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Several studies have suggested that lactoferrin administration may
decrease the serum level of hepatitis C virus (HCV) RNA in patients
with chronic hepatitis C. The aim of the present study was to confirm
the efficacy of orally administered bovine lactoferrin (bLF) in patients
with chronic hepatitis C. The patients with chronic hepatitis C
randomly received either oral bLF at a dose of 1.8 g daily for
12 weeks, or an oral placebo. The primary endpoint was the virologic
response, defined as a 50% or greater decrease in serum HCV RNA
level at 12 weeks compared with the baseline. The secondary endpoint
was the biochemical response, which was defined as a 50% or
greater decrease in the serum alanine aminotransferase (ALT) level
at 12 weeks compared with the baseline. One hundred and ninety-
eight of 199 patients were evaluable for efficacy and safety. bLF
treatment was well tolerated and no serious toxicities were
observed. A virologic response was achieved in 14 of 97 patients
(14.4%) in the bLF group, and 19 of 101 (18.8%) in the placebo
group. There was no significant difference in virologic response
rates between the two groups (−−−−4.4%, 95% confidence interval
−−−−14.8, 6.1). In addition, bLF intake did not have any favorable effect
on the serum ALT level. The virologic responses were not different
between two groups in any subgroup analysis. In conclusion, orally
administered bLF does not demonstrate any significant efficacy in
patients with chronic hepatitis C. (Cancer Sci 2006; 97: 1105–1110)

Hepatitis C virus is a leading cause of chronic liver disease
in Japan, and nearly two million people are estimated to be

infected.(1) It is well known that HCV infection frequently
causes chronic hepatitis, and that chronic hepatitis eventually
progresses to liver cirrhosis and HCC approximately 30 years
after HCV infection.(2) In Japan, more than 30 000 people die of
HCC annually, and approximately 80% of HCC patients are
infected with HCV.(3) Therefore, effective anti-HCV therapy is
necessary to reduce the number of patients suffering from cirrhosis
or HCC. To date, interferon-based therapy is the only effective
treatment used clinically for chronic hepatitis C. A sustained complete
virologic response (loss of detectable serum HCV RNA) occurs
in 15–20% of patients with chronic hepatitis C after interferon
therapy.(4) Moreover, recent studies have demonstrated that interferon
with ribavirin or peginterferon with ribavirin improves the
sustained complete virologic response rate by up to 40–50%.(5,6)

However, because more than half of patients do not respond to
interferon therapy, and because interferon therapy sometimes
induces strong adverse effects, further developments in the treatment
of chronic hepatitis C are required.

Lactoferrin, a member of the transferrin family of iron-
binding glycoproteins, is present mainly in breast milk and other
exocrine secretions. Several biological activities of lactoferrin
have been demonstrated, including regulation of iron absorption
in the intestine and modulation of immunoreactions.(7) Lactofer-
rin also plays an important role in human innate defense mecha-
nisms against bacteria, fungi and viruses.(8) In vitro studies to date
have shown that lactoferrin has antiviral effects against human
immunodeficiency virus-1 and human cytomegalovirus.(9) Recent
experimental studies have suggested that lactoferrin has antiviral
effect against HCV.(10–12) Yi et al. have reported that lactoferrin
binds to HCV envelope proteins in vitro.(10) Ikeda et al. have
reported that lactoferrin prevents HCV infection in cultured
human hepatocytes, and suggested that the anti-HCV activity of
lactoferrin might be related to its direct binding to viral sur-
faces.(11,12) In addition, recent clinical studies have demonstrated
the potential efficacy of lactoferrin against chronic hepatitis
C.(13,14) Tanaka et al. reported that 8-week oral administration of
bLF at a dose of 1.8 or 3.6 g/day decreased the serum level of
HCV RNA markedly in three of four patients with a low pre-
treatment HCV RNA level (<100 Kcopy/mL).(13) Iwasa et al.
administered bLF (3.6 g/day) orally to 15 patients with high
viral loads (≥100 KIU/mL), and reported that the mean serum
HCV RNA level decreased significantly from 1106 KIU/mL at
entry to 612 KIU/mL after 6 months of treatment (P < 0.01).(14)

