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Abstract

Living donor liver transplantation (LDLT) is an alternative
therapeutic option for patients with end-stage hepatitis
C virus (HCV) cirrhosis because of the cadaveric organ
shortage. HCV infection is now a leading indication for
LDLT among adults worldwide, and there is a worse
prognosis with HCV recurrence. The antivirus strategy
after transplantation, however, is currently under debate.
Recent updates on the clinical and therapeutic aspects of
living donor liver transplantation for HCV are discussed
in the present review.
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INTRODUCTION

The use of live donors for liver transplantation was
initiated more than a decade ago as a solution to the
cadaveric donor shortage for pediatric recipientsm. After
the first successful case in an adult patient in 19945
this procedure is now widely applied to adult recipients,
especially in countries where the availability of brain-
dead donors is severely restricted” and also in the United

States and European countries, due to a critical shortage

of cadaveric organs. Improved surgical techniques and
the introduction of new immunosuppressive agents
have enhanced the long-term results of living donor
liver transplantation (LDLT), leading to an increased
demand for liver transplantation that exceeds the number
of potential donor organs. In initial experiences with
adult LDLT in Japan, the most common indication was
cholestatic liver disease, including primary biliary cirrhosis
and primary sclerosing cholangitis in Japan. The number
of LDLT patients indicated for hepatitis C virus (HCV)
has recently increased rapidly.

A recent studyl4J of deceased donor liver transplantation
(DDLT) reported that HCV infection was associated
with a 23% increase in mortality and a 30% increase in
the rate of graft failure. The poor results might be due
to the recurrence of HCV disease in the graftlsj. HCV-
induced graft hepatitis and fibrosis/cirrhosis occur in 75%
to 80% and 10 % to 30% of recipients, respectively, at 5
yearsW]. Once liver cirrhosis is established, the cumulative
probability of developing clinical decompensation is close
to 50% after 1 year and survival after decompensation
is extremely short™. Cholestatic hepatitis occurs in
approximately 10% of patients infected with HCV and
leads to accelerated graft failure and death”. One of the
hottest debates is the possibility of increased severity of
recurrent HCV in LDLT patients. The benefit of LDLT
might be offset if the outcome of LDLT for HCV patients
is worse than that of DDLT. In this review, we desctibe
current trends and controversies in LDLT for patients with
HCV. Our results for LDLT and HCV are also reported.

CURRENT STATUS OF LDLT
10]

According to the Japan Liver Transplantation Society[ ,
the number of adult patients (=18 years old) is increasing
annually, and has reached 300 in 2003. The most common
indication for adults has been hepatocellular carcinoma (»
= 311), followed by primary biliary cirrhosis (# = 255), and
HCV-related cirrhosis without carcinoma (7 = 113). The
1, 3, and 5 year survival rates of all the adult patients were
76%, 72%, and 69%, respectively. Those of HCV-positive
patients were 76%, 73%, and 65%, respectively.

In the United States in 2000, there was a high level of
enthusiasm for adult LDLT, with 49 centers performing
at least one LDLT. Overall, in experienced centers, about
a third of adults on the waiting list had a potential living
donor and half of them had undergone LDLT; thus,
LDLT might be applicable for up to 15% of individuals on
the list"". The enthusiasm was, however, quickly tempered
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Study Dif' Protocol Findings
N biopsy
Author Year Institution LDLT DDLT
Gaglio™ 2003 Colombia U. 23 45 Yes No  Cholestatic hepatitis in 17% of LDLT and 0% of DDLT (P = 0.001). No
significant difference in incidence of Rec.
Shiffman”! 2003 Virginia 22 53 No Yes 79% patient survival in LDLT and 91% in DDLT during 3 year (NS). No
Commonwealth U. significant difference in inflammation score in liver specimen after 3 years
Russo™ 2004 UNOS data 279 3955 No No  87% 1-year patient survival in both.
Thuluvath®™ 2004 UNOS data 207 408 No No  No significant difference in patient survival (P = 0.6).
Van Vlierberghe™ 2004 Ghent U. 17 26 No No  Recin35% of LDLT and 38% of DDLT during 1 year (P = 0.1)
Bozorgzadeh®™! 2004 Rochester U. 35 65 No No Rec in 77% of LDLT and 72% of DDLT during 1 year (NS), 89% patient

survival in LDLT and 75% in DDLT during 39 mo (NS)

