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added to constitute the triple therapy. The levels of AST and
ALT returned to normal during the first 7d of TVR treat-
ment without PEG-IFN and ribavirin. The serum creatinine
level increased from 1.02mg/dL to 1.49mg/dL within 4d,
and BUN and uric acid levels also increased; therefore, the
administration of febuxostat (10mg/d) was initiated. Because
renal dysfunction worsened despite the temporal effect of fe-
buxostat, the dosage of TVR was decreased to 1000mg/bid on
day 15, and the dosage of febuxostat was increased to 20mg/d
on day 16. Because of the reduced TVR dosage, the blood
concentration of cyclosporine decreased to 141ng/mL in 7d.
Because the blood concentration of cyclosporine was around
the lower limit of the target window, and the renal dysfunction
was not completely ameliorated, the dosage of cyclosporine
was maintained at 25mg/qd. After successful completion of
the 12-week TVR treatment, the calcineurin inhibitor was
switched back from cyclosporine to tacrolimus. The dosage of
tacrolimus was set at 1.4mg/bid. The dosage of ribavirin was
adjusted considering adverse reactions such as a skin rash on
her back and a decrease in hemoglobin levels. The patient no-
ticed the skin rash on her back on day 23 of TVR treatment,
and her hemoglobin level decreased from 10.3 g/dL to 9.1 g/dL
within 9d. These adverse reactions were presumably caused
by ribavirin; therefore, the dosage of ribavirin was decreased
to 200mg/qod on day 29. The dosage of ribavirin was further
decreased to 200mg every 3d on day 43, 200mg every 4d on
day 57, and finally, she was withdrawn from ribavirin on day
70. No signs of rejection were observed over the course of
100d of TVR administration.

In Case I, the average cyclosporine doses during 7d before
and after beginning administration of TVR were 157.1mg/
bid and 46.4mg/qd, respectively. In the case of all patients,
the dosage of cyclosporine decreased by about 60% after ini-
tiation of administration of TVR. The data of concentration/
dose ratios (C/D ratio, (ng/mL)/mg) of cyclosporine from all
study patients are shown in Fig. 5. When TVR therapy was
initiated, the C/D ratio increased 3.04-fold from the —Ist week
to the Ist week. In addition, the C/D ratio of cyclosporine dur-
ing the 2nd week significantly increased (p<<0.0001). On the
other hand, after completion of TVR therapy, the C/D ratio
decreased from 4.90 to 2.91.

DISCUSSION

Previously, the standard therapy for liver transplantation
patients with chronic hepatitis C has been double combina-
tion therapy with PEG-IFN ¢ and ribavirin*™® Recently,
TVR is a new drug with strong efficacy against hepatitis C
when administrated in combination with PEG-IFN and riba-
virin."'® TVR has strong interactions with drugs metabolized
by CYP3A4 and CYP3A35.>® Liver transplant patients have
to take immunosuppressive agents such as tacrolimus and
cyclosporine to avoid graft failure, and these agents are me-
tabolized by CYP3A4 and CYP3AS. The blood concentrations
of tacrolimus and cyclosporine increase with the administra-
tion of TVR. Therefore, to control the blood concentration
of tacrolimus and cyclosporine, treatment with the new TVR
therapy is important to prevent recurrence of hepatitis C in
patients after liver transplantation. Garg et al. showed TVR
increased the area under the curve of tacrolimus and cyclo-
sporine to 70.3-fold and 4.11-fold, respectively.” Therefore,

421
A 15
Fekk
g I
E kR
- -
\g 10 ) o°
= 0?®
2 °get _Sdh
® 5 4 e °,
Q 080%3, G
(3] 0,9%0 ‘:
—00568650°
0 - .
-1stweek 18t week 27 week
without TVR with TVR
***p < 0.0001, Dunn's multiple comparison test
B 8 - Tk
f
—_ | °
g ° .
5 —
)
£ 4 °® 000
k= %
] ’———8—30-——————
B 2] S
e &
()
0 r v
gih-12' weeks 13" week
with TVR without TVR

