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Figure 2 Kaplan—-Meier curves stratified by each variable: (a) donor age, (b) graft type, (c) acute rejection, (d) steroid bolus, and (e) sustained virologic
response. LDLT, living donor liver transplantation; SVR, sustained virologic response.

increased use of liver grafts from older donors. For HCV- databases reported that donor age over 40 is an indepen-
positive recipients, two large retrospective reports from the  dent predictor of patient death [15,16]. Other accumulat-
Scientific Registry of Transplant Recipients and UNOS ing reports [14,17,18] indicate that the grafts from older
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Table 4. Factors associated with patient survival among those achieved
SVR(n = 154).

Hazard ratio (95%

Cox regression analysis confidence interval) P-value

Recipient age: >60 years (n = 43) 1.424 (0.318-2.385) 0.644
vs. <60 years (n = 111)

Recipient gender: male (n = 100) 4.709(0.918-24.161)  0.063
versus female (n = 54)

Pretransplant antiviral treatment: 1.666 (0.350-7.931) 0.522
yes (n = 66) versus no (n = 88)

HCV genotype: 1b (n = 112) 0.873(0.203-3.747)  0.855
versus other types (n = 42)

Co-existence of HCC: 0.728 (0.179-2.694) 0.635
yes (n = 54) versus no (n = 100)

MELD score: 1.354 (0.578-3.204) 0.785
>15(n = 54) vs. <15 (n = 98)

LDLT cases per year: 1.054 (0.458-1.254) 0.854
>20(n = 82)vs. <20 (n = 72)

Calcineurin inhibitor: 3.580(0.736-17.421)  0.114
Tac (n = 94) versus CyA (n = 60)

Mycophenolate mofetil: 0.932 (0.456~1.884) 0.781

yes (n = 78) versus no (n = 76)
Steroid withdrawal: yes (n = 40)
versus no (n = 114)

0.449 (0.096-2.102) 0.31

Splenectomy: yes (n = 59) versus 1.402 (0.335-5.873) 0.644
no (n = 95)

Episode of acute rejection: 1.854(0.216-15.914)  0.574
yes (n = 34) versus no (n = 120)

Steroid bolus injection: 0.16 (0.019-1.386) 0.096
yes (n = 26) versus no (n = 128)

Donor age: >40 years (n = 43) vs. 1.18(0.296-4.698) 0.815
<40 years (n = 111)

Type of graft: right liver (n = 80) 2.799 (0.818-9.573) 0.101

versus non-right liver (n = 74)

HCV, hepatitis C virus; HCC, hepatocellular carcinoma; LDLT, living
donor liver transplantation; MELD, model for end-stage liver disease;
Tac, tacrolimus; CsA, cyclosporine; SVR, sustained virologic response.

donors are at greater risk for disease progression and
impaired graft/patient survival compared with those from
younger donors. Our results are definitely consistent with
these reports.

Acute rejection in conjunction with treatment with a ste-
roid bolus is one of the most critical factors to address with
respect to HCV recurrence. Historical studies [19,20] have
demonstrated that steroid bolus for acute rejection in
HCV-positive recipients accelerates the recurrence of hepa-
titis and decreases patient survival. A recent study reported
that HCV-positive recipients who receive high-dose steroid
treatment for acute rejection are at increased risk of severe
recurrent hepatitis, in which older donor age and an epi-
sode of rejection are the two most important predictors of
developing fibrosing cholestatic hepatitis [21]. Similarly,
our study also revealed that both older donor age and acute
rejection are independent predictors for impaired patient
outcome among LDLT recipients.
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Table 5. Summary of antiviral treatment.

Treatment for
established
recurrent Preemptive
Total hepatitis treatment
(n =361) C(n=211) (n = 150)
Time since LDLT 3(0-102) 4(0.5-102) 1(0-68)
(months)
Treatment duration 15 (0.3-89) 14(0.3-99) 17 (0.3-55)
(months)
Regimen: PEG-INF 45 (12%) 33(16%) 12 (8%)
alfa-2a/RBV
PEG-INF alfa-2b/ 223 (62%) 146 (69%) 77 (51%)
RBV
INF alfa-2b 93 (26%) 32 (15%) 61(41%)
Dose reduction 143 (40%) 85 (40%) 58 (39%)
Discontinuation 150 (42%) 66 (31%) 84 (56%)
Sustained virologic 154 (43%) 89 (42%) 65 (43%)

response

LDLT, living donor liver transplantation; PEG-INF, pegylated-interferon;
RBV, ribavirin; INF, interferon.

The association between achieving SVR and graft/patient
survival after liver transplantation for HCV-positive recipi-
ents is a matter of debate [10]. Many studies with standard
dual treatment of PEG-INF/RBV for 12 months in a DDLT
setting have implied a survival benefit of achieving SVR
[8,22], but there has been no evidence to support the rec-
ommendation of antiviral treatment for recurrent graft
hepatitis C due to the lack of clinical benefit with sufficient
long-term observation and the existence of frequent severe
adverse effects, as concluded by a recent Cochrane meta-
analysis [10]. Recent retrospective cohort studies with a
long follow-up duration reported improved patient/graft
survival in patients who obtained an SVR after antiviral
treatment [23-25]. In accordance with those reports, our
retrospective analysis indicated a positive effect of achieving
SVR on patient survival. Caution should be taken in inter-
preting our results; however, as SVR was assessed among
the whole cohort, including patients who were not indi-
cated for antiviral treatment, the follow-up period after
achieving SVR was rather short, and most importantly, a
large variety of antiviral treatment regimens were used in
Japan, which will be described later.

A noteworthy finding in the present retrospective analysis
is the impaired patient survival in recipients who received a
non-right liver graft (left liver in 239 cases and right lateral
sector in 16 cases). Recent studies comparing outcomes
between LDLT and DDLT in HCV-positive recipients have
reported equal or even improved outcomes both in patient/
graft survival and in fibrosis progression in the LDLT set-
ting, which could be attributed to the younger donor age
and shorter ischemic time of LDLT grafts [13,14,26-29].
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Based on these findings, LDLT for HCV-positive recipients
is now widely accepted as an established alternative to
DDLT, even in Western countries. On the contrary, how-
ever, the present finding may raise an alarm for reduced size
grafts, as a left or posterior graft is clearly smaller than a
right liver graft. Another point to be emphasized here is that
all LDLTs investigated in the aforementioned studies com-
paring LDLT and DDLT were universally performed with
right liver grafts. One possible explanation for the inferior
outcome of the smaller graft is that the intense hepatocyte
proliferation that occurs in smaller partial liver grafts may
lead to increased viral translation and replication, as advo-
cated by previous authors [30-32]. However, there are sev-
eral limitations among these speculations. First, the data of
the viral load, which is reported to reach a maximum level
between the first and third post-transplant months [33],
were not available in this study to demonstrate the higher
viral replication in the smaller grafts during this period.
Another is that the graft type selection is based on the ratio
of the volume of the graft to recipient body weight or stan-
dard liver volume in our society, which will lead to the bias
in the comparison of the right liver versus non-right liver
graft. Despite these limitations, considering that compara-
ble outcomes between left liver graft and right liver graft
have been reported by us [34] and others [35] in LDLT
recipients as a whole, caution should be taken in selecting
the type of graft (left versus right) for HCV-positive recipi-
ents. Thus, future LDLT studies are required to investigate
whether a smaller partial liver graft (left liver) is potentially
inferior compared with a larger graft (right liver) in terms
of graft/patient survival and recurrent hepatitis severity
among HCV-positive recipients.