Based on these promising findings, we planned to investigate
the efficacy of orally administered bLF in patients with chronic
hepatitis C. First, we conducted a dose-finding study in 45
patients with chronic hepatitis C.(15) In that study, three dose lev-
els of bLF (1.8, 3.6 and 7.2 g/day) were scheduled, and 15
patients at each dose level received the determined dose of bLF
for 8 weeks. bLF treatment was well tolerated up to 7.2 g/day,
and no serious adverse events were observed. Although no rela-
tionship between bLF dose and efficacy was recognized, a 50%
or greater decrease in the serum HCV RNA level was seen in
four of 45 patients (8.9%). Furthermore, the HCV RNA level
was decreased by 50% or more in eight patients (17.8%) at
week 8 after the end of treatment. These results encouraged us
to conduct further investigations, and the present randomized
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trial was designed to clarify the anti-HCV activity of bLF in
patients with chronic hepatitis C.

Patients and Methods

Patients. Each patient was required to meet the following
eligibility criteria: 20–74 years of age; positivity for anti-HCV
antibody; an HCV RNA level of 0.5–850 KIU/mL evaluated within
1 month before entry; a sustained elevation of serum ALT level
for at least 6 months; a serum ALT level of at least twice the
upper normal limit evaluated within 1 month before entry; no
evidence of HCC on the basis of ultrasonography or computed
tomography carried out within 3 months before entry; and adequate
bone marrow function (white blood cell count ≥ 4000/mm3,
platelet count ≥ 100 000/mm3, and hemoglobin level ≥ 11 g/dL),
liver function (total bilirubin level ≥ 2.0 mg/dL, serum albumin
level ≥ 3.5 g/dL, and serum aspartate aminotransferase and ALT
level ≥ 200 IU/L) and renal function (normal serum creatinine
and blood urea nitrogen levels).

The exclusion criteria were: positivity for hepatitis B surface
antigen; interferon therapy within 6 months before entry; immuno-
modulatory or corticosteroid therapy within 3 months before
entry; intravenous glycyrrhizin therapy within 1 month before
entry; past or present history of bLF tablet intake; pregnant or
lactating females; severe hepatic disease (e.g. autoimmune
hepatitis and primary biliary cirrhosis); other serious medical
conditions (e.g. gastrointestinal bleeding, active infection,
severe pulmonary disease and psychiatric disorders).

Methods. This double-blind, placebo-controlled phase III trial
was conducted at 11 centers in Japan. The study was approved
by the institutional review board at each center, and all the
participants provided written informed consent. Eligible participants
were assigned randomly to one of two treatment groups in equal
proportions using permutation blocks stratified by centers. A
randomization list was drawn up using the SAS random number
generator at the data center (Quintiles Transnational Japan K. K.
Tokyo, Japan). The treatments consisted of bLF at a dose of 1.8 g/day
or a placebo, administered orally twice daily for 12 weeks. In the
current study, bLF at 1.8 g/day was selected on the basis of the
previous dose-finding study, which indicated that there was no
significant relationship between bLF dose (range, 1.8–7.2 g/day)
and anti-HCV activity.(15) After the treatment allocation, the
data center sent a numbered container of bLF or placebo tablets
to a participant. During treatment, combined use of interferon,
immunomodulatory therapy, corticosteroid and intravenous
glycyrrhizin was prohibited. bLF (450 mg/tablet) and placebo
tablets were provided by Morinaga Milk Industries (Tokyo, Japan).

In the current study, we tested the hypothesis that oral admin-
istration of bLF would: (1) reduce the serum HCV RNA level;
and (2) reduce the serum ALT level in patients with chronic hep-
atitis C. In addition, we investigated the influence of orally
administered bLF on systemic immune response in a small
group of participants. The participants were evaluated every
4 weeks as outpatients until 4 weeks after completion of treat-
ment. Serum HCV RNA level and serum ALT level were meas-
ured before treatment, during treatment at weeks 4, 8 and 12,
and at 4 weeks after treatment. Serum HCV RNA level was
determined by reverse transcription–polymerase chain reaction
using the Amplicor-HCV monitor V 2.0 kit with a sensitivity of
0.5 KIU/mL (Roche Diagnostics, Tokyo, Japan). Anti-HCV
antibody was determined by chemiluminescent enzyme immu-
noassay (Ortho-Clinical Diagnostics, Tokyo, Japan). HCV sero-
typing was carried out as described previously.(16) HCV serotype
1 corresponds to genotypes 1a and 1b of the Simmonds classifi-
cation, and HCV serotype 2 corresponds to genotypes 2a and
2b.(17) Serum concentration of IL-18 was measured in partici-
pants at two institutions (National Cancer Center Hospital and
Osaka Red Cross Hospital), and the percentage of CD4+, CD8+,