***p < 0.001, Mann-Whitney test
Fig. 5. Influence of Telaprevir (TVR) on C/D Ratio of Cyclosporine

Concentration/dose (C/D) ratio of cyclosporine was documented within TVR
combination therapy beginning (A) and TVR combination therapy ending (B) in
this study. *¥* p<<0.001, significant difference between groups.

we switched the immunosuppressive agent from tacrolimus to
cyclosporine in this study. On the basis of our predictions, the
dosage of cyclosporine was decreased after initiation of TVR
administration, and the blood concentration of cyclosporine
was unstable. Moreover, the average dosage of cyclosporine
decreased to 0.24—0.40-fold before initiation of TVR (data not
shown). To maintain the target trough level of cyclosporine,
we measured the blood concentration of cyclosporine 3 times
a day during the Ist week of TVR administration. This was
important to prevent graft rejection. In Case 11, the peak blood
concentration of cyclosporine was low and the trough level
was difficult to decrease. To avoid liver graft rejection, the
C, blood concentration was maintained at the target level.””)
On the other hand, the trough level of cyclosporine was kept
low to prevent adverse effects on the kidney.?**" Therefore,
we determined that the dosage of cyclosporine would not be
25mg/d, but rather 50mg/qod. Thus, we controlled not only
the total dosage of cyclosporine but also the timing of admin-
istration.” The dosage adjustment of cyclosporine immedi-
ately after the end of TVR treatment is an important issue,
because the rapid reduction of blood level of cyclosporine
should lead the risk of acute rejection. In the present study,
we found the rapid elimination of inhibitory effect of TVR on
the disposition of cyclospirne in the all four cases (Fig. 5B).
Based on these findings, rapid increase in the dosage of cyclo-
sporine would be required to maintain the immunosuppressive
effect throughout the anti HCV therapy with or without TVR.

Recently, we reported the drug interactions with tacrolimus
in patients after living-donor liver transplantation.”¥ Uesugi
et al. showed that the CYP3AS genotype in the graft liver
and native intestine had an effect on the blood concentration
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Table 2. Transition of HCV RNA before and after the TVR Treatment

Vol. 37, No. 3

Time after TVR treatment (week)

Case Before
(days before TVR treatment)” ] P 4
(log TU/mL)
Case | 7.2(7) 47 3.0 1.6
Case I1 6.5 (12) 23 N.D.” N.D.
Case IIT 6.1 (6) 23 1.2> N.D.
Case IV 45(8) 1.2> N.D. N.D.

TVR, telaprevir; HCV, hepatitis C virus. a) The latest day before administration of TVR. 5) N.D., HCV RNA was not detected by real-time PCR.

of tacrolimus.®® TVR inhibits not only CYP3A4 but also
CYP3AS. We did not examine the CYP3AS genotype in this
study. However, the differences in the CYP3AS genotype may
affect the blood concentration of tacrolimus. Recently, Zheng
et al. showed a correlation between CYP3AS genotype and
the risk of cyclosporine-induced nephrotoxicity.”® Therefore,
the genotype of CYP3AS may be important in implementing
TVR therapy.

Almost all patients experienced HCV recurrence, and some
underwent re-transplantation because of HCV-related liver
cirrhosis or hepatocellular carcinoma.”?® The disease pro-
gression of hepatitis C is faster in graft liver than in healthy
liver,>? and the rate of SVR is lower in transplant patients
than in patients who did not receive liver transplants.® In this
study, all patients completed the 12-week TVR triple therapy.
In all patients, the HCV RNA levels immediately decreased
to the baseline levels (Table 2). This indicated that PEG-IFN
0-2b, ribavirin, and TVR therapy were effective against hepa-
titis C. Moreover, HCV RNA levels decreased and liver func-
tion markedly improved with TVR alone. However, SVR was
detected 24 weeks after combination therapy with PEG-IFN
a-2b, ribavirin, and TVR.*'3%3) Therefore, these results did
not suggest SVR, but these might be steps to SVR.

