 10.5 46.4 = 12.4 0.59
Prealbumin (mg/dL) 6.8 +2.3 7.3 +29 0.54
BCAA (umol/L) 388.7 = 49.9 402.7 * 60.2 0.38
Tyrosine {pmol/L) 145.3 = 13.3 151.5 + 12.6 0.60
BTR 34 *05 35*04 0.96
TLC (/uL) 852.3 = 216.6 886.6 = 213.0 0.78
Ammonia (pug/dL) 98.6 = 15.5 97.0 + 17.7 0.85
TABLE 2. Surgical Variables
Variable GRWR > 0.8% (n = 141) GRWR < 0.8% (n = 67) PValue
Graft type <0.001
Left lobe 48 52
Right lobe, including a posterior segment graft 93* 15
Graft weight (g) 571.1 = 163.6 427.5 +* 114.5 <0.001
Surgical duration (minutes) 919 = 138 987 + 181 0.35
Blood loss (mL) 9598 * 3155 9769 = 3190 0.92
Intraoperative erythrocyte transfusion (U) 20.9 + 10.6 20.8 = 12.6 0.74
Cold ischemia time (minutes) 57.3 £ 17.2 82.4 = 13.1 0.64
Warm ischemia time (minutes) 39.9 = 12.1 46.9 = 17.3 0.39
*Including 1 domino graft.

the GRWR < 0.8% group from 135.3 = 13.3 and 141.5
+ 12.6 umol/L before LDLT to 59.7 = 13.3 and 75.5 =
13.7 pmol/L on POD 5 (P < 0.001 and P < 0.001),
respectively, with a significantly higher mean ratio of
reduction in the GRWR > 0.8% group (P = 0.02). The
tyrosine level was significantly lower in the GRWR >
0.8% group versus the GRWR < 0.8% group on PODs 2
and 3 (P = 0.001) and remained decreased, although
nonsignificantly, thereafter (Fig. 3F).

Consequently, the BTR increased faster and normal-
ized earlier in the GRWR > 0.8% group versus the

GRWR < 0.8% group: it increased significantly from
3.0 = 0.5 and 3.1 = 0.4 before LDLT to 4.8 = 0.5 and
3.9 = 0.5 0n POD 5 (P < 0.001 and P = 0.02), respec-
tively, with a significantly greater mean ratio of
increase (P = 0.1) in the GRWR > 0.8% group. The
BTR remained significantly higher in the GRWR >
0.8% group versus the GRWR < 0.8% group during
the first postoperative month [on PODs 2/3 and 5 and
in wl, w2, and w3 {P < 0.001) and in w4 (P = 0.002)]
and remained increased, although nonsignificantly,
thereafter (Fig. 3G).
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Figure 3. Time course of peritransplant changes of parameters
(C) TLC, (D) BCAA, (E) ammonia, (F) tyrosine, and (G} BTR.
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Figure 4. Comparison of time course of peritransplant levels of (A) ammonia, (B) tyrosine, and (C) BTR among patients with GRWR <

0.7%, between 0.7% and 0.8%, and > 0.8%.

Peritransplant Changes in the Parameters
According to the GRWR: <0.7% Versus 0.7% to
0.8% Versus >0.8%

Ammonia and tyrosine levels were significantly lower
in the GRWR > 0.8% group versus the GRWR < 0.7%
group on POD 2/3 (P < 0.001 and P = 0.001, respec-
tively) and remained decreased, although the differ-
ence did not reach significance (Fig. 4A,B). Levels of
BTR were significantly higher in the group with
GRWR > 0.8% versus the group with GRWR < 0.7%
during the first postoperative month [PODs 2/3 and 5
and wl, w2, and w3 (P < 0.001) and w4 (P = 0.001)]
and was also significantly higher than that in the group
with GRWR between 0.7% and 0.8% at wl, w3, and w4
(P = 0.002, P = 0.01, and P = 0.04, respectively; Fig.
4C). No other parameters differed significantly among
the 3 groups at any of the time points analyzed.

Peritransplant Changes in the Parameters
According to Preoperative CTP

Baseline preoperative zinc and prealbumin levels were
significantly higher, whereas those of tyrosine and

279

ammonia were significantly lower, in the group
with CTP class A versus the group with class C
(P < 0.001, P < 0.001, P = 0.04, and P = 0.03,
respectively). Preoperative zinc and prealbumin lev-
els were significantly higher in the group with
class A versus the group with class B (P = 0.04
and P < 0.001, respectively). In contrast, none of
the other parameters significantly differed among
the 3 groups at any posttransplant time point
examined.

Peritransplant Changes in the Parameters in
ALF Recipients and Other Recipients

Preoperative baseline levels of ammonia, tyrosine,
and prealbumin were significantly Thigher,
whereas that of BTR was significantly lower, in
the group with ALF versus the group without ALF
(P = 0.03, P = 0.01, P = 0.002, and P < 0.001,
respectively). Otherwise, preoperative levels of all
other parameters did mnot significantly differ
between the groups at any posttransplant time
point analyzed.
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Peritransplant Changes in the Parameters in
ABO-Incompatible and ABO-Compatible
Recipients

Levels of zinc, prealbumin, BCAA, tyrosine, BTR, and
ammonia did not significantly differ between the ABO-
incompatible and ABO-compatible groups at any time
point. However, TLC was significantly lower in the ABO-
incompatible group versus the compatible group during
the first 3 postoperative weeks [PODs 2/3 and 5, wl
and w3 (P < 0.001) and w2 (P = 0.006)] and remained
low, although the difference was not significant (Fig. 5).