The antiviral treatment for recurrent hepatitis C after
LDLT in Japan was also reviewed in the present study. As
described elsewhere in detail [11], the antiviral treatment
regimen in Japan differs widely from center to center; pre-
emptive treatment versus treatment after confirmation of
recurrent disease, starting dose and method of escalation,
and the duration of treatment (usually longer than
12 months). Consequently, our data only present an over-
view of antiviral treatment in Japan, and no definite con-
clusion can be drawn regarding the actual efficacy of
antiviral treatment after LDLT. Moreover, based on the
recent prospective, multicenter, randomized study by Bzo-
wej et al. [36], European and USA transplant societies do
not support the routine use of preemptive antiviral therapy.
A review of Western literature regarding the standard 12-
month PEG-INF/RBV treatment for established recurrent
hepatitis C after DDLT reveals that the median SVR rate is
33% (0-56%) with a dose reduction rate of 70% and a dis-
continuation rate of 30% [37]. The present result of an
SVR rate of 43% with a dose reduction rate of 40% and a
discontinuation rate of 42% seems not so different from

© 2014 Steunstichting ESOT 27 (2014) 767-774
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those of previous literatures; however, as discussed above,
the diversity in the methods, the doses, and the duration of
treatment in Japan preclude the direct comparison with
Western findings.

Conclusion

This retrospective analysis of the largest series of LDLT for
HCV-positive recipients in Japan revealed 5- and 10-year
survival rates of 72% and 63%, respectively, and that donor
age (>40), non-right liver graft, an acute rejection episode,
and the absence of SVR are independent predictors of
patient survival. Based on the present result, caution should
be made in the selection of the left liver graft for HCV-posi-
tive recipients; however, the development of more effective
antiviral treatment in the near future may facilitate the
application of the left liver graft.
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We investigated the influence of alloimmune T cell responses on hepatitis C virus (HCV) replication in
HCV-infected patients after liver transplantation (LT). To monitor the immune-status in 27 HCV-infected
LT recipients, we routinely performed mixed lymphocyte reaction (MLR) assays within 4 weeks after LT.
HCV RNA titers in most patients fluctuated in inverse proportion to the stimulation index (SI) of
anti-donor reactive T cells early after LT. Two weeks after LT, recipients with high HCV RNA titers
(>1000 KIU/mL) displayed a significantly lower SI for anti-donor reactive T cells than recipients with
low HCV RNA titers did (<1000 KIU/mL). An in vitro transwell assay mimicking the anatomical features
of the interaction between HCV-infected hepatocytes and alloreactive T cells in allograft livers
demonstrated that interferon (IFN)-y was necessary to suppress HCV replication. This study proves the
significant impact of alloimmune T cell responses on HCV replication in HCV-infected LT recipients.

© 2014 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights
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1. Introduction

Hepatitis C virus (HCV) infection is the most common indication
for liver transplantation (LT) worldwide; however, recurrence of
HCV post transplantation is almost universal and proceeds at an
accelerated rate. Studies of HCV kinetics after LT have demon-
strated that there is a sharp decrease in serum HCV RNA during
the anhepatic phase and immediately after graft reperfusion, and
this is followed by a steady increase in viral concentrations within
days, suggesting a massive uptake of HCV virions and establish-
ment of replication in the allograft [1-4]. Such studies have also
revealed that HCV viral load reaches a plateau above the pre-
transplantation level in most individuals, but markedly fluctuates
in some individuals within a month after LT. Although it is gener-
ally believed that the resumption of viral replication is hastened by

Abbreviations: HCV, hepatitis C virus; LDLT, living donor liver transplantation;
mAbs, monoclonal antibodies; MHC, major histocompatibility complex; MLR,
mixed lymphocyte reaction; PBMC, peripheral blood mononuclear cell; CFSE,
carboxyfluorescein diacetate succinimidyl ester; FCM, flow cytometry.
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immunosuppression that accompanies organ transplantation, the
mechanism underlying the instability of HCV RNA levels in some
recipients remains entirely unknown.

We have previously shown that interleukin (IL)-2-stimulated
CD56" cells derived from the liver exhibit inhibitory effects on
HCV replication {%]. During the first month after LT, HCV RNA titers
in the sera of recipients receiving immunotherapy with interferon
(IFN)-y-secreting natural killer (NK) cells derived from liver allo-
grafts were markedly lower than those in the sera of recipients
who did not receive the immunotherapy [5]. Additionally, an
in vitro study using genomic HCV repliconi-containing hepatic cells
revealed that the IFN-y-secreting NK cells play a pivotal role in
such anti-HCV responses |{5,6]. Given these findings and the well-
known capacity of T cells to actively produce IFN-y as part of an
alloimmune response after organ transplantation, we hypothesized
that alloimmune T cell responses influence HCV replication in the
recipients of allogeneic LT. This may explain the fluctuation of HCV
viral load in some individuals after LT. To address this possibility,
we monitored anti-donor alloreactivity at regular intervals by
using a mixed lymphocyte reaction (MLR) assay employing an
intracellular carboxyfluorescein diacetate succinimidyl ester
(CFSE)-labeling technique [7]. This allowed us to examine the rela-
tionship between alloimmune responses and HCV replication.

01§8-8859/© 2014 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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2. Materials and methods
2.1. Patient population

This study was approved by the institutional review boards of
Hiroshima University Hospital, Hiroshima, Japan (number
40017). Twenty-seven consecutive patients with HCV infection
who underwent adult-to-adult living donor LT (LDLT) at Hiroshima
University Hospital between 2004 and 2011 were enrolled in this
study. The patients included 19 men and 8 women. Patient profiles
are shown in Table 1.