The dose of TVR had to be reduced in cases II, III, and IV
because of severe adverse effects. TVR is known to elicit a se-
vere rash. In Case IV, the level of hemoglobin decreased, and
the dosage of ribavirin was gradually decreased. Cases II and
IV showed skin rash, and Cases II and III experienced malaise
or anorexia. The latter adverse effects were caused not only by
TVR but also by PEG-IFN. Therefore, the adverse reactions
might be a synergistic effect of triple therapy. To achieve suc-
cessful outcome with the PEG-IFN, ribavirin, and TVR triple
therapy, maintaining these adverse reactions become less bad
may be key points to continuing this therapy. The difference
between Case 1 and the others was the level of HCV RNA
after administration of TVR. In Case I, the HCV RNA level
rapidly decreased; however, these levels decreased almost im-
mediately in Cases II-IV. In addition, the HCV RNA level
in Case IV decreased to limits of detection with only TVR
(Table 2). The connection between these adverse effects and
therapeutic benefit of this therapy was difficult to determine.
Small doses of TVR, for example 1000mg/d, might be ben-
eficial to treat HCV and to avoid adverse effects in Cases
I, 111, and IV. Therefore, dose reduction from the standard
dose (2250mg/d) is suitable for Japanese HCV-recurrence
patients after liver transplantation.’? In addition, the associa-
tion between TVR blood level profile and its adverse reactions
should be examined in future to individualized dosage adjust-
ment of TVR.

In all patients, the serum creatinine levels were temporarily
increased at the Ist week of TVR administration. However,
in Case IV, during TVR treatment, the serum creatinine re-
mained at a high level (1.41=0.25mg/dL). Cyclosporine or
TVR might cause renal dysfunction; therefore, cyclosporine
was replaced with tacrolimus immediately after TVR therapy.
To treat avoid adverse effects of cyclosporine and the risk of
re-control of cyclosporine, triple therapy should be adminis-
tered with tacrolimus as the immunosuppressive agent.

In conclusion, we could treat patients with recurrence of
hepatitis C after liver transplantation by TVR therapy to avoid
liver graft rejection. Controlling the drug interaction between
TVR and cyclosporine was the most important aspect to
achieving both treatment of hepatitis C and prevention of liver
graft rejection. We selected cyclosporine instead of tacrolimus
as the immunosuppressive agent and carefully adjusted the
dosage of cyclosporine by frequent measurement of blood
concentration. It was risky to change the immunosuppres-
sive agent from tacrolimus to cyclosporine for graft rejection.
Therefore, in the future, we will need to control the blood
concentration of tacrolimus, which has a strong interaction
with TVR, to treat HCV with TVR triple therapy.
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Plasma cell hepatitis (PCH) is an idiopathic disorder character-
ized by plasma cell infiltration in the allografts of patients who
have undergone liver transplantation. Although an increasing
number of cases of PCH have been reported in liver transplant
recipients with hepatitis C recurrence treated with interferon,
it is unclear whether PCH is induced by interferon itself. Here,
we describe the cases of two patients who developed PCH
just after the termination of antiviral therapy for recurrent
hepatitis C after living donor liver transplantation. Liver dys-
function appeared at 1 month in one patient and 2 months in
the other patient after pegylated interferon plus ribavirin
therapy, and liver histology showed interface hepatitis with

plasma cell-rich lymphoid aggregates. Both patients recov-
ered after steroid therapy and achieved sustained virological
response. These cases suggest that PCH could be induced by
the alteration of the immune condition resulting from the
termination of antiviral therapy. PCH should be considered
when the transaminase levels increase after antiviral therapy,
and it should be carefully distinguished from hepatitis C
relapse.

