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HEPATITIS B IMMUNISATION REGIMEN AND COMPOSITIONS

FIELD OF THE INVENTION
The present invention relates to novel compositions which may find use in immunisation

regimens for the treatment of chronic hepatitis B.

BACKGROUND TO THE INVENTION

Hepatitis B virus (HBV) infection is a major public health problem. Globally, approximately
257 million people are infected with HBV [WHO, 2017]. The clinical course and outcome of HBV
infection is largely driven by the age at infection and a complex interaction between the virus and
the host immune response [Ott, 2012; Maini, 2016]. Thus, exposure to HBV may lead to acute
hepatitis that resolves spontaneously or may progress to various forms of chronic infection,
including the inactive hepatitis B surface antigen (HBsAg) carrier state, chronic hepatitis, cirrhosis
and hepatocellular carcinoma (HCC) [Liaw, 2009]. The prevalence of HBsAg in the adult population
is >2%, with rates of 5-8% in South East Asia and China and >8% in the African Region. Between
15-40% of persons with chronic hepatitis B infection (defined as serum HBsAg being detected for
more than 6 months) will develop liver sequelae, of which liver cirrhosis (LC), hepatic
decompensation and HCC are the major complications.

Although implementation of universal prophylactic hepatitis B immunization in infants has
been highly effective in reducing the incidence and prevalence of hepatitis B in many endemic
countries, it has not yet led to a strong decrease in the prevalence of chronic hepatitis B infection
(CHB) in adolescents and adults, and it is not expected to impact on HBV-related deaths until
several decades after introduction. In 2015, hepatitis B accounted for 887,000 deaths, mostly from
liver cirrhosis and HCC [WHO, 2017].

Clinical management of chronic hepatitis B aims to improve survival and quality of life by
preventing disease progression, and consequently HCC development [Liaw, 2013]. Current
treatment strategy is mainly based on the long-term suppression of HBV DNA replication to achieve
the stabilisation of HBV-induced liver disease and to prevent progression. Serum HBV DNA level is a
cornerstone endpoint of all current treatment modalities. Achieving loss of (detectable) hepatitis B e-
antigen (HBeAg) is another valuable biomarker, however HBsAg loss, with or without anti-HBs
seroconversion, is generally considered an optimal endpoint representing “functional cure”, as it
indicates profound suppression of HBV replication and viral protein expression [Block, 2017;
Cornberg, 2017]. Currently, there are two main treatment options for CHB patients: either by
pegylated interferon alpha (PegIFNa) or by nucleo(s)tide analogues (NA) [EASL, 2017]. PegIFNa
aiming at induction of a long-term immune control with a finite duration treatment may achieve
sustained off-treatment control, but durable virological response and hepatitis B surface antigen
(HBsAg) loss is limited to a small proportion of patients. In addition, owing to its poor tolerability
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and long-term safety concerns, a significant number of patients are ineligible for this type of
treatment.

NAs act by suppressing DNA replication through inhibition of HBV polymerase reverse
transcriptase activity. The NAs approved in Europe for HBV treatment include entecavir (ETV),
tenofovir disoproxil fumarate (TDF) and tenofovir alafenamide (TAF) that are associated with high
barrier against HBV resistance as well as lamivudine (LAM), adefovir dipivoxil (ADV) and telbivudine
(TBV) that are associated with low barrier to HBV resistance. The main advantage of treatment with
a potent NA with high barrier to resistance is its predictable high long-term antiviral efficacy leading
to HBV DNA suppression in the vast majority of compliant patients as well as its favourable safety
profile. The disadvantage of NA treatment is its long-term therapeutic regimen, because a NA does
not usually achieve HBV eradication and NA discontinuation may lead to HBV relapse [Kranidioti,
2015]. HBsAg loss representing a functional cure is now the gold standard treatment endpoint in
CHB [Block, 2017; Cornberg, 2017], which however, is rarely achieved with NA treatment
[Zoutendijk, 2011].

Because of a low rate of HBsAg seroclearance [Zoutendijk, 2011] and a high risk of off-NA
viral relapse [Kranidioti, 2015], most patients are maintained under long-term or even indefinite NA
therapy, which could be associated with reduction in patient compliance to therapy, increase in
financial costs and increased risk for drug toxicity and drug resistance mutations upon long-term
exposure [Terrault, 2015]. A new strategy is therefore necessary to supplement to the NA therapy

to achieve “functional cure” with a finite regimen.

