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Abstract

AIM: To determine the effects of the calcineurin
inhibitors, cyclosporine and tacrolimus, on hepatitis C
virus (HCV) replication and activity of recurrent hepatitis
C in patients post liver transplantation.

METHODS: The data of a cohort of 107 patients who
received liver transplantation for HCV-associated liver
cirrhosis between 1999 and 2003 in our center were
retrospectively analyzed. The level of serum HCV-RNA
and the activity of recurrent hepatitis were compared
between 47 patients who received either cyclosporine or
tacrolimus as the primary immunosuppressive agent and
an otherwise similar immunosuppressive regimen which
did not lead to biliary complications within the first 12
mo after transplantation.

RESULTS: HCV-RNA increased within 3 mo after
transplantation but the differences between the
cyclosporine group and the tacrolimus group were
insignificant (P=0.49 at 12 mo). In addition, recurrent
hepatitis as determined by serum transaminases and
histological grading of portal inflammation and fibrosis
showed no significant difference after 12 mo (P=0.34).

CONCLUSION: Cyclosporine or tacrolimus as a
primary immunosuppressive agent does not influence
the induction or severity of recurrent hepatitis in HCV-
infected patients after liver transplantation.
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INTRODUCTION

Hepatitis C virus (HCV) is a leading cause of chronic
hepatitis with about 170-190 million people infected
worldwide!™”. The treatment of choice for patients with
end-stage liver disease associated with HCV infection
is liver transplantation (LTx) and in fact, HCV is the
main indication for liver transplantation among adults in
Europe and USA, accounting for approximately 50% of
cases”. Since HCV persists not only in hepatocytes but
also in leukocytes, lymph nodes and most likely additional
tissues™. the virus is redistributed into the donor liver after
LTx almost immediately in virtually all patientsw’sl. However,
the severity and clinical course of the resulting reinfection
hepatitis vary widely, ranging from deleterious fibrosing
cholestatic hepatitis with failure of the allograft within 1
year to a rather mild hepatitis with progression to cirrhosis
within 5 years in 20-30% of cases'”'".

A main factor determining the severity of recurrent
hepatitis C after transplantation may be immuno-
suppressionm. Of particular concern is the fact that the
prognosis of recurrent HCV infection seems to deteriorate
in recent years, which has been attributed to the use of
donor organs of less optimal quality as well as changes in the
immunosuppressive therapy such as steroid-free regimens
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or the combination of particular drugs“z’ﬂ. Considering that
retransplantation remains the only treatment for patients
with graft failure due to HCV recurrence, optimization of
the immunosuppressive regimens might be a key aspect
to improve the prognosis of chronic hepatitis C after
transplantation.

The two most frequently used basic immuno-
suppresive drugs are cyclosporine A (CsA) and tacrolimus
(Tac). Although CsA and Tac are structurally different,
they share a similar mode of immunosuppressive action
by inhibition of the transcription factor NFAT and
consecutive reduction of inflaimmatory gene expression
in activated T cells”". The main mechanism by which
immunosuppressive therapy with calcineurin inhibitors
accelerates the clinical course of post-transplantation
hepatitis C is their influence on the replication of the
virus. Immunosuppressive therapy after LTx of patients
with chronic HCV infection is associated with significantly
increased serum viral load compared to the values of
the same patients before transplantationw’“], suggesting
decreased systemic immune responses against the virus.
Locally in the liver, the uncontrolled replication of the
virus may cause an enhanced immune response, resulting
in accelerated hepatocellular damage and fibrosis.

Whether a particular calcineurin inhibitor has an
advantage in immunosuppressive therapy of HCV-
infected patients post LTx is still highly controversial"”.
To further clarify this issue, the aim of this study was to
determine the effects of CsA and Tac on serum HCV-
RNA level as well as on the inflammatory activity of
recurrent hepatitis in patients with chronic HCV infection
after LTx.

