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Introduction: Hepatitis C virus (HCV) reinfection occurs universally after liver transplantation,
with accelerated cirrhosis rates of up to 30% within 5 years after liver transplantation. Dual
antiviral therapy with pegylated interferon-2a (peg-IFN) and ribavirin (RBV) only reaches
sustained virological response rates of ~30% after liver transplantation. With the approval of
viral NS3/4A protease inhibitors telaprevir (TVR), boceprevir, and simeprevir and the NS5B
polymerase inhibitor sofosbuvir, combination therapy offers new therapeutic options for HCV-
infected patients, resulting in considerably higher sustained virological response rates in the
nontransplant setting.

Case presentation: We report three cases of TVR-based triple antiviral therapy in HCV
genotype 1 reinfected patients after liver transplantation, of whom a 57-year-old Caucasian
female and a 43-year-old Caucasian male were therapy naive, and a 49-year-old Caucasian male
patient was pretreated ineffectively. After 4 weeks of therapy, viral load decreased one to three
log,, and became negative in weeks 6 to 8 in the therapy naive patients. The pretreated patient
showed a negative viral load in week 4. TVR was administered over 12 weeks, 750 mg thrice
daily. Doses of immunosuppression with cyclosporine were reduced four to six fold. Initial
peg-IFN and RBV doses ranged from 135-180 pg/week and 800—1,200 mg/day, according to
the patient’s body weight. Doses of peg-IFN and RBV were adapted to 90-135 pg/week and
400-800 mg/day after 2 to 12 weeks of protease inhibitor therapy. Dual therapy was continued
for 36 weeks with total treatment duration of 48 weeks in the therapy naive patients leading to
a sustained virological response 12 weeks after the end of therapy. In the pretreated patient a
breakthrough was detected in week 24 and therapy was discontinued. Overall, antiviral therapy
was well tolerated. Side effects included dysgeusia and anemia leading to erythropoietin appli-
cation and blood transfusions.

Conclusion: This case series emphasizes that triple therapy with TVR is an efficient treatment
for therapy naive HCV genotype 1 reinfected patients after liver transplantation. But therapeutic
options for pretreated patients require improvement.
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Introduction

Hepatitis C (HCV) reinfection occurs universally after liver transplantation (LT).!
During immunosuppression the time course of recurrent hepatitis C is accelerated,
with cirrhosis rates of up to 30% within 5 years of LT.? So far, antiviral therapy has
been limited to a combination of pegylated interferon-2a (peg-IFN) and ribavirin
(RBV), with sustained virological response (SVR) rates of ~30% post LT.>* With
the approval of the first generation viral NS3/4A protease inhibitors (PI), telaprevir
(TVR), and boceprevir (BOC) and the second generation inhibitor simeprevir (SIM),
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as well as the NS5B RNA-dependent RNA polymerase
inhibitor (RdRpl) sofosbuvir (SOF), combination therapy
offers new therapeutic options, resulting in considerably
higher SVR rates of up to 90% in treatment naive patients
in the nontransplant setting.'* However, the management of
HCYV reinfection after LT is complicated by drug interactions,
tolerability, and pretreatment.'"'? Therefore, an individualized
treatment regimen is often required. We present three cases
of TVR-based antiviral triple therapy in two therapy naive
and one inefficiently pretreated HCV genotype 1 reinfected
patient after LT.

Case presentation

Case |

A 57-year-old Caucasian female underwent LT in 2011 due to
hepatocellular carcinoma (HCC) based on chronic hepatitis C
genotype 1b-associated liver cirrhosis, after LT bile duct anas-
tomosis stenosis occurred and repetitive stenting was necessary.
Nine months after LT, HCV reinfection was detected in liver
biopsy accompanied by mild fibrosis. HCV-RNA measured
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6.8x10° ITU/mL (COBAS® TagMan® HCV test, version 2.0;
Hoffman-La Roche Ltd, Basel, Switzerland. Lower limit of
quantification, 25 IU/mL; lower limit of detection, 10 U/
mL). Serum transaminases and bilirubin were slightly elevated
(alanine transaminase [ALT] 73 U/L, upper limits of normal
[ULN] <50 IU/L, aspartate transaminase [AST] 100 U/L,
ULN 35 IU/L, bilirubin 1.3 mg/dL ULN 1.2 mg/dL).

All other liver values were within the normal range (alka-
line phosphatase, gamma-glutamyl transferase, international
normalized ratio [INR], and albumin). Hemoglobin (HDb),
leukocyte, and thrombocyte counts were 12.1 mg/dL, 3.2/
nL and 250/nL, respectively (Figure 1A).