New treatment strategies currently being explored include new antiviral strategies as well as
novel immunotherapeutic strategies that boost HBV-specific adaptive immune response or activate
innate intrahepatic immunity [Durantel, 2016]. So far, none of these experimental treatments have
been shown to be efficacious. Among the vaccination strategies evaluated, none was able to induce
a robust poly-functional CD8* T-cell response to HBV core antigen (HBcAg) that is of key importance
to restore immune control on the virus [Lau, 2002; Li, 2011; Liang, 2011; Bertoletti, 2012; Boni,
2012]. Early efforts on recombinant vaccines based on HBV surface and/or PreS antigens
preliminarily induced antibody responses but no HBV-specific CD8+ T-cell response, with no clinical
or virological benefit [Jung, 2002; Vandepapeliére, 2007]. A DNA vaccine expressing HBV envelope
failed to restore T cell response specific to HBsAg and HBcAg thus did not decrease the risk of
relapse in patients after NA discontinuation [Fontaine, 2015]. With new delivery systems, a DNA
vaccine (prime vaccine) and MVA viral vector vaccine (boost vaccine) encoding S, preS1/S2 showed
no T cell induction or reduction in viremia suggesting HBV PreS and surface antigens alone are not
sufficient to cure patients [Cavenaugh, 2011]. More recently, vaccine strategies targeting multiple
HBV antigens and new delivery systems have been investigated. A recombinant HBsAg/HBcAg
vaccine led to a viral load decrease to a very low level (i.e. ~50 IU/ml) in only half of the patients
[Al-Mahtab, 2013]. A DNA vaccine encoding S, preS1/S2, core, polymerase and X proteins with
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genetically adjuvanted IL-12 together with lamivudine induced a multi-specific T cell response and a
>2 10910 decrease in viral load in half of the patients. However, changes in quantitative detection of
HBsAg, loss of HBsAg or HBsAg seroconversion were not observed in any patients [Yang, 2012]. The
GS-4774 vaccine, a yeast-based T cell vaccine expressing large S, core and X proteins of HBV did
not provide significant reduction in HBsAg in virally-suppressed CHB patients [Lok, 2016].

There remains an unmet need for a treatment which can clear HBsAg in order to allow
patients to safely discontinue NA therapy without virological or clinical relapse.

SUMMARY OF THE INVENTION
There is provided an immunogenic composition comprising a replication-defective

chimpanzee adenoviral (ChAd) vector comprising a polynucleotide encoding a hepatitis B surface
antigen (HBs), a nucleic acid encoding a hepatitis B virus core antigen (HBc) and a nucleic acid
encoding the human invariant chain (hli) fused to the HBc. The composition may find use in a
method for treating chronic hepatitis B by administration of the composition in a prime-boost
regimen with at least one other immunogenic composition.

In a further aspect, there is provided an immunogenic composition comprising a Modified
Vaccinia Virus Ankara (MVA) vector comprising a polynucleotide encoding a hepatitis B surface
antigen (HBs) and a nucleic acid encoding a hepatitis B virus core antigen (HBc). The composition
may find use in a method for treating chronic hepatitis B by administration of the composition in a
prime-boost regimen with at least one other immunogenic composition.

In a further aspect, there is provided an immunogenic composition comprising a
recombinant hepatitis B surface antigen (HBs), a C-terminal truncated recombinant hepatitis B virus
core antigen (HBcC) and an adjuvant containing MPL (3D Monophosphoryl lipid A) and QS-21 (a
triterpene glycoside purified from the bark of Quillaja sapnoaria). The composition may find use in a
method for treating chronic hepatitis B by administration of the composition in a prime-boost
regimen with at least one other immunogenic composition.

In a further aspect, there is provided an immunogenic combination comprising:

a) a composition comprising a replication-defective chimpanzee adenoviral (ChAd) vector
comprising a polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic
acid encoding a hepatitis B virus core antigen (HBC);

b) a composition comprising a Modified Vaccinia Virus Ankara (MVA) vector comprising a
polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid encoding
a hepatitis B virus core antigen (HBc); and

C) a composition comprising a recombinant hepatitis B surface antigen (HBs), recombinant
hepatitis B virus core antigen (HBc) and an adjuvant.
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The immunogenic combination may find use in a method for treating chronic hepatitis B
(CBH) by administration of the compositions in a prime-boost regimen.
The immunogenic combination may find use in a method for treating CHB in a human by
administration of the compositions sequentially or concomitantly.

DESCRIPTION OF DRAWINGS/FIGURES
FIG. 1 - HBc-specific (A) and HBs-specific (B) CD8* T-cell responses 14 days after primary
immunization with ChAd155-HBV(with and without hli) and 7 days after MVA-HBV booster

immunization (individual animals with medians are represented).

