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Abstract

AIM: To study the therapeutic effect of interferon (IFN)
and ribavirin with zinc supplement on patients with
chronic hepatitis C viral (HCV) infection.

METHODS: A total of 102 patients confirmed
histologically to have chronic HCV infection with
genotype 1b and more than 100 KIU/mL of HCV were
randomly assigned to each arm of the study and each
received 10 million units of pegylated interferon (IFN-
alpha-2b) daily for 4 wk followed by the same dose every
other day for 20 wk plus ribavirin (600 or 800 mg/d
depending on body weight), with or without polaprezinc
(150 mg/d) orally for 24 wk. The primary endpoint was
sustained virological response (SVR) defined as negative
HCV-RNA in the serum 6 mo after treatment.

RESULTS: There were no differences in the clinical
background between the two groups except for more
females in the dual therapy group than in the other
group (P<0.05). SVR was observed in 33.3% of the
triple therapy group and 33.3% of the dual therapy
group. The side effects were almost the same in both
groups except for gastrointestinal symptoms, which were
less in the triple therapy group (P=0.019).

CONCLUSION: Considered together, triple therapy of
zinc plus IFN and ribavirin for HCV infection patients with
genotype 1b and high viral load is not better than dual
therapy except for lower incidence of gastrointestinal
side effects.
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INTRODUCTION

Chronic hepatitis C is a major cause of liver cirrhosis
and hepatocellular carcinoma. It has become the most
common indication for liver transplantation in many cen-
ters". Improvement of antiviral therapy for patients with
chronic HCV infection has been recently achieved by the
introduction of pegylated interferon (IFN-alpha-2b) com-
bined with ribavirin””!. Because the sustained virological
response rate in patients with HCV genotype 1b and high
viral load is still insufficient, the search continues for new
treatment strategies.

On the other hand, patients with chronic liver disease
exhibit metabolic imbalances of trace elements such as high
levels of iron and coppet, and low levels of zinc, selenium,
phosphorus, calcium and magnesium[(’]. Of these trace
elements, zinc is a constituent of a number of enzymes in-
volved in a large number of metabolic processes. Mild-to-
severe zinc deficiency disturbs several biological functions
such as gene expression, protein synthesis, immunity, skel-
etal growth and maturation, gonad development, pregnancy
outcomes, taste perception and appetite”, Zinc has been
studied for its antiviral effects on HIV | thinovirus"” and
herpes virus' . In addition to its anti-inflammatory effects,
zinc has an antioxidant effect’” and induces metallothio-
nein (MT) which has radical scavenging and immunomodu-
latory effects' . Because zinc has many beneficial effects on
viral eradication, we performed a preliminary study which
showed the beneficial effect of IFN combined with zinc
supplementation on chronic hepatitis C 145 Here we pres-
ent the results of a randomized controlled study of IFN
with or without zinc supplementation for the treatment of
chronic hepatitis C.

MATERIALS AND METHODS

Patients
Adult patients of both genders aged 24 - 70 years with
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compensated chronic HCV infection were chosen. Each
of the recruited patients fulfilled the following inclusion
criteria: genotype 1b, more than 10° copies/mL of HCV in
the serum, elevated serum alanine aminotransferase (ALT)
concentration for at least 6 mo before initiation of treat-
ment, and a liver biopsy specimen taken in the preceding
6 mo of study entry showing chronic hepatitis. Patients
were excluded when they suffered from any of the follow-
ing conditions: decompensated liver disease, other causes
of liver disease such as hepatitis B infection, autoimmune
disorders, hemoglobin value < 11 g/dL, white blood cell
count < 3/nL, thrombocytopenia < 70/nl, neoplastic
disease, severe cardiac disease, other severe concurrent dis-
eases such as preexisting psychiatric conditions, and preg-
nancy or lactation. Informed consent was obtained from
all patients enrolled in the study after a thorough explana-
tion of the aims, risks and benefits of this therapy.

Study design

This randomized trial was conducted between January
2001 and December 2003 at 13 hospitals in Gunma, Ja-
pan. Eligible patients were randomly assigned to two study
treatment groups with a ratio of 1:1 without stratification.
Patients who met the entry criteria were randomly allo-
cated into one of the two groups. The first group (triple
therapy group) received oral triple therapy of 75 mg po-
laprezinc twice daily (Plomac; Zeria Pharmaceutical Co.,
Tokyo, Japan), IFN-alpha-2b (Intron A; Schering-Plough,
Tokyo), and 600 mg or 800 mg ribavirin per day adjusted
according to body weight (600 mg for weight below 60
kg and 800 mg for weight =60 kg) for 24 wk. The sec-
ond group (dual therapy group) received combination
therapy of IFN-alpha-2b and ribavirin at doses similar to
those listed above, but no zinc supplementation. Since 75
milligrams of polaprezinc contained 17 mg of zinc, the
patients received 34 mg of zinc per day. All patients were
intramuscularly injected with 10 million units of IFN every
day for 4 wk followed by three times a week for 20 wk. Pa-
tients were followed-up for another 24 wk after the treat-
ment, i.e., until week 48.