Key words: antiviral therapy, hepatitis C, liver
transplantation, plasma cell hepatitis

INTRODUCTION

LASMA CELL HEPATITIS (PCH), termed de novo

autoimmune hepatitis (AIH), is an idiopathic
disorder with the histological characteristics of AIH,
showing interface hepatitis with a predominantly
lymphoplasmacytic necroinflammatory infiltrate with
or without lobular involvement and bridging necrosis
in patients after undergoing liver transplantation for
indications besides AIH.'™ Interestingly, an increasing
number of PCH cases have been reported in liver trans-
plant recipients infected with hepatitis C virus (HCV),
including patients treated with interferon and ribavirin
for recurrent hepatitis C.** However, it is unclear
whether PCH is induced by interferon itself because the
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frequency of this disorder is low in a limited number
of reports. Moreover, the histological features of PCH
could not be completely distinguished from interface
hepatitis because of HCV. Therefore, whether PCH is a
real threat to the graft during antiviral therapy is contro-
versial at present. Here, we describe the cases of two
patients who developed PCH just after termination of
antiviral therapy for recurrent hepatitis C after living
donor liver transplantation (LDLT). As both patients
achieved sustained virological response (SVR) and had
no history of ATH, the termination of antiviral therapy
was the likely trigger for PCH in these patients.

CASE REPORTS

Case 1

59-YEAR-OLD WOMAN underwent LDLT, with her
son as the donor, for HCV-related cirrhosis. Six
months after the LDLT, her liver biopsy showed HCV
recurrence with mild necroinflammatory activity and
mild fibrosis (METAVIR score, Al F1) without acute
cellular rejection (ACR). The HCV genotype was 1b and
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the serum HCV RNA level was 3570 kIU/mL on an
Amplicor HCV assay. The serum immunoglobulin (Ig)G
level was 1260 mg/dL (reference range, 826-1840) and
she was negative for antinuclear antibodies (ANA).
She started antiviral therapy with 80 pg/week pegylated
interferon-o-2b and 600 mg/day ribavirin, together
with 2 mg/day tacrolimus and 1 g/day mycophenolate
mofetil (Fig. 1a). HCV RNA was undetectable in serum 2
months after the initiation of the treatment, and antivi-
ral therapy was continued for 14 months. The immuno-
suppressants administrated were not changed during
and after the antiviral therapy. Before the termination of
treatment, her transaminase levels remained normal;
however, 1 month later, her aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) levels
reached 455 and 6501IU/L, respectively, IgG level
increased to 2660 mg/dl, and she was positive for
ANA at a titer of 1:40 with a speckled pattern. Type 1
liver-kidney microsomal antibodies (anti-LKM-1)
was negative. Liver histology showed moderate
necroinflammatory activity and moderate fibrosis
(METAVIR score, A2 F2) with plasma cell-rich infiltra-
tion (Fig. 1b,c). As serum HCV RNA remained undetect-
able at that time; the International AIH Group score was
16, indicating definite AIH;’ and the total score in the
histological scoring system for PCH® was 11, we diag-
nosed the patient with PCH. Steroid therapy with meth-
ylprednisolone was initiated at a dose of 500 mg/day for
3 days, and then the dose was tapered from 250 mg/day
on the fourth day to 62.5 mg/day on the sixth day. Then,
the drug was switched to 50 mg prednisolone, which
was tapered to 10 mg until the end of the sixth month.
AST and ALT levels decreased immediately after the
administration of steroid, and normalized during 2
months of the steroid therapy. Liver biopsy after 17
months of steroid therapy showed histological improve-
ment. Serum HCV RNA was undetectable in serum at 24
weeks after the completion of antiviral therapy, and she
was considered to have achieved SVR.