FIG. 2 - HBc-specific antibody responses 14 days after primary immunization with ChAd155-HBV
(with and without hIi) and 7 days after MVA-HBV booster immunization (individual animals with
geomean titers (GMT) are represented)

FIG. 3 - HBc and HBs-specific CD4+ T-cell responses at 7 days post-third dose of NaCl, HBc, HBs or
HBc-HBs formulated in 50l of AS01s-4 (pools of 5 animals/group with medians are represented)
FIG. 4 - HBs specific CD8" T-cell response at 7 days post-third dose of NaCl. HBc, HBs or HBc-HBs
formulated in 50pI of ASQ1s-4 (pools of 5 animals/group with medians are represented)

FIG. 5 - Anti-HBc and anti-HBs antibody responses at 14 days post-third dose of NaCl, HBc, HBs or
HBc-HBs formulated in 50ul of ASO1e-4 (individual animals with geomeans and 95%(CI are
represented)

FIG. 6 - HBs- (A) and HBc- (B) specific CD4+ and HBs-specific CD8+ (C) T-cell responses at 7 days
post-third dose of NaCl, HBc-HBs, HBc-HBs plus alum, HBc-HBs plus ASO1s-4 or HBc-HBs plus ASO1e-
4 (pools of 5 animals/group with medians are represented)

FIG. 7 - HBs- (A) and HBc- (B) specific antibody responses at 14 days post-third dose of NaCl, HBc-
HBs, HBc-HBs plus alum, HBc-HBs plus ASQ1s-4 or HBc-HBs plus ASO1e-4 (individual animals with
geomeans and 95%(CI are represented)

FIG. 8 - HBc-(A) and HBs-(B) specific CD8* T-cell responses at 7 days post-second and fourth dose
of NaCl, heterologous vector prime-boost with subsequent recombinant proteins or heterologous
vector prime-boost with concomitant recombinant proteins (individual animals with medians)

FIG. 9 - HBc-(A) or HBs-(B) specific CD4* T-cell responses at 7 days post-second and fourth dose of
NaCl, heterologous vector prime-boost with subsequent recombinant proteins or heterologous vector
prime-boost with concomitant recombinant proteins (individual animals with medians)

FIG. 10 - HBc-and HBs-specific CD4* (A) and CD8™* (B) T-cells in liver infiltrating lymphocytes 7 days
post-fourth dose of NaCl, heterologous vector prime-boost with subsequent recombinant proteins or
heterologous vector prime-boost with concomitant recombinant proteins (pools of 3 or 4 animals
with medians)

FIG. 11 - HBc-specific (A) and HBs-specific (B) antibody response after prime boost vaccine