Difference in short-term outcomes or severity of virus recurrence between living and deceased donor liver transplantation. Abbreviations: Rec, Virus recurrence;

U, University; NS, not significant; UNOS, United Network for Organ Sharing.

by the death of a donor in 2002 in the United States'”.
Since 2001, the number of patients who have undergone
LDLT has declined"”. Currently less than 5% of all adult
liver recipients use living donors. By July 2005, 2734 LDLT
cases had been performed. There were 1761 adult patients
and HCV was the most common indication. HCV is the
most common indication for LDLT"" and the number of
HCV-positive patients is stable, approximately 100 per year
between 2000 and 2002.

By the end of 2003, 1743 LDLT cases wete recorded in
the European Liver Transplantation Registry“sj. According
to the Transplant Procurement Management[ml, the number
of LDLT peaked in 2003 and has gradually decreased over
recent years. LDLT accounts for approximately 5% of the
total liver transplants performed in Europe. Among the
806 LDLT cases from October 1991 to December 2001,
the overall 5-year graft survival rate was 75%, better for
children than for adults (80% »s 66% at 3 years). Cirrhosis
secondary to HCV infection is a leading indication for
LDLT among adults in Europe'”. The number of LDLT
patients is shown in the Table 1.

INDICATIONS

In areas with low deceased donor organ availability, the
indications for LDLT are similar to those for DDLT. In
contrast, in Western countties, LDLT is conducted in an
attempt to alleviate the shortage of donor organs and
to decrease the mortality among the patients awaiting
transplants. That is, a balance needs to be achieved
between the candidate’s liver disease severity and the
adequacy of a partial graft for transplantation. The
candidate’s liver disease should be advanced to the extent
that transplantation is justified, but the liver disease
cannot be so advanced that a partial graft will not provide
adequate hepatic mass.

According to Russo’s report“9 a substantial proportion
of patients were United Network for Organ Sharing
(UNOS) status 3 at the time of LDLT (43%). The policy
at their centers prior to the implementation of a model
for end stage liver disease (MELD)-based allocation was
not to proceed with LDLT in patients meeting UNOS
status 2A criteria. Their patient survival rate was 57%
with an average stay of 23 d in the intensive care unit. In
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comparison, 1-year patient survival was 82% in DDLT
recipients who were UNOS status 2A at the time of
transplant™.,

The waiting list mortality increases in patients with
advanced liver disease and patients with a MELD score
of 25 have a 20% 3-mo mortality[zﬂ. In general, it is
uncommon to proceed with LDLT in patients with MELD
scores above 25. Thus, depending on the region of the
country and the average MELD score at the time of the
transplant within the area served by the organ procurement
organization, LDLT might offer patients transplantation
before they die waiting for a deceased donor liver. The
lower MELD score limit with LDLT is more controversial
and varies from center to center. Russo'” commented that
they do not proceed with LDLT in candidates with MELD
scotres under 11.

LDLT AS A RISK FACTOR FOR RECURRENCE
OF HCV

One study from Barcelona™ reported that LDLT patients
(» = 22) had younger donors, less graft steatosis, more
frequent biliary complications, and eatlier and more severe
acute hepatitis compared with DDLT (#» = 95) patients.
A report from Colombia Universitym] indicates that
cholestatic hepatitis or severe HCV recurrence occurs
more frequently in LDLT. These reports indicate that
more intensive antiviral therapy might be necessary for
recipients of living donor grafts.

The possible causes of HCV recurrence include
HLA matching between donor and recipient. Because
cellular immune reactions restricted by both HLA class
[ and I antigens are involved in the recognition of HCV
peptides™, HLLA matching between donor and recipient
could potentially increase damage to the graft from
recurrent viral infections by facilitating host recognition of
viral antigens[(’]. Recently, a beneficial effect of a complete
HLA-DQ mismatch was reported in 14 patients after
transplantation for HCV cirrhosis™. Another possible
cause might be related to liver regeneration[%l, although
recent data”” did not support this hypothesis. In vitro,
HCV internal ribosome entry site activity and replication
are higher in actively dividing cells, and it is possible that
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viral translation is enhanced by factors that stimulate
the regeneration of hepatocytes. Moreover, there are
experimental data suggesting that liver regeneration
induces low density lipoprotein teceptor expression, which
might facilitate HCV entrance into the hepatocytes.

