M. Yano et al.: Iron reduction therapy for chronic hepatitis C

somal iron stores in hepatocytes.'® The remarkable
reduction in the servm levels of ALT activity by phle-
botomy suggests that iron-induced oxidative stress is
involved in the pathogenesis of CHC. Over the last few
years, evidence has accumulated indicating that free
radicals and subsequent lipid peroxidation play an im-
portant role in CHC."" Individuals infected with HCV
may be sensitive to iron-induced oxidative stress, which
is regulated qualitatively by the ferrous ion. Since a
report from Japan,” trials have been performed in
Europe and the United States to test whether iron re-
duction therapy enhances the 1FN effects on viral clear-
ance.'®? It is generally agreed that iron reduction
improves the biochemical parameters of CHC, but
there is some controversy as to whether IFN treatment
following iron reduction therapy enhances viral clear-
ance. Unfortunately, phlebotomy for CHC is not autho-
rized in Japan because of the lack of control studies on
Japanese patients. Therefore, this multicenter, prospec-
tive, randomized, controlled trial was performed on
Japanese patients nationwide.

Materials and methods

Laboratory tests

Laboratory tests included serum ALT activities, albu-
min concentration, and complete blood counts, includ-
ing hemoglobin, using standard automated analyzers.
The serum ferritin levels were measured by
enzyme immunoassay. Quantitative detection of HCV-
RNA was performed by Amplicor monitor HCV assay
(Roche Diagnostic Systems, Basel, Switzerland). Blood
tests were performed monthly in the control group and
biweekly in the phlebotomy group. Blood for tests was
drawn just before phlebotomy was performed each
tine.

Patients

All patients were positive for circulating HCV-RNA
and had abnormal serum ALT activities at entry.
Exclusion criteria at entry were (1) previous antiviral or
immunosuppression therapy within 6 months; (2) dec-
ompensated liver cirrhosis; (3) laboratory values below
the following: (a) hemoglobin concentration 13.0g/d]
for males and 11.0g/d] for females, (b) platelet count
70000/mm?, (c} serum albumin 3.7 g/dl; (4) severe com-
plications such as renal, cardiac, pulmonary, or hemato-
logical disease; and (5) pregnancy. From October 2000
to March 2002, 67 patients {44 males and 23 females)
who consented to the phlebotomy protocol entered the
study. They were randomized into phlebotomy and con-
trol groups.

M

Iron reduction protocol

In the phlebotomy group, 22 patients underwent treat-
ment by standard methods, i.e., ursodeoxycholic acid
(UDCA) and/or Stronger Neo-Minophagen C (SNMC)
for more than 3 months before entry, 10 by UDCA, 4 by
SNMC, and 8 by both. Similarly, in the control group, 19
patients underwent treatment by these methods for
more than 3 months, 10 by UDCA, 1 by SNMC, and 8
by both. These treatments were continued during the
study period with the same doses and intervals as during
the prestudy period. The patients in the treatment
group received 3-month iron reduction therapy by phle-
botomy, while those in the control group were followed
up for 3 months with monthly blood tests. Phlebotomy
of 200ml in volume for the female patients less than
50kg in body weight or 400ml for other patients was
repeated biweekly until the serum ferritin level reached
the endpoint of 10ng/ml, which is recognized as the
level indicating a subclinical iron-deficient state. When
the hemoglobin level fell below 10g/d], phlebotomy
was discontinued until recovery of the anemia via
erythropoiesis.

Ethics

This study was approved by the ethics committees of
each institute and all patients provided written in-
formed consent to participate.

Statistics

Data are expressed as means = SD. Statistical analyses
were performed using StatView 4.0 (Abacus Concepts,
Berkeley, CA, USA). P < (.05 was taken to indicate
significance. Continuous variables were analyzed using
the unpaired or paired two-tailed t test. Binary variables
were analyzed using the ? test and Fisher’s exact test.