regimens (individual animals with geomeans are represented)
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FIG. 12 - mli-, HBc- and HBs-specific IFNy ELISpot responses, 2 weeks post-first and second
injections of PBS or ChAd155-mIi-HBV vector (10° vp)
FIG. 13 - Anti-mli antibody responses (ELISA) elicited by 2 administrations of ChAd155-mIi-HBV
(10%vp) in CB6F1 mice, 2 weeks post-first and second injections
FIG. 14 - HBc-specific spleen (A) or liver (B) CD8+ T cells at 7 days post-second dose and 7 days
post-fourth dose of NaCl, heterologous vector prime-boost with subsequent recombinant proteins or
heterologous vector prime-boost with concomitant recombinant proteins (individual animals with
medians)
FIG. 15 - HBc-specific spleen (A) or liver (B) CD4+ T cells at 7 days post-second dose and 7 days
post-fourth dose of NaCl, heterologous vector prime-boost with subsequent recombinant proteins or
heterologous vector prime-boost with concomitant recombinant proteins (individual animals with
medians)
FIG. 16 - HBs-specific spleen (A) or liver (B) CD8+ T cells at 7 days post-second dose and 7 days
post-fourth dose of NaCl, heterologous vector prime-boost with subsequent recombinant proteins or
heterologous vector prime-boost with concomitant recombinant proteins (individual animals with
medians)
FIG. 17 - HBs-specific spleen (A) or liver (B) CD4+ T cells at 7 days post-second dose and 7 days
post-fourth dose of NaCl, heterologous vector prime-boost with subsequent recombinant proteins or
heterologous vector prime-boost with concomitant recombinant proteins (individual animals with
medians)
FIG. 18 - Anti-HBs (A) and anti-HBc (B) binding antibody responses at Days 23, 65 and 93 (pre-
dosing, 7 days post-second dose and 7 days post-fourth dose of NaCl, heterologous vector prime-
boost with subsequent recombinant proteins or heterologous vector prime-boost with concomitant
recombinant proteins)
FIG. 19 - AST (A) and ALT (B) levels measured in sera from mice (groups 1, 2, 3 and 4) at Days 38,
65, and 93 (7 days post-first, second and post-fourth dose of NaCl, heterologous vector prime-
boost with subsequent recombinant proteins or heterologous vector prime-boost with concomitant
recombinant proteins groups 1, 2, 3) or at day 93 (group 4)
FIG. 20 - HBs antigen levels in sera from AAV2/8-HBV injected mice pre-dosing, 7 days post-second
dose and 7 days post-fourth dose of NaCl, heterologous vector prime-boost with subsequent
recombinant proteins or heterologous vector prime-boost with concomitant recombinant proteins
FIG. 21 - Structure of HBc-2A-HBs construct
FIG. 22 - Structure of hIi-HBc-2A-HBs construct
FIG. 23 - Frequency of HBc- and HBs-specific CD4+ T-cells in the leukocytes of CB6F1 mice 7 days
after the 2nd immunization with adjuvanted HBc, HBs and HBc/HBs in various ratios
FIG. 24 - Frequency of HBc- and HBs-specific CD4+ T-cells in the leukocytes of CB6F1 mice 7 days
after the 3rd immunization with adjuvanted HBc, HBs and HBc/HBs in various ratios
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FIG. 25 - Frequency of HBs-specific CD8+ T-cells in the leukocytes of CB6F1 mice 7 days after the
2nd and the 3rd immunization with adjuvanted HBc, HBs and HBc/HBs in various ratios
FIG. 26 - Anti-HBc and HBs-humoral responses induced in CB6F1 mice at 14 days after the 2nd
immunization with adjuvanted HBc, HBs and HBc/HBs in various ratios
FIG. 27 - Anti-HBc and HBs-humoral responses induced in CB6F1 mice at 14 days after the 3rd
immunization with adjuvanted HBc, HBs and HBc/HBs in various ratios

SEQUENCE LISTINGS
SEQ ID NO:1: Amino acid sequence of HBs
SEQ ID NO:2: Amino acid sequence of HBc truncate

SEQ ID NO:3: Amino acid sequence of spacer incorporating 2A cleavage region of foot and mouth
virus

SEQ ID NO:4: Nucleotide sequence encoding spacer incorporating 2A cleavage region of foot and
mouth virus

SEQ ID NO:5: Amino acid sequence of HBc-2A-HBs

SEQ ID NO:6: Nucleotide sequence encoding HBc-2A-HBs

SEQ ID NO:7: Amino acid sequence of hli

SEQ ID NO:8: Nucleotide sequence encoding hli

SEQ ID NO:9: Amino acid sequence of hli-HBc-2A-HBs

SEQ ID NO:10: Nucleotide sequence encoding hli-HBc-2A-HBs

SEQ ID NO:11: Amino acid sequence of HBc

SEQ ID NO:12: Amino acid sequence of hli alternate variant

SEQ ID NO:13: Nucleotide sequence encoding hl alternate variant

SEQ ID NO:14: Alternative nucleic acid sequence of hli-HBc-2A-HBs

SEQ ID NO:15: Alternative amino acid sequence of hli-HBc-2A-HBs

DETAILED DESCRIPTION OF THE INVENTION
DEFINITIONS

Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art. For example, the terms used
herein are defined as described in "A multilingual glossary of biotechnological terms: (IUPAC
Recommendations)”, Leuenberger, H.G.W, Nagel, B. and Klbl, H. eds. (1995), Helvetica Chimica
Acta, CH-4010 Basel, Switzerland).

Throughout this specification and the claims which follow, unless the context requires

otherwise, the word "comprise"”, and variations such as "comprises" and "comprising”, will be
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understood to imply the inclusion of a stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of integers or steps.

Several documents are cited throughout the text of this specification. Each of the documents
cited herein (including all patents, patent applications, scientific publications, manufacturer's
specifications, instructions, etc.), whether supra or infra, are hereby incorporated by reference in
their entirety. Nothing herein is to be construed as an admission that the invention is not entitled to
antedate such disclosure by virtue of prior invention. All definitions provided herein in the context of
one aspect of the invention also apply to the other aspects of the invention.