In contrast, comparable data between LDLT and
DDLT for HCV was recently reported”. Russo and
colleagues™ compared patient and graft survival in
recipients transplanted for chronic HCV who received a
living donor organ (7 = 279) and deceased donor organ (»
= 3955) using the UNOS liver transplant database. One-
year patient survival was 87% in both groups and 2-year
patient survival was 83% and 81% in the living donor
group and deceased donor group (P = 0.68), respectively.
Similar results (DDLT, » = 480 »s LDLT, » = 207) were
obtained from another analysis using the UNOS data
base"™. Analyses from the Mayo Clinic® and Gent
University™ also demonstrated no negative impacts of
LDLT on the results of liver transplantation for HCV-
related cirrhosis.

These data should be interpreted with caution,
however, because of the important clinical distinction
between LDLT and DDLT recipients. At the time of
transplantation, the LDLT group recipients are far less
sick than their DDLT group counterparts””. The LDLT
(7 = 35) and DDLT (# = 65) data from a single institution,
Rochester University, were examined”". Patient survival,
graft survival, rate of HCV recurrence, severity of HCV
recurrence, graft loss from HCV, and interval for HCV
recurrence in DDLT and LDLT were similar. It remains
unclear, however, whether LDLT is truly disadvantageous
compared to DDLT for HCV-positive patients because the
number of cases or follow-up duration is not yet sufficient.

According to the data from Russo™, from 1999 to
2000, the 1-year patient survival in the LDLT group
increased from 69% to 90% (P = 0.04), and 1-year graft
survival increased from 63% to 79% (P = 0.106). In
contrast, in the DDLT group, 1-year patient and graft
survival did not substantially change from 1999 to 2000. As
a result, 1-year survival rates became similar between the
LDLT and DDLT groups in 2000. The results indicated
an experience effect and learning curve on outcomes after
LDLT for HCV. Therefore, the initial reports indicating
poorer results of LDLT might be due to technical
problems from a lack of experience. Recent data indicating
similar results between LDLT and DDLT might be due to
the increased experience with LDLT. The multicenter adult
to adult LDLT cohort study (A2ALL) might soon provide
some answers to the questions about recurrent HCV after

LDLT and DDLT"

MANAGEMENT OF HCV

Therapy for reccurrence in DDLT

If HCV recurs earlier and more severely after LDLT, a
specific strategy for preventing the detrimental effects
of HCV on living donor grafts must be developed.
One strategy might be aggressive treatment for HCV.
Treatment of recurrent HCV disease with intetferon and
ribavirin after DDLT is used in some centers™ ", One
standard regimen includes interferon-alpha2b (3 MU X 3

per week) and ribavirin (1000 mg/d) for 6 mo. In a recent
trial, polyethylene glycol-conjugated interferon therapy
was used™** ™ with a sustained viral response rate ranging

from 13% to 47%.

Preemptive therapy for HCV after DDLT

Preemptive therapy in the early post-transplantation
period with interferon cither alone or in combination
with ribavirin has been attempted in DDLT, although its
effectiveness is controversial. In one study, HCV-positive
recipients were randomized within 2 wk of transplantation
to receive either interferon alone (3 MU X 3 per wk, #
= 30) or placebo (z = 41) for 1 yearm]. Only 17 patients
could complete 1 year of interferon therapy. Eight
patients (27%) in the interferon group and 22 (54%) of
the untreated patients had recurrent hepatitis (P = 0.02).
Patient and graft survival at 2 years did not differ between
the groups, however, and the rate of viral persistence was
not affected by treatment.

In another controlled trial®!, 24 recipients were
randomized at 2 weeks post-transplantation to receive
interferon (3 MU X 3 per wk) or placebo for 6 mo. There
were no differences in graft or patient survival. There
were no differences between groups in the incidence of
histological recurrence or its severity differed between
groups. Recurrent HCV was delayed 408 d in treated
patients versus 193 d in the control cohort.

