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Introduction: There is a pressing need to develop novel drugs for treating patients
with chronic hepatitis B (CHB), as commercially available antiviral drugs are endowed
with safety and efficacy concerns.

Methods: A phase lll clinical trial was conducted with a therapeutic vaccine containing
two antigens of the hepatitis B virus (HBV; named NASVAC) in 78 patients with CHB
expressing both HBV DNA and elevated levels of alanine aminotransferase (ALT) in
the blood. Five years after the end of treatment (EOT), 60 NASVAC-recipient patients
were enrolled in this long-term follow-up study to evaluate the safety, antiviral
potential, and liver-protective capacity of NASVAC.

Results: NASVAC exhibited an excellent safety profile 5 years after EOT. The levels of HBV
DNA in the sera were reduced in 55 of the 60 patients, and 45 of them were negative for
HBV DNA in the sera. ALT levels were also hormalized in 40 of the 60 patients 5 years
after EOT. None of the patients receiving NASVAC developed liver cirrhosis or cancer.

Discussion: The present study is the first to exhibit long-term follow-up data of a
finite immune therapy for CHB that is safe and endowed with potent antiviral and
liver-protecting capacities.

chronic hepatitis B, NASVAC, immune therapy, nasal therapeutic vaccine, 5-year follow-up

Introduction

Hepatitis B virus (HBV) infection is a complex global public health problem. According to the
World Health Organization (WHO), approximately 2 billion people (of the existing total world
population of 7.6 billion) have acquired HBV infection at some point. Of these 2 billion people, an
estimated 296 million are chronically infected with HBV, and hence, these people represent living
and permanent reservoirs of HBV. This condition indicates that these patients have been expressing
HBV DNA in their blood and that they would transmit HBV to normal and HBV-non-infected
persons. Epidemiological data sponsored by the WHO indicate that approximately 12-25% of
chronic HBV-infected subjects would develop evidence of liver damage in addition to HBV
replication [a condition called chronic hepatitis B (CHB)] and progress to the development of
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complications, such as liver cirrhosis (LC) and hepatocellular carcinoma
(HCC). In 2019, an estimated 882,000 people died of HBV-related
complications (1).

Hepatitis B virus-related LC and HCC develop in patients with CHB
after prolonged suffering, with exacerbation and remission of hepatitis,
development of liver fibrosis, and malignant transformation of
hepatocytes (2, 3). However, once LC or HCC is diagnosed, there is no
curative therapy for these complications, and the quality of life is highly
compromised with evidence of ascites, bleeding of esophageal varices,
and several other LC-related symptoms. This imparts a severe burden
on patients and the healthcare delivery systems of all countries.
However, if patients with CHB can be appropriately treated and
managed, complications such as LC and HCC may be controlled, and
the number of HBV-related deaths can be reduced.

This frustrating picture of CHB-related complications and deaths
has prevailed, despite the availability of potent antiviral drugs against
HBV. Currently, two groups of medications are used to treat patients
with CHB. These drugs include interferons (IFNs; standard and its
pegylated forms) and nucleoside analogues (NUCs) (4, 5). The safety
issues of IFNs, high cost, parental route of administration, and limited
efficacy could not popularize IFNs as treatment modalities for CHB,
even in developed and prosperous countries (6, 7). With the
introduction of NUCs for the treatment of CHB, considerable
optimism was initiated among both patients and physicians. NUCs can
be taken orally and can induce HBV reduction or even negativity of
HBV DNA in many patients with CHB (8, 9). Approximately 25 years
have passed since the entry of NUCs for the treatment of CHB (10-
12). It is now apparent that NUCs cannot be the treatment of choice
for CHB due to the following reasons: (1) NUCs cannot eradicate all
forms of HBV DNA, especially closed covalently circular DNA
(cccDNA), which acts as a template for new DNA formation; (2)
NUCs therapy must be used for several years or even for a patient’s
whole life. Additionally, stopping NUCs usually induces the
reappearance of HBV replication and a hepatic flare that may be life-
threatening or even fatal; (3) the efficacy of NUCs to contain
progression to LC and HCC is not satisfactory; and (4) the
immunomodulatory capacity of NUCs is insignificant. Thus, NUCs
exhibit only antiviral potential, and their ability to induce sustained
control of liver damage is negligible (13).