The terms "protein”, "polypeptide™ and "peptide" are used interchangeably herein and refer
to any peptide-linked chain of amino acids, regardless of length, co-translational or post-
translational modification. A fusion protein (or “chimeric protein”) is a recombinant protein
comprising two or more peptide-linked proteins. Fusion proteins are created through the joining of
two or more genes that originally coded for the separate proteins. Translation of this fusion gene
results in a single fusion protein. In relation to a protein or polypeptide, recombinant means that the
protein is expressed from a recombinant polynucleotide.

The terms “polynucleotide” and “nucleic acid” are used interchangeably herein and refer to a
polymeric macromolecule made from nucleotide monomers. Suitably the polynucleotides of the
invention are recombinant. Recombinant means that the polynucleotide is the product of at least
one of cloning, restriction or ligation steps, or other procedures that result in a polynucleotide that is
distinct from a polynucleotide found in nature.

A heterologous nucleic acid sequence refers to any nucleic acid sequence that is not isolated
from, derived from, or based upon a naturally occurring nucleic acid sequence found in the host
organism. "Naturally occurring” means a sequence found in nature and not synthetically prepared
or modified. A sequence is "derived" from a source when it is isolated from a source but modified
(e.g., by deletion, substitution (mutation), insertion, or other modification), suitably so as not to
disrupt the normal function of the source gene.

Suitably, the polynucleotides used in the present invention are isolated. An “isolated”
polynucleotide is one that is removed from its original environment. For example, a naturally-
occurring polynucleotide is isolated if it is separated from some or all of the coexisting materials in
the natural system. A polynucleotide is considered to be isolated if, for example, it is cloned into a
vector that is not a part of its natural environment or if it is comprised within cDNA.

The term “treating” as used herein in relation to chronic hepatitis B infection refers to the
administration of suitable compositions with the intention of reducing the symptoms of CHB,
preventing the progression of CHB or reducing the level of one or more detectable markers of CHB.
The term “treatment” is to be interpreted accordingly. For example, preventing the progression of
CHB may include preventing the onset of liver disease or stabilising pre-existing liver disease, as

indicated by ALT (alanine transaminase) levels, liver fibrosis or other suitable detectable markers.
7



10

15

20

25

30

35

WO 2019/115817 PCT/EP2018/085086
Other markers of CHB include the serum HBV DNA level, which is an indicator of viral replication and
the serum HBs antigen level, which is an indicator of viral load, thus treating CHB may include
reducing the level of serum HBsAg (e.g. as determined by quantitative immunoassay) or HBV DNA
(e.g. as determined by the Cobas® HBV assay (Roche) or equivalent) to undetectable levels
(“clearing” HBsAg or HBV DNA).

“Concomitant” administration as used herein refers to administration during the same
ongoing immune response and “concomitantly” is to be interpreted accordingly. Preferably both
components are administered at the same time (such as concomitant administration of a
composition comprising a vector and a composition comprising a protein), however, one component
could be administered within a few minutes (for example, at the same medical appointment or
doctor’s visit), or within a few hours of the other component. Such administration is also referred to
as co-administration. Concomitant administration of separate components may occur via the same
route of administration e.g. intramuscular injection. Alternatively, concomitant administration of
separate components may occur via different routes of administration e.g. intramuscular injection
and intradermal injection, intramuscular and intranasal administration, inhalation and subcutaneous
administration etc. In some embodiments, concomitant administration may refer to the
administration of an adenoviral vector, and a protein component. In other embodiments, co-
administration refers to the administration of an adenoviral vector and another viral vector, for
example a poxvirus such as MVA. In other embodiments, co-administration refers to the
administration of an adenoviral vector and a protein component, in which the protein component is
adjuvanted.

“Sequential” administration refers to administration of a first composition, followed by
administration of a second composition a significant time later, The period of time between two
sequential administrations is between 1 week and 12 months, for example between 2 weeks and 12
weeks, for example, 1 week, 2 weeks, 4 weeks, 6 weeks 8 weeks or 12 weeks, 6 months or 12
months. More particularly, it is between 4 weeks and 8 weeks, for example the period of time
between sequential administrations may be 4 weeks. Thus, sequential administration encompasses a
first and a subsequent administration in a prime-boost setting, i.e. when the administration of the
second composition is not carried out during the ongoing immune response engendered by the first
administration.

“Immunogenic combination” as used herein refers to a plurality of separately formulated
immunogenic compositions administered sequentially and/or concomitantly in a single immunisation
regimen, e.g. a prime-boost regimen, each separately formulated immunogenic composition being a

component of the immunogenic combination.