MATERIALS AND METHODS

Patients
The data of 107 consecutive patients within the first year
after liver transplantation due to hepatitis C-associated
liver cirrhosis were retrospectively reviewed. Patients
underwent LTx between June 1998 and December 2003
at our center either as cadaveric-(orthotopic) or as living
donor-related liver transplantation. In order to compensate
for missing randomization in this retrospective study, only
47 patients who received either cyclosporine or tacrolimus
as the primary immunosuppressive agent and an otherwise
similar immunosuppressive regimen which did not lead
to acute or chronic rejection and biliary complications
within the first 12 mo after transplantation, forming a
relatively homogenous subgroup, were included in this
study. A further exclusion criterion was early death after
transplantation. During the first year all patients underwent
routine liver biopsy 3-5 mo after LTx, independent from
serum liver enzyme activities. Every rise of transaminases
or cholestasis parameters was followed by additional
liver biopsies to differentiate between acute or chronic
rejection, cholestasis and hepatitis C reinfection. The study
protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the Local
Ethics Committee.

The basic immunosuppressive agent used in all the
patients was either CsA or Tac. The dose of the drugs was
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controlled in light of the serum level, which was adjusted
between 140 and 180 ng/mlL for CsA, and 10 and 15 ng/
ml for Tac within the first 3 mo. After 3 mo, the serum
level of CsA and Tac was reduced to 100-120 ng/mL
and 7-10 ng/mlL, respectively. During the first 3 mo.
after LTx, CsA, and Tac were routinely combined with
corticosteroids (prednisolone) at an initial dose of 1 mg/
kg body weight and reduced to 5 mg daily within 4 weeks.
After 3 mo steroids were discontinued. In addition, all the
patients included in this study received 1000-2000 mg
mycophenolate mofetil (MMF), per day for the first 12
mo post LTx.

Determination of HCV infection

HCV infection status was evaluated by the examination
of the patients’ sera for the presence of anti-HCV
antibodies and HCV-RNA. Anti-HCV antibodies were
detected by a commercially available enzyme immunoassay
(Monolisa anti-HCV plus, Biorad, Munich) according to
the manufacturer’s instructions. Qualitative detection of
serum HCV-RNA was performed by a RT-PCR-based
(Cobas Amplicor HCV 2.0 assay, Roche Diagnostics,
Mannheim, Germany) assay or a transcription-mediated
amplification (TMA)-based assay (VERSANT HCV-RNA
qualitative, Bayer Diagnostics, Fernwald, Germany). HCV-
RNA concentrations were determined by commercially
available second and third generation branched DNA
(bDNA) assays (VERSANT HCV-RNA 2.0 and 3.0, Bayer
Diagnostics, Fernwald, Germany). To obtain HCV-RNA
titers in IU/ml., the bDNA 2.0 assay was calibrated against
the WHO HCV Standard 96/790"" as described in full
details elsewhere”””. Values below the lower limit of
sensitivity of 615 IU/mL were set to 615 TU/mL divided
by 2.

Determination of inflammatory activity

Inflammatory activity in the graft due to hepatitis induced
by HCV reinfection was in all patients under surveillance
determined by routine measurement of transaminases
(ALT or GPT and AST or GOT) as well as alkaline
phosphatase and gamma-glutamyl-transferase and bilirubin
(every 7-30 d, interval depending on the time after LTx
and level of elevation). Every unexplained rise was
immediately followed by B-mode and duplex-/Doppler
ultrasonographic analysis of liver parenchyma and the
supplying vessels. If thrombosis of the hepatic artery
and congestion of the biliary system were excluded, liver
biopsy was performed. In analogy to patients pre LTx,
recurrent hepatitis C severity was routinely determined by
the modified Knodell hepatic activity index (HAI) with
subscores for piecemeal necrosis (0-4), confluent necrosis
(0-6), lytic necrosis/apoptosis/focal inflammation (0-4)
and portal inflammation (0-4), as well as fibrosis staging
-6,

Statistical analysis

Virological, biochemical, and histological data were
collected in a computer database (Microsoft Excel).
Statistical analyses were performed utilizing SAS System
software, release 8.2 (SAS Institute Inc., Cary, NC, USA).
Qualitative characteristics were analyzed by 5’ test or
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Table 1 Baseline characteristics of 47 HCV-infected

patients after LTx, orthotopic liver transplantation
(OLT), and living donor liver transplantation (LDLT)

CsA Tac P-value

Number of patients 35 12
Age 28-64 27-61 0,20
Gender f=9, m=26 f=3, m=9 0.96
OLT 31 10
LDLT 4 2 0.64
HCV genotype gtl=32/35, gtl=10/12, 0.46

gt2=1/35, gt2=0/12,

gt3=2/35 gt3=2/12

Fisher’s exact test as appropriate. Two-sided P-values and
changes in HCV-RNA concentrations and ALT activities
were evaluated by Mann-Whitney U-test. Correlation
coefficients were reported as rank (Spearman) correlations.
P<0.05 was considered statistically significant. In this
explorative analysis, no adjustment for multiple testing was
performed.

