Check for
updates

pISSN 2287-2728
elSSN 2287-285X

.. . https://doi.org/10.3350/cmh.2018.0070
Original Article Clinical and Molecular Hepatology 2019;25:65-73

Efficacy of L-carnitine on ribavirin-induced hemolytic
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Background/Aims: L-carnitine not only alleviates hyperammonemia and reduces muscle cramps in patients with liver
cirrhosis, but also improves anemia in patients with chronic hepatitis and renal dysfunction. This study prospectively
evaluated the preventative efficacy of L-carnitine supplementation against hemolytic anemia during antiviral treatment
using ribavirin in patients with hepatitis C virus (HCV)-related chronic liver disease.

Methods: A total of 41 patients with chronic hepatitis were consecutively enrolled in this study. Group A (n=22) received
sofosbuvir plus ribavirin for 3 months, whereas group B (n=19) was treated with sofosbuvir, ribavirin, and L-carnitine.
Hemoglobin concentration changes, the effects of antiviral treatment, and the health status of patients were analyzed
using short form-8 questionnaires.

Results: A significantly smaller decrease in hemoglobin concentration was observed in group B compared to group
A at every time point. Moreover, the prescribed dose intensity of ribavirin in group B was higher than that of group A,
resulting in a higher ratio of sustained virological response (SVR) 24 in group B compared with group A. The physical
function of patients in group B was also significantly improved compared to group A at the end of antiviral treatment.

Conclusions: L-carnitine supplementation alleviates ribavirin-induced hemolytic anemia in patients with HCV and helps
relieve the physical burden of treatment with ribavirin-containing regimens. These advantages significantly increase the
likelihood of achieving SVR. (Clin Mol Hepatol 2019;25:65-73)
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Study Highlights

In this study, we prospectively evaluated the preventing effect of L-carnitine supplementation during antiviral treatment using ribavirin on a hemo-
lytic anemia in hepatitis C virus related chronic liver disease patients. The decreased level of hemoglobin concentration in the L-carnitine treatment
group was significantly smaller than that in the control group through the course of treatment. Additionally, the physical functioning level of pa-
tients in the L-carnitine treatment group was significantly better than that in the control group at the end of antiviral treatment. Then, we success-
fully demonstrated that these effects would increase the opportunity of achieving sustained viral response.
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INTRODUCTION

In Japan, hepatitis C virus (HCV) infection is the leading cause
of liver cirrhosis, its related complications, and the development
of hepatocellular carcinoma."” The treatment for chronic hepatitis
C (CHC) aimed to eradicate the HCV.> A significantly decreased
incidence of disease progression or carcinogenesis indicated a
sustained virological response (SVR).*® CHC therapy has been
dramatically changed with the recent introduction of direct-acting
antivirals (DAAs).”® However, the antiviral treatment for patients
with HCV genotype 2 sometimes includes ribavirin. Hemolytic
anemia is a commonly observed complication in patients treated
with ribavirin-containing regimen; hence, drug discontinuation or
dose modifications are recommended.

L-carnitine (4-N-trimethylammonium-3-hydroxybutyric acid),
which is involved in B-oxidation of fatty acids, is a conditionally
synthesized nutrient from amino acids methionine and lysine in
the brain, liver, and kidney, which is mainly obtained from meat
and dairy products.”"* The administration of L-carnitine is an ac-
cepted treatment for mitochondrial myopathy and encephalomy-
opathy, as well as other states of primary and secondary L-carni-
tine deficiency.” In the field of clinical practice, it has been

reported that L-carnitine alleviates hyperammonemia and reduces
muscle cramps in patients with liver cirrhosis."'® Furthermore, L-
carnitine has been recently reported to improve anemia, thrombo-
cytopenia, leukopenia, and immunological dysfunction.”*

This study aimed to evaluate the preventing efficacy of L-carni-
tine on hemolytic anemia for patients with chronic HCV infection,

by which the ribavirin dose is reduced.

