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KEYWORDS Summary We evaluated whether V-5 Immunitor (V5) — tableted therapeutic bivalent vaccine
comprising heat-inactivated HCV antigens from pooled blood of HBV- and HCV-infected donors
— may produce clinical benefit through induction of oral tolerance and reduction of immune-
mediated liver injury. Once daily dose of V5 was administered per os to 10 patients with chronic
hepatitis C in an open-label study that lasted 1 month. Every patient who entered the study
had elevated liver enzyme levels, which at the end of study have decreased in 100% of analyzed
patients. The reduction was highly significant, from 157.7 +73.4 t0 49.9 +43.8U/L (P=0.0013)
and 147.0+79.2 to 58.7+56.6 U/L (P=0.0132), for ALT and AST, respectively. The AST/ALT
ratio has improved from 0.93 to 1.18 (P=0.00058) indicating the reversion of progression to
cirrhosis. None of intent-to-treat patients who were anti-HCV antibody positive at study entry,
became negative after 1 month on V5 (P=0.998). All patients, except one, reported complete
recuperation from hepatitis C-associated clinical symptoms present at baseline (P=0.0016)
with Mantel Haenszel’s odds ratio 9.4 (P=0.0021) at 95% confidence interval: 2.7 <OR <476.3.
No adverse events were observed at any time. The favorable biochemical and clinical responses
have been observed in a small number of individuals for a limited time period. Larger scale and
longer studies are needed to confirm our preliminary observations suggesting that V5 is safe
and effective means for immunotherapy of chronic hepatitis C.
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Introduction

Hepatitis C virus (HCV) is a global public health problem,

* Corresponding author. Tel.: +1 301 474 9369; infecting estimated 120—180 million people [1,2]. Mongolia
fax: +1 775 640 6636. has the highest reported rate of HCV infection in Asia;
E-mail address: info@immunitor.com (A.S. Bourinbaiar). anti-HCV antibodies are found in 10—48% of adult popula-
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tion [3—5]. Approximately 85% of acute infections progress
to chronic persistence of HCV and about 25% of these
chronically infected individuals develop fatal liver diseases.
Currently, there is no prophylactic vaccine to prevent
the disease and no specific antiviral drug controlling HCV
replication [1,2].

The current standard of care are interferon alfa-2a
(Roferon-A) and interferon alfa-2b (Intron-A) or pegylated
interferons (PEG-Intron, Pegasys) alone or in combination
with ribavirin (Copegus, Rebetol). However, they have shown
limited success and are associated with undesirable side
effects [1,2]. The high cost of medications is another barrier
that prevents wider use of anti-HCV therapy. For example, in
Mongolia, only about 100 patients were treated with inter-
feron in 2001 [6]. Thus, the treatment of the chronic HCV
infection represents an unmet medical need. New strate-
gies are being developed including therapeutic vaccines.
The development of a therapeutic vaccine has considerable
potential to aid chronic HCV carriers. They might help to
clear the infection or prevent and delay cirrhosis and pri-
mary liver cancer.

Natural immune responses, both cellular and humoral,
are not capable of terminating HCV infection in most
patients. Over the last several years, studies have revealed
some of the causes for the failure of the immune system
to eliminate HCV infection [2]. It is now believed that if
a therapeutic vaccine is administered to already-infected
individuals it may help to induce a proper immune response
that can be clinically beneficial. Nevertheless, therapeutic
vaccines tested so far had shown modest clinical benefit
[1]. In previous study we have shown that oral therapeu-
tic hepatitis vaccine V-5 Immunitor (V5) developed by us,
is beneficial to patients with hepatitis B [7]. In the present
study we describe results from a pilot, open-label trial of V5
in patients with chronic hepatitis C.