Risk Factor Analysis for Post-LT Survival

Univariate analysis revealed that none of the preoper-
ative nutritional/metabolic parameters was a signifi-
cant risk factor for posttransplant mortality (Table 3).

DISCUSSION

This is the first study to provide long-term collective
profiling of nutritional/metabolic parameters in LT
recipients. LDLT recipients tend to fall into a severe
posttransplant catabolic phase because of the inva-
siveness of the operative procedure and the necessity
for regeneration of the partial liver graft.” This might
explain the temporarily decreased zinc and BCAA lev-
els during the early postoperative period. Significance
and increased utilization of zinc and BCAA for liver
regeneration have been reported,>?” with the levels
recovering later in the patient’'s course after surgery,
regardless of the graft size, with the shift to an ana-
bolic state. Presumably, the improved zinc level also
followed the improvement in its absorption and
decrease in its diuretic-induced wurinary excretion
after LT..

In the present study, the TLC level showed a pro-
longed decline during the initial posttransplant cata-
bolic phase, presumably as a result of
immunosuppressive therapy, and this may indicate
the importance of an early, immunomodulating
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TABLE 3. Univariate Analysis of Factors Affecting
Posttransplant Patient Survival

Overall
Survival P
Variable (%) Value
Recipient age
<60 years (n = 147) 86 0.38
>60 years (n = 61) 92
Donor age
<50 years (n = 147) 91 0.48
>50 years (n = 61) 84
Sex
Male (n = 98) 91 0.57
Female (n = 110) 84
Original disease
HCC (n = 52) 82 0.37
Non-HCC (n = 156) 90
ABO blood type
Compatible (n = 140) 91 0.24
Incompatible (n = 68) 82
CTP score
Aor B n = 69) 92 0.57
Cm=139) 83
MELD score
<20 (n = 128) 91 0.77
>20 (n = 85) 82
GRWR
<0.8% (n = 67) 88 0.79
>0.8% (n = 141) 20
Graft
Right (n = 108) 89 0.55
Left (n = 100) 85
Operative time
<12 hours (n = 51) 89 0.08
>12 hours (n = 157) 84
Operative blood loss
<10L(n = 138) 92 0.09
>10L (n = 70) 82
Pretransplant zinc level
<40.5 pg/dL (n = 99) 84 0.73
>40.5 pg/dL (n = 109) 89
Pretransplant prealbumin level
<5.6 mg/dL (n = 97) 83 0.34
>5.6 mg/dL (n = 111) 91
Pretransplant BCAA level
<372.2 pmol/L (n = 99) 81 0.58
>372.2 pmol/L (n = 109) 86
Pretransplant BTR
<2.8 (n = 100) 81 0.76
>2.8 (n = 108) 86
Pretransplant tyrosine
<132 pmol/L (n = 100) 88 0.10
>132 pmol/L (n = 108) 84
Pretransplant TLC
<700/pL (n = 100) 86 0.68
>700/uL (n = 108) 86
Pretransplant ammonia level
<89 pg/dL (n = 104) 91 0.51
>89 pg/dL (n = 104) 85
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enteral diet. Then, TLC gradually improved in parallel
with an increase in lymphocyte proliferation upon
recovery from protein-energy malnutrition and taper-
ing of the immunosuppressive therapy.* The compa-
ratively suppressed TLC in ABO-incompatible
recipients during the first 3 weeks after transplanta-
tion might be attributable to the addition of immuno-
suppressants such as rituximab approximately 2
weeks before LT and complete B-cell elimination
approximately 3 weeks after administration.?®

Although CTP classification is one of the best tools
for predicting mortality in patients with cirrhosis, one
of its main limitations is the lack of an assessment of
the nutritional and functional status.?® Recovery of
nutritional/metabolic parameters after successful
LDLT occurred regardless of the pretransplant CTP
class.

BCAA escape hepatic extraction with primary mus-
cle uptake.® Thus, BCAA recovery regardless of graft
size after the initial posttransplant decline might be
attributed mainly to an improvement in cirrhosis-
induced disturbances of muscular amino acid
metabolism, namely, the hyperammonemia-activated
glutamine synthesis, with a subsequent decrease in
BCAA utilization and catabolism in skeletal muscle.°
However, an influence of preoperative BCAA supple-
mentation on baseline BCAA levels and levels in the
early postoperative period should be also considered.

Tyrosine and ammonia levels decreased immediately
after LDLT, presumably because of improvements in
the visceral uptake capacity and hepatic metabolism.
However, possible influences of preoperative malnutri-
tion, preexisting extrahepatic shunts, or enteral nutri-
tion cannot be excluded. Consistently, tyrosine
clearance significantly improved 2 to 3 days after
transplantation,® and ammonia levels improved
within the first month after LDLT.?? The tyrosine level
was stabilized in the long term after LDLT, probably
because of the improved graft hemodynamics and
decreased basal proteolysis. The significant drop in
ammonia and tyrosine levels seen with GRWR > 0.8%
might be expected because of the greater liver mass
for detoxifying or metabolizing these substrates.