With regard to percentage homologies, looking at a pairwise alignment of two sequences, aligned
identical residues ('identities") between the two sequences can be observed, A percentage of identity
(or homology), can be calculated by multiplying by 100 (a) the quotient between the number of
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identities and the full length of the reference sequence (i.e. Percentage identity = (Number of
identities x 100)/Length of reference sequence.

COMPOSITIONS AND COMBINATIONS
In one aspect of the present invention, there is provided an immunogenic

composition comprising a ChAd vector selected from the group consisting of ChAd3, ChAd63,
ChAd83, ChAd155, ChAd157, Pan 5, Pan 6, Pan 7 (also referred to as C7) and Pan 9, in particular,
ChAd63 or ChAd155, which includes a vector insert encoding HBc and HBs. In one embodiment, the
polynucleotides encoding HBs and HBc are separated by a sequence encoding the 2A cleaving
region of the foot and mouth disease virus (FMDV). In certain embodiments, the polynucleotides
encoding HBs and HBc are separated by a sequence encoding a spacer which incorporates the 2A
cleaving region of FMDV. In certain embodiments, HBc is fused to hli. In a particular embodiment,
the composition comprises a ChAd155 vector which comprises a polynuclectide vector insert
encoding hli, HBc, 2A and HBs, for example, an insert encoding a construct having the structure
shown in Figure 22. In certain embodiments, the vector insert encodes HBc (e.g. SEQ ID NO:11 or
an amino acid sequence at least 98% homologous thereto) and HBs (e.g. SEQ ID NO:1 or an amino
acid sequence at least 98% homologous thereto), separated by a sequence encoding a spacer which
incorporates the 2A cleaving region of the foot and mouth disease virus (e.g. SEQ ID NO:3 or an
amino acid sequence at least 98% homologous thereto). In certain embodiments, HBc (e.g. SEQ ID
NO:11 or an amino acid sequence at least 98% homologous thereto) is fused to hli (e.g. SEQ ID
NO:7 or an amino acid sequence at least 98% homologous thereto or SEQ ID NO:12 or an amino
acid sequence at least 98% homologous thereto). For example, HBc (e.g. SEQ ID NO:11) is fused to
hli (e.g. SEQ ID NO:7), or HBc (e.g. SEQ ID NO:11) is fused to hli (e.g. SEQ ID NO:12). In one
specific embodiment, the vector is a ChAd155 vector. In one embodiment, the composition
comprises a ChAd155 vector which comprises a polynucleotide vector insert encoding the amino acid
sequence of SEQ ID NO.S. In one embodiment, the composition comprises a ChAd155 vector which
comprises a polynucleotide vector insert having the nucleotide sequence given in SEQ ID NO:10. In
one embodiment, the composition comprises a ChAd155 vector which comprises a polynucleotide
vector insert encoding the amino acid sequence of SEQ ID NO.15. In one embodiment, the
composition comprises a ChAd155 vector which comprises a polynucleotide vector insert having the
nucleotide sequence given in SEQ ID NO:14.

In one aspect of the present invention, there is provided an immunogenic composition
comprising an MVA vector which includes a vector insert encoding HBc and HBs, separated by a
sequence encoding the 2A cleaving region of the foot and mouth disease virus (FMDV). In certain
embodiments, the polynucleotides encoding HBs and HBc are separated by a sequence encoding a
spacer which incorporates the 2A cleaving region of FMDV. In a particular embodiment, the
composition comprises an MVA vector which comprises a polynucleotide vector insert encoding HBc,

2A and HBs, for example, an insert encoding a construct having the structure shown in Figure 21.
9
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In certain embodiments, the vector insert encodes HBc (e.g. SEQ ID NO:11 or an amino acid
sequence at least 98% homologous thereto) and HBs (e.g. SEQ ID NO:1 or an amino acid sequence
at least 98% homologous thereto), separated by a sequence encoding a spacer which incorporates
the 2A cleaving region of the foot and mouth disease virus (e.g. SEQ ID NO:3 or an amino acid
sequence at least 98% homologous thereto). In one embodiment, the composition comprises an
MVA vector which comprises a polynucleotide vector insert encoding the amino acid sequence of
SEQ ID NO.5. In one embodiment, the composition comprises an MVA vector which comprises a
polynucleotide vector insert having the nuclectide sequence given in SEQ ID NO:6.

