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ABSTRACT

The immune system plays a central role in controlling acute hepatitis B infection and in patients resolving chronic hepatitis B (CHB). Given
that 221 million (75%) of CHB patients reside in low- and middle-income countries, the development of a vaccine with therapeutic properties
represents a rational and cost-effective approach more than a romantic endeavor. This review systematically analyzes the key variables related
to the safety, efficacy, and effectiveness of CHB treatments. HeberNasvac experience is revisited for addressing the challenges and potentialities
of therapeutic vaccines, as well as the current roadblocks in research and development, registration, and large-scale implementation.
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CHALLENGES OF CHRONIC HEPATITIS B
TREATMENT

Chronic hepatitis B (CHB) infection, as highlighted by the World
Health Organization (WHO), plays a pivotal role in the pathogenesis
of hepatocellular carcinoma (HCC) and liver cirrhosis (LC), resulting
in significant morbidity and mortality. Despite recent success in
curing chronic Hepatitis Cinfection, a safe and effective cure for CHB
remains elusive. Current therapeutic limitations pose substantial
obstacles to achieving the WHO’s ambitious goal for 2030 of
reducing viral hepatitis-related mortality by 65%.!?

Considerable efforts have been directed toward developing
CHB cures. Therapies aimed at achieving a “functional cure” attempt
to achieve sustained undetectable levels of HBsAg (hepatitis B
surface antigen) and HBV DNA have proved largely unachievable.
Thus, the concept of a “partial HBV cure” remains relevant. A partial
HBV cure would involve still detectable HBsAg levels but persistently
low or undetectable HBV DNA in serum after completing treatment.
Achieving a partial cure where normal Alanine transaminase (ALT)/
aspartate aminotransferase (AST) levels, inactive liver disease, and
favorable clinical outcomes contribute to disease remission could
represent a step toward a full HBV cure.?*

Current CHB therapies have failed to induce sustained viral
suppression of treatment and have not succeeded in inducing HBsAg
loss and anti-HBsAg seroconversion. Additionally, their prolonged
use can cause kidney and bone complications. Real-life irreqular use
of nucleot(s)ide analogues (NUCs),* and the residual risk of HCC in
patients under NUC treatment are also matters of concern.®

Therapeutic CHB vaccines have been under development for
decades. They aim to leverage the immune system to control CHB
infection. Their low cost would make them suitable as potential
first-line treatments or add-ons, allowing discontinuation of NUCs.
Such an approach could expand the number of patients achieving
a CHB functional cure or partial cure.
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Development and Application in the Context of Chronic Hepatitis B

This review focuses on the limitations of current CHB treatments
and emphasizes the need to continue to look for an effective
vaccine against CHB.® The goal is to understand the potential and
limitations of therapeutic vaccines and to discuss the future of
therapeutic vaccination.

The importance of controlling HBV extends beyond just liver
cancer, as shown in a prospective study that followed about 4
million individuals in Korea for 8 years.” In this study, CHB infection
was found to not only increase the risk of liver cancer, but it was
also associated with a heightened risk of multiple extrahepatic
cancers (including hematologic, gallbladder, pancreas, stomach,
lung, colorectal, and thyroid). This further underscores the broad
impact of this chronic infection.

CuURRENT TREATMENTS FOR CHB:
A SysTEMATIC COMPARISON

Safety and Tolerability

IFN-mediated treatments are not recommended for patients with
low ALT levels ® This recommendation arises from the lower efficacy
of IFN products in patients with lower ALT levels [reviewed in® and
the extensive list of adverse reactions associated with interferon
and PeglFN therapies. Many of these reactions have the potential for
severity, necessitating special monitoring by healthcare personnel.
In this context, the risk-to-benefit balance does not favor enrolling
patients with low ALT levels unless other variables, such as family
history or increased liver inflammation or fibrosis, are detected.®

On the other hand, NUCs are not recommended for CHB
patients with low viral loads (under 104 copies/mL), even when
they are well-tolerated oral pills. Their chemically mediated HBV
suppressor effect does not offer additional benefits in this setting.
Physicians typically recommend the use of NUCs in more advanced
stages of the disease, considering that lifelong intake may lead to
bone and kidney problems and other conditions that may develop
after several years.

HeberNasvac has been developed as an alternative for first-
line CHB treatment. Its attractive safety profile compared to
PeglFN was demonstrated in the phase II/1ll trial.® It follows a finite,
dedicated, and relatively short treatment schedule, consisting of
10immunizations over 20 weeks. The regimen includes a first cycle
of five intranasal (IN) administrations every 2 weeks, followed by
a second cycle of five IN/subcutaneous (SC) immunizations one
month later with a dose of 100 mg per antigen (HBcAg and HBsAg).

PeglFN is a finite treatment; it is administered via the SC route
for 48 weeks but with considerably higher reactogenicity. During
the Phase II/ll study, 2.5% of the patients were excluded due to
early signs of decompensation. A similar proportion abandoned
treatment because of adverse reactions. None of the patientsin the
HeberNasvac-treated group required discontinuation.® In addition,
there is still room for optimizing HeberNasvac into an exclusively
IN product. Novel formulations are currently under preclinical and
clinical development and will be introduced subsequently.

Antiviral Efficacy and Liver Protecting Effect

The ability to inhibit the replication of HBV and reduce viral loads to
low or undetectable levels is a major variable. It is associated with
the normalization of transaminases (ALT) and reduced progression
of the disease. PeglFN has shown significant levels of antiviral
effect during treatment, but NUCs are the products with stronger
antiviral activity. However, the antiviral effect is often reduced
after treatment cessation in both cases. Virus-induced biochemical
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exacerbations are frequently observed after stopping NUCs or
PeglFN. Despite this, in real-life settings, the discontinuation of
both therapies is a common occurrence. Considering the long-
lasting duration of NUC treatment and the reactogenicity of PeglIFN,
a high level of patient commitment to managing the disease is
required. Financial reasons also play a role in the decision to stop
CHB treatment.

HeberNasvac demonstrated a similar antiviral effect at the
end of treatment (EOT) compared to the end of PegIFN treatment;
however, 6 months later, a sustained antiviral effect was detected
in the HeberNasvac-treated group.® A generalized trend to HBV
reduction over time was subsequently detected, motivating an
in-depth study of action mechanisms.'o"!

During the COVID-19 pandemic, HeberNasvac was used as
an innate immune stimulator due to the capacity of its antigens
to stimulate multiple Toll-like receptors in vitro and in vivo at the
oropharynx of aged subjects, suggesting a role in post-exposure
prophylaxis. An increase in antigen presentation by monocytes
and lymphocytes was detected in aged (>60 years old) volunteers
who were household contacts of patients with respiratory and
febrile infections.'*'

After local administration of HeberNasvac, several interferon-
stimulated genes (ISGs) increased their expression with a similar
intensity as induced by the nasal administration of interferon alpha
2b (Nasalferon®).'? Specifically, an increase in the relative mRNA
expression of OAS1, ISG15, ISG20, STAT1, STAT3, and DRB1-HLA I
genes was detected. In summary, the mode of action mechanism of
HeberNasvac involves a dual effect: it acts on innate immunity as an
interferon inducer (withimmunomodulatory effects) and stimulates
antigen-specific adaptive immunity (adaptive immunity induction).’
This duality explains the long-lasting antiviral effect observed in
vaccinated patients compared to PeglFN-treated CHB patients.®

The long-term follow-up of HeberNasvac patients was also
related to the absence of relevant abnormalities in the markers of
liver function and damage, as well as its capacity to prevent LC. In
a preliminary report of the 10-year follow-up, 11 out of 80 patients
who started the study developed LC in the group treated with
PeglFN, whereas none of the patients developed LC in the group
treated with HeberNasvac, even when genotypes C and D were
prevalent under the studied conditions.”