Ideally, the most effective way to treat patients with CHB is to
develop a new drug for CHB, which is safe, allow a finite duration of
usage, and able to control the HBV replication and induce sustained
control of liver damage. To develop a novel therapeutic approach,
we critically analyzed the mechanisms of CHB pathogenicity and the
advantages and disadvantages of all available anti-HBV drugs. HBV is a
non-cytopathic virus, and aberrant host immunity is mainly responsible
for inducing HBV-related liver damage, persistence HBV replication,
and development of HBV-related complications (14, 15). This has
opened a new field of development for immune therapeutic agents for
treating patients with CHB. The development of immune therapy
against CHB began in the mid-1990s (16, 17). However, the following
factors seem to be responsible for the lack of a recognized and effective
therapeutic agent for CHB (17). In most instances, preclinical animal
studies have not retrieved proper evidence to translate immunotherapy
in patients with CHB. In addition, most immune therapeutic approaches
have been used in pilot or observational studies. Thus, they exhibit
encouraging outcomes at the end of treatment (EOT). However, these
studies were not designed to provide long-term follow-up data to assess
the therapeutic implications of these agents. Finally, there is little or no
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information regarding the mechanism of action of immune
therapeutics (17).

After analyzing these limitations, we developed a new mode of
immune therapeutic agents in the early 2000s by combining two
HBYV antigens: hepatitis B surface antigen (HBsAg) and hepatitis B
core antigen (HBcAg; named NASVAC). The antigen-specific
immune therapeutic models were adapted as HBV-specific immunity
is endowed with antiviral and liver-protective capacities. NASVAC
was optimized for use via the nasal route so that it can be used easily
by patients in developing and resource-constrained countries (80%
of patients with CHB reside in these countries) (18). The development
of NASVAC has progressed systematically. The safety and efficacy of
NASVAC and its mechanism of action have been systematically
evaluated in normal mice and human volunteers (19). This was
followed by studies of NASVAC in HBV transgenic mice (HBVTM)
that expressed HBV DNA and HBsAg in the sera. The study mainly
evaluated the mechanism underlying the therapeutic efficacy of
NASVAC in HBVTM (20). We subsequently moved from the benches
to the bedsides. A phase I/II clinical trial of NASVAC was performed
in patients with CHB expressing HBV DNA and with liver damage
(21). This was followed by a phase III clinical trial of NASVAC in
patients with CHB. NASVAC showed profound safety, potent
antiviral effects, and considerable liver-protecting potential
compared with other commercially available antiviral drugs at the
end of treatment (EOT) (22). To make the entire trial with NASVAC
in CHB an evidence-based trial, we published the safety and efficacy
profiles of NASVAC 24 weeks (22), 2 years (23), and 3 years (24)
after EOT.

The present communication provides information on the safety,
antiviral potential, and liver-protecting capacity of NASVAC 5 years
after EOT. As NASVAC is a finite mode of therapy consisting of only
20 weeks, this study has a direct implication for “Control of Hepatitis
by 20307

Materials and methods
Ethics statement

The study was approved by Bangabandhu Sheikh Mujib Medical
University, Dhaka, Bangladesh, with project identification code No.
BSMMU/2010/2363, dated March 1, 2010. The study was registered in
ClincalTrials.Gov, with identification No. NCT10374308 (22). All
patients provided written consent prior to the study, and the procedures
were followed in accordance with the ethical guidelines of the
Declaration of Helsinki (1964, amended recently in 2008).

A comprehensive description of phase Il
clinical trial with NASVAC in patients with
CHB

The present study has been planned to provide information on the
5-year follow-up data of NASVAC-treated patients with CHB, and a
short and comprehensive description of phase III clinical trials of
NASVAC is provided. NASVAC was prepared with a 1:1 formulation of
100 pg HBsAg (Pichia pastoris-derived recombinant HBsAg subtype
adw2) and 100pg HBcAg (purified Escherichia coli-expressed
recombinant full-length HBcAg). The entire phase III clinical trial was
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conducted at the Bangabandhu Sheikh Mujib Medical University,
Dhaka, Bangladesh, and Farabi Hospital, Dhaka, Bangladesh. A total of
78 patients with CHB participated in a phase III trial of NASVAC.