2.2. CFSE-MLR assay

To monitor the immune status of the participants, an MLR assay
using a CFSE-labeling technique was performed before LT as a
baseline and again at 1, 2, and 4 weeks after LT, with the consent
of the recipients and donors. In brief, peripheral blood mononu-
clear cells (PBMCs) were obtained from the recipients (autologous
control), donors, and healthy volunteers (third-party control), pre-
pared as stimulator cells, and irradiated with 30 Gy; responder
cells from the recipients were labeled with 5-(and 6)-CFSE (Molec-
ular Probes, Inc., Eugene, OR). Both the stimulator and responder
cells were adjusted to 2 x 10° cells/mL of AIM-V medium (Invitro-
gen, NY, USA) and co-cultured in a total volume of 2 mL of the
medium in 24-well flat-bottom plates (BD Labware, Franklin Lakes,
NJ) incubated at 37 °C in a 5% CO, incubator in the dark for 5 days.
After MLR culture, the non-adherent cells were harvested and
stained using either phycoerythrin-conjugated anti-CD4 or CD8
mAb and allophycocyanin-conjugated anti-CD25 mAb. Four-color
flow cytometry (FCM) was performed on a FACSCalibur® dual-laser
cytometer (Becton Dickinson, Mountain View, CA) using standard
Cell Quest™ acquisition/analysis, and fluorescence compensation
was achieved using an appropriate single fluorochrome-labeled
sample. Dead cells, identified by light scatter and propidium iodide
staining, were excluded from the analysis.

2.3. Quantification of alloreactive T cell proliferation by FCM analysis

The precursor frequency (PF), mitotic index (MI), and stimula-
tion index (SI) were quantitatively estimated using a previously
described method {8!. In brief, the CFSE fluorescence intensity at
peak cell division, which was divided once, shows the half-value
of CFSE fluorescence intensity at the peak of nonreactive cell divi-
sion. Divisions of reactive cells, which were identified and deter-
mined by their CFSE intensities, were labeled from 0-n to indicate
the dividing time. A single cell dividing n times will generate 2"
daughter cells (Fig. 1A). Using this mathematical relationship, the
number of division precursors was extrapolated from the number
of daughter cells of each division and from proliferation events
and PF in CD4"* and CD8" T cell subsets. These values were used to
evaluate mitotic events and calculate MIs. SIs were calculated by
dividing MIs of allogeneic combinations by MIs of autologous
controls.

Table 1

Characteristics of the study population (n =27).
Median age recipient (year, range) 56.5 (49-68)
Median age donor (year, range) 35.9 (18-59)

Mean HCV RNA level pre-LT (KIU/ml, range) 3581.1 (19-69,000)
HCC (n) 16

Child-Pugh score (n): A/B/C 3/15/9

HCV genotype (n): 1b/2a/2b/1b and 2b 21/2/2/2
Donor relation (n)

Children/siblings 19/3
Non-blood relations spouses/non-spouses 4/1
HLA-mismatch number (n): 1/2/3/4/5/6 3/12/8/3/0/1

We also analyzed CD25 expression in the proliferating CD8* T
cell subset in response to anti-donor and anti-third party stimuli
(Fig. 1B). We previously found that the remarkable elevation of
CD25 expression in proliferating CD8" T cells reflects their cyto-
toxic activity toward donor cells {7,3]. In preliminary studies using
PBMCs from healthy volunteers, the average CD25" cell proportion
in proliferating CD8" T cells in response to human leukocyte anti-
gen (HLA)-disparate donor cells without any immunosuppressive
treatment was 41.01 £ 19.67% (ranging from 16.5-75.2%, n = 10).
Thus, the positive threshold for this parameter was determined
to be >50% |91,

2.4. Immunosuppressive protocol

The basic immunosuppressive regimen after LDLT was com-
prised of tacrolimus (TAC) and methylprednisolone, with gradual
tapering of doses. Patients with renal insufficiency (RI) (eGFR <
60 mL/min/1.73 m?) received a calcineurin inhibitor-sparing
immunosuppressive regimen (CSR) comprising of a reduced dose
of TAC, methylprednisolone, and MMF. In the regimen for patients
without RI, trough whole blood levels of TAC were maintained
between 8 and 15 ng/mL in the first few postoperative weeks
and between 5 and 10 ng/mL thereafter. In the CSR, the trough
whole blood levels of TAC were maintained between 5 and
10 ng/mL in the first few postoperative weeks and between 3
and 5 ng/mL thereafter. Optimal dosages of immunosuppressive
drugs were determined based on immune monitoring by MLR
assay. MLR assays were performed at 2-4-week intervals until
3 months after LT, and thereafter at intervals of 3-6 months.

Based on the proliferation analyses of CD4" and CD8" T cell sub-
sets in response to the anti-donor and anti-third party stimuli in
MLR, the immune status was categorized as hypo-, normo-, or
hyper-response {7,%]. Therapeutic adjustments for immunosup-
pressants were determined by tapering the dosage in cases exhib-
iting anti-donor hypo-response in both T cell subsets or increasing
the dosage in cases exhibiting anti-donor hyper-response in the
CD4" or CD8" T cell subsets. SIs for CD4" T cells, which actively
secrete IL-2 in proportion to their proliferation state, were used
as an indicator for adjusting the doses of calcineurin inhibitors.
Alternatively, SIs for CD8" T cells, which secrete IFN-y in propor-
tion to their proliferation state, were used as an indicator for
adjusting the doses of methylprednisolone {7,9i. Patients who
were diagnosed with acute rejection (by liver allograft biopsy
and CFSE-MLR assay) received additional steroid-pulse therapy if
necessary.

2.5. Trans-well assay

The Huh7/Rep-Feo cell line (HCV replicon cells) was gifted by Dr
N. Sakamoto (Department of Gastroenterology and Hepatology,
Tokyo Medical and Dental University, Tokyo, Japan). A genotype
1b HCV subgenomic replicon plasmid, pRep-Feo, was derived from
pRep-Neo (originally, pHCVIbneo-delS) {10]. pRep-Feo carries a
fusion gene comprising firefly luciferase (Fluc) and neomycin phos-
photransferase, as described elsewhere {11,121, After culturing in
the presence of G418 (Invitrogen, Carlsbad, CA), Huh7/pRep-Feo
cell lines stably expressing the replicons were established. For
co-culture experiments, trans-well tissue culture plates (pore size:
1 pm; Costar, Cambridge, MA) were used. HCV replicon-containing
hepatic cells (10° cells) were incubated in the lower compartment
with varying number of lymphocytes from healthy volunteers in
the upper compartment. The hepatic cells in the lower compart-
ments were collected for the luciferase assay, 5days after
co-culture. Luciferase activities were measured with a lumino-
meter (Lumat LB9501; Berthold Technologies, Germany) using
the Bright-Glo Luciferase Assay System (Promega, Madison, WI).
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Fig. 1. Quantitative estimation of T cell proliferation in response to allostimulation by MLR assay using a CFSE-labeling technique. PBMCs obtained from recipients, donors,
and third-party healthy volunteers were prepared as stimulator cells and irradiated, and responder cells from recipients were labeled with CFSE. Both cell types were co-
cultured for 5 days. After MLR culture, cells were stained with either phycoerythrin-conjugated CD4 or CD8 mAb together with allophycocyanin-conjugated CD25 mADb,
followed by four-color FCM. (A) PF and M of alloreactive CD4" or CD8" T cells were calculated. The representative FCM profile for analyzing PF and MI of alloreactive CD4" is
shown. (B) CD25 expression for the proliferating CD8" T cell subset in response to anti-donor or anti-third party stimuli was also determined. The representative FCM profile

for analyzing the proportion of CD25" cells among alloreactive CD8" is shown.