Some limitations must be borne in mind. First, this
was a retrospective, single-center study with an
observational protocol. We gradually improved the
perioperative nutritional regimen on the basis of our
most recent findings to include preoperative BCAA
and early post-LDLT enteral nutrition with an immu-
nomodulating enteral diet enriched with hydrolyzed
whey peptide. Therefore, a prospective analysis is
needed to confirm the present findings. However, the
study scale would be sufficient for follow-up of 208
recipients with diverse indications and under homoge-
neous immunosuppression regimens. Second, we
were not able to collect all data at all time points. The
exact duration and the amount of BCAA given in the
preoperative nutritional therapy protocol varied
among the individual patients, but because this was
a retrospective study, these factors could not be
adjusted. Third, graft function is dependent not only

on size but also on graft quality. However, all grafts
used had an L/S ratio > 1.1, and both donor age
and ischemia times were insignificantly different;
therefore, large and small grafts were of nearly the
same quality. Moreover, the baseline pretransplant
parameter levels were insignificantly different.
Fourth, we could not assess liver regeneration rates
because neither CT nor magnetic resonance scanning
was routinely performed at designated posttransplant
follow-up visits. Fifth, many therapeutic interventions
may have short-term effects on the functional devel-
opment of hepatocytes or graft regeneration or
directly alter the course of the parameters. However,
we calculated the slopes within the first year after
LT, when most patients received similar traditional
therapies and the same perioperative nutritional
therapy.

In conclusion, graft size had little impact on the
recovery of nutritional parameters except for the
ammonia and tyrosine levels. Further prospective
studies are warranted to elucidate the role of nutri-
tional parameters in the assessment of graft function
and survival.
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Safe and effective treatment with daclatasvir and
asunaprevir in a liver transplant recipient with severe

cholestatic hepatitis C
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Severe cholestatic hepatitis C (SCH) is a unique variant of
recurrent hepatitis C that occurs after liver transplantation.
Unfortunately, the prognosis of SCH is poor, and interferon
(IFN) therapy has been reported to not improve the prognosis.
We herein report a case of progressive SCH with acute cellular
rejection (ACR) and bacterial infection, which was successfully
treated using IFN-free therapy with daclatasvir and asunaprevir.
A 43-year-old man was diagnosed with SCH and mild ACR at
day 48 after liver transplantation, and IFN-free therapy with
daclatasvir and asunaprevir was started. Although he
experienced catheter-related bacteremia on the first day, the

IFN-free therapy was safely continued, which immediately
caused his liver function to improve. His bilirubin levels
decreased from 11.1 to 2.1 mg/dL and serum hepatitis C virus
RNA levels became undetectable after 4 weeks of the treatment.
This case indicates that IFN-free therapy for progressive SCH
with acute cellular rejection and bacterial infection is safe and
effective, and may improve the outcomes of hepatitis C virus
positive transplant recipients.

Key words: asunaprevir, cholestatic hepatitis, daclatasvir,
hepatitis C, liver transplantation, tacrolimus

INTRODUCTION

EVERE CHOLESTATIC HEPATITIS C (SCH) is a

unique variant of recurrent hepatitis C that occurs after
liver transplantation in 2-9% of hepatitis C virus (HCV)
positive liver transplant recipients.’” SCH typically occurs
within the first 6 months after liver transplantation, and is
characterized by high serum levels of bilirubin, alkaline
phosphatase (ALP) and y-glutamyltransferase (y-GT), as
well as extremely high serum HCV RNA levels. In patients
with SCH, perisinusoidal fibrosis rapidly progresses to
cirthosis and graft failure, resulting in a poor prognosis.
The histological findings are characterized by extensive
hepatocyte ballooning degeneration, spotty acidophilic
bodies, Kupffer cell hypertrophy and prominent cholesta-
sis. Unfortunately, antiviral therapy with an interferon
(IFN)-containing regimen does not improve the prognosis
for SCH,? although a recent case of SCH was successfully
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treated using IFN-free anti-HCV therapy with sofosbuvir
and daclatasvir.* That case exhibited the histological
features of SCH, although jaundice and other complica-
tions were absent. Therefore, the safety and efficacy of
emergent IFN-free therapy remain unknown for patients
who have progressive SCH with complications (e.g. rejec-
tion and infection). Here, we describe a case of progressive
SCH with acute cellular rejection (ACR) and bacterial
infection, which was successfully treated using IFN-free
therapy with daclatasvir and asunaprevir.

CASE REPORT

43-YEAR-OLD MAN underwent living donor liver

transplantation (LDLT), with his sister as the donor,
for HCV-related cirthosis. Liver biopsies at 18 and 29 days
after the LDLT revealed mild-to-moderate ACR, which was
treated by increasing the dose of tacrolimus. As his aspar-
tate aminotransferase (AST), alanine aminotransferase
(ALT), ALP, y-GT and bilirubin levels were elevated to
1151U/L, 107IU/L, 6611U/L, 850IU/L and 3.2 mg/dL,
respectively, liver biopsy was performed again at 48 days
after the LDLT. The liver biopsy revealed hepatocyte
ballooning degeneration, spotty acidophilic bodies,
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moderate cholestasis, perisinusoidal fibrosis and findings
of mild ACR. The serum HCV RNA levels were 7.9 loglU/
ml, which were evaluated using real-time polymerase
chain reaction-based quantitation, and his bilirubin level
was elevated to 9.5 mg/dL. Therefore, we diagnosed the
patient with SCH and mild ACR.

As the efficacy of dual therapy with peginterferon and
ribavirin for SCH after liver transplantation is limited,
and IFN would further aggravate the ACR, we started the
patient on IFN-free therapy with daclatasvir (60 mg/day)
and asunaprevir (200 mg/day) at day 56 after the LDLT.
The HCV genotype was 1b, and resistance-associated
substitutions at L31 and Y93 in the NS5A region, and at
Q80, R155, D168 and V170 in the NS3 region of the
HCV genome were not detected prior to treatment. On
the first day of anti-HCV treatment, he had a fever of
38.6°C, with elevated white blood cell counts, and Serratia
marcescens was detected in his blood sample; therefore, we
diagnosed him with bacteremia caused by a peripheral
venous catheter infection. The catheter was removed,
antibiotics (tazobactam and piperacillin) were started
and the bacterial infection subsequently resolved.