The diagnoses of patients enrolled in this study were based on
serological, biochemical, virological, and imaging assessments. All the
patients were diagnosed with HBV infection. The patients were
treatment-naive and did not consume any medications with direct
antiviral properties against HBV. Patients of both sexes were enrolled in
the study. All of them were positive for HBsAg for more than 6 months
and were positive for HBV DNA in the sera. The alanine
aminotransferase (ALT) levels at enrolment were above the upper limit
of normal (ULN). HBV DNA levels were > 10° copies/mL for hepatitis B
e antigen [HBeAg (—)] and 10* for HBeAg (+) patients.

The exclusion criteria included all patients with CHB in the
immune tolerant and inactive HBV carrier state with normal ALT
levels. All patients were free of LC and HCC development. Patients who
were positive for hepatitis C virus, hepatitis delta, or human
immunodeficiency virus were excluded from the study. In addition,
patients receiving CHB treatment were not enrolled. All types of
critically ill patients, patients with hypertension, hyperthyroidism,
epilepsy, malignancies, or any non-controlled systemic disease,
pregnant or nursing women, and women of fertile age without any
contraceptive methods were excluded from the study. Patients with
known severe allergic conditions or hypersensitivity, severe psychiatric
dysfunction, or another limitation that prevented their consent were
not included in the trial. Patients with autoimmune diseases or
treatment with immunosuppressive or immune modulator drugs
during or in the 6 months prior to the study, and patients with a history
of alcohol or drug abuse were also excluded. Patients with other hepatic
diseases of different etiologies and very high levels of ALT at the
beginning of treatment (ALT >500U/l) suggest unstable disease or
acute flares over ten times the ULN.

In this follow-up, 5 years after EOT, 60 patients were properly
evaluated for safety and efficacy. These patients physically participated
in the hospital and completed a questionnaire as per the permission and
recommendations of the institutional review board. Blood was collected
from all patients to assess the safety and efficacy parameters. The
patients were advised to remain abstained from any recommended and
commercially available antiviral drugs, such as type-A interferon or
nucleoside analogues, during their follow-up period. They were also
asked not to consume any direct immune modulators such as cytokines,
chemokines, and growth factors. Abdominal ultrasonography was
performed to determine the occurrence of complications such as LC and
HCC. Detailed assessments of the ear, nose, and throat (ENT) were
performed by an ENT specialist, as NASVAC was administered
intranasally. As all sorts of analyzes were possible in 60 patients, this
could not be performed in additional 18 patients in a phase III trial who
could not attend hospitals physically because of variable circumstances.
We contacted these 18 patients via phone. The principal investigator
(Mamun AL Mahtab) talked to them and asked about their well-being
regarding safety and clinical status.

Profile of the patients participated physically
in follow-up 5 years after EOT

The clinical profiles of 60 patients who physically attended the

hospital for a 5-year follow-up after EOT are shown in Table 1. These
data indicate their profile during study commencement. The age of the
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TABLE 1 Data of the 60 patients during enrollment in the phase Ill trial.

Total numbers 60

Male: Female 52:8

Age (years) 29.8+7.008

HBV DNA (copies/mL) 4.9x10* (Range; 1.7 x 10°~1.0x 10")
Alanine aminotransferase (IU/L) 58.8+31.5

Level of fibrosis FO-F2

The values of different parameters are provided as absolute numbers (numbers of patients
observed and male; female ratio), mean and standard deviation (age and ALT), or median and
range (HBV DNA). The levels of fibrosis were mild.

patient was 29.8 +7.00 years (range; 18-50years). Of the patients, eight
were women and 52 were men. The levels of HBV DNA before the start
of NASVAC therapy ranged between 1.7 x 10°~1.0 x 10" copies of HBV
DNA/mL. All patients had a serum ALT level above the ULN (>42U/1)
during enrollment in the phase III clinical trial (Table 1). The level of
fibrosis was mild.

Quantification of safety parameters and
efficacy in 60 patients who attended
follow-up 5 years after EOT

A short account of the procedures is provided for ready reference.
The general parameters of inflammation and serum levels of bilirubin,
albumin, and creatinine were determined using the same methods used
for the total duration of follow-up (15-17).