RESULTS

Effect of CsA and Tac on HCV serum RNA levels in HCV-
infected patients post LTx

Of the 47 patients included in this study, 35 received CsA
and 12 received Tac as the primary immunosuppressive
agent. The baseline characteristics of the two patient groups
showed no statistically significant differences (Table 1).
Patients underwent liver transplantation at least 12 mo
before the study. In both groups of patients, serum HCV-
RNA level was quantitatively assessed at 1, 3, 6, and 12
mo after liver transplantation and compared to the HCV-
RNA level prior to the operation. Figure 1 depicts these
data on logarithmic scale (logl0) as a box-whisket’s plot of
HCV-RNA in relation to the primary immunosuppressive
drug (CsA or Tac) and the time after LTx. P-values (Mann-
Whitney U-test) at the top of the Figure express the group
differences of changes in HCV serum RNA level (virus
load), after 1, 3, 6, and 12 mo and the last measurement
pre transplantation as indicated. P-values at the bottom of
the Figure are the group differences between HCV-RNA
concentrations at the given time of measurement. Boxes
indicate the lower and upper quartiles and median, ‘+’
indicates mean.

Serum HCV-RNA concentrations showed a substantial
rise (between 10- and 1000-fold) after LTx. The elevation
of HCV-RNA levels developed between 1 and 3 mo post
LTx, at which point the elevation was the most pronounced
and continued then throughout the entire observation
period of 12 mo. The patients who received tacrolimus for
immunosuppression had a lower mean HCV-RNA level
pre LTx than those who received CsA, but the difference
was not statistically significant (P=0.09). One month
post LTx this group difference in the HCV-RNA levels
was still present and even slightly accentuated, reaching
statistical significance at this point (P=0.006). However, 3
mo post LTx the difference was significantly diminished
neither at this time (P=0.84) nor at 6 (P=0.37) or 12 mo
(P=0.40) post LTx. The group difference reached statistical

significance.
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Figure 1 Box-whisker's plot of logio-transformed HCV-RNA concentrations in
dependence on group (immunosuppression) and time.

A statistical significance between the levels of HCV-
RNA in CsA and Tac groups was evaluated by comparison
of the group difference at each given time point after
LTx with the group difference before LTx. This analysis
revealed no relevant dissimilarity between serum HCV-
RNA concentrations in patients who received CsA or
Tac for immunosuppression. A slightly higher rise in
the tacrolimus group particularly 3 mo post LTx was
statistically insignificant (P=0.49). The differences at
6 and 12 mo between both the groups were also not
significant (P=0.72, P=0.49). Table 2 lists the net group
differences of the changes on a logio-scale in serum HCV-
RNA between the pre-LTx and post LTx values.

A power analysis revealed that with the given patient
number, the group differences of the changes in serum
HCV-RNA concentrations should be on the order 10-fold
higher in order to be detectable with a power of 80%. In
fact, the strongest deviation from the null hypothesis of
no group difference of changes was not a significantly
(P=0.11) stronger increase by a factor of 2.5 from pre
LTx to the 1 mo measurement in the CsA as compared to
the tacrolimus group, opposing a possible superiority of
CsA.