Materials and methods

Subjects

Four female and six male patients with chronic hepatitis C
infection were enrolled into an open-label, 1-month study.
Patients were recruited among NRCID outpatients who gave
their consent. Individuals who had higher than normal base-
line liver enzyme transaminase ALT and AST levels were
enrolled into the trial. All patients were positive for hepati-
tis C antibodies at study entry. The median age of patients
was 31.5 years, range 17—64 years, mean=+S.D. equal to
35.7 £ 17.6 years. The average and median duration of infec-
tion prior to study initiation was between 10 and 11 years.
None of patients were treated with interferon and/or anti-
hepatitis drugs before or during the trial.

Vaccine

The vaccine is made from pooled blood of hepatitis B and C
carriers by employing proprietary technology developed by
us. The hepatitis viruses were killed by heat- and chem-
ical inactivation and then formulated into a tablet. The
process of manufacturing is described in detail earlier for
a similar vaccine, V1, which is derived from the blood of

HIV-positive patients many of whom had concomitant hep-
atitis virus infections [8]. The principle for production of V5
is not much different from established principles with old-
fashioned killed vaccines, e.g., Hepatitis B vaccine made
from pooled plasma. V-5 Immunitor is presented as 850 mg
coated pill, 10 of which are sealed in a *‘blister’’ pallet, with
30 pills per one package. The recommended dose is 1—2 pills
per day. The preparation is stable at ambient temperature
for 5 years.

Administration schedule and monitoring

Patients were instructed to self-administer one oral tablet
of V5 once per day at least half-an-hour before or after the
morning meal. Each patient received 30 pills of V5 and was
asked to come back 30 days later. The baseline and outcome
parameters were established at study entry and at the return
visit. The ALT and AST values were measured by LiquiUV
test (Human GmbH., Germany). ELISA test kit for anti-HCV
antibodies was from the same manufacturer.

Statistical analysis

Primary endpoints for this study were changes in serum ALT
and AST liver aminotransferases, effect on anti-HCV anti-
bodies, and clinical response. Parametric paired values were
assessed by Student t-test and qualitative changes were
analyzed by Chi-square (x?) 2 x 2 contingency table using
GraphPad software. The odds ratio (OR) was estimated by
Mantel Haenszel test with Wald’s 95% confidence interval
(CI). The significance level was set at P <0.05.

Results

The results of V5 immunotherapy which lasted 1 month are
shown in Table 1. The statistical values are provided at the
bottom of the Table. One male patient (#10) failed to test
for ALT and AST and have not completed his HCV-antibody
tests. The patient #6 instead of taking one daily pill, took
2 pills per day for 15 days. Nevertheless, the statistical
analysis of available, per intent-to-treat data shows that V5
produced significant positive changes, including three-fold
decrease in ALT and AST levels and remarkable ameliora-
tion of clinical symptoms. Every endpoint has shown highly
significant statistical value compared to baseline, indicat-
ing that these parameters were correlated with each other.
The status of anti-HCV antibodies has not changed in any of
tested patients.

Serum alanine aminotransferase rather than AST, is con-
sidered to be more reliable parameter in assessment of
hepatic damage. Table 1 provides results from unpaired
t-test since one patient had not ALT measured at follow-
up. The reduction was highly significant, from 157.7 +73.4
to 49.94+43.8U/L (P=0.0013) and from 147.0+79.2 to
58.7 +£56.6 U/L (P=0.0132), for ALT and AST respectively.
In order to prevent the bias we have excluded this patient
and conducted more robust paired Student t-test on remain-
ing nine patients. However, the overall outcome was not
affected, as baseline mean ALT level 148.6 +£71.5U/L still
shows the decrease to 49.9+43.8U/L (P=0.0009). When
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Outcome of V5 vaccine therapy in 10 chronic hepatitis C virus patients

Table 1
No.