Quantification of serum HBV DNA levels

Serum HBV DNA was quantified using a polymerase chain reaction
method (Amplicon HBV Monitor Assay, RT-PCR; Roche Molecular
Systems, CA, United States). The lower limit of detection was 250 copies
of HBV DNA/mL.

Assessment of ALT
Serum ALT levels were measured using a commercial kit approved

by the hospital that provided permission from the institutional
review board.

Abdominal ultrasonography and upper
abdominal endoscopy

Ultrasonography was performed by the same physician who
performed abdominal ultrasonography at different points during
follow-up (Pre-inclusion, EOT, 24 weeks, 2 years, and 3 years
after EOT).
Assessment of esophageal varices

Upper gastrointestinal endoscopy was performed in susceptible

patients, and the principal investigator performed the procedure.
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Assessment of nasal complications (if Any)
due to NASVAC administration

To assess complications due to the nasal administration of NASVAC,
ENT specialists rigorously evaluated the patients.

Results

Assessment of the safety issues of NASVAC
5 years after the EOT

Nasal therapeutic vaccine (NASVAC) is a new therapeutic vaccine
containing comparatively high levels of two antigens: a 1:1 formulation of
100 pg HBsAg (Pichia pastoris-derived recombinant HBsAg subtype
adw2) and 100 pg of HBcAg (purified E. coli-expressed recombinant full-
length HBcAg). Although manufactured under good manufacturing
practice conditions, safety concerns have been a pertinent issue in its use
in human beings. Sixty patients attended the 5-year follow-up at the
hospital. However, safety issues were evaluated in an additional 18 patients
with CHB enrolled in the initial phase III clinical trial via telephone. All
patients were alive, and death of any patient within these 5-6 years period
was not reported. None of the patients had any complaints regarding the
safety of NASVAC. As NASVAC was administered via the nose, ENT
specialists evaluated 60 physically attending patients to assess if there were
any complications related to nasal administration of NASVAC. Most
importantly, complications of NASVAC may occur in the liver and kidney.
As shown in Table 2, the mean bilirubin, albumin, and creatinine levels
were within the normal range in all patients receiving NASVAC 5-years
after EOT. Ultrasonographic assessment of the abdomen also showed that
none of the patients progressed to LC or HCC at 5-year after EOT. This
suggests that NASVAC is one of the safest medications for CHB used
till now.

Decrease of HBV DNA in the sera of
NASVAC-treated patients with CHB 5 years
after EOT

This study revealed data on the efficacy of NASVAC treatment
5 years after EOT. At the start of the phase III clinical trial, HBV DNA
was detected in all the included patients (this was one of the essential
inclusion criteria of the trial). The levels of HBV DNA varied
considerably among patients on the day of the first immunization via
the nasal route (basal level). All patients had a minimum level of 1.0 x 10°
copies of HBV DNA in their sera, and the maximum amount was
1.0 x 10" copies/mL. Five year after EOT, HBV DNA was reduced in 55
of the 60 patients with CHB. Of these 55 patients, HBV DNA was
undetectable in 45 patients 5 years after EOT (Table 3). This decline in
HBV DNA by NASVAC represents the extraordinary long-term antiviral
potential of NASVAC. HBV DNA negativity in a considerable number
of patients represents the sustained effect of an immune therapeutic
agent on HBV DNA.

Hepatitis B virus DNA in NASVAC-recipients CHB
patients at basal point, and 5 years after EOT.

To have more insights about this, we analyzed HBV DNA at different
time points following NASVAC therapy. HBV DNA were measured ten
times within 5years. The time periods are (1) Base line before
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administration of therapeutic vaccine, (2) 12weeks after trial
commencement, (3) 24 weeks after trial commencement, (4) 48 weeks,
that means 24 weeks after end of treatment [EOT]), (5) 72 weeks (1 year
after EOT, (6) 72 weeks after study commencement [1.5year after EOT],
(7) 120 weeks after study commencement, (8) 2years after EOT, (9)
3years after EOT and (10) 5years after EOT.