Activity of recurrent hepatitis C in dependence of
immunosuppression

The value of HCV serum RNA level in predicting the
inflammatory activity and progression of fibrosis was
analyzed by a scatter plot of serum ALT, mirroring the
activity of recurrent hepatitis, in dependence of serum
HCV-RNA levels (Figure 2). The correlation coefficient
was almost equal to zero (r=0.01, P=0.92), suggesting no
significant association between levels of HCV-RNA and
intrahepatic inflammatory activity. Therefore HCV-RNA
levels post transplantation may not be a valid predictor of
allograft inflammation. Differences in the progression of
recurrent hepatitis were examined by serum transaminase
level and histology in the two patient groups. Figure
3 shows the ALT levels (logarithmically scaled) as a
box-whisket’s plot of enzyme activity in correlation to
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Table 2 Net group difference (CsA vs FK 506) of

changes in virus load (logio-scale) between pre-LTx
measurement and indicated time points post LTx

Mo Mean 95%CI P-value'
1 0.40 (-0.28; 1.08) 011
3 -0.50 (-1.46; 0.47) 049
6 -043 (-1.50; 0.64) 0.72
12 -0.56 (-1.64; 0.52) 0.49
"Mann-Whitney U test.
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Figure 2 Correlation of HCV-RNA level in serum with ALT activity. Scatter plot
with HCV-RNA concentrations on the y-axis and ALT activity on the x-axis, both on
logro-scale.

immunosuppression (CsA group or FK 506 group) and
the time after LTx. P-values (Mann-Whitney U-test) at the
bottom of the Figure are for group differences between
ALT activity at the time of measurement. Boxes indicate
the lower and upper quartiles and median, ‘+’ indicates
mean.

In comparison to the level before LTx, the ALT level
fell significantly immediately after the operation, with
the lowest values 1 mo post LTx. After 3 mo especially
after 6 mo ALT levels rose again and stayed elevated over
the entire observation period of 12 mo, indicating the
development of recurrent chronic hepatitis C. The ALT
activity after 3 and 6 mo was increased in the CsA group.
but the difference was not statistically significant (3 mo:
P=0.36, 6 mo: P=0.65). Analysis of AST activity revealed
similar kinetics post LTx with lower absolute values and
also no statistically significant group differences (data not
shown).

In conjunction with these analyses, examination of
the proportion of patients with normal activities of
transaminases post LTx revealed that 70% of patients in
the CsA group and 83% in the Tac group had normal ALT
activities 1 mo post LTx (Figure 4A). Recurrent hepatitis
led to a significant decrease of the proportion of patients
with normal ALT values after 3 and 6 mo (48% in the CsA
group and 42% in the Tac group). While the proportion
of patients with normal ALT at these time points was
slightly higher in the CsA group than in the Tac group
which was reversed after 12 mo, only 49% of patients in
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Figure 3 Box-whisker's plot of logr-transformed ALT activities in dependence on
group (immunosuppression) and time.

the CsA group but 58% of patients in the Tac group had
normal ALT values. However, the group differences were
statistically significant neither at 6 mo (P=0.69) nor at 12
mo (P=0.56). The proportion of patients with normal
AST changed similarly (Figure 4B), indicating no advantage
for CsA in suppressing inflammatory activity.

To further evaluate the potential differences in the
activation and maintenance of recurrent hepatitis C
between the two groups, we compared necroinflammatory
activity and grade of fibrosis according to HAI scores in
the liver histology taken 3-5 mo post LTx. The majority of
patients in both groups had a grade 1I inflammation (74%
of patients in the CsA group and 83% of patients in the
Tac group), indicating that recurrent hepatitis occurred
in a significant proportion of patients in the absence of
elevated serum transaminases (Figure 5A). The total group
differences including all inflammation grades between the
CsA and Tac groups were statistically negligible (P=0.85).
Examination of fibrosis revealed a larger proportion of
patients in the CsA group than in the Tac group scored
with grade 0 (26% »s 8.3%, Figure 5B). However, at grade
I this relation was reversed (2.9% us 25 %). In addition,
more patients in the CsA group were scored with grade
II fibrosis, while patients in the Tac group wetre more
frequently scored with grade III fibrosis. The number of
patients presenting with grade 1V fibrosis was very small
in both groups. Due to the changes in grades 0 and I,
these overall group differences were statistically significant
(P=10.03). However, if grades 0 and I were analyzed as
one group, no statistical differences were found (P=0.34).