During the treatment for bacteremia, the ant-HCV
therapy was continued, which immediately caused his
serum AST, ALT, ALP and y-GT levels to decrease; his
AST, ALT and ALP levels subsequently normalized after a
4-week course of the therapy. In addition, although his
bilirubin levels increased to 11.1 mg/dL on the day after
initiating the treatment, they subsequently decreased to
2.1mg/dL after 4 weeks of the treatment (Fig. 1a). His
serum HCV RNA levels also dramatically decreased in the
first week of treatment (to 3.9loglU/mlL), and became
undetectable after 4 weeks of the treatment. The blood
concentrations of tacrolimus was adjusted to trough levels
of 5-7 ng/ml, by using therapeutic drug monitoring, after
the daclatasvir and asunaprevir administration, although
the concentration/dose (C/D) ratio for tacrolimus was
elevated over the first 4days (Fig. 1b). Thereafter, the
C/D ratio decreased, and we were forced to increase the
dose of tacrolimus.

At the last follow up, he was undergoing week 16 of the
anti-HCV treatment. His AST, ALT, ALP, y-GT and bilirubin
levels were within the normal ranges, and serum HCV RNA
remained undetectable (Fig. 1a).

DISCUSSION

HE SAFE AND effective use of daclatasvir and
asunaprevir for SCH with ACR and bacterial infection
in the present case indicates that the management of recur-
rent hepatitis C has dramatically changed with the

© 2015 The Japan Society of Hepatology
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Figure 1 Clinical course of a patient with severe cholestatic hep-
atitis C and acute cellular rejection, who was treated with
daclatasvir and asunaprevir. (a) Bilirubin (mg/dL) and y-
glutamyltransferase (y-GT, IU/L) levels are indicated by the solid
and dotted lines, respectively. The box indicates the duration of
daclatasvir and asunaprevir treatment, and the serum hepatitis C
virus (HCV) RNA levels (logIlU/mL) are shown as values or (-),
which indicates undetectable levels. (b) The concentration/dose
(C/D) ratio for tacrolimus (ng/mL per mg) is indicated by the
solid line.

introduction of direct-acting antiviral agents (DAA).
IFN-free therapy can now be safely used, even for patients
with rejection and infection. In addition, the rapid decline
in serum HCV RNA levels, which can be achieved in most
patients using this IEN-free therapy,® results in the rapid
improvement of SCH.

Although the drug-drug interaction between calcineurin
inhibitors and DAA would typically be an issue in
transplant recipients, we were able to adjust the blood
concentration of tacrolimus to the proper levels by using
therapeutic drug monitoring. The C/D ratio for tacrolimus
was elevated over the first 4 days and then decreased. This
initial elevation appears to have been caused by the
interaction of daclatasvir and asunaprevir with tacrolimus,
as dadlatasvir and asunaprevir are metabolized by the
enzyme CYP3A, which is also responsible for the metabo-
lism of tacrolimus. The mechanism for the subsequent
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decrease in tacolimus concentration during effective
antiviral therapy may be due to increased tacrolimus
metabolism, given the patient’s improved liver function.®”

As IFN-based therapy is risky for patients with bacterial
infection {due to the possibility of IFN-induced neutrope-
nia), it is typically difficult to continue IFN treatment in
patients with a bacterial infection. However, we were able
to safely continue [EN-free therapy with the treatment for
the bacterial infection.

No resistance-associated variants were detected in the
NS5A and NS3 regions of the HCV genome before we
treated the patient. However, pre-existing NS5A L31M/V
and/or Y93H variants are known to be associated with
subsequent poor virological outcomes after daclatasvir
and asunaprevir treatment.® In addition, it has been
reported that most patients who had these resistance-
associated HCV variants before the treatment also had
undetectable HCV RNA during the treatment, and that
40% of the patients achieved a sustained virological re-
sponse.” Therefore, the emergent use of IEN-free treatment
for SCH would have been effective for the patient, even if
he had pre-existing resistance-associated HCV variants.
Even if the patient experienced a virological breakthrough
during the treatment, or viral relapse after the treatment, he
would have been able to receive several treatment options,
including IFN-containing regimens, as the patient had
recovered from the SCH, ACR and bacterial infection.

Therefore, we believe that IFN-free therapy for progres-
sive SCH with rejection and bacterial infection is safe and

DAA for severe cholestatic hepatitis C 3

effective, and may improve the outcomes of HCV positive
transplant recipients. Based on the present case, we
recognized that a new era has arrived in the treatinent of
recurrent hepatitis C after liver transplantation.
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Abstract

Purpose To investigate the outcomes of living donor
liver transplantation for advanced hepatocellular carci-
noma in Child-Pugh A/B patients and the usefulness of our
expanded selection criteria, the Kyoto criteria.

Methods A total of 82 recipients with a Child-Pugh class
A (n = 27) or B (n = 55) status having either multiple
hepatic nodules or solitary tumors >5 cm in size treated
between February 1999 and August 2012 were enrolled in
this study.