The levels of HBV DNA exhibited considerable heterogenicity,
however, HBV DNA decreased along with time and these have been
published during follow up at 24-week after EOT (22), two-years (23)
and 3 years after EOT (24). As shown in Figure 1, the mean levels of
HBV DNA decreased further 5-years after EOT compared to their
values of three-years after EOT. More analyzes showed that only 18 of
59 CHB patients were negative for HBV DNA in the sera 3-years after
EOT (23). It is extremely promising that 45 of 60 patients in the present
cohort became negative for HBV DNA in the sera, 5 year after EOT
(Table 3).

Another important information was retrieved after analyzing the
relation between levels of HBV DNA at study commencement and HBV
DNA-negativity, 5-years after EOT. As shown in Figure 2, the levels of
HBV DNA during study commencement were significantly lower in
patients who became HBV DNA-negative (4.921 +1.520 log copies/ml;
p <0.001) compared to those who remain HBV DNA-positive
(6.973 £2.088 log copies/ml; p<0.001), 5years after EOT.

hepatitis B e antigen-positivity and HBV DNA

To have an understanding about the role of HBeAg-positivity in this
clinical trial, we analyzed the HBV DNA levels in HBeAg-positive and
HBeAg-negative CHB patients in this study. In this cohort of 60 patients,
12 patients were HBeAg-positive at the commencement of the clinical
trial. The kinetics of HBV DNA of HBeAg-positive (Figure 3A) indicates
that the levels of HBV DNA were considerably higher in these patients
before study commencement. However, along with time, HBV DNA
decreased in these patients (Figure 3A). The levels of HBV DNA was
comparatively lower in HBeAg-negative patients before study
commencement. These patients also exhibited reduction of HBV DNA
along with time (Figure 3B) have been shown.

TABLE 2 Parameters of liver and kidney function of 60 patients at a basal
level, end of treatment (EOT) and 5-years after EOT.

Variables Basal level EOT 5-year after
EOT

Bilirubin (mg/dl) 0.63 (0.2-1.26) 0.7 (0.4.1.16) 0.7 (0.48-1.8)

Albumin (gm/dl) 3.7 (3.4-4.2) 4.1 (3.6-4.6) 4.87 (3.99-5.83

Creatinine (mg/dl) 0.99 (0.46-1.8) 1.0 (0.62-1.42) 1.01 (0.5-1.31)

Basal level: the day of 1st administration; EOT: end of treatment with five nasal administration
of nasal therapeutic vaccine (NASVAC), followed by five nasal and subcutaneous
administration of NASVAC. Five years after EOT: 5years after the end of therapy during long-
term follow-up; Data are shown as median and range.

TABLE 3 Sustained antiviral effect of NASVAC on serum HBV DNA 5-years
after EOT.

Variables Basal level Five years after
(N =78) EOT (N =60)

HBV DNA (copies/ml) 1.0x10°-1.0x 10" 3.0x10>-3.5x10°

HBV DNA (positive) 78 15

HBV DNA (undetectable) 0 45

Highest levels of HBV DNA 1.0x 10" 3.5x10°
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FIGURE 1
Decrease of hepatitis B virus (HBV) DNA in the sera along with time
after therapy with a therapeutic vaccine (NASVAC). Baseline: The levels
of HBV DNA evaluated before start of therapy; 3yr-F-up: The level of
HBV DNA 3-year after end of therapy; 5-yr-F-up: The levels of HBV
DNA 5-year after end of treatment. Mean and standard deviation of
HBV DNA of the evaluated patients have been shown.
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FIGURE 2

Hepatitis B virus (HBV) DNA levels at study commencement and HBV
DNA-negativity 5-years after end of treatment. The levels of HBV DNA
(log copies/ml) of two groups of patients at the time of study
commencement has been cited. The levels of HBV DNA were lower in
patients who became HBV DNA negative 5-years after end of
treatment, compared to those who remain HBV DNA-positive 5-years
after end of treatment.

Normalization of ALT 5years after EOT In patients
with CHB receiving NASVAC

Patients with CHB had elevated levels of ALT (>ULN; >421U/1)
when screened for inclusion in a phase III clinical trial. It is well known
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that ALT exhibits exacerbation and remission over the entire course of
CHB. Although all 60 patients in this follow-up trial had elevated ALT
levels at the start of therapy, a total of 40 patients with CHB had ALT
within the ULN 5 years after EOT.