DISCUSSION

The marked increase in serum HCV-RNA levels after ITx
is closely associated with the immunosuppressive thera-
py[7’“’24]. Our study also confirmed that serum HCV-RNA
levels increased in the early (3 mo) post-transplant period,
when immunosuppression was the highest. Although there
is evidence that immunosuppression accelerates the pro-
gression of chronic HCV infection to cirrhosis, no clear




Hilgard P et a/. HCV replication under immunosuppression after liver transplantation 701

100+

P=0.36 P=0.74 P=0.69 P=0.56

>

. CsA
[]Tac

B o)) o]
o o o
I I I

% Patients AST < 33 U/mL

N
o
L

0 - T
1 Mo 3 Mo 6 Mo 12 Mo

P=0.12 P=0.58

P=0.78 P=0.37

100

B csA
80 [] Tac

60 -

40+

% Patients AST < 33 U/mL

207

3 Mo 6Mo | 12Mo

post LTx

1 Mo

Figure 4 Proportion of HCV-infected patients under CsA or Tac medication with
normal transaminase activities at different time points post LTx. A: Percentage of
patients with normal ALT; B: percentage of patients with normal and AST. P-values
were calculated by X’ test.

association has been found between the type or dose of
immunosuppressive regimen and the outcome of post-
transplant HCV recurrence. CsA and Tac are the most
common immunosuppressive drugs used after LTx, but
their exact impact on the incidence, severity, time of on-
set and outcome of HCV recurrence is unclear"’. In this
context, Watashi ¢ a/ """ showed that CsA but not Tac can
inhibit HCV replication 7 vitro, which raises the question
whether HCV-infected patients treated with CsA have an
advantage with regard to the progression of recurrent
hepatitis and therefore graft survival as compared to those
treated with Tac.

Our results did not confirm the function of CsA in in-
hibiting HCV replication as compared to Tac. Neither the
differences at any time of examination nor the differences
in serum HCV-RNA levels after LTx were in favor of CsA.
In addition, there were no significant differences in inflam-
mation of the allograft between the CsA and Tac groups.
as determined by serum transaminase activities and histo-
logical grading of intrahepatic necroinflammatory activity.
The slight differences in the grade of fibrosis, suggesting a
lower grade of fibrosis in the CsA group wete not statisti-
cally significant. While a study showed that HCV-infected
patients treated with Tac have an improved survival in
comparison to those treated with CsA"", our results are
in accordance with a recently published study, which also
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Figure 5 Intrahepatic inflammatory activity and fibrosis post LTx depending on
immunosuppression. A: Necroinflammatory activity histologically scored by the
subscores for portal inflammation of the Knodell's hepatic activity index (HAI); B:
grade of fibrosis in the graft. Fibrosis was scored according to the appropriate
subscores of the HAI.

. . . 19
found no advantage for either immunosuppressive agentl |,

However, Watashi et a/ ' showed that CsA can inhibit
HCV treplication in hepatocytes. In the last several years. a
number of cell culture propagation systems based on the
infection of primary human™*” or chimpanzeem hepato-
cytes or hepatic cell lines™*” have been reported. There is
a general agreement that all these systems have a poor va-
lidity and reproducibility. Viral proteins and particles have
never been convincingly detected and viral RNA can be
quantified only by the sensitive PCR methodologyp()’?’”. In
HCV research, these limitations of the infection-based cell
culture systems have led to the development of a select-
able HCV replicon systemmj. In this system, a subgenomic
part of HCV-RNA can replicate in a human hepatoma cell
line (HuH-7) to unphysiologically high levels, suggesting
that this system is highly artificial and may not adequately
mirror the situation 7z vive. An additional important aspect
regarding both cell culture systems is the absence of the
immune system. Even if CsA has a HCV suppressing ef-
fect in vivo, this effect is by far overweighed by the immu-
nosuppressive effects of the drug, resulting in a decreased
control of HCV replication by the immune system.
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In conclusion, our study does not justify a recommen-
dation for CsA as a primary immunosuppressive agent for
the treatment of HCV-infected patients post LTx. Further
prospective studies should be conducted to clarify this
issue. To vigorously improve the graft survival and prog-
nosis of HCV-infected patients post LTx, development of
new therapeutic agents directly modifying HCV-replication
and/or inflammatory activity of recurrent hepatitis C in
combination with alternative immunosuppressive regimens
remains a high priority goal.
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