Case 2

A63-year-old woman underwent LDLT, with her son as
the donor, for HCV-related cirrhosis and hepatocellular
carcinoma. Liver biopsy at 19 days after LDLT revealed
mild ACR, but it resolved without any specific treat-
ment. At 23 months after LDLT, she developed recurrent
hepatitis C with mild activity and severe fibrosis on liver
biopsy (METAVIR score, A1 F3). The HCV genotype was
2b and the serum HCV RNA level was 7.2 log IU/mL, as
detected by a real-time polymerase chain reaction-based
quantitation method. Antiviral therapy with 100 pg/

© 2013 The Japan Society of Hepatology
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Figure 1 (a) Clinical course of patient 1, who developed
plasma cell hepatitis induced by the termination of antiviral
therapy for recurrent hepatitis C after living donor liver trans-
plantation (LDLT). The fine lines indicate the alanine amino-
transferase (ALT) level (IU/L), and the dotted lines represent
the trough level of tacrolimus (ng/mL). Steroid administration
is shown as a black box; treatments with tacrolimus,
mycophenolate mofetil (MMF), and pegylated interferon plus
ribavirin (peg-IFN + RBV) are indicated by open boxes. Serum
hepatitis C virus (HCV) RNA levels (kIU/mL) are shown as
values or (-), which means undetectable. (b,c) Liver allograft
biopsy of patient 1 at 1 month after the termination of antiviral
therapy, showing interface hepatitis with plasma cell-rich infil-
tration (hematoxylin-eosin, original magnifications: [b] x200;
[c] x400).
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week pegylated interferon-o-2b and 400 mg/day
ribavirin was initiated (Fig. 2a). At that time, 50 mg/day
cyclosporin and 15 mg/day prednisolone were used
for immunosuppression. The prednisolone dose was
reduced to 10 mg/day after 3 months of antiviral
therapy. HCV RNA was undetectable in serum; however,
treatment was discontinued after 21 weeks because of
severe general fatigue. The transaminase levels were
reduced and maintained within the reference range
from 3 weeks to the end of antiviral therapy, but wors-
ened 2 months after the termination of the treatment to
an AST level of 136 IU/L and an ALT level of 152 IU/L.
The serum IgG level increased to 1719 mg/dL, from
641 mg/dL before the antiviral therapy. She was nega-
tive for ANA and anti-LKM-1 throughout her clinical
course. Liver biopsy revealed the features of ATH, includ-
ing portal inflammation with plasma cell-rich lymphoid
aggregates, interface hepatitis and centrilobular inflam-
mation (Fig. 2b,c). As HCV RNA was undetectable in
serum; the International AIH Group score was 14, sug-
gesting AIH;’ and the total score on the histological
scoring system for PCH was 10,° the patient was diag-
nosed with PCH. Methylprednisolone was started at a
dose of 500 mg/day for 3 days, and then the dose was
tapered from 250 mg/day on the fourth day to 62.5 mg/
day on the sixth day. The treatment was terminated on
the seventh day, followed by the initiation of 10 mg/day
prednisolone. The transaminase levels decreased and
normalized after 2 months of steroid administration,
and liver biopsy 19 months after the initiation of steroid
therapy showed the remission of hepatitis. She was con-
sidered to have achieved SVR on the basis of a negative
HCV RNA result at 24 weeks after the termination of
antiviral therapy.

DISCUSSION

N THIS REPORT, we demonstrated the cases of two

patients who developed PCH just after the termina-
tion of antiviral therapy for recurrent hepatitis C after
LDLT. The diagnosis of PCH in the present cases is
definite because both patients achieved SVR and recov-
ered after steroid therapy. Termination of antiviral
therapy likely induced PCH in these patients, as both
patients had no other trigger for PCH, such as reduction
of immunosuppression.