CD16+ and CD56+ peripheral blood lymphocytes was measured
in participants at the National Cancer Center Hospital. IL-18
and all lymphocytes were measured before treatment, during
treatment at weeks 4, 8 and 12, and at 4 weeks after completion
of treatment. Serum concentration of IL-18 was assayed with a
human IL-18 enzyme-linked immunosorbent assay kit (Medical
and Biological Laboratories, Nagoya, Japan). Lymphocyte surface
phenotypes of CD4, CD8, CD16 and CD56 were determined by
flow cytometry.

Adverse events were graded for severity according to the
Japan Society for Cancer Therapy criteria,(18) which are similar to
the National Cancer Institute Common Toxicity criteria. During
treatment, participants were asked to record in a daily journal
both compliance and any adverse events they experienced.

Assessment of efficacy and statistical analysis. Analyses were car-
ried out on an intention to treat basis. The primary endpoint
was a virologic response. In the current study, we defined a
virologic response as a 50% or greater decrease in the serum
HCV RNA level at 12 weeks compared with the baseline.
Secondary endpoints were a biochemical response, as were
changes in serum HCV RNA level and serum ALT level. If the
serum ALT level at 12 weeks showed both a ≥50% decrease
compared with the baseline and was ≤ twice the upper normal
limit, we considered it a biochemical response. Response rate
was calculated as the number of responders divided by the total
number in each group. Participants whose HCV RNA (or ALT)
data at 12 weeks were missing were included only in the
denominator. Change in HCV RNA level (or ALT level) was
calculated as the logarithm of the HCV RNA level (or ALT
level) at 12 weeks minus the logarithm of these at the baseline.
Differences in the virologic or biochemical response rates
between two groups were analyzed using a test for the
difference between two proportions. Differences in the change
in HCV RNA level or ALT level between two groups were
analyzed using a test for the difference between two means. In
addition to the above planned analyses, subgroup analyses for
virologic response were carried out based on pretreatment variables
including age, serum HCV RNA level and HCV serotype. In a
small group of participants, change in the serum concentration
of IL-18 and changes in the percentage of CD4+, CD8+, CD16+

and CD56+ peripheral blood lymphocytes during the study period
were investigated. Analyses were carried out using JMP4.0 and
PC SAS Release v.8.02 (SAS Institute Japan Ltd, Tokyo, Japan).
All P-values are two-tailed, and differences at P < 0.05 were
regarded as statistically significant.

We estimated that a total of 250 participants would be the
maximum to enroll for a 2-year enrollment period. Subsequent
power analysis revealed that 125 participants per group would
have 75% power to detect a 10% difference in the virologic
response rate (15 vs 5%) at the 5% level of significance. An
interim analysis by the independent data monitoring committee
was planned after the first 125 participants had been enrolled.
All trial personnel and participants were blinded to treatment
assignment for the duration of the trial. Only the trial statistician
and the independent data monitoring committee saw unblinded
data. In the interim analysis of the primary endpoint, the O’Brien–
Fleming method was used.(19)

Results

Patients. Enrollment began at seven institutions in April 2001.
Because 250 participants were not enrolled for the 2 years
planned originally, we extended the registration period for one
more year and increased the number of participating institutions
from seven to 11. An interim analysis was carried out in March
2004 with the data from the first 125 participants. Because the
results of the interim analysis indicated that it was highly
unlikely that a significant difference in treatment efficacy between
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the two groups would be observed with the planned full
enrollment of 250 participants, the data monitoring committee
recommended discontinuation of further enrollment. Therefore,
enrollment was stopped on 31 March 2004, at which point 199
participants had been enrolled. Because one patient refused to
participate in the study before randomization, efficacy and safety
were analyzed in the remaining 198 participants (97 bLF and
101 placebo) (Fig. 1). Although three participants in the bLF
group discontinued treatment for reasons other than an adverse
event, the remaining 195 participants completed the scheduled
12 weeks of treatment. The baseline characteristics of the 198
participants are shown in Table 1. There was no significant
difference between the bLF and placebo groups regarding the
pretreatment characteristics including age, sex, serum ALT level and
serum HCV RNA level.