PATIENTS AND METHODS
Patients

This study has prospectively evaluated the preventing efficacy
of L-carnitine supplementation during antiviral treatment using
ribavirin on hemolytic anemia in patients with HCV-related chron-
ic liver disease. Chronic HCV infection was confirmed on the basis
of the positivity of HCV antibodies and HCV-RNA. The direct se-
quencing method was used to determine the HCV genotype, as
previously reported.”

This prospective and randomized clinical study was conducted
at the Third Department of Internal Medicine in Nara Medical
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Figure 1. Clinical study profile of additional L-carnitine treatment. This is a prospective, randomized, double-blind clinical trial study. Forty-four pa-
tients were enrolled. Three patients who withdrew consent were excluded. Twenty-two patients (group A) received sofosbuvir (SOF)+ribavirin (RBV),

whereas 19 patients (group B) were treated with SOF, RBV, and L-carnitine.
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University Hospital between July 2015 and August 2016. The en-
velope method was used in this study. Each patient chose one of
the two envelopes and was enrolled into the group being de-
scribed. The study was registered at the University Hospital Medi-
cal Information Network Clinical Trials Registry (UMIN000026079)
on August 15, 2015. A total of 44 patients were primarily regis-
tered, and 3 patients who withdrew consent were excluded in this
study. A total of 41 patients with chronic hepatitis was consecu-
tively enrolled (Fig. 1). Figure 1 was made according to the CON-
SORT flow diagram.” In group A, 22 patients received sofosbuvir
plus ribavirin for 3 months, whereas in group B, 19 patients were
treated with sofosbuvir, ribavirin, and L-carnitine. The baseline
clinical characteristics of two groups were described in Table 1.
No significant differences in all characteristics between two
groups were observed. In group A, 15 patients were treatment
naive, and 3 patients for prior relapse were administered with
peginterferon-a2b plus ribavirin combination therapy, whereas 2

Table 1. Clinical characteristics of the patients included in this study
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of 4 patients for null response were administered with peginterferon-
a2b plus ribavirin combination therapy, and the others received
interferon-a2b monotherapy. In group B, 16 patients were treat-
ment naive, and 2 patients for relapse and 1 patient for null re-
sponse received peginterferon-a2b plus ribavirin combination
therapy.

Eligible patients who were infected with HCV genotype 2 exhib-
ited a quantifiable serum HCV-RNA level. Cirrhotic patients whose
hepatic functional reserves were compatible with the Child—Pugh
class A disease were included in this study. Ineligible patients in-
cluded those who had either another kind of liver disease; any
type of cancer; or severe cardiac, pulmonary, or renal diseases.
None of the patients exhibited excessive alcohol consumption
(male, >40 g/day; female, >20 g/day). Other causes of exclusion
included decompensated cirrhosis, pregnancy, human immunode-
ficiency virus infection, and contraindications for sofosbuvir and
ribavirin therapy.

Group A (n=22)

Group B (n=19)

Clinical characteristics (SOF+RBV) (SOF+RBV--L-carnitine) P-value
Sex (male/female) 9/13 8/M 093
Age (year) 68 (64-72.5) 7 (56-70) 0.25
White blood cell (><102/pL) 46 (38-55) 42 (375-53) 0.66
Hemoglobin (g/dL) .25 (13.5-14.5) 4(13-14) 0.16
Platelet (x10*/uL) 1(106-17.2) 6(10.9-15.6) 092
Prothrombin time-INR .06 (1.0 1.07 (1.0 0.59
Aspartate aminotransferase (U/L) 27 (22- 50) 36 (28.5-58.5) 0.33
Alanine aminotransferase (U/L) 20 (16-42) 31 (21.5-60) 0.30
Albumin (g/dL) 39(3.8-41) 40 (3.7-4.7) 0.65
Cholinesterase (U/L) 281 (207-307) 252 (222.5-297) 042
Total-bilirubin (mg/dL) 8(0.62-0.97) 0.7 (0.55-0.8) 0.64
HCV-RNA (log 1U/mL) 2(5.3-6.7) 1(4.55-6.2) 0.06
Genotype 2A/2B 16/6 15/4 0.64
P-lI-P (U/mL) 0.9 (0.9-1.0) 1.15 (0.8-1.35) 0.19
Type IV collagen (ng/mL) 41 (33-64) 44 (4-6.7) 0.39
a-fetoprotein (ng/mL) 2.6 (1.85-3.35) 3(2.5-5.25) 0.54
Liver biopsy (yes/no) 18/22 15/19 0.81
A1/A2/A3 0/8/0 0/6/0 0.79
F1/F2/F3/F4 0/3/1/2 0/3/11 097
Previous treatment

Naive/Relapsed/Null responded 15/3/4 16/2/1 040

Numerical variables were indicated as the median with interquartile range.