The patient was therapy naive and revealed the unfavor-
able IL28B C/T genotype. Immunosuppression included
50 mg cyclosporine A (CsA) twice a day (BID; CsA blood
level: 78 ng/mL) and 500 mg/BID mycophenolate mofetil
(MMF). Comedication was calcium, vitamin D3, and
50 pg L-thyroxin per day. The patient presented in a good
state of general health with a body mass index (BMI) of
25.6 (170 cm, 74 kg).
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Figure | Course of HCV-RNA (10° [U/mL), ALT (10' U/L), AST (10' U/L), Hemoglobin (Hb) (mg/dL), white blood cells (WBCs) (/nL) and platelets (PLTs) (10'/nL) during

therapy (weeks [w]) for case one (A), case two (B) and case three (C).

Notes: After 4 weeks of triple therapy, viral load decreased | to 3 log,  and became negative in week 6 to 8 in the Pl-treated therapy naive patients, resulting in SVR 12
(A and B). The pretreated patient showed a negative viral load in week 4 but suffered from a breakthrough in week 24 (C). Side effects included severe anemia (A), leading
to the application of erythropoietin (EPO) and blood transfusions, and leukocytopenia (C) leading to administration of G-CSF.

Abbreviations: HCV, hepatitis C virus; ALT, alanine transaminase; AST, aspartate transaminase; Pl, protease inhibitors; SVR, sustained virological response; G-CSF,

granulocyte colony-stimulating factor; EOT, end of treatment; CsA, cyclosporine A.
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Triple therapy was started with 135 pg peg-IFN-alpha-2a
once a week, 800 mg RBV/day, and 750 mg TVR thrice
daily. IFN and RBV doses were reduced to 90 pg/week
and 400 mg/day in week 12 (Table 1). The CsA dosage was
adapted to 25 mg/day (CsA blood level: 49 ng/mL) (Table 1)
and blood levels were stable during the course of therapy
(Figure 1A). The viral load declined three log, , after 4 weeks
of triple therapy and became negative in week 8, resulting in
SVR 12. Bilirubin blood level normalized during the course
of the triple therapy unrelated to any stenting (Figure 1A).
Therefore, it is likely that the elevation of bilirubin blood
levels was caused by HCV-activity rather than cholestasis.
Side effects included dyspnea and anemia, leading to blood
transfusion once every other week and the application of
30 pg erythropoietin (EPO) once a week. The decline in Hb-
levels from 12.1 mg/dL initially to a minimum of 7.2 mg/dL
is shown in Figure 1A. Red blood cell, leukocyte and platelet
counts as well as CsA blood levels were checked weekly. At
the end of PI therapy the CsA dosage was set back to 50 mg
BID (CsA blood level: 91 ng/mL).

Case 2

A 43-year-old Caucasian male patient was liver-transplanted
in 2010 due to chronic hepatitis C genotype 1 and alcohol
associated liver cirrhosis. Histological analysis of liver biopsy
one year after LT showed the early stages of fibrosis (Desmet
stage F1-F2) due to HCV reinfection. Viral load measured
6.7x10° IU/mL (COBAS TagMan HCV test: lower limit of
quantification, 25 IU/mL; lower limit of detection, 10 [U/mL).
Serum transaminases were considerably elevated (ALT 420
U/L, ULN <50 TU/L, AST 190 U/L, ULN 35 TU/L). All
other liver values were within the normal range (alkaline
phosphatase, gamma-glutamyl transferase, bilirubin, INR,
and albumin). Hb, leukocyte, and thrombocyte counts were
16.3 mg/dL, 4.2/nL, and 142/nL, respectively (Figure 1B).
The patient was therapy naive and revealed an unfavorable
IL28B C/T genotype.

Side diagnoses included psoriasis vulgaris and
schizophrenia. Aripiprazole was discontinued 3 months before

Table | Dose adaption of pegylated interferon-2a (peg-IFN)
(ug/week), ribavirin (RBV) (mg/day) and cyclosporine (CsA)
(mg/day) during the course of triple therapy

Case  peg-IFN (ug/iweek) RBV (mg/day)  CsA (mg/day)
| 135/90 800/400 100/25
2 180/135 1,200/800 200/50
3 180/90 1,000/800 150/25

Abbreviations: peg-IFN, pegylated interferon-2a; RBV, ribavirin; CsA, cyclosporin.

starting antiviral therapy. Immunosuppression was switched
from 4 mg BID tacrolimus (Tac) to 100 mg BID CsA due to
better controllability (CsA blood level, 52 ng/mL). MMF at
500 mg BID was continued. The patient presented in a good
state of general health with a BMI of 29.4 (176 cm, 91 kg).