Virologic efficacy. Virologic response, the primary endpoint,
was assessed in all 198 participants who received at least one
dose of treatment. Virologic response was observed in 14 of 97
participants (14.4%) in the bLF group, and in 19 of 101 (18.8%)
in the placebo group (Table 2). No complete virologic response
(loss of detectable serum HCV RNA) was seen in either of the
groups. There was no significant difference in the virologic
response rate with bLF treatment in comparison with the
placebo (−4.4%, 95% CI −14.8, 6.1). Change in the HCV RNA
level at 12 weeks compared with the baseline was assessed in
190 participants (93 bLF group, 97 placebo group), excluding
eight participants for whom HCV RNA data at 12 weeks were
lacking. The change in the mean logarithm of the HCV RNA
level was −0.09 in the bLF group and −0.09 in the placebo
group, indicating no significant difference between the groups
(P = 1.00).

Biochemical efficacy. Biochemical response was assessed in
198 participants. Biochemical response was seen in six of 97
participants (6.2%) in the bLF group, and in four of 101

participants (4.0%) in the placebo group (Table 2). No signi-
ficant difference in the biochemical response rate was seen
between the groups (2.2%, 95% CI −3.9, 8.3). Change in the
serum AST level was assessed in 192 participants (93 bLF
group, 99 placebo group), excluding six participants for whom
ALT data at 12 weeks were lacking. The change in the mean
logarithm of the ALT level was −0.085 in the bLF group and −
0.080 in the placebo group, indicating no significant difference
(P = 0.93).

Subgroup analysis. The rates of virologic response with respect
to pretreatment variables are presented in Table 3. Among
participants with a low HCV RNA level (<100 KIU/mL), the
virologic response rate was 29.4% in the bLF group and 15.4%
in the placebo group, indicating no significant difference
between the groups (14.0%, 95% CI −15.2, 43.2). The virologic
responses were also not different between two groups in other
subgroup analyses such as age, sex and HCV serotype.

Analysis of IL-18 and lymphocytes. The serum concentration of
IL-18 was measured in 73 participants enrolled at the National
Cancer Center Hospital and Osaka Red Cross Hospital (36 bLF,
37 placebo). Figure 2 shows the changes in the mean IL-18
levels in the bLF group and placebo group. The mean IL-18
levels in the bLF and placebo groups were 293.9 pg/mL and
309.9 pg/dL at the baseline and 280.7 pg/mL and 291.5 pg/mL at
12 weeks, respectively. The corresponding changes in the mean
IL-18 level at 12 weeks were −14.5 pg/mL and −15.9 pg/mL,
respectively, indicating no significant difference between the
groups (P = 0.91). Similarly, there were no significant differences
between the groups at any other points during the study period.
The percentage of lymphocyte was measured in 46 participants
at the National Cancer Center Hospital (bLF 23, placebo 23),
and the results are shown in Fig. 3. The percentage of CD4+,
CD8+, CD16+ and CD56+ peripheral blood lymphocytes remained
almost unchanged throughout the study in both groups, and the
differences between them were not significant.

Safety. Safety was assessed in 198 participants who received
at least one dose of bLF or placebo during the study. The bLF
treatment was well tolerated, and no serious complications
occurred during the treatment. Although minor adverse events
including neutropenia, γ-GTP elevation and hyperglycemia were
observed in participants treated with bLF, their frequency and
intensity did not differ from those in the placebo group. HCC
was detected in one participant in the bLF group and in one
participant in the placebo group during the study period.