The response to treatment was assessed as follows.
Sustained virological response (SVR) was defined as unde-
tectable HCV RNA in serum at the end of follow-up by
analysis with Ampliform HCV version 2 with a lower limit
of detection of 100 copies/mL. Analyses were performed
in all patients who were randomized to one of the treat-
ment groups. All the other patients whose HCV-RNA was
positive 24 wk after the treatment were classified as non-
responders.

Histopathological examination of liver

In all patients, a liver biopsy was performed in the preced-
ing 6 mo before therapy. Hepatic inflammation (grade) and
fibrosis (stage) were assessed by the semiquantitative his-
tological score proposed by Scheuer'” and Desmet ez a/'”.
Portal/periportal inflammatory activity, lobular inflamma-
tory activity and degenerative liver cell changes were scored
using a scale of 0 to 3 for the criterion of inflammatory
activity (1: mild, 2: moderate, 3: severe). The degree of fi-
brosis was scored using a scale of 0 to 4 (0: absent, 1: mild
without septa, 2: moderate with a few septa, 3: numerous
septa without cirrhosis, 4: cirrhosis).
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Triple therapy Dual therapy P value
group group
Demography
Male/Female 24/26 38/14 0.015"
Age’ (yr) 57423 (27-69)  53.849.8 (23-70) NS
Body weight® (kg) 60.5+9.8 (35-93)  63.5+12.4 (35-93) NS
BMT' (kg/m2) 235431 234421 NS?
Naive/Retreatment 34/15 40/11 NS'
Biochemistry
HCV RNA (kcopy/mL) 700 (100-1490) 720 (110-2310) NS
ALT* (U/L) 95.6+61.1 97.4+59.8 NS>
Ferritin® 216.8+244.4 214+139.6 NS*
Serum zinc® (pg/dL) 73.3+20.3 69.8+17.2 NS
Histopathology
F0/1/2/3/4 3/12/23/10/1  1/20/15/13/1  NS!
A1/2/3 26/20/2 20/24/5 NS'

"Data are mean + SE and (range).
! Fisher’s exact test. > Wilcoxon
NS, not significant.

Statistical analysis

Chi-square test and Fisher’s exact test (two-tailed) for fre-
quency tables were used for statistical analysis. A logistic
multiple regression model was used to examine relation-
ships between baseline clinical characteristics and the bi-
nary outcome of response to therapy. Each variable was
transformed into categorical data consisting of two simple
ordinal numbers for the logistic multiple regression model.
Variable selection was an important step in characterizing
prognostic relations and identifying variables most strongly
related to the outcome. The final model was then obtained
by fitting only the main effect terms. P<0.05 (two-sided)
was considered statistically significant. Statistical analyses
were conducted by the StatView 5.0 and SAS version 8.2
statistical analysis packages.

RESULTS

Response to treatment

We recruited 102 patients with genotype 1b and more than
100 KIU/mL of HCV-RNA who met the predefined in-
clusion and exclusion criteria. The clinical background of
the two treatment groups was not different except for gen-
der (Table 1).

Twenty-four patients dropped out because of side ef-
fects and inability of follow-up due to unknown reasons.
Thus, 78 patients including 39 patients on triple therapy
and 39 who did not receive zinc supplementation wete the
subjects of this study (Figure 1). At the end of the study
(48 wk), the SVR rate was 33.3% (13/39) in both the dual
therapy and triple therapy groups (Figure 2). One week
after the beginning of treatment, the viral disappearance
rate in the triple therapy group (20.0% [5/25]) was not
significantly different from that in the dual therapy group
(10.3% [3/29]). Four weeks after the beginning of treat-
ment, the viral disappearance rate in the triple therapy
group was 69.7% (23/33), which was not significantly dif-
ferent from that in the dual therapy group (57.1% [16/28]).
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enrolled group 39 Variable Odds ratio  95%ClI P-value
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Figure 2 Rates of sustained virological response (SVR) to dual and triple
therapies. Zinc supplementation had no significant effect on SVR.

HCV RNA
(kcopy/mL)

Triple therapy group Dual therapy group

iwk 4wk 24wk 48wk 1wk 4wk 24wk 48wk

>500 1/17 13/21 21/26 5/26 1/20 10/20 25/26 7/26
59% 61.9% 692% 192% 5.0% 50.0% 962% 26.9%

NS NS NS NS

100-499 4/8 10/12 13/13 8/13 2/9 6/8 13/13 6/13
50.0% 833% 100% 61.5% 222% 75.0% 100% 46.2%

NS NS NS NS
All patients  5/25 23/33 34/39 13/39 3/29 16/28 38/39 13/39
20.0% 69.7% 87.2% 33.3% 103% 57.1% 97.4% 33.3%

NS NS NS NS

Fisher’s exact test. NS, not significant.

While there were no significant differences between the
two groups, patients of the triple therapy group tended to
show an earlier decrease of the viral load compared to the
dual therapy group (Table 2).