“Functional” vs “Partial” HBV Cure

PeglFN and NUCs are effective in reducing HBV DNA during patient
treatment. However, the effect on HBsAg levels during treatment
is limited. The IFN treatment results in a comparatively higher
proportion of CHB patients with HBsAg loss. They are in the range
of 3-12% after long-term follow-up, with lower proportions in Asian
patients and higher in those with very low HBsAg levels in blood.
Therefore, current treatments prioritize virus control and prevention
of complications. Thus, the concept of a partial HBV cure is now
considered a realistic and attainable goal.

Regarding serological responses, preliminary HeberNasvac
phase IV clinical data demonstrate that a relevant proportion
of patients (10%) achieve HBsAg to anti-HBsAb seroconversion
after 3-4 years of follow-up.'® The loss of HBsAg appears in a
general background of patients progressing in HBsAg reduction
trend, normal liver enzymes, and stable disease by fibroscan;
see Figure 1."°2 In addition, the clinical use of HeberNasvac in
combination with the mucoadhesive excipient CVP (carboxyl-
vinyl-polymer) from Toko Yakuhin (Kogyo, Japan) was evaluated in
clinical trials at Ehime University (Matsuyama). The obtained results
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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)
i~ Albumin (gm/dL) 3.7 (34-4.2) 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)
Variables Basal level Five years after
(N=78) EOT (N = 60)
g HBYV DNA (copies/mL) 1.0x10-1.0x10 3.0x10-3.5%x10
Q 10 HBV DNA (positive) 78 15
a HBV DNA (undetectable) 0 45
o
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Figs 1A and B: Antiviral and liver protective capacity of HeberNasvac after a five-year treatment-free follow-up. (A) Increased proportion of patients
with undetectable HBV, reduction of the mean HBV levels, and stability of biochemical variables over time; (B) From 78 vaccinated patients, none
developed cirrhosis in the HeberNasvac group after 10 years, vs 11 out of 80 patients treated with PegIFN (13.7% by ITT analysis)'

showed serological responses, including HBsAg loss and anti-HBsAg
seroconversion, which were in turn associated with the generalized
reduction of core-related antigens (HBcrAg) in most patients. '
Two groups of patients not recommended for treatment—
namely (a) asymptomatic carriers and (b) patients already under
NUCs—were vaccinated using HeberNasvac mixed with the
mucoadhesive at the time of use. The study’s objective in terms of

Euroasian Journal of Hepato-Gastroenterology, Volume 14 Issue 2 (July-December 2024)

efficacy was to induce a functional cure. Per protocol analysisamong
vaccinated CHB patients treated with NUCs (n=27) and HBV carriers
(n=36),74.1% and 75.0%, respectively, exhibited reductions in their
baseline HBsAg levels. These mean reductions were statistically
significant after 18 and 48 months.'”?° Anti-HBsAg antibody
responses were detected in 40.7% and 58.3% of patients treated
with and without NUCs, respectively. Notably, six out of 63 (9.5%)
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patients were functionally cured after an 18-month follow-up. A
48-month follow-up detected an increase of up to 12.7% (8 out of
63 patients), suggesting that a booster dose implemented at 18
months in a proportion of patients may be a suitable continuation
for some of the patients boosting the anti-HBsAg response.2°%°
The positive trend of HBsAg and anti-HBsAg markers after 18 and
48 months is highly encouraging in genotype C Japanese patients.
In fact, the HBsAg loss after PeglFN treatment has been reported
to be higher in patients infected with HBV genotype A than C.?°
Ina 2024 review assessing the situation of current treatments for
CHB toward 2030 WHO goals,?® Dr Anna Lok summarized the effect
of current treatments. After a 48-week course of PeglFN-a treatment,
20-25% of patients achieve a sustained decrease in HBV DNA levels,
with HBsAg loss increasing from 2 to 3% at the EOT to 8-14% after 3-5
years of posttreatment follow-up.3°-? Interestingly, the loss of HBsAg
depended on the HBV genotype, with 3% for genotype C and 14%
for genotype A.* In the case of NUCs, although more effective than
PeglFN-a in inhibiting HBV DNA replication, only 2-5% of patients
experience HBsAg loss after 10 years of continuous treatment.>
Taking into account these results obtained with PeglFN-a and
NUGs, it is remarkable that about 10% HBsAg loss and anti-HBsAg
seroconversion were achieved at 18 months and 12.7% after 48
months (8 out of 63 patients) of HeberNasvac-CVP treatment, as
reported at the 2023 edition of the American Association for the
Study of Liver Diseases (AASLD) meeting.'?° It is important to
highlight that these results were observed in genotype C Japanese
patients, who were selected from groups that typically have low ALT
levels and are consequently low responders toimmunotherapy with
PeglFN—the drug category that aligns with HeberNasvac.

Other Serological Markers of Disease Progression

The HBcrAg is a novel marker that correlates with serum HBV DNA,
intrahepatic total HBV DNA, and hepatitis B covalently closed
circular DNA (cccDNA).2'-28 Since most patients on long-term
Entecavir (ETV) have undetectable HBV DNA, serum HBcrAg levels
may serve as a potential marker of intrahepatic viral activity in
virally suppressed patients. Additionally, HBcrAg levels predict
HCC development in patients with undetectable HBV DNA under
NUC therapy.?® High HBcrAg levels have also been associated
with reactivation of hepatitis after cessation of lamivudine (LAM)
therapy.?’?®

Quantitative HBeAg reduction was observed in all HBeAg-
positive Japanese patients, consistent with a significant proportion
of HBeAg loss and anti-HBeAg seroconversion. A significant
reduction in hepatitis B core-related antigen (HBcrAg) levels was
detected in 19 out of 21 patients treated with the HeberNasvac-
CVP formulation (2 remained with stable levels)."*?° The results
obtained in Japan indicate a delayed effect, in addition to the effect
induced after treatment, suggesting that therapeutic vaccination
may exhibit late responses similar to those seen with IFN-based
treatments. Considering the encouraging serological responses
achieved in Japanese clinical trials, a double-blind placebo-
controlled clinical trial has commenced in Japan to confirm the
effect of HeberNasvac in the targeted populations.

Treatment Complications after Long-term Use

The currently approved antivirals are administered in a once-daily
pill, improving the treatment adherence compared to PeglFN
treatment, even compared to injectable therapeutic vaccines.
However, the indefinite, often-lifelong oral therapies complicate
adherence to these treatments for some patients, in particular
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considering the increase of kidney and bone problems. These
long-term adverse reactions have been detected since the first
nucleotide analogue-related nephrotoxicity was reported in
subsequent cohort studies, with a prevalence of 3.0-9.9% for
Adefovir (ADV) monotherapy or in the case of their combination
with LAM combination therapy.3*%

Itis recognized that the long-term use of NUCs increased the risk
of nephrotoxicity in patients with CHB or human immunodeficiency
virus (HIV). Thus, the regular assessment of renal function is
recommended for all patients with CHB, particularly those treated
with a nucleotide analogue, complicating the management of the
treatment.>® In a recently published 7-year safety and efficacy study
of tenofovir disoproxil fumarate (TDF) in CHB, 3.6% of patients had
developed nephrotoxicity.?” The nephrotoxicity of TDF was already
observed for the treatment of HIV, but in HIV, other antiviral drugs
might also contribute to renal dysfunction. One recent retrospective
study found that 5.6% of patients with CHB had evidence of
nephrotoxicity after 2 years of treatment with TDF.383°

Prolonged exposure to TDF has also been associated with
a decrease in bone mineral density and increased fracture risk.
However, limited discussion exists on its effects on various aspects
of bone quality. A comprehensive overview of theimpact of TDF on
bone quality appeared in 2024.4° Findings indicate that prolonged
exposure to TDF adversely affects bone microarchitecture and
strength, impeding fracture healing and skeletal microdamage
repair. Complex interplay involving bone cell signaling, cytokines,
and bone remodeling processes are potential mechanisms
underlying TDF’s impact on bone quality.