SOF, sofosbuvir; RBV, ribavirin; INR, International Normalized Ratio; HCV, hepatitis C virus; P-III-P, type IIl procollagen-N-peptide; A, inflammation; F, fibrosis.
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Treatments

Patients in group A (n=22) received sofosbuvir plus ribavirin for
3 months, whereas those in group B (n=19) were treated with so-
fosbuvir, ribavirin, and L-carnitine for the same period. The daily
dose of sofosbuvir and L-carnitine was fixed as 400 and 1,500 mg,
respectively, and that of ribavirin was determined by the body
weight of each patient: (i) 600 mg for a body weight of less than
60 kg, (i) 800 mg for between 60 and 80 kg, and (iii) 1,000 mg
for over 80 kg. The dose of ribavirin and its duration were deter-
mined according to the clinical guidelines of the Japan Society of
Hepatology.” An SVR was achieved in patients with undetectable
levels of HCV-RNA at 24 weeks after the end of treatment (EQT).
Patients were carefully observed from the start of treatment to 6
months after medication (SVR24). Their health statuses were
quantified physically and mentally using the short form-8 (SF-8)
questionnaires before medication, at the EOT, and at the SVR24
time point.” The short form-36 (SF-36) Health Survey, developed
in the Medical Outcomes Study, is the most popular instrument to
measure health-related quality of life (QOL). However, the SF-36 is
quite lengthy, which limits its use. Therefore, the SF-8, a short-
ened version of SF-36 and the shortest SF Health Survey, is pre-
ferred by a number of researchers.”

Statistical analysis

This study has planned a continuous response variable from in-
dependent control and experimental subjects with one control per
experimental subject. In the previous study, the response within
each subject group was normally distributed with a standard de-
viation (SD) of 3.3. If the true difference in the experimental and
control means is 3, 20 experimental subjects and 20 control sub-
jects need to be examined to be able to reject the null hypothesis
that the population means of the experimental and control groups
are equal with a probability (power) of 0.8. Type | error probability
associated with the test of this null hypothesis is 0.05. The nu-
merical variables were expressed as the mean+SD. Quantitative
parameters were compared using the Mann—Whitney U test. Cat-
egorical parameters were compared using Pearson’s chi-square
test or Fisher's exact test, as applicable. And then for each out-
come of lactate dehydrogenase (LDH) and hemoglobin, repeated-
measures univariate analysis of variance was conducted to assess
the effects. A P-value less than 0.05 was considered statistically
significant.

This study was approved by the Nara Medical University Ethics

68 https://doi.org/10.3350/cmh.2018.0070

Committee and was conducted according to the Declaration of
Helsinki. The present study protocol was registered as a clinical
trial (UMIN000026079, https://upload.umin.ac.jp/), and written
informed consent was obtained from all patients.

RESULTS
Patient characteristics

Patient characteristics are shown in Table 1. The baseline char-
acteristics of the two groups, including gender, age, leukocyte
counts, hemoglobin concentrations, platelet counts, prothrombin
time, serum aspartate aminotransferase level, alanine aminotrans-
ferase level, albumin, cholinesterase, and total bilirubin, were compa-
rable, with no significant differences between the groups. In addi-
tion, no significant differences were observed between HCV-RNA,
genotype ratio, and previous histories of antiviral treatments.
Three cirrhotic patients were included in this study, two of which
were treated in group A and the other was in group B.