Accompanying
symptoms

Clinical symptoms

Serostatus

AST

Sex  Diagnosis  Date of infection ~ ALT

Age

After

Before

After

Before After Before
32.0

79.0

After
40.1

Before
63.5

Hypertension

Symptoms disappeared

Fatigue, abdominal distension,

malaise

Anti-HCV+

Anti-HCV+

2000

HCV

61

Symptoms disappeared

Fatigue, abdominal distension,

20.9 95.7 25.3 Anti-HCV+  Anti-HCV+
malaise

165.0

2002

HCV

18

Nephritis

Symptoms disappeared

Fatigue, abdominal distension,

20.4 124.0 41.4 Anti-HCV+  Anti-HCV+
weight loss

156.0

1989

HCV

40

Nephritis

Symptoms disappeared

Fatigue, abdominal distension,

96.4 Anti-HCV+  Anti-HCV+
weight loss, nausea

165.0

85.0

124.0

2005

HCV

23

Hypertension

Symptoms not improved

Fatigue, abdominal distension,
weight loss, diarrhea

No symptoms

154.0 324.0 196.9 Anti-HCV+  Anti-HCV+

296.0

1981

HCV

63

No symptoms

Anti-HCV+
Anti-HCV+

Anti-HCV+
Anti-HCV+

2003 84.3 28.4 97.4 54.2
2

HCV

Kidney, gall bladder,

and pancreatic
complications

Symptoms disappeared

Fatigue, abdominal distension,

weight loss, diarrhea

108.0 9.4

36.8

165.5

1989

HCV

Symptoms disappeared
Symptoms disappeared
No symptoms

1/9

Abdominal pain when walking

No symptoms

Fatigue, weight loss
8/2

Anti-HCV+
Anti-HCV+

ND

Anti-HCV+
Anti-HCV+
Anti-HCV+

10/0

30.6
21.9
ND

102.9
124.0
250

41.4
2.5

2
ND

84.3
198.4
240

2000
1992
1993

HCV
HCV
%

58.7+£56.6

147.0+79.2
Mean +S.D.

49.9+43.8

157.7+73.4
Mean £S.D.

1995.4+7.8
Mean £S.D.

4/6

35.7+17.6

Mean +S.D.

0.0132 Student t-test

Mean +S.D.

0.0013 Student t-test

Mean +£S.D.

0.0016 (x2) Chi-square

P=

0.998 (x2) Chi-square

p=

p=

p=

1996.5 Median

31.5 Median

ND: not done.

ALT response was stratified by gender, 4 women with ana-
lyzable data had baseline 117.3 +£51U/L which decreased
to 34.7+9.7 (P=0.019); while 5 men had ALT decreased
from 173.5 +80.8 t0 62.2.6 +57.8 (P=0.037). After 1 month
two of nine patients had higher than 45U/L cut-off ALT
levels, i.e., while remaining 77.8% patients had been able
to achieve normal ALT (30.1+9.2). Regardless, all patients
with complete sets of data (100%) had favorable biochemical
response as measured by both ALT and AST markers. When
AST data were analyzed the same way as we did with ALT
the results were also highly significant. The ratio of AST to
ALT had improved from 0.93 to 1.18 (P=0.00058).

Out of ten patients one has not tested for anti-HCV anti-
body at the end of trial. Even if we assume that his status has
not changed we still have nine out of nine (100%) patients
who remained seropositive at study conclusion (P=0.998).

The most remarkable finding from patients’ perspec-
tive is the complete disappearance of baseline clinical
symptoms after 1 month on V5 immunotherapy. Only one
patient (#5), who had been infected for 25 years, con-
tinued to complain of fatigue and abdominal distension
at the end of study. Two patients who had no symptoms
at baseline, remained symptomless after 1 month. While
such clinical parameters are subjective by nature, the sta-
tistical analysis supports the patients’ impression of the
clinical benefit of V5. The categorical analysis of symptoms
reduced into 2 x 2 x? table of dichotomous variables, i.e.,
baseline symptoms versus outcome symptoms for ‘‘yes’’ or
*no’’ binary categories, reveals that the difference is highly
significant (P=0.0016). This translates into Mantel Haen-
szel’s odds ratio 9.4, (P=0.0021) at 95% confidence interval:
2.7 <0R<476.3.