In a case series by Mazzaferro™, 36 recipients were
treated with interferon-alpha 2b (3 MU X 3 per wk)
and ribavirin (10 mg/kg per d). They started treatment
at a median of 18 d after the operation and treatment
continued for 11 mo. After a median follow-up of 52
mo, the 5-year patient survival was 88%. Serum HCV
RNA clearance was obtained in 12 patients (33%). They
did not require further antiviral treatment because of
negative HCV RNA in serum and normal liver histology
for a median of an additional 36 mo. The former two
randomized trials on preemptive interferon monotherapy
demonstrated minimal benefits of the drug. In contrast,
Mazzaferro reported more encouraging results, although
their protocol brings into question how long therapy is
needed once embarking on a preemptive strategy.

Re-transplantation

The approach to retransplantation for recurrent HCV
varies widely among the transplant centers of pprr!,
The results after retransplantation for HCV (45% at 5
years) are poorer than that for other causes™ (56%, P
< 0.001). The patients with recurrent HCV in the early
timing and graft failure within the first year have poor
outcomes after retransplantation. These individuals should
be considered contraindicated for retransplantation. The
experience of retransplantation for HCV in LDLT has not
been well accumulated.

OUR EXPERIENCE

We performed preemptive therapy for LDLT patients
with HCV infection™, From 1996 to 2004, 67 patients
underwent LDLT for HCV cirrhosis at the Tokyo
University Hospital. The patients were 51 men and 16
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women and their ages ranged from 23 to 63 years (median
55). The HCV genotype was 1b in 53 patients (79%).
Forty-one patients (61%) had hepatocellular carcinoma.
All the patients received the same immunosupptessive
regimens with tacrolimus and methylprednisolone.

All the patients preemptively received antiviral therapy
consisting of interferon o-2b and ribavirin, which was
started approximately 1 mo after the operation. The
therapy was continued for 12 mo after the first negative
HCV RNA test. The standard regimen included interferon
o-2b (3 MU X 3 per wk) and ribavirin (800 mg/d) for 6
mo. The patients were then observed without the therapy
for 6 mo. The therapy was continued for at least 12 mo
even if the HCV RNA test remained positive.

Therapy was discontinued when there was significant
leukopenia (< 1500 /mL), thrombocytopenia (< 50000 /
ml) despite application of granulocyte colony stimulating
factor (Grar1®, Sankyo, Co. Ltd., Tokyo, Japan), hemolytic
anemia (hemoglobin < 8 g/L), renal dysfunction (serum
creatinine > 20 mg/L), deptessive psychological status,
or general fatigue. The subjects were removed from the
protocol if they did not continue the therapy for 12 mo
due to adverse effects or could not start the therapy due to
eatly death.

Blood counts and liver function tests were checked
every 2 wk for the first month, and at 4 wk intervals
thereafter. Serum samples were collected once a month for
quantitative HCV RNA detection. Protocol liver biopsy
was not performed. The log-rank test was used to compare
the survival rate of the HCV-positive patients with the
HCV-negative patients who underwent transplantation
during the same period (7 = 168).

A total of 28 patients were excluded from the analysis;
12 patients were removed from the protocol because of
eatly death (» = 9) or because of drug cessation (2 = 3).
Another 16 patients are currently on the protocol and were
therefore excluded from the analysis. Of the remaining 39
patients, 16 (16/39; 41%) obtained a sustained virologic
response. The cumulative 5-year survival of the HCV-
positive patients was 84%, comparable with that of
patients negative for HCV (# = 168, 86%).

CONCLUSIONS

LDLT will remain an indispensable therapeutic tool for
HCV related end stage liver disease and an alternative to
DDLT. The association between LDLT and early HCV
recurrence remains to be determined, although most of
the recent papers suggest that live donor graft has no effect
on short-term outcome or severity of virus recurrence. If
living donor graft is associated with early HCV recurrence
and consequently poorer graft survival, an aggressive
antiviral protocol might improve the outcome of LDLT
for HCV.
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