Hepatitis B e antigen negativity in two-thirds
patients of CHB treated using NASVAC 5 years after
EOT

There were 12 HBeAg-positive patients among the 60 patients in
this cohort during the initial entry in the phase III trial. Of these 12
HBeAg-positive patients, eight became negative for HBeAg 5 years
after EOT.

Development of anti-HBs in CHB patients due to
NASVAC therapy and assessed 5Syears after EOT

In this cohort, we enrolled 60 patients with CHB. It was seen that
20 patients developed anti-HBs in their sera. HBV DNA was not
detectable in these patients. There was relation between levels of HBV
DNA with anti-HBs positivity. The levels of HBV DNA in patients
who became anti-HBs-positive were lower (4.957 +1.520 log copies/
ml) than those in patients who were anti-HBs-negative (5.577 +2.340
log copies/ml), however, the levels did not reach statistical significance
(p=0.2326).

No progression to LC or/and HCC

The major problem with CHB is the development of complications
such as LC and HCC, and these two morbidities are responsible for
almost all HBV-related deaths globally. Thus, there was an urgent need
to assess the progression of LC and HCC in patients receiving NASVACs.
Patients with CHB receiving NASVAC were evaluated for the
development of LC and HCC 5 years after EOT. The principal
investigator recorded a history of illness of the study participants.
Finally, if needed, patients underwent abdominal ultrasonography and
upper gastrointestinal endoscopy. There was no evidence of LC
development in any of the patients. Dilated esophageal varices were not
found in any patient 5 years after EOT. Further, we did not notice
incidence of HCC in any of the patients in this study.

Discussion

In 2016, the WHO proposed the “Elimination of Hepatitis by 2030”
concept after thoroughly discussing the situation at that time. Since
then, new HBV infections have been reduced considerably due to
various public health measures, including integrating hepatitis B
vaccination into the Expanded Program of Immunization and reducing
harm. However, these achievements would be short-lasting if proper
treatment strategies are not adopted to treat millions of patients with
chronic HBV-infected
HBV-infected subjects are living and permanent reservoirs of HBV,
transmitting HBV to healthy and HBV-uninfected persons (1). Another
highly relevant finding indicates that only 10% of chronic HBV-infected
subjects are aware of their infectious status. Several approaches have

infection. This is because all chronic

been adopted to discover millions of undetected chronic HBV-infected
patients worldwide. Among these chronic HBV-infected subjects, an
estimated 40-75 million patients with HBV DNA and liver damage
(patients with CHB) deserve immediate and active therapy. Many
patients with CHB would develop complications such as LC and HCC
and follow extremely downhill courses clinically.
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Kinetics of HBV DNA and hepatitis B e antigen (HBeAg) in chronic hepatitis B patients receiving therapeutic vaccine (NASVAC). The levels of HBV DNA at ten
points after study commencement have been shown in HBeAg-positive (A) and HBeAg-negative (B) chronic hepatitis B (CHB) patients.

Log[HBV DNA(copies/mL)]

nannfiands

y SF R AP DS

FELSIT T o o @‘

4

As of today, according to estimates of the WHO, only 5 million
patients with CHB receive treatment. Six years have passed after the
original declaration of “Elimination of Hepatitis by 2030”; however,
the WHO aims to treat approximately 30-40 million patients by 2030.
Based on the available information and experiences of the last four
decades of treatment of patients with CHB by commercially available
antiviral drugs such as IFNs and NUGs, it is clear that a vast number
of patients with CHB cannot be treated by the available antiviral drugs
due to their adverse effects, low efficacy, and infinite regimen of
therapy, even if the missing patients with CHB can be brought to
health services (1).

An ideal drug for CHB should also be used for a finite duration,
with profound safety and efficacy. Immunotherapy has become a
candidate for treating patients with CHB. However, there is no consensus
among physicians and patients regarding the utility of this therapy.
Immune treatment has been initiated in patients for four decades (9, 10).
However, the nature of the drug, study design, lack of analysis of
mechanisms, and appropriate follow-up did not allow immune therapy
to stand the test of time. The study presented here is a well-planned,
properly formulated, and evidence-based trial that has led to the
development of a therapeutic drug that may aid in the “Elimination of
Hepatitis by 2030,” a target of the WHO.