When indicated, the assays were performed in the presence of

varying doses of anti-human IFN-y mAb or isotype-matched con-

trol rat IgG (R&D Systems, Minneapolis, MN). All the assays were
- performed in duplicate.

2.6. Statistical analysis
Statistical analysis was performed using the Mann-Whitney U-

test or one-way analysis of variance (ANOVA). Differences with
P <0.05 were considered significant.

3. Results

3.1. HCV RNA titer fluctuations are inversely proportional to the SI of
anti-donor reactive T cells

The MLR assay using a CFSE-labeling technique enables the
determination of the SI of alloreactive CD4" and CD8" T cells, sep-
arately, as parameters of T cell responses to allogeneic stimulation
[&1. Notably, the SI of anti-donor reactive T cells, as determined by
MLR assay, was closely associated with the patient’s HCV RNA
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Fig. 3. Relationship between SI for anti-donor or anti-third party reactive T cells and HCV RNA titers in LT recipients 2 weeks after LT. HCV-infected patients were divided into
4 groups 2 weeks after LT: (a) HCV RNA, <100 KIU/mL (n = 11); (b) 100-1000 KIU/mL (n = 7); {c) 1000-10,000 KIU/mL (n = 5); and (d) >10,000 KIU/mL (n = 4). SI for anti-donor
(A) or anti-third party (B) reactive CD4* and CD8" T cells and proportion of CD25* cells among proliferating CD8" T cells. Each point represents an individual value, Lines
indicate the average values of the group. Statistical analysis was performed using the Mann-Whitney U-test. *P < 0.05, **P < 0.01.

serum titer. In most patients, HCV RNA levels rapidly decreased
after LT and subsequently began to increase, exceeding pre-
transplantation levels within a few days after the procedure (data
not shown). This observation is consistent with previous studies
demonstrating HCV dynamics after LT [i1-4]. Thereafter, HCV
RNA titers characteristically fluctuated in inverse proportion to
the SI of anti-donor reactive CD4* and CD8" T cells in representa-
tive patients (Fig. 2 and Supplementary Fig. 1).

In some MLR assays, transiently increased anti-third party
response was observed (e.g., case 2). Since LT recipients frequently
require blood transfusion during the perioperative period, allosen-
sitization induced by blood transfusion might cause the unex-
pected anti-third party responses. Nevertheless, 2 weeks after LT,
recipients with high HCV RNA titers (>1000 KIU/mL) displayed a
significantly lower SI for anti-donor reactive CD4* T cells than
recipients with low HCV RNA titers did (<1000 KIU/mL) (Fig. 3). A
similar trend was observed relative to the SI for anti-donor reactive

CD8" T cells. The proportion of CD25" cells among CD8" T cells
responding to allostimulation, which actively produce IFN-y
[7.81, was lower in the recipients with high HCV RNA titers
(>1000 KIU/mL) than in the recipients with low HCV RNA titers
(<1000 KIU/mL). We also observed a similar trend in the anti-third
party reactive T cell responses relative to the HCV RNA titers at this
time point, although it was not as remarkable as the anti-donor
reactive T cell responses.

Four weeks after LT, the similar relationship between HCV RNA
titers in the recipients and SI for anti-donor reactive T cells was no
longer remarkable (Fig. 4). At this time point, two patients received
antiviral therapy with IFN-o and ribavirin, likely influencing the
relationship between HCV replication and alloimmune responses.
Thereafter, anti-donor responses determined by MLR assay less-
ened over time in many patients {9], likely reflecting adequate
immunosuppressive therapy. This clinically preferable trend did
not allow us to analyze the probable association of alloimmune
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Fig. 4. Relationship between SI for anti-donor or anti-third party reactive T cells and HCV RNA titers in LT recipients 4 weeks after LT. HCV-infected patients were divided into
4 groups 4 weeks after LT: (a) HCV RNA, <100 KIU/mL (n = 4); (b) 100-1000 KIU/mL (n = 8); (¢) 1000-10,000 KIU/mL (n = 7); and (d) >10,000 KIU/mL (n = 3). MLR was not
performed in 5 patients at this time point because of a lack of donor consent. SI for anti-donor (A) or anti-third party (B) reactive CD4* and CD8" T cells and proportion of
CD25" cells among anti-donor CD8" T cells. Each point represents an individual value. Lines indicate the average values for groups. Statistical analysis was performed using

the Mann-Whitney U-test. *P < 0.05.

responses with the progression of fibrosis and/or response to anti-
viral therapy.

Despite a significant influence of alloimmune responses on hep-
atitis C viral load in HCV-infected patients during the early phase
after LT, we did not observe a significant relationship between
the extent of HLA mismatch and HCV RNA titers in HCV-infected
patients, both 2 and 4 weeks after LT (Fig. 3).

3.2. Allostimulated lymphocytes inhibited RNA replication of genomic
HCV replicons in an HLA-dependent manner

The type and level of cytokines produced in response to allosti-
mulation may affect HCV survival and replication in the host. Allo-
reactive T cells infiltrate the portal area in liver grafts, even in the
early phase of alloimmune responses. Therefore, we hypothesized
that cytokines produced from these activated anti-donor T cells

inhibit HCV replication. To mimic the anatomical features of the
interaction between HCV-infected hepatocytes and liver-infiltrated
alloreactive T cells, we performed a trans-well culture assay. This
consisted of a one-way MLR culture using PBMCs from healthy vol-
unteers in upper chamber, resembling allostimulated T cells infil-
trated in the sinusoid of liver allografts, and the genotype 1b
Huh7/Rep-Feo subgenomic HCV replicon in lower chamber, resem-
bling HCV-infected hepatocytes. These HCV replicon-containing
cells were chosen because 23 of the 29 patients in the clinical study
were infected with HCV genotype 1b.

An HLA haplo-identical 3-loci mismatched MLR combination
significantly inhibited HCV replication; HCV replication was fur-
ther suppressed by a fully allogeneic 6-loci mismatched MLR com-
bination (Fig. 6A and B). Based on our previous finding that
alloreactive CD8" T cells actively produce IFN-y {8} and recombi-

nant IFN-y strongly inhibits HCV replication {5}, we hypothesized
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that the allostimulation-induced IFN-y inhibits HCV replication
after LT. Adding an anti-IFN-y neutralizing monoclonal antibody
(=20 pg/mL) to the co-cultures reversed the inhibitory effect of
allostimulation on HCV replication (Fig, 8C). Thus, IFN-y from acti-
vated anti-donor T cells is required for inhibiting HCV replication.