The Route and Schedule of Immunization

HeberNasvac may potentially become an exclusively IN product,
as demonstrated in Japanese clinical trials where the vaccine is
administered by the IN route alone. The relevance of the route and
schedule of administration has been studied in HBV-carrier mouse
models and patients, revealing that the anti-HBsAg response was
preferentially induced by the IN route in a murine model of CHB
infection.”!

The IN route was also the most efficacious at inducing cellular
immune responses, in particular CD4+ T cells. In HBV-carrier mice,
high frequencies of HBs-specific CD4+ T cells secreting interferon-y,
interleukin (IL)-2, and tumor necrosis factor-o were found in the
liver only after INimmunization and not by SCimmunizations. This
demonstrates that the route of therapeutic immunization may be
relevant to the final effect of the product. Increased frequencies of
CDA4+T cells expressing the integrin CD49a in the liver suggest arole
of the nasal cavities as an inductive site in promoting a hepatotropic
cellular homing process. Multiple dose schedules were also a
prerequisite for HeberNasvac to overcome immuno-tolerance.”’

To compare different schedules and routes of immunizations,
a group of patients received four different vaccination regimens in
a placebo-controlled factorial study. Patients were followed for a
minimum of 48 weeks. Samples collected at the end of the follow-up
were compared with initial samples. Groups | and Il received the
product by IN/SC routes every 14 and 7 days, respectively. Groups
Il and IV were treated by the SC route alone following a 14- and
7-day schedule. After more than 48 weeks of treatment-free
follow-up, HeberNasvac-treated patients demonstrated superior
responses compared with the placebo group in terms of antiviral
and serological responses. The factorial analysis evidenced that
the schedule combining the IN/SC routes of immunization and the
frequency of 14 days resulted in stronger antiviral and serological
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responses. The present results support the study of the IN route
as well as the development of IN-only immunization schedules.*?

In summary, the composition of HeberNasvac, the
IN-administration route, and the procedure of multiple
immunizations are relevant variables affecting the final efficacy
of the product. Additionally, the product can be further optimized
by considering a vaccination schedule every two weeks. However,
we do not consider this chapter closed; on the contrary, several
variables remain to be explored, for example, a potential role of
trained innate immunity in the mode of action mechanism of
HeberNasvac.

Accessibility to Patients

Iterative HBV DNA quantifications using qPCR technology and
ALT determinations, which are required to assess guideline cut-
offs, also represent an additional cost for patients and healthcare
systems. Reducing the costs associated with the treatment decision
process would increase the accessibility of the product. In parallel,
governments and health authorities should work on reducing the
expenses related to HBV DNA gPCR technologies. In this context, the
development of HeberNasvac has been associated with the creation
of anin-house system, validated against multiple international kits.
The aim is to administer the product within the scope of a sanitary
intervention. This qPCR system is also valuable for assessing patient
outcomes after immunomodulatory vaccine treatment**~** and
as a cost-effective method to quantify HBsAg levels over time,
as previously used and reported.*>*% Further cost reduction may
be achieved by using point-of-care serological assays for timely
patient follow-up.

Treatment accessibility can be interpreted considering the
range of patients who may benefit from it. While current treatments
are recommended only for patients meeting guideline-related cut-
offs, HeberNasvac has also been used in HBeAg-negative patients
with low HBV DNA and intermittently abnormal ALT levels. In
countries like Bangladesh, where the patients with this profile are
also progressing to cirrhosis,”’~*° HeberNasvac offers an alternative
treatment option for a broader patient population.

The availability and affordability of therapeutic vaccines,
including those in countries with limited resources, may be a key
advantage compared to currently established products. Although
HeberNasvac does not follow a traditional two- or three-dose
schedule, it benefits from the well-established understanding
of vaccination as one of the most cost-effective public health
interventions. If mass-scale production can be achieved, there
is ample opportunity to treat patients in low-income countries.
Additionally, new developments, such as obtaining an IN-only
product and using the vaccine to discontinue NUC treatments, will
open new windows of opportunities.

ResipuaL Risk oF HCC: AN OPPORTUNITY
FOR IMMUNOTHERAPIES?

It is generally accepted that IFN-a-based therapies are the best
choice for patients with CHB to achieve a higher percentage of
functional cure and a lower risk of HCC. In contrast, HBsAg loss is
rare with NUC monotherapy, and the risk of HCC persists steadily
despite long-term ETV or TDF treatment. The 5-year cumulative
HCC incidence rate exceeds 9% with ETV/TDF, whereas it remains
below 1% with IFN-a therapy. In summary, both PeglFN and NUCs
are recommended as first-line therapies for CHB infection by the
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EASL, AASLD, and APASL guidelines; however, real-life studies
show that long-term follow-up benefits CHB patients treated with
IFN-based regimens, particularly in preventing LC and HCC.>%>3

Even though lifelong and optimal suppression of HBV DNA is
believed to be crucial for preventing HCC, PeglFN-experienced
patients exhibit a lower HCC incidence than NUC-treated patients.
Notably, viral loads in ETV-treated patients remain consistently
suppressed below those of PeglFN-treated patients; however, the
occurrence of oncogenic surface antigen truncation mutations
associated with HCC is less frequent in the PeglFN group, thereby
highlighting the beneficial effects of immune modulation.>?

The impact of undetectable vs low-level HBV viremia (<2,000
IU/mL) on HCC development has been recognized in a retrospective
cohort study of 875 treatment-naive chronic HBV monoinfected
patients who received ETV monotherapy. Over a median follow-up
of 4.5 years (range 1.0-8.7 years), HCC was diagnosed in 85 patients
(9.7%). Hepatocellular carcinoma occurred more frequently in
patients experiencing low levels or intermittent increases below
2,000 IU/mL (14.3% vs 7.5% at 5 years, p = 0.015). Among patients
with LC, the risk remained higher for those with low-level viremia
(23.4% vs 10.3% at 5 years) compared to those with undetectable
viremia.>* In summary, the association of HBV DNA and HCC risk is
clear, still at low-level viremia; however, the residual HCC risk is still
high even in those with HBV DNA undetectable. An unexplored
effect of NUCs, opposed to their antiviral effect, may explain the
residual risk of HCC compared to PeglFN.