At our institute, 125 HCV-infected liver transplant
recipients were treated with standard interferon and/or
pegylated interferon in combination with ribavirin for
recurrent hepatitis C after LDLT between January 2001
and December 2012.*!! Four of the 125 patients (3%),
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Figure 2 (a) Clinical course of patient 2, who developed
plasma cell hepatitis after the termination of antiviral therapy
for recurrent hepatitis C after living donor liver transplantation
(LDLT). The fine lines indicate the alanine aminotransferase
(ALT) level (IU/L), and the dotted lines represent the trough
level of cyclosporin (ng/mL). Steroid administration is shown
as black boxes; treatments with cyclosporin and pegylated
interferon plus ribavirin (peg-IFN + RBV) are indicated by
open boxes. Serum hepatitis C virus (HCV) RNA levels (logIU/
mL) are shown as values or (-), which means undetectable.
(b,c) Liver allograft biopsy of patient 2 at 2 months after the
termination of antiviral therapy, showing interface hepatitis
with lymphoplasmacytic necroinflammatory infiltration
(hematoxylin-eosin, original magnifications: [b] x100; [c]
%x400). L
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including the two patients in this case report, developed
PCH during or within 6 months after antiviral therapy.
The other two patients who developed PCH during anti-
viral therapy showed interface hepatitis with moderate
plasma cell infiltration in liver histology and high serum
IgG levels. Clinical features of the two patients with
PCH during antiviral therapy could not be distinguished
from those of two patients who developed PCH after
termination of antiviral therapy. The incidence of PCH
in this study was similar to that in patients without
antiviral therapy in our previous report, in which the
incidence of PCH (de novo AIH) was 2.1% in 633
recipients.'? Therefore, it is unknown whether antiviral
therapy for HCV is involved in the development of PCH.
However, in the present cases, PCH occurred immedi-
ately after the termination of antiviral therapy, indicat-
ing that the cessation of interferon may have induced
the disease.

Several studies have shown an association between
PCH (de novo AIH) and antiviral therapy for recurrent
hepatitis C after liver transplantation.>”® In these studies,
most of the patients developed PCH during antiviral
therapy, and a few cases of PCH after the termination of
antiviral therapy have been reported. One study dem-
onstrated two cases of de novo AIH that occurred after
the end of antiviral therapy for recurrent hepatitis C after
liver transplantation.” Both patients developed de novo
AIH at 1 month after the termination of pegylated inter-
feron plus ribavirin therapy, but hepatitis caused by
HCV recurrence was not completely excluded in both
cases because the patients’ sera tested positive for HCV
RNA after termination of antiviral therapy. Berardi et al.
reported nine liver transplant recipients with de novo
AIH associated with antiviral treatment for hepatitis C
recurrence.” While eight patients of the nine in their
report had de novo AIH during antiviral therapy, one
patient who achieved SVR developed de novo AIH at
1 month after termination of antiviral therapy. Our
present cases and these reported cases suggest that
PCH can be induced by the termination of antiviral
treatment.

It is important that PCH is considered in differential
diagnoses along with relapse of HCV in patients devel-
oping liver dysfunction just after the termination of
interferon therapy. The present cases showed elevation
of transaminase levels at 1 and 2 months after the ces-
sation of antiviral therapy when the relapse of HCV
usually occurs. As it takes several days to obtain the
results of serum HCV RNA examination, it would be
initially difficult to distinguish HCV relapse from the
other causes of liver dysfunction. Liver biopsy should be

© 2013 The Japan Society of Hepatology
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immediately done and histological diagnosis using the
scoring system for PCH is recommended to differentiate
it from other causes of liver dysfunction, including
hepatitis C relapse in this situation. PCH in the present
cases could be diagnosed just after the elevation of trans-
aminase levels, and received steroid therapy immedi-
ately after the diagnosis of PCH, resulting in good
treatment response and good prognosis.

In conclusion, PCH could be induced by the altera-
tion of the immune condition resulting from the termi-
nation of antiviral therapy. PCH should be considered
when the transaminase levels increase after interferon
therapy, and it should be carefully distinguished from
hepatitis C relapse.
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