4. Discussion

Several risk factors such as genotype, donor age, and rejection
treatment have been shown to affect the severity of HCV
recurrence after LT, although the mechanisms remain unknown
[13-18]. It has been speculated that HLA mismatches are also
involved in the development and course of recurrent HCV {17].
However, the impact of HLA matching on HCV load in LT recipients
remains controversial. It has been reported that the incidence of
recurrent hepatitis B virus/HCV infection after LT is significantly
higher for HLA-B-compatible liver transplant recipients [18,18].
In contrast, HLA-B14 and HLA-DRB1x04 matching has been dem-
onstrated to provide beneficial effects on the outcome of patients
receiving LTs for HCV hepatitis {201 This might be explained by
the fact that MHC-I restricted T cells are involved in the control
of postoperative HCV spread {21.22].

It has also been shown that progression of fibrosis increases in
patients with fewer HLA mismatches within the first year after LT,
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Fig. 6. Allostimulated lymphocytes inhibited RNA replication of genomic HCV
replicons in an HLA-dependent manner. Trans-well co-culture of one-way MLR
(upper chamber) using PBMCs from healthy volunteers and HCV-replicon-permis-
sive hepatic cells {lower chamber) was performed. HCV replication was detected by
luciferase activity encoded by an HCV replicon plasmid. {A) HCV-replicon-contain-
ing hepatic cells (10° cells/well) incubated with syngeneic, one-haplo-mismatched
(3-mismatched), or fully allogeneic (6-mismatched) MLR combinations were
collected for luciferase assay 5 days after co-culture. MLR assays were performed
at doses of 0.5, 1, 2, and 4 x 10° lymphocytes of stimulator and the same dose of
responder lymphocytes in a well. The lymphocyte doses are indicated on the x-axes.
Results are representative of 2 similar experiments. (B) To statistically analyze the
influence of allostimulated lymphocytes on HCV RNA replication, 5 similar
experiments were performed using stimulator/responder lymphocytes at a dose
of 1 x 10° cells/well. Results are presented as average valuesSD. Statistical
analysis was performed using one-way analysis of variance (ANOVA) (*P< 0.05).
(C) Various doses of neutralizing anti-IFN-y were added to the abovementioned co-
cultures. Results are representative of 2 similar experiments.

although HLA matching does not influence graft survival in
patients after LT for end-stage HCV infection {23]. Thus, HLA
matching has been thought to influence the outcome of LT in
HCV-infected patients through 2 separate mechanisms: (1) the
lower incidence of rejection in better-matched grafts leads to a
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reduction in anti-rejection treatments, which has been shown to
increase HCV-related graft loss, or (2) the lack of MHC I/II-
restricted T cell response in patients with a complete HLA mis-
match leads to less severe recurrent hepatitis. In this study, we
could not observe a significant relationship between the extent
of HLA mismatch and HCV RNA titers in HCV-infected patients dur-
ing the first 4 weeks after LT (Fig. 5). Instead, we found a significant
influence of alloimmune responses on hepatitis C viral load in
HCV-infected patients during the early phase after LT.

Since liver transplant recipients generally share more HLA
alleles with living donors than with deceased donors, anti-living
donor T cell responses are likely weaker than anti-deceased donor
T cell responses. Such variance may not significantly influence the
function of allograft livers but could substantially impact HCV rep-
lication after LT, as HCV RNA levels rise more rapidly in patients
receiving grafts from living donors than in those receiving grafts
from deceased donors {24l This interpretation seems consistent
with our novel finding that alloimmune responses decrease HCV
load in LT recipients (IFN-y produced by anti-donor reactive T cells
shows anti-HCV activity).

The influence of alloimmune responses on HCV load was appar-
ent only during the early phase after LT (2 weeks) in this study.
One possible explanation for this transient phenomenon is that
alloimmune responses might interfere with viral resurgence in
the uninfected liver allograft, but it did not significantly affect
HCV replication after reinfection of the liver allograft. Nonetheless,
it remains unclear whether alloimmune responses interfere with
the progression of HCV (virus survival and progression of fibrosis)
in LT recipients. Minimizing exposure of HCV-infected LT recipi-
ents to immunosuppressants by monitoring anti-donor T cell
responses would help prevent excessive HCV viremia, at least dur-
ing the early viral resumption phase after LT. However, the long-
term benefit of this proposal for preventing hepatitis or fibrosis
remains to be elucidated.

Our in vitro study demonstrated that IFN-y produced by allosti-
mulated lymphocytes inhibited HCV replication. This would con-
sistently explain the instability of HCV RNA levels in some
recipients in association with their T cell alloimmune response
during the early phase after LT. Another explanation for these
results is that the anti-donor immune-activity merely represents
the recipient’s immune status, including anti-HCV immunity. In
cases where the LT recipients were excessively immunosup-
pressed, hypo-responses of T cells to both anti-donor and anti-
third party stimuli in MLR assays may occur. Thus, unless patients
are in donor-specific hyper- or hypo-responsive states (reflecting
rejection or tolerance, respectively), anti-third party T cell
responses potentially change in concert with their anti-donor
responses. This might be a possible reason why we observed a sim-
ilar trend in the anti-third party reactions relative to the HCV RNA
titers as the anti-donor reactions in this study. A previous finding
also suggests that LT patients with severe HCV recurrence are
immunologically impaired compared with patients with mild
HCV recurrence | 25}. Thus, high HCV replication may lead to a state
of general immune-impairment, leading to lower alloreactive
activity. Further studies are needed to address this possibility.

One of the most difficult challenges in the care of HCV-positive
LT recipients is the differentiation between acute cellular rejection
and HCV recurrence, which can have considerable histologic over-
lap [28]. A method that can distinguish between HCV infection
and HCV infection complicated by ACR has not yet been established.
The findings in this study may indicate that the marked reduction of
HCV RNA levels in sera of HCV-infected recipients of allograft livers
could reflect acute rejection during at least the early phase after LT.
A previous study also investigated whether in vitro donor-specific
immune reactivity patterns could differentiate between patients
undergoing a rejection episode or HCV recurrence {271 In that

study, no correlation was demonstrated between the frequency of
IFN-v-producing precursor T cells and rejection episodes. An
intriguing correlation, however, was found between the frequency
of donor-specific IFN-y precursors and early recurrence of HCV in LT
recipients; i.e., all of the patients who showed disease recurrence
within the first year after transplant showed minimal frequency
of IFN-y-producing precursors. Both the results of the previous
study and our study indicate that post-transplant immune monitor-
ing of anti-donor T cells responses could identify patients at risk for
early HCV recurrent.

In conclusion, this clinical study revealed that the instability of
HCV RNA levels in some recipients is associated with the strength
of T cell alloimmune response during the early phase after LT. This
phenomenon can be explained by the in vitro study demonstrating
that allostimulated lymphocytes inhibit RNA replication of geno-
mic HCV replicons in an HLA-dependent manner.
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Sustained virological response to antiviral therapy
improves survival rate in patients with recurrent hepatitis C
virus infection after liver transplantation
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Aim: Previous European and North American studies ana-
lyzed the relationship between survival rate and sustained
virological response (SVR) to interferon (IFN) therapy in
patients with recurrent hepatitis C viral (HCV) infection after
liver transplantation (LT). The present study was designed to
define the same relationship in Japanese patients who had
undergone LT.