Recent results suggest that IFN add-on therapy with NUCs may
offer dual benefits by reducing HCC development and facilitating
HBsAg loss among NUC-treated CHB patients with intermediate to
high HCC risk. The NUC-treated group maintained monotherapy,
whereas patients in the IFN + NUCs group received IFN add-on
therapy for 48 weeks before switching to NUCs monotherapy. A
total of 196 patients were included in the interim analysis (NUCs
group: 68; IFN + NUCs group: 128). The 96-week cumulative HCC
incidence was lower in the IFN + NUCs group than in the NUCs
monotherapy group (0% vs 4.5%, p < 0.05). Additionally, the IFN +
NUCs group exhibited significantly higher rates of HBsAg loss at
weeks 48 and 96 (22.7% vs. 0%; 16.7% vs 0%, both p < 0.05).>>

The experience of PeglFN reducing this risk is relevant to the
development of immune therapies with mechanisms involving
innate immune stimulation. Similar mechanisms have been
described for HeberNasvac, considered an interferon-inducer
with effects comparable to IFN alfa-2b in stimulating ISGs in blood
samples when both products were administered locally (IN and
sublingual). The physico-chemical nature of the HBcAg, comprising
multiple innate immunity ligands, justifies this property.'>'3

The detection of oncogenic surface antigen truncation
mutations in NUC-treated patients who developed HCC, but not
in those treated with PeglIFN, suggests a potential link with HCC
development.®® These mutations are associated with an increased
HCCrisk because they can lead to the production of altered forms of
HBsAg that may promote oncogenesis. It is possible to hypothesize
that the effects observed on the HBsAg sequence could also
manifestin other proteins. NUCs are known to be incorporated into
growing DNA strands, acting as chain terminators and stopping viral
DNA polymerase. If similar truncation mutations were to occur in
otherviral or cellular proteins, they could potentially disrupt normal
cellular functions and contribute to carcinogenesis.

Whether the residual risk of HCC results from two opposing
vectors deserves further study. Product monographs serve as
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important sources of information to better understand the process
of NUC carcinogenicity. There are reports that warrant closer
examination, balancing their effects with the well-recognized
oncogenicimpact of HBV, which has been associated not only with
HCC but also with other types of cancer.”58

Carcinogenic Effect of NUCs according to Product
Monographs

While interferon products are well-known because of their effect
against cancer, results from animal studies provide evidence of
the carcinogenicity of ETV in mice and rats, as reported in the
Product Monographs of Baraclude and Viread.>”® This effect is
more pronounced in the case of Baraclude.

Long-term oral carcinogenicity studies of ETV showed
positive findings related to carcinogenicity in both mouse and rat
models. Lung adenomas were increased in male and female mice
at exposures 3 and 40 times those in humans. Lung carcinomas
also increased at exposures 40 times those in humans. Tumor
development—preceded by pneumocyte proliferation in the
lung—was not observed in rats, dogs, or monkeys administered
ETV. It was suggested that lung tumors in mice might be a species-
specific event.>” However, the product monograph cannot confirm
to what extent this is the case for the observed oncogenic effects.

Hepatocellular carcinomas (HCCs) were increased in males,
and combined liver adenomas and carcinomas were increased at
exposures 42 times those in humans. Vascular tumors in female
mice (hemangiomas of ovaries and uterus and hemangio-sarcomas
of spleen) were increased at exposures 40 times those in humans.
In rats, hepatocellular adenomas were increased in females at
exposures 24 times those in humans. Brain gliomas were induced
in both males and females at exposures 35 and 24 times those in
humans. Skin fiboromas were induced in females at exposures four
times those in humans. As discussed under the genotoxicity chapter,
a general tumorigenic mechanism may involve a cumulative
mutational effect of prolonged nucleotide pool imbalances.”’

Long-term oral carcinogenicity studies of TDF in mice and rats
were carried out at exposures up to approximately 16 times (mice)
and 5 times (rats) those observed in humans at the therapeutic dose.
At the high dose in female mice, liver adenomas were increased
at exposures 16 times that in humans. TDF was mutagenic in the
in vitro mouse lymphoma assay. The other tests were reported as
negative.>®

It has been reported that ETV can be incorporated and
embedded into the human genome via primer extension or
subsequent ligation and that may contribute to a putative
mechanism of carcinogenicity.”® A second study found that ETV
induced DNA damage at nanomolar concentrations in DT40 cells
in the more sensitive DNA repair-deficient cells. Considering
that, ETV inhibited HBV DNA synthesis in the same nanomolar
range; the authors suggested restricting ETV treatment period.®°
However, interpreting and extrapolating animal data to humans
is not straightforward. In this sense, it is of value to consider the
information from large clinical trials assessing the carcinogenic
effect of NUCs in humans.

Effect of NUCs in Human Carcinogenesis

The preventive effect of NUCs on HCC development in patients with
CHB is controversial due to the difficulty of conducting randomized
controlled trials. While some studies suggest a reduced risk of HCC
with nucleotide analogue therapy, others indicate that the benefit
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may be limited to certain patient subgroups, such as those with LC 5
On the other hand, since NUCs are intended to be used over a long
period, the potential carcinogenic effects of ETV detected in animal
studies have been examined in a large-scale, population-based
study designed to explore the potential causal effects of NUCs on
the risk of malignancies in humans.>”6?

The retrospective cohort study by Wong and colleagues
examined more than four thousand CHB patients in Hong Kong
and found that ETV did not appear to increase the risk of common
cancers in patients with CHB—although a statistically significant
increase in cervical and colorectal cancers was found, prompting
the authors to advise further exploration of this finding. A surprising
result from this study was that the authors failed to show a
statistically significant association between antiviral treatment and
a lower risk of HCC, suggesting that this may be due to the lower
prevalence of cirrhosis among the studied patients.5? This comment
implies that the author follows the hypothesis that the benefit may
be limited to patients with cirrhosis.

The oncogenic potential of HBV is attributed to several factors:
the integration of HBV DNA into the host genome, insertional
mutagenesis and activation of oncogenes, chronic inflammation
caused by long-term HBV infection leading to cellular damage and
increased cell turnover, which may contribute to carcinogenesis,
and also to viral proteins such as HBxAg that can interfere with host
cellregulatory pathways, promoting cell growth and survival. While
the strongest association is with liver cancer, the mechanisms by
which HBV contributes to other cancers are still being investigated.
It is clear that the virus can have far-reaching effects beyond the
liver. Thus, it is reasonable to expect that treatment with NUCs,
which strongly reduce viral replication, would reduce the oncogenic
potential of the virus not only in the liver but also in other tissues,
reducing the incidence of all types of cancers.

In contrast to the rational expectation, NUC treatment did
not lead to a reduction in the risk of HCC and other common
cancersin CHB patients subsequent to the strong reduction in HBV
levels.5? These results should be considered very carefully when
compounded with the observed statistical significance in the case
of colorectal and cervical cancer (see above).

In fact, a closer look into the reported data in NUC-treated
patients evidences a generalized trend to the increase in the
incidence rate of almost all types of cancer (presented in per 105
person-years) independent of their statistical signification. This was
detected for the category of “all malignancies” in the NUC-treated
vs untreated groups (1672.0 vs 473.5) and for the specific cancers:
HCC (1069.7 vs 226.8); colorectal cancer (87.9 vs 23.1); lymphoma
(58.6 vs 14.6); and cervical cancer (45.7 vs 22.2), respectively.5?
This analysis involved 44,494 patients in total. The differences in
the incidences were even more dramatic when the patients were
selected considering those highly exposed to the drug or never
exposed to any antiviral treatment in the untreated group: “all
malignancies” (1884.4 vs 417.9); HCC (1279.4 vs 183.0); colorectal
cancer (98.0 vs 22.5); cervical cancer (73.7 vs 22.7); and lymphoma
(53.5 vs 11.8). This second analysis involved 38,181 patients.5?