In one aspect of the present invention, there is provided an immunogenic composition
comprising a full length recombinant hepatitis B surface antigen (HBs), a recombinant hepatitis B
virus core antigen (HBc) truncated at the C-terminal, and an adjuvant comprising MPL and QS-21. In
certain embodiments, the truncated recombinant HBc comprises the assembly domain of HBc, for
example including 145-149 amino acids of the assembly domain of a wild-type core antigen protein,
e.g. amino acids 1-145, 1-146, 1-147, 1-148 or amino acids 1-149 of a wild-type hepatitis B core
antigen protein. In one embodiment, the composition comprises a full length recombinant HBs,
amino acids 1-149 of HBc and an adjuvant comprising MPL and QS-21. In certain embodiments the
recombinant protein HBs and HBc antigens are in the form of virus-like particles. In one
embodiment, the composition comprises recombinant HBc and recombinant HBs in a 1:1 ratio. In
another embodiment the ratio of HBc to HBs in the composition is greater than 1, for example the
ratio of HBc to HBs may be 1.5:1, 2:1, 2.5:1, 3:1, 3.5:1, 4:1, 4.5:1, 5:1, 5.5:1, 6:1 or more,
especially 3:1 to 5:1, such as 3:1, 4:1 or 5:1, particularly a ratio of 4:1. In particular embodiments,
the composition comprises recombinant HBc and recombinant HBs in a ratio of 4:1 or more. In
certain embodiments, the composition comprises a full length recombinant hepatitis B surface
antigen (HBs) (e.g. SEQ ID NO:1 or an amino acid sequence at least 98% homologous thereto), a
recombinant hepatitis B virus core antigen (HBC) truncated at the C-terminal, and an adjuvant
comprising MPL and QS-21. In certain embodiments, the truncated recombinant HBc comprises the
assembly domain of HBc, for example amino acids 1-149 of HBc (e.g. SEQ ID NO:2 or an amino acid
sequence at least 98% homologous thereto). For example, the composition may comprise a full
length recombinant HBs (SEQ ID NO: 1), amino acids 1-149 of HBc (SEQ ID NO: 2) and an adjuvant
comprising MPL, QS-21 and liposomes composed of dioleoyl phosphatidylcholine (DOPC) and
cholesterol in a phosphate buffered saline solution.

In a further aspect, there is provided an immunogenic combination comprising:

a) a composition comprising a replication-defective chimpanzee adenoviral (ChAd) vector
comprising a polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic
acid encoding a hepatitis B virus core antigen (HBC);

10
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b) a composition comprising a Modified Vaccinia Virus Ankara (MVA) vector comprising a
polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid encoding
a hepatitis B virus core antigen (HBc); and
c) a composition comprising a recombinant hepatitis B surface antigen (HBs), recombinant
hepatitis B virus core antigen (HBc) and an adjuvant.

In one embodiment, the composition of part a) of the immunogenic combination comprises
a ChAd vector selected from the group consisting of ChAd3, ChAd63, ChAd83, ChAd155, ChAd157,
Pan 5, Pan 6, Pan 7 (also referred to as C7) and Pan 9, in particular, ChAd63 or ChAd155, which
includes a vector insert encoding HBc and HBs. In one embodiment, the polynucleotides encoding
HBs and HBc are separated by a sequence encoding the 2A cleaving region of the foot and mouth
disease virus (FMDV). In certain embodiments, the polynucleotides encoding HBs and HBcC are
separated by a sequence encoding a spacer which incorporates the 2A cleaving region of FMDV. In
certain embodiments, HBc is fused to hli. In a particular embodiment, the composition of part a) of
the immunogenic combination comprises a ChAd155 vector which comprises a polynucleotide vector
insert encoding hli, HBc, 2A and HBs, for example, an insert encoding a construct having the
structure shown in Figure 22. In certain embodiments, the vector insert encodes HBc (e.g. SEQ ID
NO:11 or an amino acid sequence at least 98% homologous thereto) and HBs (e.g. SEQ ID NO:1 or
an amino acid sequence at least 98% homologous thereto), separated by a sequence encoding a
spacer which incorporates the 2A cleaving region of the foot and mouth disease virus (e.g. SEQ ID
NO:3 or an amino acid sequence at least 98% homologous thereto). In certain embodiments, HBc
(e.g. SEQ ID NO:11 or an amino acid sequence at least 98% homologous thereto) is fused to hli
(e.g. SEQ ID NO:7 or an amino acid sequence at least 98% homologous thereto or SEQ ID NO:12 or
an amino acid sequence at least 98% homologous thereto). For example, HBc (e.g. SEQ ID NO:11)
is fused to hli (e.g. SEQ ID NO:7), or HBc (e.g. SEQ ID NO:11) is fused to hli (e.g. SEQ ID NO:12).
In one specific embodiment, the vector is a ChAd155 vector. In one embodiment, the composition of
part a) of the immunogenic combination comprises a ChAd155 vector which comprises a
polynucleotide vector insert encoding the amino acid sequence of SEQ ID NO.9. In one
embodiment, the composition of part a) of the immunogenic combination comprises a ChAd155
vector which comprises a polynucleotide vector insert having the nucleotide sequence given in SEQ
ID NO:10. In one embodiment, the composition of part a) of the immunogenic combination
comprises a ChAd155 vector which comprises a polynucleotide vector insert encoding the amino acid
sequence of SEQ ID NO.15. In one embodiment, the composition of part a) of the immunogenic
combination comprises a ChAd155 vector which comprises a polynucleotide vector insert having the
nucleotide sequence given in SEQ ID NO:14.