We started a 4-week lead-in period with 180 ug peg-
IFN-alpha-2a once a week and 1,200 mg RBV/day to con-
sider the virological response, tolerability and compliance.
Within the lead-in, the viral load decreased one log,, and
serum transaminases normalized (Figure 1B). Therapy was
well tolerated with good compliance. We started 750 mg three
times a day (TID) TVR in week 5. CsA, RBV, and IFN doses
were reduced to 25 mg BID, 800 mg/day and 135 pg/week,
respectively (CsA blood level: 36 ng/mL) (Table 1). The viral
load became negative in week 6 resulting in SVR 12. CsA
blood levels were stable (Figure 1B). Side effects included
mild anemia and a stage II rash, which was manageable by
the application of external steroids. Red blood cell, leukocyte,
and platelet counts as well as CsA blood levels were checked
once a week. At the end of PI therapy the CsA dosage was set
back to 100 mg BID (CsA blood level, 109 ng/mL).

Case 3

A 49-year-old Caucasian male patient underwent LT in
2008 due to HCC, based on chronic hepatitis C genotype
1b-associated liver cirrhosis since 1998. Histological analy-
sis of liver biopsy 3 years after LT proved HCV reinfection
with plurisaptate fibrosis (Desmet stage F3). The viral load
measured 1.16x10° TU/mL (COBAS TagMan HCV test:
lower limit of quantification, 25 IU/mL; lower limit of detec-
tion, 10 IU/mL). Serum transaminases and bilirubin blood
levels were elevated with frequent variations (ALT 124 U/L,
ULN <50 IU/L, AST 96 U/L, ULN 35 IU/L, bilirubin
1.1 mg/dL, ULN 1.2 mg/dL). All other liver values were in
the normal range (alkaline phosphatase, gamma-glutamyl
transferase, INR and albumin). Hb, leukocyte, and thrombo-
cyte counts were 13.6 mg/dL, 2.3/nL, and 117/nL, respec-
tively (Figure 1C). The patient was pretreated with dual
antiviral therapy twice, prior to and after LT, both resulting
in non-response. His IL28B genotype was T/T. Side diagno-
ses included hypertension. Comedication with amlodipine
5 mg/day was discontinued to avoid drug interactions. Due
to better controllability, immunosuppression with 8 mg BID
Tac was switched to 75 mg BID CsA (CsA blood level, 50
ng/mL). MMF was continued at 500 mg BID. The patient
presented in a good state of general health with a BMI of
28.4 (184 cm, 96 kg), justifying another attempt at antiviral
therapy.
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We initiated triple therapy with 180 ug peg-IFN-alpha-2a
once a week, 1,000 mg RBV/day and 750 mg TVR TID. The
CsA dose was adjusted to 25 mg/day during PI therapy (CsA
blood level, 48 ng/mL) (Table 1). RBV and peg-IFN doses were
reduced to 800 mg/day, and 90 pg/week, respectively in week 8
(Table 1). Viral load became negative in week 4, transaminases
improved significantly and bilirubin blood levels normalized
(Figure 1C). Unfortunately a breakthrough occurred in week
24 and therapy was discontinued. Side effects included reflux
symptoms, hypertension, mild anemia, moderate leukopenia,
and erythema nodosum along both lower legs (Figure 2) with
serological proof of atypical anti-neutrophil cytoplasmic
antibodies. All side effects were manageable: hypertension
and reflux symptoms by application of 3,125 mg BID carve-
dilol and 20 mg BID esomeprazole; leukopenia improved on
administration of 30 million IU granulocyte colony-stimulating
factor (G-CSF). The anemia and erythema nodosum abated
when therapy was discontinued. The decline in white blood
cell count from an initial 2.3/nL to a minimum of 1.2/nL is
presented in Figure 1C. Red blood cell, leukocyte, and platelet
counts as well as CsA blood levels were checked once a week.
Atthe end of PI therapy the CsA dosage was set back to 100 mg
BID (CsA blood level, 45 ng/mL).

Rejection or impairment of liver function did not occur
in any of the cases during triple therapy. No additional liver
biopsies were performed.

Discussion

Antiviral therapy of recurrent hepatitis C after LT is an issue
of great interest, particularly as the time course of fibrosis
progression is accelerated under immunosuppression.?