Interestingly, this clear increasing trend of incidence does not
match a hypothetical protective activity of NUCs against HCC or
any other common cancer after long years of treatment but rather
the opposite. These findings appear to support the suggestion of
restricting the ETV treatment period and render necessary further
exhaustive studies to rule out any contribution of long-term NUC
therapies to a pro-oncogenic effect.®°
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Fig. 2: Vaccine mechanisms to block progression to liver cirrhosis and HCC. As a stimulator of innate immunity (IFN-inducer), HeberNasvac shares
with PeglFN antiviral and liver protective mechanisms. In addition, adaptive immunity is also stimulated

Considering the current results observed during the
implementation of HeberNasvac, which show a lower proportion
of patients with progression to LC (Fig. 1), one would expect a
reduced number of HCC cases after therapeutic vaccination.'”
HeberNasvac was also competitive during the phase II/1ll study.
Out of 80 enrolled patients treated with PeglIFN, 11 progressed to
LCaccording to fibroscan measures after several years of treatment-
free follow-up. In contrast, none of the 78 vaccinated volunteers
progressed to LC."” Underlying mechanisms for the conferred
protection are depicted in Figure 2.

On the other hand, a considerable body of clinical evidence
supports the fact that immunomodulatory therapy with PegIFN
reduces the risk of residual HCC as compared to treatment with NUCs.
Further research should focus on the long-term protective effects of
HeberNasvac and other therapeutic vaccines with regard to HCC, LC,
and mortality. It is expected that new finite therapies based on the
combination of immune modulatory strategies and PegIFN would
allow tackling the high levels of mortality associated with CHB.

Atherapeutic vaccination approach benefits from the induction
of both adaptive and innate immunity. There is an increased
expression of IFN-stimulated genes in the systemic compartment
after local administration of HeberNasvac. This increment is
similar to what was observed after local administration of IFN-a
2b (Nasalferon®). This in turn opens a new window for combined
therapies based on HeberNasvac and Nasalferon, which have a
low reactogenicity profile, as an alternative treatment for patients
treated with NUCs."?

IRREGULAR MEDICcATION, ACLF, AND THE
NEeep oF A SAFE DISCONTINUATION

Long-term treatment with NUCs has been linked to their
irregular use, known as “irregular medication of nucleot(s)ide
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analogues” (IMNA). An in-depth analysis revealed that the most
common reasons for IMNA were economic constraints, followed
by suboptimal response or unaltered course of disease upon long-
term antiviral treatment, patients concerns about the side effects,
irregular daily routines leading to irregular medication, and patients
switching to cheaper traditional medicines over conventional
antiviral treatment.* Although these problems have been detected
in China, undoubtedly the same scenario can be replicated in most
developing countries where CHB has a higher prevalence.

Irregular medication has been suggested as the cause of
disease exacerbation and HBV-associated liver failure resulting
from the “acute-on-chronic” insult (ACLF).* ACLF is a serious and
life-threatening complication of chronic liver disease, characterized
by acute decompensation of liver function in the context of chronic
liver disease (50% mortality). A recent study assessed the prevalence
and severity of HBV-associated ACLF resulting from IMNA. The
percentage of ACLF caused by IMNA was 9.01% in CHB non-cirrhotic
patients of nine tertiary-level “A” hospitals in the Chinese province
of Heilongjiang over a ten-year period. After studying more than
1000 cases of ACLF, the proportion was nearly double in the case
of cirrhotic patients.* In short, while NUCs prevent deterioration
in some patients, their misuse, conditioned by patients’ economic
situations and other factors, may lead to complications and death
in a significant proportion of these patients.

It is important to highlight that CHB patients without LC are
not expected to die at this stage of their disease. However, the
irreqgular use of antiviral medication, with some cessation-restart
cycles of medication, leads to exacerbated damage in the liver
caused by the emergence of HBV replication and the subsequent
uncontrolled reactivation of the antiviral response. As a result, the
liverisdamaged in a process resulting from the irregular treatment.
Remarkably, the worst ACLF from all studied causes resulted from
IMNA, leading to a higher proportion of fatal cases.* Thus, the
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suitability of treatment with NUCs should be carefully evaluated,
considering the potential misuse of the NUCs, according to the
characteristics of the healthcare system. This may help to reduce
morbidity and mortality in HBV-associated ACLF by enhancing
patients’ compliance.

In order to prevent the negative consequences of IMNA during
long-term treatments, it will be important to develop a therapeutic
vaccine approach capable of averting or delaying HBV rebound
and ALT exacerbations. In this setting it would be expected that
a subsequent reduction of HBsAg levels would occur if vaccine-
induced immunity can be linked to the natural immune reactivation
post NUC cessation.

TowaARDS A “SMART” APPROACH FOR THE
SAFE DisconTINuATION OF NUCs

Therapeutic vaccination may be a valid alternative in the context
of NUC treatment discontinuation. However, current results
of treatment cessation after therapeutic vaccination have led
to disappointing outcomes and the resumption of antiviral
treatment.53-% The evaluation of HeberNasvac, used in combination
with NUCs in the setting of treatment discontinuation, did not
achieve the study’s goal of generating a sustained antiviral response
post-cessation, as compared to the control group.® This phase llb
trial, conducted in several Asian countries (NCT02249988), assessed
the vaccination under viral suppression, with the discontinuation
of NUCs occurring one month after the end of the vaccination.

HeberNasvac vaccination in HBeAg(-) CHB patients, who had
been under extensive and effective antiviral treatment for several
years, evaluated the vaccine’s capacity to prevent viral relapse after
NUC discontinuation. At Week 24, one month after the completion
of vaccination, antiviral therapy was halted in all patients. The
vaccination was safe and well-tolerated, with only 2.2% severe
adverse events in both treatment arms (not drug-related). However,
it did not prevent viral relapse after the cessation of NUCs, and
patients were retreated after detecting the viral relapse.®®

A systematic review and meta-analysis on NUC discontinuation
concluded that the prompt retreatment following viral DNA
rebound—within the scope of NUC discontinuation—was an overly
cautious or conservative approach. It might hinder the potential
immune reactivation that could effectively control the viral peak.
In line with this, some NUC stopping-restarting guidelines were
established, detailed at the EASL 2018 Post-graduate course, after
considering the experience from several NUC discontinuation
clinical trials.57-5°

In our view, the design of clinical trials using therapeutic
vaccines in the context of NUC discontinuation would differ if
drafted today. The swift termination of studies combining vaccines
and NUC cessation precluded a comprehensive understanding of
the virological and serological responses after HBV rebound and
immune reactivation.®* % In light of the recent results by Jiang
et al.>® which demonstrate the add-on effect of PegIFN during
NUC treatment, it would be useful to explore the long-term effect
of therapeutic vaccination on the residual risk of HCC with a less
reactogenicimmune modulator. Thus, smarter designs are required
to capitalize on the temporal association of the immune response
induced by the vaccine and the host-induced response post-
discontinuation. A clinical trial exploring this scenario is currently
ongoing.

HeberNasvac's safety and efficacy, demonstrated in
treatment-naive CHB patients, and its capacity as an innate
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immunity stimulator, make this product a suitable choice for this
indication 515-18424670-74 Tha |gcal administration of HeberNasvac
(comprising a nucleoprotein with multiple ligands for TLR2, 3, 7,8,
and 9) leads to the strong expression of IFN-induced genes in the
blood, resulting from the stimulation of innate immunity in the
oropharyngeal mucosa.'>™

Whether the combination of NUCs and therapeutic vaccines
may lead to sustained viral suppression is not obvious until clinically
proven. Alternative approaches using therapeutic vaccination in
patients who do not stop NUC treatment (add-on) or in those who
stop NUC treatment to start vaccination (switch-on) are ongoing
and will shed light on this potential use.'>?°

Asmartand immunologically rational schedule ofimmunization,
combining therapeutic vaccination and NUC discontinuation, would
ensure a soft viral take-off post-discontinuation. Optimistically, it
could lead to HBV suppression for several months or even years.
This approach may represent a way to mitigate the consequences
of irregular NUC use, reduce the risk of HCC, and recover kidney
and bone structure and functionality by preventing virus-induced
flares.”%73

SURFING THE NEw WAVE oF TREATMENTS

The achievement of a “cure” seems far from today’s perspective.
One-year PeglFN treatment or long-term NUCs are not suitable
treatments to achieve an HBV cure considering the 300 million
CHB patients. Stopping NUC therapy may lead to a functional cure
but mostly in a limited percentage of Caucasian patients with low
HBsAg levels at baseline. However, a wave of novel products has
inspired faith in recent years.