Results The overall recurrence rate was significantly less
for the Child-Pugh B patients than for the Child-Pugh A
patients (P = 0.042), while the survival rates did not dif-
fer. In the Child-Pugh A and B patients, the survival rate
was significantly greater, while the recurrence rate was
lower among the patients meeting the Kyoto criteria than
those exceeding these criteria (P = 0.006, P = 0.001,
P = 0.032 and P < 0.001, respectively). In the Child-Pugh
B patients, the overall survival and recurrence rates did not
differ between the patients treated with and without pre-
treatment for hepatocellular carcinoma. In the Child-Pugh
B patients treated with pretreatment, the overall survival
rate was significantly greater, while the recurrence rate
was lower among the patients meeting the Kyoto criteria
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than those exceeding these criteria (P < 0.001, P < 0.001,
respectively).

Conclusions Living donor liver transplantation performed
within the Kyoto criteria achieves excellent overall survival
and recurrence rates, especially for Child-Pugh B patients,
even those with advanced hepatocellular carcinoma.

Keywords Advanced hepatocellular carcinoma - Kyoto
criteria - Pretreatment - Child-Pugh class A and B

Introduction

The consensus-based guidelines proposed by the Japanese
Society of Hepatology [1, 2] took into consideration the
current status in Japan, where liver resection for hepatocel-
lular carcinoma (HCC) is safe, with <1 % mortality, espe-
cially in patients with a good hepatic reserve, and cadaveric
donors for liver transplantation (LT) are difficult to identify,
in association with concerns about the safety of live donors.
According to these guidelines, LT is the treatment of
choice for decompensated Child-Pugh class (CP) C patients
with a limited tumor burden meeting the Milan criteria. In
contrast, those with a comparatively preserved liver func-
tion, namely CP class A or B patients, usually receive dif-
ferent conventional treatments, including hepatic resection
and radiofrequency ablation, with curative intent; whereas
unlike the guidelines adopted at Western transplant centers,
LT is considered only as a final resort when uncontrollable
recurrence occurs after repeated curative treatment [3, 4].
Hepatic resection offers 5-year rates survival similar to
those of LT for early HCC in patients with well-compen-
sated CP A cirrhosis composed of a single nodule up to
5 cm [5], albeit with unsatisfactory survival and high recur-
rence rates in cases with larger sized tumors or multiple
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hepatic nodules [6]. Therefore, the optimal management for
advanced HCC, i.e., solitary tumors of >5 cm or multiple
nodules in CP B or A patients, remains controversial.

We have been using expanded selection criteria for
LDLT for HCC, since 2007 (Kyoto criteria: tumor num-
ber of <10 and maximal diameter of each tumor of <5 cm
on pretransplant imaging, plus a pretransplant serum des-
gamma-carboxy prothrombin (DCP) level of <400 mAU/
mL [7] ), which are more morphologically liberal than
the Milan criteria [8]. In the present study, the outcomes
of LDLT for advanced HCC in CP A/B patients and the
usefulness of our expanded selection criteria were investi-
gated. Moreover, the effect of pretreatment for HCC on the
outcomes after LT was examined.

Methods
Patients

A total of 203 adult (age >18 years) patients underwent
LDLT for HCC at Kyoto University Hospital between
February 1999 and August 2012. The CP classifications
were C, B, and A for 95, 78 and 30 patients, respectively.
Ninety-five patients with CP C were excluded. The tumor
morphology was evaluated using contrast-enhanced multi-
detector computed tomography within 1 month before
LDLT. Twenty-six patients with single tumor nodules less
than 5 cm in maximal diameter were then excluded. The
study thus comprised 82 patients with a CP classification
of A (n = 27) or B (n = 55) having either solitary tumor of
>5 cm or multiple hepatic nodules. The study protocol was
approved by the Ethics Committee of Kyoto University in
accordance with the Declaration of Helsinki of 1996.

The patients’ profiles and pretransplant clinical character-
istics are shown in Table 1. Preoperative imaging showed that
55 patients (CP A, n = 16 and CP B, n = 39) met the Kyoto
criteria, while 27 (CP A, n = 11 and CP B, n = 16) patients
did not. The preoperative measurements of the serum DCP
levels have been described in detail elsewhere [9].

Sixty-seven of the 82 patients (82 %), including all of
the 27 patients classified as having a CP A status (100 %)
and 40 of the 55 patients classified as having a CP B sta-
tus (73 %), had a history of previous treatment for HCC
before LDLT using various non-transplant modalities,
including transarterial chemoembolization (TACE), per-
cutaneous ablation therapy, combined TACE and ablation
therapy or hepatic resection. Of the patients with CP A
class, seven patients received TACE, two patients received
percutaneous ablation therapy, 10 patients received a com-
bination of these approaches and eight patients under-
went hepatic resection with other treatments. As for the
patients with a CP B class, 12 patients received TACE,

@_ Springer

six patients received percutaneous ablation therapy, 16
patients received a combination of these approaches and six
patients underwent hepatic resection with other treatments
(Table 2). These treatments were not performed as a bridge
to transplantation or for downstaging, but with the intent
to perform curative treatment. Patients with uncontrolled
recurrent HCC were subsequently referred to our depart-
ment for salvage LDLT as a second-line treatment [9]. The
final evaluation of the tumor morphology was performed
using contrast-enhanced multi-detector computed tomogra-
phy within one month before LDLT.