Figure 2 Erythema nodosum under HCV-triple therapy.

Note: In case three, erythema nodosum occurred as a side effect under Pl-based
antiviral triple therapy.

Abbreviations: HCV, hepatitis C virus; Pl, protease inhibitors.

Improved antiviral therapy is urgently required, as SVR rates
for dual therapy in HCV-positive patients after LT are quite
poor.* Combination therapy with PIs and RdRpls in non-LT
HCV cohorts leads to significantly higher SVR rates than dual
therapy.*'° But management of hepatitis C post LT is compli-
cated by drug interactions, side effects and pretreatment.!!!?

However, little data exist on HCV combination therapy
after LT. Coilly et al presented preliminary results of triple
therapy with BOC or TVR in terms of efficacy and safety
in LT recipients and reported their experience with BOC in
five liver transplant genotype 1 patients, with an estimated
oral clearance reduction of 50% with CsA and up to 80%
with Tac.'!

Coilly et al reported the first multicenter study of
29 patients with HCV genotype 1 recurrence treated with
triple therapy after LT in five French liver transplant centers,
with a complete early virological response in 71% of patients
treated with BOC and 73% of patients treated with TVR."
However the final results of this study showed SVR 12 in only
20% of TVR and 71% of BOC treated patients.'® The Ameri-
can three center study by Pungpapong et al showed SVR 24 in
67% of TVR and 45% of BOC treated patients.'” Regarding
combination therapy with SOF after LT, to date there exist
only a few case reports.'®#!” One larger study presented during
the 2014 European liver congress with compassionate use of
SOF in 104 patients after LT reported 62% SVR 12.2

We report successful TVR-based triple therapy of recur-
rent HCV infection after LT in two therapy naive HCV
genotype 1 infected patients. In one pretreated genotype 1
reinfected patient after LT occurred under antiviral triple
therapy with TVR.

In all three cases IL28B polymorphism was determined
as a predictor of response to therapy. Previous studies have
shown that, after LT, patients harboring IL28B C alleles are
more susceptible to successful antiviral therapy.?! However,
in the presented cases the patients had the unfavorable geno-
types C/T and T/T.

During triple therapy, the immunosuppressive agent
should be changed to CsA whenever possible'” due to better
controllability. A four-fold dose reduction in CsA is recom-
mended with TVR.?

Anemia is reported to be the most important adverse
event of antiviral therapy in LT patients, mainly due to
RBV-induced hemolysis."® In the presented cases anemia
was manageable by RBV dose reduction, application of
EPO and blood transfusions, which did not affect SVR.
Leukopenia could be controlled by the administration of
G-CSF and no serious infection occurred. Red blood cell
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counts, leukocytes, platelet counts, and CsA blood levels
were checked once a week. Therefore, very early therapeutic
interventions, involving dose reductions, especially of RBV
and CsA, were possible.

However, monitoring of RBV plasma concentration could
predict decreases in hemoglobin and avoid transfusions,
since increased plasma concentrations of RBV as a result of
renal dysfunction in HCV patients treated with TVR were
found.?>?* TVR drug monitoring could also be important
after LT in order to maximize SVR rates and minimize side
effects and drug—drug interactions.*

In the presented cases none of the patients developed kid-
ney failure under triple therapy. Chronic HCV infection has
been described in association with various skin disorders and
some skin lesions have been reported as side effects of IFN.%
In particular, erythema nodosum seems to be related to IFN
therapy.? Dermatological toxicity is also known as a specific
side effect of PI. In case two a grade II rash occurred and
patient three developed erythema nodosum. Both improved
at the end of therapy. Overall, therapy with TVR was well
tolerated without major complications.

Conclusion

TVR-based antiviral triple therapy in two therapy naive HCV
genotype 1 reinfected patients after LT was well tolerated
without major complications, resulting in SVR 12. In one
former non-responder a breakthrough occurred after 24 weeks
of triple therapy. Doses of immunosuppressive drugs need to
be adapted. Continuous monitoring of red blood cell counts,
leukocytes, platelet counts, and blood levels of immunosup-
pressive agents should be performed regarding dose reductions.
This case series emphasizes that triple therapy with TVR is
an effective treatment for therapy naive HCV genotype 1
reinfected patients after liver transplantation. But therapeutic
options for pretreated patients need to be improved, and larger
studies with second generation PIs and RdRpls in combination
with peg-IFN and RBV and all-oral peg-IFN-free regimens as
well as upcoming direct acting antivirals are needed.
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