With regard to HCV-RNA load in the serum, the SVR
rate of patients with HCV-RNA between 100 and 499
KIU/mL was 64.3% (8/13) in the triple therapy group,
which was not different from that in the dual therapy
group (46.2% [6/13]). Similatly, the SVR rate of patients
with HCV-RNA >500 KIU/mL was not significantly dif-
ferent between the triple therapy and dual therapy groups

CI: confidence interval

Triple therapy group Dual therapy group

Fever 35 (89.7) 38 (97.4) NS
Anorexia 26 (66.7) 25 (64.1) NS
Fatigue 24 (61.5) 22 (59.0) NS
Arthralgia 20 (51.3) 18 (46.1) NS
Eczema 16 (41.0) 13 (33.3) NS
Nausea 14 (35.9) 13 (33.3) NS
Abdominal discomfort 8 (20.5) 18 (46.2) P<0.019
Stomatitis 13 (33.3) 12 (30.8) NS
Headache 11 (28.2) 14 (35.9) NS
Hair loss 12 (30.8) 7 (17.9) NS
Psychosomatic 3(7.7) 1(2.6) NS

Fisher’s exact test. NS, not significant.

(5/26 [19.2%)] and 7/26 [26.9%], respectively).

Factors associated with sustained virological response

A logistic multiple regression model was used for statisti-
cal analysis including HCV-RNA, body weight and pre-
treatment platelet count. The analysis identified HCV-
RNA level as a significant determinant of SVR when data
of both groups were pooled together (Table 3).

Adverse effects

The side effects of the treatment were almost the same in
both groups, including flu-like symptoms, mild reduction
in hemoglobin, mild thrombocytopenia and leukopenia
(Tables 4 and 5). The number of dropouts due to adverse
effects was similar in the two groups (11 of 50 in the zinc
group and 13 of 52 in the control group). The main rea-
sons for dropout were anemia, fatigue, appetite loss and
psychosomatic complaints (Table 6). The treatment pro-
tocol did not correlate significantly with the number of
cases with adverse effects listed in Tables 4 - 6 except for
abdominal discomfort. Fewer patients of the triple therapy
group developed this side effect than those of the other
group (P=0.019, Table 4).

DISCUSSION

The metabolism of trace elements is distorted in chronic
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Triple therapy group Dual therapy group

Decrease in WBC (<2 000 pL) 5 5 NS
(<1500 pL) 1 0 NS

Decrease in hemoglobin (>10 g/dL) 13 14 NS
(>8.5g/dL) 8 4 NS

Decrease in platelet count (<50 000 pL) 1 3 NS
IFN dose reduction 9 10 NS
Ribavirin dose reduction 15 17 NS

Fisher’s exact test. NS, not significant.

liver disease”. We have previously reported that zinc de-
ficiency in patients with chronic HCV can be improved
by treatment with IFN"™. In our previous pilot study, the
beneficial effects of combined treatment of zinc and IFN
have been confirmed with regard to both eradication of
the virus and lowering or normalization of ALT™.

In view of the clinical background of patients before
treatment, the number of female patients in our study
was greater than that of male patients in the triple therapy
group, but univariate analysis did not reveal a significant
sex difference in the effect of treatment.

Although patients on triple therapy showed early dis-
appearance of HCV-RNA, the results 24 wk after the
treatment showed no overall beneficial effect of zinc
supplementation and are similar to those of previous re-
ports“SJ. Furthermore, the triple therapy tended to have
the same beneficial effects of IFN + ribavirin dual therapy
in patients with moderate viral load (between 100 and 499
KIU/mL). It is possible that longer treatment (more than
24 wk) and perhaps higher dosages of IFN and ribavitin
may produce different results. Based on the adverse effects
of the treatment, the only advantage of the triple therapy
is the significantly lower incidence of abdominal discom-
fort compared to the dual therapy.

Polaprezing, a synthetic agent, N- (3-aminopropionyl)-
L-histidinate zinc, is a chelating compound for ulcer heal-
ing and has been used experimentally to prevent gastric
ulceration in rats as well as clinically as an antipeptic ulcer
drug"™®. Zinc present in the orally administered polapre-
zinc is absorbed, leading to a rise in serum concentration
of zinc™. In this respect, absorption of polaprezinc is
more favorable than other zinc-containing detivatives such
as zinc sulfate™ . While the dose of polaprezinc could in-
crease serum zinc concentration and possibly improve the
SVR, caution should be exercised with regard to the side
effects of higher doses of polaprezinc, as it is known to
induce abdominal discomfort in some patients (personal
communication).

In conclusion, 24-wk zinc supplementation has no ad-
ditive effect on the anti-HCV dual therapy of 1FN-alpha-2
and ribavirin, apart from reducing the incidence of ab-
dominal discomfort.
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Causes Triple therapy group Dual therapy group
Anemia 2 3 NS
Psychosomatic 3 4 NS
Anorexia & Fatigue 2 8 NS
HcC! 1 0 NS
Dizziness 0 1 NS
Lost to follow-up 3 2 NS
Total 11 13 NS

Fisher’s exact test. NS, not significant.
"Hepatocellular carcinoma was detected during the treatment.
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