The task of developing a novel product addressing a global
health challenge like CHB requires mingling vaccine innovation
with industrial and clinical development, emphasizing safety,
efficacy, and accessibility. Viral entry inhibitors, inhibitors of
translation and secretion of HBsAg, capsid assembly modulators,
and products targeting cccDNA transcription/degradation have
shown encouraging results in clinical trials. Immunomodulatory
approaches include checkpoint inhibitors, metabolic modulation
of T cells, therapeutic vaccines, adoptive transfer of genetically
engineered T cells, and stimulation of innate and B-cell immune
responses. Recent reviews offer a systematic description of the
novel wave of products.”*”

The suppression of HBsAg production from cccDNA and
integrated HBV DNA, as well as the restoration of the HBV-specific
immune response, are required to achieve a functional cure or
sustained undetectable HBsAg/HBV DNA at week 24 posttreatment
cessation. New antivirals in clinical trials, notably siRNA and antisense
oligonucleotide, resultina 2-3log10 decrease in HBsAg levels after
24-48 weeks of treatment, but sustained HBsAg seroclearance is
still uncommon. Adding PegIFN or immune-modulatory therapy
after HBV DNA suppression and HBsAg reduction may enhance the
likelihood of a functional cure.”®

The combination of novel and current treatment in personalized
strategies to maximize the chance of an HBV cure has been
considered. However, a “gourmet” product may not be affordable
for low- and middle-income countries in the short to medium
term. These approaches would also carry over some of the current
limitations of established treatments, i.e., HBV and ALT cut-offs for
treatment decisions and some of the safety concerns related to
existing products. A complex monitoring is required in the case of
PeglFN, and this may result in a dose reduction, temporary dose
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Table 1: Adverse reactions described in the product monograph of Pegasys®®

Nature of the adverse

Reaction Adverse reactions requiring dose reduction, temporary dose cessation, or discontinuation of therapy*

Psiquiatric Severe psychiatric adverse reactions that may manifest include depression, suicidal ideation, suicide, and relapse of
drug addiction.

Hepatic Hepatic decompensation may occur during treatment with PeglFN. Increases in ALT levels above baseline have been
observed in patients under treatment, including patients with a virological response. ALT flares: (>10XULN) in 7%/12%
HBeAg(-)/HBeAg(+) after EOT, respectively.

Hematologic Decreases in both total white blood cell (WBC) count, absolute neutrophil count (ANC), and other hematological
abnormalities, usually starting within the first 2 weeks of treatment.

Immunologic Serious and severe infections (bacterial, viral, fungal) have been reported during treatment with PEGASYS.

Systemic Flu-like syndrome is commonly reported during IFN therapy; then other causes of persistent fever must be ruled out.

Respiratory

As with other interferon treatments, pulmonary symptoms, including dyspnea, pulmonary infiltrates, pneumonia, and

pneumonitis, including fatality, have been reported during therapy with PEGASYS.

Endocrine
Autoimmune

May cause or aggravate hypothyroidism and hyperthyroidism. Hyperglycemia, hypoglycemia, and diabetes mellitus.
Exacerbation or provocation of psoriasis. PEGASYS must be used with caution in patients with psoriasis.
Serious, acute hypersensitivity reactions (e.g., urticaria, angioedema, broncho-constriction, anaphylaxis) have been

Hypertension, supraventricular arrhythmias, congestive heart failure, chest pain, and myocardial infarction have been

Retinopathy, including retinal hemorrhages, cotton wool spots, papilledema, optic neuropathy, and retinal artery or

Allergic
observed—although rarely.
Cardiac
associated with PEGASYS.
Ophthalmic
vein obstruction, which may result in loss of vision.
Neurologic

machinery.

Patients who develop dizziness, confusion, somnolence, or fatigue should be cautioned to avoid driving or operating

*Information obtained from Pegasys product monograph

Table 2: Summary of the safety aspects related to Baraclude, Viread, and HeberNasvac (¥)

Main adverse reactions Baraclude and Viread

HeberNasvac

On treatment
have been reported (*).
After discontinuation
patients discontinuing treatment (¥).

Lactic acidosis and severe hepatomegaly with steatosis

Severe acute exacerbations of hepatitis B reported in

Transient ALT increases starting at week 8 after
treatment starts, ALT values from 2X to 8X ULN.

Not reported

*Baraclude and Viread information from the warning notes in product monographs, respectively;in the case of HeberNasvac, from Phase Il clinical trial

and clinical practice®>7>®

cessation, or discontinuation of therapy, complicating the future of
combined treatments (Table 1 summarizes the adverse reactions
described in the product monograph of Pegasys).

The use of novel adjuvants based on innate immunity
stimulators—agonists of innate immunity discovered in the last two
decades; a broader antigenic composition mainly including pre-S
and core antigens; and the use of prime-boosting approaches—
are fueling a new wave of development in the field of therapeutic
vaccination. In addition, understanding the immunology behind
the combination of therapeutic vaccines and NUCs is still a matter
of debate and a potential driving force for novel strategies.”

The Rationale of Combining Therapeutic Vaccination
and Antiviral Drugs
Major associations for the study of liver diseases do not recommend
the routine use of interferon in combination with NUCs for the
treatment of CHB.® The benefits of combination therapy have
not been consistently demonstrated across studies. Therapeutic
vaccines are also immunomodulatory treatments that stimulate
both innate and adaptive immunity. Should we expect something
different? It is not an easy answer.

We know that HBV-specific immune responses can be
induced, and several attempts at vaccination under NUCs have
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been unsatisfactory.®#6>7 As in the case of combinations with
PeglFN, the use of novel therapies with the NUCs may add safety
concerns. Although considered safe when used for several years,
some risks are inserted as warning notes of Baraclude and Viread
product monographs (see summary in Table 2), and they should
be considered in the design of NUC cessation approaches and, in
general, for their combination of NUCs and therapeutic vaccines.

HeberNasvacinduced a significant HBsAg neutralizing response
both under NUCs and in asymptomatic carriers when administered
with the mucoadhesive CVP.'? In line with the early results of
several vaccine candidates, stronger HBsAg reductions appear
in patients with HBsAg levels below 100 IU/mL immunized with
HeberNasvac. However, the proportion of patients with HBsAb
titers and HBsAg loss is higher in the setting of patients without
NUCs. The assessment of the response after long-term follow-up
(late effect), the use of booster doses, and the improvement of the
formulation represent alternatives to induce superior responses,
considering the trend of HBsAg reduction over time.

Some theoretical disadvantages related to inducing adaptive
immunity in patients under NUCs arise. Vaccine-induced T cells
should exert their function in the liver. However, the inflammatory
liver environment is reduced soon after the start of NUC treatment.
This is reflected by the reduction in ALT levels in most patients a
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few weeks after the start of antiviral treatment. In line with this,
it has been demonstrated that hepatocytes do not express HLA
class I, except under inflammatory conditions, a logical and natural
adaptation to the tolerogenic role of the liver.””~”°

The suppression of viral replication in patients under NUC
therapy leads to a reduction in the number of hepatocytes
presenting viral antigens, such as cytoplasmic HBcAg. It has been
demonstrated that control of replication can be predicted by the
low intracellular expression of HBcAg.2® Taken together, in virally
suppressed patients, there is a reduced presentation of HBV
antigens and consequently a reduction in the presentation of viral
peptides to vaccine-induced T cells by both HLA class | and Il.