Table 1 Patient profiles and pretransplant clinical characteristics

Variable Value
Donor age (year) 46 (19-64)*
Recipient age (year) 56 (22-69)*
Gender (male/female) 63/19
Etiology of cirrhosis

Hepatitis C virus 41

Hepatitis B virus 28

Hepatitis C/B virus 5

Alcohol

Others 6
ABO compatibility

Compatible/incompatible 60/22
Child-Pugh classification

A/B 2733
MELD score 12 (6-24)*
DCP 59 (5-20,600)*
AFP 53 (0.9-212,220)*
Milan criteria (met/exceeding) 30/52
Kyoto criteria (met/exceeding) 5527
Tumor size (cm) 2.5(0.3-22.5)?
No. of tumor nodules 3 (2-186)*

Tumor characteristics are those found on the preoperative imaging

AFP alpha-fetoprotein, DCP des-gamma-carboxy prothrombin,
MELD model for end-stage liver disease

* Data are given as median values (range)

Table 2 Previous treatments for hepatocellular carcinoma before
transplantation

CPA (n=27) CPB (n=155)
Pretreatment (—) 0 15
Pretreatment (+) 27 40
TACE+ ablation 10 16
TACE 7 12
Ablation
Hepatic resection 8 6

TACE transarterial chemoembolization
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Fig. 1 Overall survival (a) and recurrence (b) rates in the Child-Pugh A and B patients

Until December 2006, our primary institutional selection
criteria for LDLT for HCC included any size or number of
tumors, provided that there were no distant metastases or
gross vascular involvement on preoperative imaging. Since
2007, we have been using the Kyoto criteria as described [9].

The selection criteria for the recipients, as well as the
surgical techniques for the donor and recipient operations,
have been described in detail elsewhere [10—13]. Immuno-
suppressive treatment usually consisted of tacrolimus and
low-dose steroids, as described previously [14, 15]. All
patients received intravenous antimicrobial prophylaxis
with ampicillin (0.5 g) and cefotaxime (0.5 g) twice daily
for 3 days starting 30 min before surgery. No patients were
switched to treatment with mammalian target of rapamycin
inhibitor.

The median follow-up period in all 82 patients was 63
(range 1-173) months.

Parameters analyzed

The overall survival and recurrence rates were investigated
first in all patients according to the CP classification (CP A
vs. CP B) and then according to the Kyoto criteria (exceed-
ing Kyoto vs. within Kyoto) within each of the CP A and B
classes.

Owing to their good hepatic reserve, all patients classi-
fied as CP A patients were found to have a previous his-
tory of non-transplant treatment for HCC. Therefore, the
overall survival and recurrence rates according to whether
the patient received a non-transplant treatment modality for
HCC before LDLT (Pre-Tx+ vs. Pre-Tx—) were examined
only in CP B patients. Then, in those with a CP B classifi-
cation who received pretreatment, the overall survival and
recurrence rates were examined according to the Kyoto cri-
teria (exceeding Kyoto vs. within Kyoto).

Statistical analysis

The cumulative overall survival and recurrence rates were
calculated using the Kaplan—Meier method, and differences
between curves were evaluated using the log-rank test. A
two-tailed P value of <0.05 was considered to be signifi-
cant. All statistical data were generated using the JMP 5.0.1
software program (SAS Institute, Cary, NC, USA) and
Prism 6.02 (GraphPad Software, Inc., La Jolla, CA, USA).

Results

Overall survival and recurrence rates after LDLT according
to the CP classification

The 5-year overall survival for the 27 patients with CP A
(61 %) did not differ from that for the 55 patients with CP
B (74 %; P = 0.504; Fig. 1a). The 5-year recurrence rate
was significantly less for the patients with CP B (18 %)
than for the patients with CP A (42 %; P = 0.042; Fig. 1b).
Of the 10 CP A patients who died, seven died of recurrence;
and of the 14 CP B patients who died, nine had recurrence.

Overall survival and recurrence rates after LDLT
in patients with CP A or B based on the Kyoto criteria

The 5-year overall survival in patients with CP A was sig-
nificantly greater for the 16 patients falling within the
Kyoto criteria (88 %) than for the 11 patients exceeding
the criteria (27 %; P = 0.006; Fig. 2a). The 5-year recur-
rence rate in the patients with CP A was significantly less
for the patients falling within the Kyoto criteria (27 %) than
for the patients exceeding these criteria (66 %; P = 0.032;
Fig. 2b).
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The 5-year overall survival in the patients with CP B
was significantly greater for the 39 patients falling within
the Kyoto criteria (90 %) than for the 16 patients exceeding
the criteria (38 %; P = 0.001; Fig. 3a). The 5-year recur-
rence rate in the patients with CP B was significantly less
for the patients falling within the Kyoto criteria (0 %) than
for the patients exceeding these criteria (60 %; P < 0.001;
Fig. 3b).

Overall survival and recurrence rates after LDLT in the
patients with CP B according to pretreatment for HCC

The long-term overall survival rates in the patients with
CP B did not differ between the patients with (n = 40) and
without (n = 15) pretreatment (5-year rates, 72 and 80 %,
respectively; P = 0.616; Fig. 4a). The 5-year recurrence

@ Springer

rates in the patients with CP B did not differ between the
patients with and without pretreatment (21 and 8 %, respec-
tively; P = 0.239; Fig. 4b).