The effect of L-carnitine supplementation on
hemolytic anemia

Changes of hemoglobin concentration in both groups are
shown in Fig. 2. Hemoglobin concentrations in both groups were
actually decreased compared with each baseline level at 4 weeks
after the start of antiviral treatment. However, the decreased level
of hemoglobin concentration was significantly lower in group B
than in group A at every time point, which suggested that L-carni-
tine supplementation helps alleviate ribavirin-induced hemolytic
anemia effectively. Consistently, the serum LDH level of patients
in group A was significantly higher than that in group B at both 8
and 12 weeks after the start of treatment (Fig. 3). No significant
changes were observed in the levels of other biochemical param-
eters through the course of antiviral treatment in each group (data
not shown). In group B, no severe adverse events were observed
to develop; however, two cases of abdominal distensions oc-
curred, which are considered as mild adverse events.

The effect of antiviral treatment
In group A, 17 patients completed the protocol without dose

modification of ribavirin, whereas 4 patients were recommended
to modify their ribavirin dose, due to the occurrence of mild he-

http://www.e-cmh.org



molytic anemia, and a patient was dropped out of the treatment
because of severe anemia at the sixth week. In group B, all pa-
tients accomplished the antiviral protocol with full dose of ribavi-
rin. In summary, the dose intensity of ribavirin in group B was
higher than that of group A (100% vs. 91.2%).

Two patients in group A could not achieve SVR24, one of which
was dropped out of the treatment because of severe anemia, and
the other was inevitable to ribavirin dose modification. Both of
them did not develop liver cirrhosis. On the other hand, all pa-
tients in group B achieved SVR24. As a result, the ratio of SVR24
in group B was higher than that in group A (100% vs. 90.9%).

Patient’s QOL

The health status of participants was also assessed according to
the physical and mental aspects using the SF-8 questionnaires,
excluding a patient who had been dropped out from this study.
No significant differences were observed between groups at three
different time points: before medication, EOT, and SVR24. How-
ever, there was a marginal difference in the physical component
summary of patients at the EOT (Fig. 4A), whereas no significant
differences were observed between groups in mental component
summary at three time points (Fig. 4B). Then, a more detailed as-
sessment was performed on each scale of physical components in
both groups at the EOT, and it was found that physical function-
ing of patients in group B was significantly improved than that in
group A (Fig. 4C). This result seemed to indicate the physical bur-
den of patients treated with the ribavirin-containing regimen.

<+ Group A

4 Group B

Figure 2. Decrese in hemoglobin (Hb) concentration. A significantly
smaller decrement in hemoglobin concentration was observed in group
B compared to group A throughout the observation period. W, week(s).
*P<0.05.
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DISCUSSION

HCV infection is the most frequent cause of chronic liver disease
in Japan, and hemolytic anemia may be a major complication in
HCV-infected patients treated with ribavirin-containing regimen.”
Drug discontinuation or dose modifications are recommended for
patients who developed hemolytic anemia, to facilitate an effec-
tive eradication of the HCV.>'"*” L-carnitine has been recently re-
ported to improve the hematological pattern of patients with HCV
infection and renal failure.”** However, its preventing efficacy for
patients treated with the combination of DAAs and ribavirin re-
mains largely unclear. This study evaluated the preventing efficacy
of L-carnitine for patients with chronic HCV infection who devel-
oped hemolytic anemia by which the ribavirin dose is reduced.

Hemolytic anemia is likely related to extensive ribavirin accumu-
lation in erythrocytes, possibly following active unidirectional
transmembrane transport. Ribavirin exerts its toxicity through the
inhibition of intracellular energy metabolism and oxidative mem-
brane damage, leading to an accelerated extravascular hemolysis
by the reticuloendothelial system,” though the ribavirin is known
as to be an important factor for effective antiviral therapy.”