Results

Effects

Thirty-three patients completed the 3-month treatment,
while 29 patients underwent the complete follow-up for
3 months. There were no differences in patient back-
ground between the treatment and control groups
(Table 1). The blood volume drawn from the treated
patients over 3 months was 1780 * 680ml. The serum
ALT levels were reduced from 118 = 79 to 73 = 391U/
| in the treatment group, but did not change in the
control group (106 + 45 versus 107 = 481UA). Post-
treatment enzyme activity was decreased significantly
from the baseline (paired t test, P < 0.01). Furthermore,
it was lower than the 3-month control level (unpaired t
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test, P < 0.01). HCV-RNA levels did not change in
either group (557 = 413 versus 608 * 443, treatment
group; 434 * 314 versus 471 % 336, contro} group).

The endpoint of a serum ferritin level of 10ng/ml,
which is recognized as a level indicating a subclinical
iron-deficient state, was reached within 3 months in 8 of
the 33 treated patients. A comparison between the 8
patients who achieved iron reduction to the subclinical
iron-deficient state and the 25 patients who did not is
summarized in Table 2. Low serum ferritin concentra-
tion was the only predictor of achieving iron depletion
in 3 months. The pretreatment serum ferritin levels of
patients who achieved iron reduction were lower than
those of patients who did not achieve iron reduction
(129 = 78 versus 309 * 173 ng/ml, unpaired t test, P <
0.01). Similar to the posttreatment serum ferritin levels,
the posttreatment serum ALT activity and hemoglobin
concentration and the blood volume removed differed
between the two groups (51 + 17 versus 81 * 411U/ for
ALT, P < (.01; 11.4 = 1.5 versus 13.3 = 1.3g/d] for
hemoglobin, P < 0.05; 1300 + 500 versus 1900 = 700ml
for blood, P < 0.05).

Table 1. Clinical parameters in the phlebotomy and control
groups

Phlebotomy  Control P value

Number of patients 33 29

Age (years) 56 = 11 57+12 0.50
Gender (M/F) 2112 20/9 0.66
Hb (g/d1) 14712 144*12 0.55
ALT (Tunmy 116 = 79 106 + 45 0.61
Ferritin {ng/ml) 256 = 173 290 * 214 0.35
HCV-RNA (KIU/ml) 557 + 413 434 * 314 0.43

There were no differences between the two groups for any parameter
ALT, alanine aminotransferase; HCV, hepatitis C virus

M. Yano et al.: Iron reduction therapy for chronic hepatitis C

Side effects

Five patients withdrew from the study, three in the
treatment group (all males; 37, 61, and 72 years old) and
two in the control group (both females, 51 and 78 years
old), because of the patient’s noncompliance, namely,
failure to regularly visit the hospital. None of them was
affected by any side effect of repeated phlebotomy that
required them to discontinue the study. One patient
experienced vagal refiex with transient faintness, brady-
cardia, and systolic blood pressure of 80mmHg that
responded promptly to a drip infusion of saline.

ALT (IU/L)
200, * p<001
** p<0.01

160+
1204

*
80

404

] ok

0 T L T Ll T T

0 1 2 3
Months

d

Fig. 1. Changes in serum alanine aminotransferase (ALT)
levels in the 3-month treatment. The serum levels of ALT
were reduced significantly by the 3-month iron reduction
therapy (@—®; 118 x 79 to 73 = 391U/1), but did not change
throughout the observation period of 3 months (H—I; 106 +
45 vs. 107 * 48TUM). The post-treatment level differed not
only from the baseline level (*, paired { test, P < 0.01), but also
from the post-3-month level of the control group (**, unpaired
£test, P < 0.01)

Table 2. Comparisons between the groups of treated patients that achieved or did not

achieve iron reduction

Achieved Did not achieve P value
Number of patients 8
Age (years) 56 12 57+ 11 0.83
Gender (M/F) 4/4 17/8 0.36
Pretreatment
Hemoglobin (g/dl) 14012 149 £ 1.1 0.13
ALT (TUN) 9779 122 + 79 045
Ferritin (ng/ml) 129 = 78 309 = 173 0.009
After 3 months of treatment
Hemoglobin (g/dl) 114+ 15 13313 0.003
ALT (IUN) 51 17 81 *+ 41 0.049
Ferritin {(ng/ml) 80*17 53 %351 0.019
Blood removed (ml) 1300 = 500 1900 = 700 0.043
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Discussion

This multicenter, prospective, controlled trial in Japa-
nese patients confirmed the results of pilot studies
showing that body iron removal by phlebotomy induces
an improvement in the serum ALT activity in CHC.%10
In this study, many patients had preexisting treatments,
i.e., UDCA and/or SNMC. The proportion of such pa-
tients was not different in the two groups, and the treat-
ments were continued during the study period with the
same doses and intervals as during the prestudy period
in both groups. The likelihood that these treatments
modified the serum ALT levels in the phlebotomy
group was very low because the treatments were also
continued in the control group, in which ALT levels did
not change.