Discussion

The present study was carried out to confirm the anti-HCV
activity of orally administered bLF in patients with chronic
hepatitis C. A virologic response (a 50% or greater decrease in
the serum level of HCV RNA at 12 weeks compared with the
baseline) was observed in 14 of 97 participants (14.4%) in the
bLF group, and 19 of 101 (18.8%) in the placebo group,
the difference between the groups being non-significant. The
virologic responses were not different between two groups
in any subgroup analysis. Furthermore, bLF intake did not
have any favorable effect on the serum ALT level. On the basis of
these results, we concluded that orally administered bLF did not
have any efficacy, including anti-HCV activity, in patients with
chronic hepatitis C.

The virologic response rate of 14.4% observed in the bLF
group was somewhat higher than that reported in the previous
dose-finding study,(15) in which four of 45 patients (8.9%)
showed a virologic response at the end of bLF treatment. Nev-
ertheless, the current study failed to demonstrate any anti-HCV
activity of bLF, because a similar virologic response rate to that
in the bLF group was seen in the placebo group. Having
designed this randomized study, we assumed that a virologic

Fig. 1. Flow diagram of participant enrolment.

Table 1. Baseline characteristics of the patients

Characteristic Bovine lactoferrin Placebo

No. patients 97 101
Age (years)† 61 (29–74) 58 (31–74)
Sex (male/female) 53/44 55/46
History of interferon therapy 25 29
ALT level (IU/L)† 91 (41–340) 98 (27–250)
HCV RNA level (KIU/mL)† 378 (8.8–960) 452 (8.0–1560)
HCV serotype (1/2/ND) 78/17/1 76/22/3

†Median (range). ALT, alanine aminotransferase; HCV, hepatitis C virus; 
ND, not determined.
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response rate of around 5% would be seen in the placebo group
due to spontaneous remission of viral activity. However, con-
trary to our expectation, 19 of 101 participants (18.8%) in the
placebo group showed a ≥50% decrease in the HCV RNA level
at 12 weeks, indicating that our assumption was inappropriate.
Our results suggested that in order to assess the reduction of
the HCV RNA level, periodic evaluation would be necessary
to exclude the influence of spontaneous fluctuation of HCV
RNA.

Several experimental studies have suggested that lactoferrin
has some activity against HCV. Yi et al.(10) reported that lactof-
errin binds to the HCV E1 and E2 envelope proteins in vitro,
and Ikeda et al.(11,12) reported that lactoferrin prevents HCV

infection in cultured human hepatocytes. They suggested that
the anti-HCV activity of lactoferrin might be due to a neutraliz-
ing efficacy, in which the administered lactoferrin became
bound directly to the HCV virion, thus inhibiting adsorption of
the HCV-lactoferrin complex into human hepatocytes. There-
fore, intravenous administration of lactoferrin might improve
the viremic state in patients with chronic hepatitis C. However,
for practical application, administration of lactoferrin directly
into blood does not seem to be a suitable approach because
lactoferrin is a large glycoprotein molecule (80 kDa) that may
cause allergic reactions. Therefore, oral administration of bLF
was selected for the present study, even though the metabolism
and mechanism of ingested lactoferrin are yet to be clarified. As
to absorption, it has been reported that intact lactoferrin and its
fragments are present in the urine of human milk-fed preterm
infants.(20) However, in adult rats, lactoferrin and its fragments
are not detectable in portal blood after bLF ingestion,(21) and in
adult humans, the serum lactoferrin level does not increase after
oral administration of recombinant human lactoferrin.(22) How-
ever, several studies have suggested that orally administered
lactoferrin might enhance immune responses via cytokine produc-
tion.(23,24) It has been reported that oral administration of bLF to
mice enhances the production of IL-18 and interferon-γ in the
mucosa of the small intestine, and increases the number of CD4+,
CD8+ and NK cells in the small-intestinal epithelium.(25,26) Varadha-
chary et al. reported that oral administration of recombinant
human lactoferrin to mice stimulates IL-18 production from gut
enterocytes, and augments the NK activity of spleen cells and
production of blood CD8+ cells.(27) Furthermore, a recent clinical
study has demonstrated that oral administration of bLF (0.6 g/
day) for 3 months in 36 patients with chronic hepatitis C
increased the serum IL-18 level significantly compared with the

Table 2. Virologic and biochemical efficacy

Characteristic Bovine Lactoferrin Placebo Difference (95% CI) P-value

Virologic efficacy
Response rate (%) 14.4 18.8 −4.4 (−14.8, 6.1)
Change in HCV RNA level† −0.09 −0.09 1.00

Biochemical efficacy
Response rate (%) 6.2 4.0 2.2 (−3.9, 8.3)
Change in ALT level† −0.085 −0.080 0.93

†Mean logarithm. ALT, alanine aminotransferase; CI, confidence interval; HCV, hepatitis C virus.