Nasal therapeutic vaccine (NASVAC) is prepared by adding two
antigens of HBV, as both cellular and humoral antigen-specific
immunity of these two antigens is essential for containment of HBV
replication and control of liver damage. Additionally, we formulated
NASVAC to induce mucosal immunity by producing the nasal form of
NASVAC. As antigens administered via the nasal route can induce both
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cytotoxic T cells and CD4-positive T cells and nasal administration
(18-20), we opted to use NASVAC for treating CHB patients. In
addition, the treatment is finite and ends in 20 weeks.

The communication followed the last four articles that reported
phase I/II clinical trials, 24 weeks after EOT of phase III clinical trials,
and two and two 3-years after EOT of phase III trial (21-24). The study
revealed that most patients with CHB receiving NASVAC exhibited
excellent safety profiles in all related fields. Additionally, NASVAC
administration was associated with HBV DNA negativity in the sera of
a considerable number of patients with CHB. In addition, ALT, a marker
of liver damage, was normalized in approximately 66% of patients with
CHB 5 years after EOT. None of the patients developed LC or HCC,
which was confirmed by abdominal ultrasonography and endoscopic
assessment of esophageal varices.

The most notable aspect of this study was related to the route of
administration of NASVAC and its finite mode of therapy. Although
we used NASVAC 10 times via the intranasal and subcutaneous routes
in this trial, we have been conducting clinical trials by administrating
NASVAC via the intranasal route ten times in Japanese patients with
CHB (25). The outcome has shown profound therapeutic efficacy of
NASVAC in these patients, with a significant reduction in serum HBsAg
levels (25).

The intranasal administration of NASVAC has tremendous
clinical and social importance. According to the WHO, out of 296
million chronic HBV-infected patients, only 10% are aware of HBV
infectivity. The millions of missing HBV-infected patients primarily
reside in developing and resource-constrained countries. The
treatment of these millions of patients depends on the availability of
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a finite therapeutic regimen and patient-friendly protocol. Thus,
NUGCs are unsuitable for millions of patients because there is a need
to take them for an infinite duration or even for life. Cessation of
NUCs may cause hepatic failure or other severe complications with
fatal outcomes. However, NASVAC can be performed by patients
themselves if proper training is provided. Thus. NASVAC can alter
the overall picture of CHB therapy.

The most common concern regarding nasal administration was
addressed by checking all patients by ENT specialists. The second
challenge was the mode of administration of NASVAC. NASVAC was
performed by tilting the head, and all patients complied with the
procedures. We also checked whether self-medication by the
intranasal route was possible. It was found that most of the elderly
patients were competent to receive NASVAC by their elves after short-
term training.

Another pertinent limitation of evolving therapeutics has been
resolved by regularly publishing data on NASVAC treatment (prior to
therapy, EOT; 24 weeks after EOT; and 2 and 3 years after EOT) (22-24).
This is the first report of the publication of follow-up data on any
evolving therapy for CHB. This is an extremely important step in the
development of new, novel, and evolving therapies. Hundreds of
immune therapies for CHB have been reported. Unfortunately, most of
the studies have provided data on EOT, and it is elusive as to what
happens in long-term follow-up. One or two studies may have provided
follow-up data 1 year after EOT. The present study is the first and only
study that has attempted to provide long-term follow-up data after EOT
(5-year after follow up). This encouraging outcome will provide
inspiration for the development of new and novel immune therapeutic
approaches for CHB.

One of the major limitations of this study is the lack of assessment
of quantitative HBsAg (qHBsAg). In fact, when this study was
accomplished in Bangladesh, it was not possible to assess qHBsAg over
there. However, it is expected that NASVAC may have a role on qHBsAg
levels. A study conducted by us in Ehime University, Japan has shown
that NASVAC reduces qHBsAg in their cohort (25). Also, a study is
progress in Bangladesh to assess the role of NASVAC on treatment-naive
patients of CHB.

In conclusion, we have an unmasked immune therapeutic,
NASVAC, which is safe and highly effective for containing HBV DNA
and ALT and blocking progression to LC and HCC. It is a finite
therapeutic regimen that can be used quickly via the nasal route to
stimulate the mucosal immunity. The data for 5-year after EOT
indicate that a new nasal drug is knocking on the door, and this may
be rationally used to attain the goal of “Elimination of Hepatitis by
2030” in all countries, including developing and resource-
constrained countries.
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