Methods: Forty-seven patients (genotype 1, 40; genotype 2,
7) with recurrent HCV after LT were treated with pegylated
interferon (PEG IFN} or IFN/ribavirin (RBV). In possible, within 3
months after LT, patients started treatment with PEG IFN-o-2b
or IFN-0-2b s.c. once weekly combined with RBV (200 mg/
day).

Results: The SVR rate was 51% (24/47) for all patients, 42.5%
(17/40) for genotype 1 and 100% (7/7) for genotype 2. The

median follow-up period was 71 months (range, 24-152). The
survival rate of 24 patients who achieved SVR was 95% at 5
years and 92% at 10 years. These rates were significantly
better than those of 23 patients who did not achieve SVR (82%
at 5 years, 58% at 10 years) (P = 0.027). Two patients of the
SVR group died during follow up (due to hepatocellular carci-
noma in one and chronic rejection in one), while six non-SVR
patients died during the same period (three died due to liver
failure by recurrent HCV).

Conclusion: SVR following IFN therapy contributes to
improvement of survival rate in patients with recurrent
post-LT HCV infection.

Key words: interferon therapy, HCV, LT, SVR

INTRODUCTION

HE HEPATITIS C virus (HCV) is estimated to have

infected 170 million people worldwide, and such
infection sometimes progresses to liver cirrhosis and/or
hepatocellular carcinoma (HCC).! HCV-related end-
stage liver disease is currently the main indication for
liver transplantation (LT). However, the outcome of LT
for patients with HCV-related liver disease has been
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less satisfactory than those with HCV negative liver
disease.”® HCV recurrence is universal after LT with
accelerated progression to liver fibrosis. Approximately
20-25% of HCV positive patients develop cirrhosis
within 5 years after LT, and approximately 50% within
10 years.>” LT recipients with recurrent HCV are
treated with a combination of pegylated interferon (PEG
IFN)/ribavirin (RBV) for 48 weeks. However, eradica-
tion of post-LT HCV with IFN is often hampered by the
use of immunosuppressants, anemia, frequent side-
effects and the need to discontinue or reduce therapy.
Unfortunately, the outcome of PEG IFN/RBV antiviral
therapy after LT is often poor, with a sustained virologi-
cal response (SVR) rate of only 10-30% in HCV-1-
infected patients.''-'?

Three European studies have reported that
SVR improves patient survival.’®?* Furthermore, two
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Canadian studies also confirmed the long-term benefits
of SVR in LT recipients with HCV recurrence.*"** To our
knowledge, however, there is only little information on
the relationship between survival rate and virological
response to [FN therapy in patients with post-LT recur-
rent hepatitis C in Japan.” The aim of this study was to
determine the relationship between survival rate and
virological response to IFN therapy in Japanese patients
with post-LT recurrent hepatitis C.

METHODS

Patients

IGHTY-TWO PATIENTS UNDERWENT living donor
LT (LDLT) for HCV-related end-stage liver disease
between 2000 to January 2013. Among them, 22

Hepatology Research 2014

patients died before the start of antiviral therapy.
Although patients started antiviral therapy, three
patients who died within 2 years after the start of anti-
viral therapy were omitted. One did not become posi-
tive for HCV RNA after LDLT, and IPN therapy induced
SVR before LT in four patients. Of the remaining 52
patients treated with IFN therapy at our institution, five
remain currently on antiviral therapy. Thus, 47 patients
were enrolled in the present retrospective study (Fig. 1).
They included 40 patients with genotype 1 and seven
with genotype 2. The median follow-up period was 71
months (range, 24-152).

Protocol of antiviral therapy

If possible, within 3 months after LDLT, patients started
treatment with PEG IFN-o-2b or IFN-o-2b s.c. once

HCV-infected patients underwent LDLT (n=82)

— Died before antiviral
therapy (n=22)

———> Excluded (n=30)

Died within two years after
the start of antiviral
therapy (n=3)

Patients with recurrent HCV infection after LDLT

HCV-RNA negative after

who received antiviral therapy (n=52) LT (n=1)
l————é On going (n=5
going (n=5) Achieved SVR by
l n=47 IFN therapy before
—— LT (n=4)
Genotype 1 Genotype 2
n=40 n=7
SVR Non-SVR SVR
n=17 n=10 n=7

Figure 1 Effects of IFN therapy according to genotype. HCV, hepatitis C virus; IFN, interferon; LDLT, living donor liver transplan-
tation; LT, liver transplantation; SVR, sustained virological response.
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Genotype1
LT | . PEGIFN/RBV : -
I l | |
L J
3 months
R ! EOT
48 weeks
Genotype2
LT PEGIFN/RBV -
L
3 months EOT
L J
||
48 weeks

Figure 2 Our protocol of IFN therapy according to genotype
after LT. EOT, end of treatment; LT, liver transplantation; PEG
IFN, pegylated interferon; RBV, ribavirin; VR, viral response.

weekly combined with RBV (200 mg/day). The dose of
the latter was increased to 800 mg/day in a stepwise
manner according to individual tolerance within the
first 12 weeks of therapy. The combination PEG IFN/
RBV therapy was continued for more than 48 weeks in
genotype 1 after the disappearance of serum HCV RNA.
The combination PEG IFN/RBV therapy was continued
for 48 weeks in genotype 2 (Fig. 2). At the end of the
active treatment, patients were followed for another 24
weeks without treatment. In patients who remained
positive for HCV RNA in spite of antiviral treatment for
more than 48 weeks, PEG IFN was switched to PEG-IFN-
o-2a and treatment was continued as described above.

The study was conducted in accordance with the Dec-
laration of Helsinki and was approved by the local
ethics committees of all participating centers.

Assessment of efficacy of therapy

Hepatitis C virus RNA levels were measured using one of
several reverse transcription polymerase chain reaction-
based methods (TagMan RT-PCR test) at weeks 4, 8 and
12, and thereafter every 4 weeks of post-LT PEG IFN/
RBV treatment, and at 24 weeks after the cessation of
therapy.

Statistical analysis

Overall survival was calculated by Kaplan-Meier sur-
vival curves with log-rank survival comparisons and
95% confidence intervals (95% CI). Cox proportional
hazards model was used to investigate the prognostic
factors for overall survival. A P-value less than 0.05
denoted the presence of statistically significant differ-

SVR in outcome of antiviral therapy post-LT HCV 3

ence. All statistical analyses were carried out with the
Predictive Analytics Software version 21.0 (SPSS,
Chicago, IL, USA).