Viral replication reactivates the immune system'’s detection
mechanisms, restarting the immune response. Indeed,
discontinuing NUC treatment may be beneficial for enhancing
immunotherapeutic efficacy. However, the design of the
discontinuation and restart treatment protocol requires a smart
approach. Discontinuation protocols should adhere to the
established rules for restarting therapy. Transient and moderate
increases in ALT should be considered normal in this context,
and patients nearing cirrhosis should not be included in the
initial trials. A new horizon of opportunities can be created for
therapeutic vaccination approaches if theimmunological scenario
is considered.

On the other hand, using NUCs for an extended period after
therapeutic vaccination may take longer to induce an effective
response at the HBsAg level. However, this approach may be
suitable for patients with more advanced degrees of fibrosis. The
initial results of HeberNasvac administered under NUCs indicate a
trend of reduction in HBsAg and HBcrAg levels, as well as noticeable
progress in HBeAg serology. HeberNasvac add-on explores HBsAg
seroconversion without forfeiting the virological, serological, and
biochemical benefits of NUCs. In brief, the immune system may
require more time to function under viral suppression.'®2°

HeberNasvac also activates a wide array of TLRs from both
TRIF and MyD88 pathways, leading to the stimulation of type l and
type Il interferons and multiple ISGs after local administration in
aged >60-year-old volunteers. Therefore, there is still potential for
a significant response in the combination with NUCs. In addition,
multiple factors need consideration, including the potential to
reduce HCC risk."

THerAPEUTIC VACCINATION: FROM BENCH TO
LARGE-SCALE INTERVENTION

HeberNasvac has been developed as a “South-North-South”
cooperation in the practical sense. This experience deserves a closer
look as an example of collaboration between academic institutions,
the pharmaceutical industry, hospitals, and regulators.

The pharmacological studies of HeberNasvac brought
together collaborators from the Center for Genetic Engineering
and Biotechnology (Cuba), Vaxine Pty (Australia), Ehime University
(Japan), Institut Pasteur and the Center for Atomic Energy
(France), and the Helmholtz Center for Infection Research
(Germany). Multiple studies demonstrated the strength and
immunomodulatory capacity of the induced antibody and T
cell response in different lines of mice, as well as the serological
responses in HBsAg-tg and HBV-transfected animal models. The
nasal route of immunization has been shown to be far beyond
an attractive and safe administration route. This route ensures
the antigen uptake and induction of antigen-specific T cells
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preferentially recirculating to the liver. In comparison, the parenteral
administration of the same product induced a significantly lower
response in frequency and intensity. This is part of product rationale
and action mechanism.%117071

After industrial development and confirmation of preclinical
stability, HeberNasvac completed acute toxicity, local tolerance,
and repeated-dose toxicology studies for IN as well as for IN and
SC combined administration. The Mucosal Irritability study also
confirmed that HeberNasvac was not irritating to the mucosa and
there was no damage to the brain due to nose-to-brain mechanisms.

Clinical safety and evidence of immunogenicity and antiviral
effect were demonstrated in two phase I clinical trials, one in healthy
volunteers and the other in IFN-refractory patients.®' The second
study, even reduced in sample size, was the first evidence of the
late response associated with immune stimulation. Two out of 6
patients seroconverted to HBsAg, and the three HBeAg-positive
lost the antigen, in two cases with seroconversion. DNA titers were
undetectable in all after five years.*®

The product was also studied in a phase I/l trial enrolling CHB
patients in Bangladesh and in a phase lla trial in Cuba.*?32 These
studies further supported the safety and immunogenicity of the
product. In addition, they showed that administration every 2
weeks in the 10-dose standard schedule was superior compared
to the reinforced schedule of weekly administration of 20 doses.

A phase II/1ll study of HeberNasvac was conducted to assess
the efficacy of the product. Antiviral response was superior in the
group treated with HeberNasvac compared to PeglFN. Although
the proportion of patients with HBV DNA suppression below 250
copies/mL was similar at the EOT for both groups, it was >20% higher
in vaccinated patients 6 months after the end of each treatment,
confirming the hypothesis of the study. The superiority of the
product was also confirmed in other clinically relevant variables
(proportion of patients with HBV DNA below (104) copies/mL, as
well as in terms of HBeAg loss and seroconversion).®

The long-term follow-up of the vaccinated patients 1, 2, 3,
and 5 years after the EOT detected a general trend of reduction in
mean values and proportions. More than 75% of patients had HBV
DNA levels below the limit of detection after 5 years of treatment-
free follow-up.'®'® These results were associated with a lower
proportion of patients with cirrhosis according to the fibroscan test
compared to PeglFN-treated patients,'® as previously discussed.

The assessment of the antiviral response across genotypes
in patients from the phase II/lll clinical trial has shown that
HeberNasvac developed a uniformly superior antiviral response
compared to PeglFN for all genotypes involved in the study (A, C,
and D). It was remarkable to find that genotype D patients, known
to be less responsive to PeglFN treatment compared to genotype A,
exhibited the highest relative antiviral response while maintaining
lower relative responsiveness as expected in the PeglFN-treated
patients. An early peak of ALT values (week 8) was detected in
genotype D compared to genotype A patients, who peaked at
week 12.83 In all cases, there was a subsequent and generalized
normalization of transaminases over time.

HeberNasvac, now registered as a “monotherapy” for CHB
treatment, is currently accessible to HBsAg-positive non-cirrhotic
patients in Cuba.®* A phase IV trial is ongoing in more than 300
patients across the island.®> The preliminary results of phase IV
were encouraging in terms of HBsAg loss and seroconversion,'®
and the five-year follow-up results are expected by the end of
2024. HeberNasvac has been proposed for a sanitary intervention
in Havana to cover all HBsAg(+) patients in the future.
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HeberNasvac clinical development has been associated with
the development of standardized and validated cost-effective
virologic and serologic assays targeting future expansion in
the number of patients. The CIGB validated a cost-effective and
implemented a low-priced in-house HBV DNA determination and
HBsAg quantitative systems to ensure the control of a large number
of patients enrolled as part of the future sanitary intervention,*>#44

EnHANCING INNATE IMMUNITY: A DRIVING
APPROACH FOR VAcCCINE OPTIMIZATION

HeberNasvac is being developed into an exclusively nasal product
to be affordable and accessible to all CHB patients without the
need for injections. The mixture of two recombinant virus-like
particles in a liquid presentation is the simplest formulation for
expanding their use in low-income countries. The use of the CVP
mucoadhesive will obviate the need for parenteral administrations
during the second cycle of the HeberNasvac therapeutic protocol
of immunizations."”?° Apart from the mucoadhesive effect, a
recently discovered rationale behind the CVP adjuvant effect is
its M-cell targeting capacity.®® Nasal formulations comprising CVP
are currently under development for different pathogens.t”. In
the setting of preventive hepatitis B vaccination, the results of the
HeberNasvac-CVP formulation in Japanese vaccine non-responders
have evidenced the strong immunity conferred by this IN-only
formulation.®?