Discussion

Pilot, open-label, 1-month trial of V5 vaccine administered
per os once per day revealed approximately three-fold
decrease in ALT and AST levels, increase in AST/ALT ratio,
and remarkable improvement in clinical symptoms among 10
patients with chronic hepatitis C. No changes were observed
in HCV serostatus. Despite limited number of enrolled sub-
jects and short duration of the study the changes at every
clinical endpoint are characterized by highly significant sta-
tistical probability values. All observed P values were under
0.05 cut-off level. The time to response appears to be only
1 month and, perhaps, even less as suggested by example of
patient #6 who took V5 for 2 weeks only. Considering that
conventional hepatitis C therapies require protracted treat-
ment periods, which can be as long as 1 year, the observed
rate is noteworthy.

These findings support our previous open-label, study
with V5 vaccine which was made from the blood of donors
co-infected with hepatitis B and C viruses [7]. V5 vaccine
is different from V1 since it is derived from the blood of
hepatitis B and C donors and does not contain HIV anti-
gens [8]. Nevertheless, the results are strikingly similar.
Favorable biochemical responses in this study were observed
in 100% of patients. In earlier published study 95% of 19
hepatitis patients with abnormal baseline liver enzymes
had their ALT and AST levels back to normal levels at the
end of the first month of follow-up. The P values seen in
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that study were comparable to those seen in the present
study, i.e., P=0.00000064 and P =0.0000049 for AST and ALT,
respectively.

Sheath et al., and other investigators indicated that AST
to ALT ratio >1 had a 100% specificity and positive predictive
value in distinguishing cirrhotic from non-cirrhotic patients
[9,10]. Although the prognostic value of AST/ALT ratio as a
reliable marker of cirrhosis is debated [11] our data indicates
that there is a clear distinction between baseline and out-
come ratios (P=0.00058). Statistically significant increase
in AST/ALT ratio from under 1 to more than 1, seen in our
patients, suggests that the progression to cirrhosis can be
reversed by V5 therapy. Although we observed improvement
in AST/ALT ratio in 100% of patients, our study population
is clearly small and this impression needs to be verified in
larger studies.

From prior experience with V1 we know that HCV viral
burden can be reduced significantly as a result of thera-
peutic vaccination. However, due to technical and financial
constraints we were not able to measure HCV RNA and thus
we do not know the effect of V5 on viral load. This possibil-
ity is not excluded since statistically significant correlation
between HCV RNA and aminotransferase levels, especially
AST, were noted for example by Zechini et al. [12]. We need
to do conduct additional studies to find this out.

Several vaccination strategies including those for ther-
apeutic indication are now being explored for hepatitis C
[1]. These include DNA immunization, peptide-based vac-
cines, administration of plant-expressed vaccines, virus-like
particles, and presentation of HCV antigens via dendritic
cells [1,13]. In addition to academic and non-profit institu-
tions many biotech companies are involved in development
of therapeutic HCV vaccines. These include Berna/Pevion
(Switzerland); Chiron/Novartis (USA); Chlorogen (USA); CSL
(Australia); Curocom (Korea); Dynavax (USA); Enzo (USA);
Epimmune (now IDM, USA); GeneCure (USA); GenPhar
(USA); Globelmmune (USA); Inovio (USA); Intercell (Aus-
tria); Innogenetics (Belgium); Lipoxen (UK); Merix (USA);
Monserum (Mongolia); Oxxon (UK); Sinovac (China); Trans-
gene (France); Tripep (Sweden); VGX (USA); and ViRexx
(Canada). Most vaccines from these companies are in the
preclinical stage. A few vaccines like TG4040 (Transgene);
PeviPRO (Pevion); GI-5005 (Globelmmune); and HCV/MF59
(Chiron/Novartis) have advanced into safety Phase | stage.

Only three vaccines have been tested in advanced effi-
cacy trials. The Phase Il trial of attenuated MTH-68/B
avian bursal virus vaccine has shown that significantly more
patients progressed into active chronic hepatitis C on con-
ventional therapy (26%) than in the vaccine-treated group
(9%) [14].