RESULTS

Patient characteristics

ABLE 1 LISTS the baseline characteristics of the 47

patients with post-LT recurrent hepatitis C treated
with PEG IFN or IEN/RBV. The median age of the
patients (31 men and 16 women) was 57 years, and the
median body mass index was 24.3 kg/m? The median
latency between LDLT and start of antiviral therapy was
3 months. The median pretreatment serum HCV RNA
viral load was 6.6 log IU/mL. LDLT-related immunosup-
pressive therapy included tacrolimus in 43 and

Table 1 Baseline characteristics of 47 patients who received
IFN therapy for recurrent hepatitis C after liver transplantation

Recipient’s age (years)?t

Recipient’s sex (male/female)

Donor’s age (years)t

Donor's sex (male/female)

Graft volumet (mg)

Hepatocellular carcinoma (yes/no)

Splenectomy (yes/no)

ABO incompatibility (yes/no)

Body mass index (kg/m?)t

Living donor LT/orthotopic LT

Genotype (1/2)

White blood cells (/uL)t

Hemoglobin (g/dL)t

Platelet count (x10*/mm?)t

Total bilirubin (mg/dL)t

Creatinine (mg/dL)t

Viral load at start of antiviral therapy
(log IU/mL)*t

Child-Pugh score

MELD score

Latency from transplantation to
therapy (months)t

Immunosuppression (tacrolimus/
cyclosporin)

IFN (PEG/RBV, IFN/RBV)

Completion of IFN therapy (yes/no)

SVR/non-SVR

Follow-up periods (months)f

57 (44-70)

31/16

33 (18-60)
34/12/1

698 (319.2-1256)
29/18

13/34

2/45

24.3 (18.8-42.2)
46/1

40/7

4500 (1420-13720)
10.8 (7.8-14.2)
12.4 (3.8-44.9)
1.0 (0.4-12)

0.83 (0.5-7.97)
6.6 (4.9-7.8)

9 (5-13)
13 (6-30)
3 (1-80)

43/4

46/1

34/13

24/23

71 (24-152)

Data are median (range)t or number or patients.
IFN, interferon; MELD, Model for End-Stage Liver Disease;
PEG, pegylated; RBV, ribavirin; SVR, sustained virological

response.

© 2014 The Japan Society of Hepatology
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Table 2 Comparison baseline characteristics between patients completed of IFN therapy and stopped of IFN therapy

Completed IFN
therapy (n=34)

Stopped IFN P
therapy (n=13)

Recipient’s age (<60 vs 260 years)

Recipient’s sex (male vs female)

Donor’s age (<35 vs 235 years)

Donor’s sex (male vs female)

Graft volume (<700 vs 2700 mg)
Hepatocellular carcinoma (yes/no)
Splenectomy (yes/no)

ABO incompatibility (yes/no)

Body mass index (kg/m?)

Living donor LT/orthotopic LT

Genotype (1/2)

White blood cell (<4500 vs 24500/pL)
Hemoglobin (<10 vs 210 g/dL)

Platelet count (<12 vs 212 x10*/mm?)

Total bilirubin (<1.0 vs 21.0 mg/dL)
Creatinine (<0.8 vs 20.8 mg/dL)

HCV viral load at start of therapy (<7 vs 27 log IU/mL)
Time from transplantation to therapy (<4 vs 24 months)
Child-Pugh score (<9 vs 29)

MELD score (<13 vs 213)
Immunosuppression (tacrolimus/cyclosporin)
IFN (PEG/RBV, IEN/RBV)

16/18 6/7 0.7
22/12 9/4 0.5
15/19 6/7 0.7
23/11 11/2 0.6
16/18 5/8 1.0
20/14 9/4 0.7
10/24 3/10 1.0

0/34 2/11 0.07
22/12 8/5 1.0
33/1 13/0 1.0
27/7 13/0 0.1
17/17 6/7 1.0
16/18 8/5 0.5
17/17 6/7 1.0
15/19 8/5 0.3
17/17 7/6 0.7

7/27 4/9 0.4
19/5 9/4 1.0
14/20 8/5 0.5
17/17 4/9 0.5
31/3 12/1 1.0
33/1 13/0 0.9

HCV, hepatitis C virus; IEN, interferon; MELD, Model for End-Stage Liver Disease; PEG, pegylated; RBV, ribavirin; SVR, sustained

virological response.

cyclosporin in four patients. Table 2 lists comparison
baseline characteristics between patients who had com-
pleted IFN therapy and stopped IFN therapy.

There was no statistical significant difference in all
variables.

Efficacy and tolerance of IFN therapy and
side-effects

Figure 1 shows the effects of IFN therapy according to
genotype. At the end of the antiviral treatment phase,
the SVR rate was 51% (24/47) for all patients, 42.5%
(17/40) for those with genotype 1 and 100% (7/7) for
those with genotype 2.

Thirty-four patients completed IFN therapy while 13
did not. The reason for stopping IFN therapy was liver
failure in three patients, acute rejection in three patients,
HCC recurrence in two patients, general fatigue in two
patients, depression in two patients and cerebral infarc-
tion in one patient.

Relation between overall survival in
patients with post-LT HCV infection

The survival rate of 24 patients who achieved SVR was
95% at 5 years and 92% at 10 years. These rates were

© 2014 The Japan Society of Hepatology

significantly better than those of 23 patients who did
not achieve SVR (82% at 5 years and 58% at 10 years,
each P=0.027; Fig. 3). Of the SVR group, two of 24
patients died during the follow-up period, and the cause

Sgefeereng

o
=
:

Non-SVR

Survival rate
o
=

H ¥ H H L T T H T T T H H
012 3 45 6 7 8 9 1011 1213 14
Time after LT (years)
Figure 3 Relation between overall survival and viral response
in patients with post-LT hepatitis C virus infection. LT, liver
transplantation; SVR, sustained virological response.
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Table 3 Results of univariate analyses for determinants of overall survival in patients treated with IEN for recurrent hepatitis C after

liver transplantation

Variable Hazard ratio 95% CI P
Recipient’s age (<60 vs 260 years) 1.6 0.5-6.4 0.3
Recipient’s sex (male vs female) 1.1 0.3-5.4 0.5
Donor's age (<35 vs 235 years) 1.6 0.2-2.5 0.6
Donor’s sex (male vs female) 2.0 0.1-2.6 0.5
Graft volume (<700 vs 2700 mg) 5.4 0.3-4.7 0.6
Hepatocellular carcinoma (yes/no) 2.0 0.4-7.0 0.3
Splenectomy (yes/no) 33 0.1-2.9 0.5
ABO incompatibility (yes/no) 2.2 0.3-21.9 0.3
Body mass index (kg/m?) 32 0.4-5.2 0.4
Living donor LT/orthotopic LT 20 0.6-2.4 0.4
Genotype (1/2) 1.2 0.1-12.3 0.6
White blood cell (<4500 vs 24500 /uL) 33 0.1-2.1 0.4
Hemoglobin (<10 vs 210 g/dL) 5 0.1-1.8 0.3
Platelet count (<12 vs 212 x10*/mm?®) 1.1 0.2-2.5 0.6
Total bilirubin (<1.0 vs 21.0 mg/dL) 2 0.3-3.5 0.8
Creatinine (<0.8 vs 20.8 mg/dL) 1.8 0.3-4.2 0.6
HCV viral load at start of therapy (<7 vs 27 log IU/mL) 4.0 0.03-0.5 0.06
Time from transplantation to therapy (<4 vs 24 months) 1.0 0.4-9.3 0.3
Child-Pugh score (<9 vs 29) 1.6 0.1-2.0 04
MELD score (<13 vs >13) 1.4 0.1-2.3 0.5
Immunosuppression (tacrolimus/cyclosporin) 25.3 0.1-12 0.6
IFN (PEG/RBV, IEN/RBV) 12 0.1-12 0.6
SVR vs non-SVR 5.2 0.03-0.6 0.027