Another interesting approach for the future development of
HeberNasvac, whether linked to the use of mucoadhesives or not,
may be the use of c-di-AMP, an active excipient used to induce
strong innate immunity stimulation. This excipient has a recognized
adjuvant effect in a large number of vaccine settings.’°=% The
mucosal adjuvanticity of c-di-AMP has been demonstrated in
multiple models, even in formulations that can be lyophilized to
improve thermal stability or administered in powder form through
the respiratory mucosa.”®

The compound c-di-AMP is produced by enzymatic synthesis
as a highly pure GMP product. The c-di-AMP is recognized by
host cells, inducing a type | interferon (IFN) response via STING
(Stimulator of Interferon Genes), activating the nuclear factor kappa
B (NF-kB) pathway, the inflammasome, and also the host autophagy
system, promoting the production and secretion of cytokines.”
The c-di-AMP has demonstrated the capacity to trigger a host
mucosal immune response as a mucosal adjuvant in formulation
with HeberNasvac.’* As a pathogen-associated molecular pattern,
c-di AMP will reinforce host immunity and deserves to be tested in
patients following satisfactory results in the non-human primate
model. HeberNasvac, with an exclusively IN administration
procedure, will be an attractive product for the massive introduction
in challenging sanitary settings, where CHB is more prevalent.

Chronic hepatitis B patients exhibit a dysfunctional immune
response, and inhibitory receptors such as programmed death
receptor 1 (PD-1) are overexpressed on T cells, leading to an
ineffective immune response. Consequently, some companies are
planning to combine therapeutic vaccines with immune checkpoint
inhibitors. The PD-1 inhibitor, Nivolumab, was safe and effective
for the treatment of virally suppressed patients with CHB, with or
without the administration of the therapeutic vaccine GS-4774.
However, the effect of the vaccine was negligible under the studied
conditions, and the only patient eliminating HBsAg during the study
was from the non-vaccinated group. The study was conducted with
patients under antiviral treatment with NUCs.*®
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Itisimportant to highlight that the use of Nivolumab can indeed
suppress the host’simmune control over HBV replication in certain
patients. HBV reactivation has also been increasingly recognized
in oncologic patients with concomitant HBV infection treated with
nivolumab. Recently, hyper-progressive disease has been described
in a subset of patients with HCC treated with a PD-1 inhibitor, and it
was associated with worse progression-free and overall survival.” In
summary, additional studies are needed to elucidate the impact of
checkpoint inhibitors on the risk of HBV reactivation to exploit the
benefits of this approach, albeit reducing any potential risk.%’~1%°

The rationale and status of the 10 most advanced approaches
to therapeutic vaccination as of 2024 are summarized in Table 3.
This selection is largely similar to the list of the EASL in June 2024.
Some conclusions can be drawn from the group of front-runner
approaches: In addition to HeberNasvac, where the HBcAg
represents a nucleoprotein with a multi-TLR agonist effect, most
vaccine candidates are enhancing the immunogenicity of their
antigens by stimulating innate immunity using PeglFN or agonists
of the innate immunity receptors (seven candidates). In addition,
new antigens are being used, including vaccines with PreS regions
(five candidates), HBcAg (four candidates), antigens in vectors (two
candidates), peptides from conserved regions (one candidate), or
selecting HBsAg with neutralizing epitopes associated with Hep
B cure (one candidate). In addition, some studies declare their
intention to recruit patients with low baseline HBsAg levels, those
with a higher probability to benefit from the functional cure, even
when they are not within the scope of current therapies.

There is a call for a simplified recommendation to reduce
the disease burden. However, recent reviews acknowledge there
is insufficient evidence to support treatment expansion to all
HBsAg seropositive patients using current antiviral agents.'®
The use of therapeutic vaccines in well-designed studies,
preferably prospective cohorts or randomized controlled trials,
with appropriate monitoring planning, is required to establish
them as treatment for individuals who do not currently meet the
eligibility criteria for antiviral treatment by current guidelines’
recommendations. The recent interest of different companies in
treating CHB patients with low levels of HBsAg concentration in
blood confirms the validity of the HeberNasvac-based approach
of studying all HBsAg-positive patients. However, the current data
in the case of HBeAg-positive patients remains insufficient, and, in
this sense, additional studies and the analysis of the phase IV clinical
trial results would offer a clear understanding of the potential
usefulness of this product in the immune-tolerant subjects as well
as in the rest of CHB patients.

ConNcLupING REMARKS AND FIVE-YEAR
ProsPECTS

Despite vaccination efforts, CHB remains one of the major health
problems worldwide. Current CHB treatments face safety, efficacy,
and effectiveness limitations, restricting their use to a small segment
of patients. Novel therapies aim for a “functional cure” or sustained
undetectable HBsAg and HBV DNA after a finite treatment. However,
so far, product efficacy has fallen below expectations.

NUCs can be considered a safe treatment; however, the
long-lasting treatment has been associated with an increased
frequency of kidney and bone problems, as well as the emergence
of oncogenic mutants in viral proteins, potentially linked to the
“residual” risk of HCC after long-term treatments. The damage
caused by waves of viral suppression and relapse during irregular
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medication with NUCs affects the liver and is responsible for
about 10% of the most severe form of ACLF in CHB patients.
Taken together, the long-term limitations of NUC treatments
should be considered in the risk-to-benefit balance, taking
into account the economic and educational level of patients,
reassessing the “sacrifice” of using a more reactogenic interferon
treatment, averting long-term complications, and reducing the
risk of HCC.

Therapeutic vaccination is a promising tool to manage CHB
in a wide proportion of HBsAg(+) individuals. HeberNasvac R&D’s
positive and negative experiences may help to understand the
present and shape the future of these types of products. The
HBV DNA reduction trend, detected several years posttreatment
completion in all clinical trials up to date, is associated with a
constant improvement of serological variables and generalized
biochemical normalization, also with a reduced proportion of LC
compared to PeglFN treatment. These results suggest that the
variable “time” is a major player in reverting the deep-rooted
tolerance generated during CHB infection.

The combination of therapeutic vaccination and NUCs in
add-on or switch-on protocols requires new smart designs
considering the immunological background of the target patient to
allow the optimal T-cell functionality under/after viral suppression.
After initial drawbacks, several therapeutic vaccines are being
developed with enthusiasm and are expected to bring interesting
results leading to innovative health interventions in the next 5
years.

New candidates are characterized by a broader representation
of viral antigens, where the Pre-S and core are frequently used,
both as recombinant proteins and in viral vectors, used alone or in
rationally designed prime-boosting approaches. The generalized
use of agonists of innate immunity as part of the new formulations is
acommon approach in novel vaccine formulations. The “adjuvant”
concept has evolved into a broad range of compounds with defined
molecular targets and subsequent modes of action mechanisms.
The use of TLR ligands, c-di-AMP, delta inulin, and mucoadhesives
will ensure biodistribution and higher efficacy, may reduce the
use of syringes and the amount of antigen, and also promote
product user-friendliness. Special attention will be given to the
innate immunity stimulation and training to promote an optimal
immune response.

Global WHO 2030 goals for mortality reduction may not be
accomplished. However, a therapeutic vaccine with moderate
efficacy would have a significantimpact on CHB epidemiology. The
initial use of HeberNasvac in the setting of sanitary interventions
in Cuba has also involved the validation of PCR systems and
quantitative HBsAg serology. The use of point-of-care serology,
affordable biochemistry, and ultrasound tools to control patient
retention, treatment, and follow-up will be implemented. In
addition, the use of information technologies will be required to
organize and inform vaccination centers, labs, clinicians, family
doctors, social workers, and patients to ensure the quality of the
overall process. Although multiple limitations are on the horizon,
the first experience of therapeutic vaccination on a large scale
would result in a valuable experience for countries with economic
limitations, where the CHB has the higher prevalence.
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