Intercell’s IC41 therapeutic vaccine comprises five T-cell
antigens and poly-arginine 1C30 adjuvant [15]. According to
analysis of earlier study no statistical improvements were
seen in patients since it appeared that the doses were sub-
optimal. An ongoing study to assess the effectiveness of
IC41 at an optimal dose is currently underway. The prelim-
inary data from 25 out of 50 patients revealed statistically
significant viral load reduction and very good safety profile.

Despite earlier promising results showing fibrosis and
inflammatory reduction, the recent data from the Phase
lIb trial of INNOO101 (HCV E1) vaccine from Innogenet-
ics revealed that the difference between vaccine-treated

patients and the placebo group did not reach statistical sig-
nificance [16]. For this reason the study was extended for an
additional 15 months. Based on outcome of this extension,
as announced in September 2007, the company decided to
abandon E1 development.

The therapeutic vaccine most relevant to this study is
an oral preparation made from protein extract of human
hepatocytes mixed with NS3 protein of HCV. This vaccine,
which was developed by Yaron Ilan and his team at Hadassah-
Hebrew University with support of ENZO company, has shown
good safety profile in Phase I trial [17]. An improvement in
the histological necroinflammatory score was observed in
2/12 (17%) of the chronic HCV patients. However, no signifi-
cant decrease in HCV RNA was noted in any of the patients.
The postulated mechanism of Ilan et al., vaccine is sim-
ilar to that of V5 or V1 [18]. The oral administration of
viral antigens entails a complex immune tolerance effect,
characterized by simultaneous enhancement and suppres-
sion of different elements of the immune response in a
manner that benefits the host [19,20]. Such a manipulation
of the oral immune response toward viruses may achieve a
combination of specific antiviral immunity and inhibition of
immune-mediated liver damage.

Very little is known as to how the liver becomes dam-
aged as a result of HCV infection [2]. One of theories is that
progressive hepatic injury is associated with hepatocyte-
directed immune reaction of certain T-cell subsets [21].
Although the autoimmune nature of liver injury has been
advocated by some investigators [22], others maintained
that virus-induced autoimmunity in hepatitis C virus infec-
tion is a rare event [23]. So far no specific T cells were
implicated in this process but it is clear that elevated serum
ALT and AST aminotransferases and increase in levels of
other biochemical markers, e.g., bilirubin and alkaline phos-
phatase, are signs of ongoing liver damage associated with
HCV [24]. As this concept is relatively new there are not too
many studies that have addressed specifically the immuno-
logical basis of action of orally delivered vaccines [25]. For
this reason we can only speculate what the exact mechanism
of V5 action is.

In conclusion, our results indicate that one tablet of V5
administered daily for as little as 2 weeks can produce an
outcome that has seldom been seen in prior hepatitis C ther-
apeutic vaccine trials. In a separate trial we have shown
that V5 produces similar beneficial results in patients with
chronic hepatitis B, which was not surprising since V5 is
produced from pooled blood from hepatitis C as well as B
donors. The production of multivalent vaccines against unre-
lated pathogens is a common practice in vaccine industry.
For example, two hexavalent vaccines including recombi-
nant hepatitis B vaccine in combination with diphtheria,
tetanus, pertussis, poliomyelitis, and Haemophilus influen-
zae type B were licensed and introduced in Europe in 2000
by GSK and Aventis Pasteur [26,27]. The bivalent edible vac-
cine against HBV and HIV was recently expressed in a tomato
plant [28]. Candidate bivalent DNA vaccines encoding for
HCV and HBV antigens were tested in mice [29,30].

Hepatitis treatment options in developing countries
such as Mongolia are extremely limited due to high cost of
medications. A bivalent therapeutic vaccine derived from
readily available source certainly represents an affordable
and safe means to control chronic HCV and HBV infections.
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Further studies of V5 are required to confirm our preliminary
findings.
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