Table 3. Virologic response rate as a function of baseline variables

Variable
Bovine lactoferrin (n = 97) Placebo (n = 101) Difference

Response/total % Response/total % % 95% CI

Age
<65 years 12/62 19.4 14/77 18.2 1.2 −11.9, 14.2
≥65 years 2/35 5.7 5/24 20.8 −15.1 −33.1, 2.9

Sex
Male 10/53 18.9 10/55 18.2 0.7 −14.0, 15.3
Female 4/44 9.1 9/46 19.6 −10.5 −24.7, 3.8

ALT level
<100 IU/L 6/57 10.5 7/51 13.7 −3.2 −15.6, 9.2
≥100 IU/L 8/40 20.0 12/50 24.0 −4.0 −21.1, 13.1

HCV RNA level
<100 KIU/mL 5/17 29.4 2/13 15.4  14.0 −15.2, 43.2
≥100 KIU/mL 9/80 11.3 17/88 19.3 −8.0 −18.8, 2.7

HCV serotype†

1 11/78 14.1 16/76 21.1 −7.0 −18.9, 5.0
2 3/18 16.7 2/22 9.1 7.6 −31.4, 28.6

†Hepatitis C virus serotype was not measured in four patients. ALT, alanine aminotransferase; CI, confidence interval; HCV, hepatitis C virus.

Fig. 2. Changes in the mean serum concentration of interleukin-18 in
the bovine lactoferrin group (straight line, n = 36) and the placebo
group (dotted line, n = 37).
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baseline.(28) However, our study found no evidence that oral
administration of bLF influences the serum concentration of
IL-18 or the percentage of CD4+, CD8+, CD16+ and CD56+ lym-
phocytes. Further investigations are required to clarify the periph-
eral and systemic effects of orally administered lactoferrin. In
addition, as many in vitro studies have suggested that lactofer-
rin has direct binding neutralizing efficacy against HCV,(29–31)

further investigations are needed to devise a means of delivering
lactoferrin or its fragment into the bloodstream safely and
effectively.

Recently, several studies have investigated the value of adding
lactoferrin to interferon therapy for chronic hepatitis C. Hirashima
et al. randomly assigned 21 patients with chronic hepatitis C to
either a consensus interferon plus oral lactoferrin (3.0 g/day)
group or a consensus interferon monotherapy group.(32) Three of
10 patients in the consensus interferon plus lactoferrin group
showed a sustained complete virologic response, as did four of
11 patients in the consensus interferon group, indicating no sta-
tistically significant difference between the groups. Ishibashi et al.
conducted a randomized controlled trial to investigate the effi-
cacy of interferon α-2b and ribavirin plus oral lactoferrin (0.6 g/
day) compared with interferon α-2b and ribavirin plus placebo
in 36 patients with chronic hepatitis C.(33) A sustained complete
virologic response was seen in six of 18 patients in the lactofer-
rin group and in five of 18 patients in the placebo group, there
being no statistically significant difference between the groups

(P = 0.7). Although the numbers of patients recruited in the two
randomized trials were small, these results suggested that the
additional value of oral lactoferrin combined with interferon ther-
apy would be negative for the treatment of chronic hepatitis C.

In summary, oral administration of bLF at a dose of 1.8 g/day
for 12 weeks showed an acceptable safety profile in patients
with chronic hepatitis C. However, there was no significant dif-
ference in the virologic responses between patients who
received oral bLF and those receiving placebo. In addition, bLF
intake did not have any favorable effect on the serum ALT level.
These findings do not support the practical use of oral bLF in
patients with chronic hepatitis C.
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