Since the initial report from Japan," there have been
many other reports demonstrating that iron removal
from patients with CHC as a premedication before IFN
treatment provides biochemical benefits, ' Most of
the studies, however, were on Caucasian patients,
who have different genetic and nutritional factors than
Asian patients. For example, 5%-10% of Caucasian
individuals are heterozygous for C282Y, a major muta-
tion of HFE, the primary hemochromatosis gene.?! In
contrast, the mutation is very rare in Asian populations,
including Japanese.?? Furthermore, in studies in which
the effect of IFN alone was compared with that of
postiron reduction IFN, the first phase of iron reduction
before IEN was not controlled sufficiently. Considering
the fact that most patients with CHC have fatty meta-
morphosis® and are highly predisposed to diabetes mel-
litus, %7 a prospectively designed controlled study may
be required to evaluate iron reduction therapy. In fact,
dietary iron restriction alone or combined nutritional
therapy with a low-calorie diet improves the biochemi-
cal parameters of CHC patients. % The present, pro-
spective, controlled trial definitively showed that iron
reduction therapy per se may have significant potential
to improve the biochemical parameters of CHC pa-
tients, regardless of the genetic background of iron
overload disorders or calorie intake.

This study also demonstrated that the treatment pe-
riod is critical for obtaining the maximum effect of iron
reduction therapy. An endpoint of 10ng/ml of serum
ferritin induces mild iron deficiency anemia in most
patients with CHC, in whom high iron bioavailability is
highly required for stimulated erythropoiesis, resulting
in effective elimination of the available precursor ele-
ment for free radical generation. Higher posttreatment
levels of serum ALT were found in the subgroup of
patients with higher ferritin levels and higher hemoglo-
bin concentrations, We designated these patients as a
group that did not achieve iron reduction: they did not
suffer intolerable side effects, but could not attain an
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iron-deficient state due to the short-term treatment pe-
riod and a larger amount of iron accumulation in the
liver before the treatment period. We expect that a
longer treatment period for this group would result in a
similar effect to that in the group that achieved iron
reduction.

A S-years iron-reduction treatment induced an ap-
parent slowdown in the histological progression of
14 patients with CHC.* Another long-term combina-
tion therapy consisting of iron reduction and a low-iron
diet not only suppressed the histological progression
but also normalized the hepatic 8-hydroxy-2'-
deoxyguanosine levels, which might be related to sup-
pression of the malignant change to hepatocellular
carcinoma in treated patients.? In these long-term stud-
ies of iron reduction therapy there were no major side
effects requiring special medical attention. Long-term
phlebotomy in elderly patients without disorders of
other organs is generally considered to be safe based on
these results and the experience with therapies for
hemochromatosis,

The repeated phlebotomy applied here for CHC has
been a standard treatment for hemochromatosis.®? In
hemochromatosis, a large amount of iron can be re-
moved safely by phlebotomy through the removal of
iron-rich hemoglobin, provided that the procedure is
performed postprandially in a supine position. This pos-
ture avoids either faintness in a vagotonic individual or
peripheral circulation collapse. Almost all our patients
tolerated the iron reduction therapy as well as hemo-
chromatosis patients. Although not noted in similarly
treated of hemochromatosis patients, iron depletion in
CHC patients induced a remarkable reduction in the
serum ALT levels. Therefore, when a patient is found to
have an active form of CHC, iron reduction therapy
should be recommended as an alternative to antiviral
agents.” Once iron reduction therapy for CHC is autho-
rized in Japan, great benefit might be provided for pa-
tients who need adjuvant therapy other than IFN.

During this study, a nurse was accidentally pricked
with a needle while drawing HCV-RNA-positive blood.
Six months follow-up failed to detect any biochemical
abnormality suggesting the onset of acute hepatitis.
HCV-positive blood is infectious, and caution is re-
quired during all medical procedures. Medical staff
should be fully aware of the potential risks.
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