CI, confidence interval; IFN, interferon; HCV, hepatitis C virus; MELD, Model for End-Stage Liver Disease; LT, liver transplantation;

PEG, pegylated; RBV, ribavirin; SVR, sustained virological response.

of death was HCC in one and chronic rejection in one.
Of the non-SVR group, six of 23 patients died during the
follow-up period; three died of liver failure associated
with recurrent hepatitis C, and one each died of HCC,
infection and myelodysplastic syndromes.

Analysis of factors associated with
overall survival in patients with
post-LT HCV infection

Univariate analysis identified two parameters that
correlated with overall survival either significantly or
marginally: viral response (SVR; P=0.027) and HCV
viral load at start of antiviral therapy (<7 log IU/mL,
P =0.06; Table 3). The model of variable was acceptable
(P < 0.05).

DISCUSSION

HE PRESENT RETROSPECTIVE study examined the
effects of SVR induced by IFN therapy on survival
rate in patients with recurrent post-LDLT HCV infection.

The major finding of the study was a significantly higher
survival rate in patients who achieved SVR compared
with those who did not. This result suggest that SVR
induced by IEN therapy contributes to the improvement
in survival rate in patients with recurrent post-LDLT
HCV infection. However, this study is retrospective and
small, which would potentially bias the statistics. In the
future, it prospectively needs to be studied at a larger
scale.

We think the reasons why the SVR induced by IFN
therapy contributes to the improvement in survival rate
in patients with recurrent post-LDLT HCV infection are
as follows.

First, SVR prevents the development of liver fibrosis.
Approximately 20-25% of HCV positive patients
develop cirrhosis within 5 years after LT, and approxi-
mately 50% within 10 years.**'° By avoiding develop-
ment of cirrhosis with SVR, we think that SVR patients
had improved the survival after LT.

Second, cholestatic hepatitis C is one of the most
serious but still unaddressed disorders after LT. HCV

® 2014 The Japan Society of Hepatology
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reinfection can result in very aggressive hepatitis in a
small number of patients, and is characterized by rapid
progression of cholestasis with fibrosis resulting in graft
failure and death.”? [kegami et al. reported that higher
HCV RNA titer at 2 weeks was the only significant factor
for the development of cholestatic hepatitis C.*° There-
fore, we think that cholestatic hepatitis C may be
avoided with SVR by a preemptive antiviral treatment
approach.

Third, HCV is associated with various systemic dis-
eases, for example, diabetes mellitus, malignant lym-
phoma, renal failure and intracerebral hemorrhagic
stroke.?’-* Kawamura et al. reported the annual inci-
dence of malignant lymphoma among patients with
HCV at 0.23%.%

Arase et al.”’ reported that SVR causes a two-thirds’
reduction in the risk of type 2 diabetes development in
HCYV positive patients treated with IFN, the annual inci-
dence for chronic kidney disease among cirrhotic
patients with HCV was determined to be approximately
1.0-1.5% and HCV clearance reduced intracerebral
hemorrhagic stroke to approximately one-fourth in cir-
rhotic patients. Therefore, we think that various systemic
diseases may be avoided with SVR by preemptive anti-
viral treatment approach. As a result, SVR patients may
improve survival after LT.

However, we should be careful of chronic rejection
and plasma cell hepatitis associated with antiviral
therapy for recurrent post-LDLT HCV infection. Ueda
et al. reported that seven of 125 (6%) patients devel-
oped chronic rejection during or within 6 months after
the end of antiviral therapy. In five patients, rejection
progressed rapidly and resulted in death within 3
months after diagnosis.*! On the other hand, plasma cell
hepatitis induced by antiviral therapy for recurrent
hepatitis C after LDLT.*** Although it is important that
SVR induced by IFN therapy improved survival rate in
patients with recurrent post-LDLT HCV infection, IFN
therapy may be recommended in these patients
while we are careful of chronic rejection and plasma cell
hepatitis.

The present study showed the higher SVR rate, com-
pared with previous studies. We think that one reason
for this is that prolonged IFN treatment is useful and can
improve the SVR rate for transplanted patients. Tamura
et al. and Ueda et al. reported a relapse rate of 14% and
3% under the same treatment, respectively. As a result,
the SVR rate was 34% and 50%, respectively.>**
Another reason for this is that rapid induction of anti-
viral treatment with PEG IFN and RBV was attempted
per protocol regardless of the clinical presentation of

® 2014 The Japan Society of Hepatology
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recurrent HCV (preemptive treatment approach). We
started IFN therapy at 3 months (median) after LT.
Tamura etal. suggested a preemptive treatment
approach in his reports.*

The newly introduced triple therapy of protease
inhibitors (telaprevir [TVR] plus PEG IFN/RBV) offers
the prospect of better management of LT patients.
Pungpapong et al. also compared the response to treat-
ment with TVR plus cyclosporin with that of boceprevir
in patients who had undergone LT.*®* We have also
reported our results on overall survival in patients with
genotype 1 recurrent HCV treated with TVR in combi-
nation with PEG IFN/RBV after LT.*

Simeprevir (SMV) is an investigational, single-pill,
once-daily, oral HCV NS3/4A protease inhibitor cur-
rently in clinical development for the treatment of HCV
infection with fewer reported side-effects than TVR,
which is associated with anemia, renal failure and skin
rash.*® However, no study has evaluated SMV in patients
with recurrent HCV infection after LT. In future, the
study of SMV in patients with recurrent HCV infection
after LT will be expected. On the other hand, for such
hard-to-treat post-LT patients, combination therapy
with IFN-free direct-acting antiviral agents (DAA) will
likely be a standard therapy in the future because
both efficacy and safety are higher in IFN-free DAA com-
bination therapies compared with IFN-based triple
therapy.*”*°

We conclude that recurrent HCV infection following
LT should be treated with IFN to eradicate HCV, achieve
SVR and improve prognosis.
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