Overall survival and recurrence rates after LDLT
in the CP B patients with previous treatment for HCC
according to the Kyoto criteria

The 5-year overall survival in the patients with CP B was
significantly greater for the 29 patients falling within the
Kyoto criteria (93 %) than for the 11 patients exceeding
the criteria (22 %; P < 0.001; Fig. 5a). The 5-year recur-
rence rate in the patients with CP B was significantly less
for the patients falling within the Kyoto criteria (0 %) than
for the patients exceeding these criteria (80 %; P < 0.001,
Fig. 5b).
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Discussion

Liver cirrhosis and HCC related to chronic hepatitis C virus
infection are currently the most common indications for LT
[16]. LDLT for HCC has achieved favorable survival rates,
especially with the advent of recent operative techniques
and perioperative management [17-19]. In Western trans-
plant centers, LT is the treatment of choice for HCC meet-
ing the Milan criteria in cases of CP class B or A cirrhosis
[20]. In contrast, in Japan today, LT is considered only for
such patients after uncontrollable recurrence occurs fol-
lowing repeated curative non-transplant treatment, such as
TACE, percutaneous ablation therapy, combined TACE and
ablation therapy or hepatic resection [2]. In these patients,

the application of the Kyoto criteria achieves favorable out-
comes after LDLT for HCC patients with a CP A/B classi-
fication having either a solitary tumor of >5 cm or multiple
liver nodules, with even a null long-term recurrence rate
and excellent overall survival rate, specifically in patients
with CP B.

Many patients may survive long term after resection of
HCC, without tumor recurrence. Moreover, it is arguable
whether subjecting a live donor to the small but definite
risk of mortality from live donor hepatectomy is ethically
acceptable when the patient has the treatment option of
resection, even though left lobe graft LDLT can signifi-
cantly reduce the burden on the donor [20, 21]. Therefore,
to reduce the use of scarce liver grafts, hepatic resection as
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the initial treatment and transplantation as a salvage treat-
ment in cases of tumor recurrence or liver failure may
be the optimal treatment strategy for patients with early
HCC and CP A cirrhosis. However, in borderline decom-
pensated cirrhotic CP B patients with advanced HCC, i.e.,
large tumors of >5 cm or multiple liver nodules, it may be
beneficial to consider LDLT earlier, especially when con-
sidering the aforementioned excellent survival and recur-
rence rates after LDLT using the Kyoto criteria. Moreover,
as the status of CP B changes to decompensation, approxi-
mately 53 % of the patients who meet the Milan criteria
no longer meet the Milan criteria after 2 years [22, 23]. In
other words, these patients easily drop off the Milan criteria
due to tumor progression when non-transplant conventional
treatments are being repeatedly performed, each of which
has its own morbidity and mortality risks, even in those
with CP A/B cirrhosis [24]. A previous study showed that
only 52 % of recurrent HCC tumors after resection detected
on regular postoperative surveillance remain potentially
transplantable according to the Milan criteria [25].

In the united network of organ sharing in the United
States, candidates with HCC meeting the criteria for LT
are even now given priority beyond their degree of hepatic
decompensation, resulting in a shortened wait list time
and decreased dropout rate [26]. In Japan, LDLT is mainly
practiced with a relatively fixed waiting time [7] and repre-
sents a good source of organs; thus, it can be used to effec-
tively reduce dropout to tumor progression when consid-
ered at the right time in such patients.

Neither the overall survival nor the recurrence rates dif-
fered between the patients with and without pretreatment
among the CP B patients. Therefore, HCC pretreatment is
not a contraindication and does not jeopardize the results
of LDLT in such patients [8]. Moreover, in the pretreated
patients, overall survival, as well as the recurrence rates,
among the patients meeting the Kyoto criteria showed sig-
nificantly better outcomes compared with those exceeding
the Kyoto criteria. The application of the Kyoto criteria
may eliminate the need for neoadjuvant therapy via TACE,
which is occasionally performed to downstage tumors out-
side of the Milan criteria at the time of diagnosis.

A few limitations must be borne in mind when con-
sidering the findings of the present study. First, this was
a retrospective, single-center study. Moreover, the study
scale was relatively small (82 patients), although the
median follow-up period (63 months) was sufficient,
which would lend weight to the conclusions. A nation-
wide, multicenter study is thus necessary to confirm the
findings of the present study. Second, a comparative study
between LT and other treatments, including hepatectomy
or ablation therapy in CP A/B patients using propensity
score-matching, is needed to verify the usefulness of LT
for these patients.

@ Springer

In conclusion, it is beneficial to consider LDLT within
the Kyoto criteria earlier in CP B patients with advanced
HCC, rather than postponing the procedure until uncontrol-
lable recurrence occurs after repeated curative treatment.
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Abstract

Background Liver transplantation (LT) used to be contrain-
dicated in patients with portal vein thrombosis (PVT). In com-
parison to deceased donor LT, living donor LT (LDLT) still
presents additional difficulties in determining appropriate vein
grafts and overcoming small-for-size syndrome. Here, we
introduce our LDLT strategies and assess their outcomes in
adult patients with pre-existing PVT.

Methods We performed 282 consecutive adult LDLTSs be-
tween April 2006 and December 2011. Forty-eight patients
(17%) had pre-existing PVT (grade I; 15, IT; 20, ITT; 12, IV; 1).
Results Our preferred treatments for PVT were
thrombectomies/thromboendovenectomies in 30 patients,
replaced grafts in seven, jump grafts in seven, renoportal
anastomosis in one and no surgical intervention owing to
minimal thrombosis in three. Post-transplant portal vein
complications occurred in eight of 48 (17%) cases, which
were treated by surgery, anticoagulation therapy, and/or
interventional radiology. Post-transplant survival rates of
patients with preexisting PVT at 1 year and 5 years were
comparable to a PVT-free cohort (1 year; 81% vs. 77%, 5
years; 81% vs. 73%).