By the way, in thalassemia patients, anemia was induced by an
impairment of the stabilization for membrane in erythrocytes and
L-carnitine were known to modulate the apoptotic process.”* On
the other hand, in patients with chronic kidney disease, anemia
progression occurred through the mechanism of the excessive
degradation of serum erythropoietin, and L-carnitine increased
the efficacy of erythropoietin.” In such a situation, the protective
effect of L-carnitine on erythrocytes from oxidative stress and the
stabilization to their membranes where latent peroxidative dam-

LDH (IU/L)
280 1
220 A
160 A r —y—1
100
oW 4W 8W 12W

<+ Group A - Group B

Figure 3. Changes in serum lactate dehydrogenase (LDH). Group A se-
rum LDH was increased throughout antiviral treatment, whereas that in
group B was unchanged. W, week(s). *P<0.05.
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Figure 4. Patient quality of life on the SF-8 Health Survey questionnaire. (A, B) At the end of treatment (EOT), a marginal difference was observed in
the physical component summary of patients, whereas no significant differences were observed between groups in the mental component summary
at three different time points: before medication, at the EOT, and sustained virological response 24. (C) Each scale was assessed in both groups at the
EQT. Physical function was significantly improved for patients in group B compared with group A. PCS, physical component summary; W, weeks; MCS,
mental component summary; PF, physical functioning; RP, role physical; BP, bodily pain; GH, general health perception; VT, vitality; SF, social functioning;

RE, role emotional; MH, mental health. *P<0.05.

age has occurred, was previously reported.”®”” The detailed
mechanism of the L-carnitine efficacy on the ribavirin-induced he-
molytic anemia in the patients with chronic HCV infection should
be elucidated in the near future, but the most probable scenario
would be that L-carnitine effectively makes the membrane in
erythrocytes equable and alleviates the oxidative stress in them.

On the basis of the results of this study, L-carnitine supplemen-
tation effectively alleviates ribavirin-induced hemolytic anemia,
and patients treated with L-carnitine successfully kept their ribavi-
rin adherence and consequently achieved SVR24. This is compati-
ble with the molecular mechanism in which L-carnitine effectively
makes the membrane in erythrocytes equable and alleviates the
oxidative stress.

Moreover, L-carnitine supplementation may relieve the physical
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burden of patients during treatment with ribavirin-containing reg-
imen. According to Tomassini et al., acetyl-L-carnitine contributed
to the improvement of energetic metabolism in myocardial and
musculoskeletal tissue, which led to reduction of the severity of
physical fatigue in sample subjects.”

Several limitations were also identified in this study. First, this
study failed to evaluate the genetic polymorphism of inosine tri-
phosphatase (ITPA), which was reported to be associated with
the progression of hemolytic anemia,” due to the lack of consen-
sus on ethical issues. ITPA is a determinant used in genetic test-
ing, and an agreement from each participant of this study was
hardly obtained. Second, serum carnitine and ribavirin levels of
patients in both groups were not monitored because of serum
sample shortage. In the previous report, total carnitine levels

http://www.e-cmh.org



were significantly lower in patients with CHC than in healthy con-
trols when adjusted for fat mass.”” Moreover, the present study
utilized an open-label design and included a relatively small sam-
ple size. Future studies should include a large number of patients
to confirm results in this study. In addition, only the Japanese
population was involved in this study; therefore, additional inves-
tigations on different ethnic populations are desired to determine
the preventing efficacy of L-carnitine on hemolytic anemia for pa-
tients with chronic HCV infection.

However, to the best of our knowledge, this is the first prospec-
tive and randomized clinical trial assessing the effect of L-carnitine
supplementation on ribavirin-induced hemolytic anemia for pa-
tients with HCV infection. Globally, some existing DAA regimens
using ribavirin has been mainly selected for patients with decom-
pensated cirrhosis and those who relapsed after prior DAA mono-
therapy.”"** In recent years, a newly established regimen, sofos-
buvir—velpatasvir with ribavirin, is going to be approved for
patients with decompensated cirrhosis in Japan, and L-carnitine
would be useful in these cases as a supportive therapy.

In summary, L-carnitine supplementation significantly alleviates
ribavirin-induced hemolytic anemia in patients with HCV and may
relieve the physical burden of patients during the treatment of the
ribavirin-containing regimen. These advantages would increase
the chance of achieving SVR and hopefully decrease the risk of
hepatocellular carcinoma.
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