Conclusions The excellent survival rates in patients with
PVT who underwent LDLT could be attributed to our strate-
gies, which included surgical techniques and timely treatment
of postoperative complications.

Keywords Living donor liver transplantation - Portal vein
thrombosis - Reconstruction - Vein graft
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Introduction

End-stage liver cirrhosis is often associated with concomitant
portal vein thrombosis (PVT) caused by portal hypertension,
escaped blood flow to collateral vessels, and coagulopathy
[1, 2]. Yerdel et al. reported that patients with high-grade
PVT had more difficulties during surgery, more postoperative
complications, and higher in-hospital mortality rates after
deceased donor liver transplantations (DDLTs) [3]. As
adequate portal vein (PV) flow is essential for proper liver
graft function following transplantation, many reports have
introduced surgical procedures such as thrombectomy, jump
graft implantation, renoportal anastomosis, portocaval
hemitransposition, and PV arterialization [4-14] to ensure
sufficient portal blood flow to liver grafts. It is necessary to
decide on the course of action during surgery, and to take
special care when performing PV reconstruction for patients
with PVT. It is more difficult to find appropriate vein grafts
and reconstruct the PV in living donor liver transplantations
(LDLTs) than in DDLTs. Few papers have reported system-
atic strategies regarding LDLT's and outcomes in patients with
PVT [9, 15-17]. Here, we introduce our current strategy of
LDLT for PVT patients while considering the following
factors: the extent/localization of the thrombus according to
Yerdel’s classification, hemodynamics, intraoperative control
of PV pressure, and the postsurgical management of compli-
cations. We collected retrospective clinical data, and analyzed
the outcomes obtained using the management strategies
outlined herein in adult LDLT for patients with PVT.

Materials and methods
Patients

Between April 2006 and December 2011, 282 consecutive
adult LDLTs were performed in Kyoto University Hospital.
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PVT was diagnosed using preoperative imaging techniques
and based on the intraoperative findings. Dynamic multidetec-
tor computed tomography (MD-CT) was extensively used in
evaluating PVT [2], while magnetic resonance imaging
(MRI) was performed in patients with renal dysfunction or a
contraindication against the contrast medium used in
MD-CT. PVT was found in 48 (17%) of 282 patients who
underwent adult LDLTs carried out at our institution. The
overall patient follow-up period for all patients ranged from
7 days to 6.7 years (mean + SD; 3.2 + 2.2 years), and the
medial follow-up period for surviving patients was 4.4 years
(mean + SD; 4.1 + 1.7 years).

Strategy for PV reconstruction

We determined possible surgical strategies based on preoper-
ative images, which included the identification of available
vein grafts based on the extent of PVT according to Yerdel’s
classification grade. Candidate veins for grafting in LDLT
included the recipient’s external iliac vein, internal jugular
vein, PV, and left renal vein.

Thrombectomy, thromboendovenectomy, or replacing PV
trunk with vein grafts for grade /I PVT

We initially tried complete thrombectomy or eversion
thromboendovenectomy for grade I/IT PVT that was limited
to the PV trunk. We performed a simple anastomosis be-
tween the original PV and the PV of the donor liver
(Fig. 1). In rare cases involving grade III PVT,
thrombectomy was successfully performed using the pull-
through technique, as previously reported [9]. When we
found stenosis in the PV trunk above the confluence of
the splenic vein, we resected it and replaced it with a vein
graft taken from the recipient’s external iliac or internal

Fig. 1 Scheme of eversion thrombo-
endovenectomy. When portal vein
thrombosis (PVT) is limited to the
portal vein (PV) trunk, the first treat-
ment of choice is an eversion
thromboendovenectomy and a simple
anastomosis between the recipient’s PV
and the donor PV. The portosystemic
shunt should be interrupted to prevent
blood “stealing” after transplantation.
D-PV donor portal vein, IVC inferior | !
vena cava, LPV left portal vein, LRV i ;

left renal vein, PV portal vein, PVT ; SMy

portal vein thrombus, RPV right por- Sy
tal vein, SMV superior mesenteric

vein, SPV splenic vein, SRS

splenorenal shunt

jugular vein. When portosystemic shunts such as
splenorenal shunts, gastroesophageal shunts, and mesocaval
shunts are identified on preoperative imaging, these collat-
eral vessels are interrupted to prevent blood from being
redirected away from the transplant [18, 19], i.e. when a re-
jection occurred, the compliance of the liver graft would
worsen and the portal blood flow would redirect into
portosystemic shunts, resulting in deteriorating, insufficient
portal blood flow to the liver graft.

Jump grafts for grade Il PVT

‘When superior mesenteric vein (SMV) blood flow was patent,
and PVT that reached the confluence of the splenic vein could
not be removed by thrombectomy, we used a jump graft
between the SMV and the donor’s PV using the recipient’s
iliac or jugular vein (Fig. 2). Although the anterior route to
the pancreas was longer than the posterior route [20], the
former was easier to handle during anastomosis.

Renoportal anastomosis for grade IV PVT

When the SMV as well as the PV trunk was obstructed by a
thrombus, and all the portal blood flowed into the left renal
vein through splenorenal shunts, we cut the left renal vein
on the left side of the inferior vena cava, and interposed a vein
graft between the recipient’s left renal vein and the PV of the
donor liver graft in an end-to-end fashion (Fig. 3).

Algorithm for portal pressure control

An algorithm for portal pressure control in LDLT has been
previously reported [21]. Briefly, during surgery, PV pressure
is monitored with a catheter inserted in the jejunal mesenteric

294