In one embodiment, the composition of part b) of the immunogenic combination comprises
an MVA vector which includes a vector insert encoding HBc and HBs, separated by a sequence
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encoding the 2A cleaving region of the foot and mouth disease virus (FMDV). In certain
embodiments, the polynucleotides encoding HBs and HBc are separated by a sequence encoding a
spacer which incorporates the 2A cleaving region of FMDV. In a particular embodiment, the
composition of part b) of the immunogenic combination comprises an MVA vector which comprises a
polynucleotide vector insert encoding HB¢, 2A and HBs, for example, an insert encoding a construct
having the structure shown in Figure 21. In certain embodiments, the vector insert encodes HBc
(e.g. SEQ ID NO:11 or an amino acid sequence at least 98% homologous thereto) and HBs (e.g.
SEQ ID NO:1 or an amino acid sequence at least 98% homologous thereto), separated by a
sequence encoding a spacer which incorporates the 2A cleaving region of the foot and mouth
disease virus (e.g. SEQ ID NO:3 or an amino acid sequence at least 98% homologous thereto). In
one embodiment, the composition of part b) of the immunogenic combination comprises an MVA
vector which comprises a polynucleotide vector insert encoding the amino acid sequence of SEQ ID
NO.5. In one embodiment, the composition of part b) of the immunogenic combination comprises
an MVA vector which comprises a polynucleotide vector insert having the nucleotide sequence given
in SEQ ID NO:6.

In one embodiment, the composition of part ¢) of the immunogenic combination comprises
a full length recombinant hepatitis B surface antigen (HBs), a recombinant hepatitis B virus core
antigen (HBc) truncated at the C-terminal, and an adjuvant comprising MPL and QS-21. In certain
embodiments, the truncated recombinant HBc comprises the assembly domain of HBc, for example
including 145-149 amino acids of the assembly domain of a wild-type core antigen protein, e.g.
amino acids 1-145, 1-146, 1-147, 1-148 or amino acids 1-149 of a wild-type hepatitis B core antigen
protein. In one embodiment, the composition of part ) of the immunogenic combination comprises
a full length recombinant HBs, amino acids 1-149 of HBc and an adjuvant comprising MPL and QS-
21. In certain embodiments the recombinant protein HBs and HBc antigens are in the form of virus-
like particles. In one embodiment, the composition comprises recombinant HBc and recombinant
HBs in a 1:1 ratio. In another embodiment the ratio of HBc to HBs in the composition is greater than
1, for example the ratio of HBc to HBs may be 1.5:1, 2:1, 2.5:1, 3:1, 3.5:1, 4:1, 4.5:1, 5:1, 5.5:1,
6:1 or more, especially 3:1 to 5:1, such as 3:1, 4:1 or 5:1, particularly a ratio of 4:1. In particular
embodiments, the composition of part ¢) of the immunogenic combination comprises recombinant
HBc¢ and recombinant HBs in a ratio of 4:1 or more. In certain embodiments, the composition
comprises a full length recombinant hepatitis B surface antigen (HBs) (e.g. SEQ ID NO:1), a
recombinant hepatitis B virus core antigen (HBc) truncated at the C-terminal, and an adjuvant
comprising MPL and QS-21. In certain embodiments, the truncated recombinant HBc comprises the
assembly domain of HBc, for example amino acids 1-149 of HBc (e.g. SEQ ID NO:2). For example,
the composition of part ¢) of the immunogenic combination comprises a full length recombinant HBs
(SEQ ID NO: 1), amino acids 1-149 of HBc (SEQ ID NO: 2) and an adjuvant comprising MPL, QS-21
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and liposomes composed of dioleoyl phosphatidylcholine (DOPC) and cholesterol, for example in a
phosphate buffered saline solution.
Thus, in one particular embodiment, the present invention provides an immunogenic

combination comprising:
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a) a composition comprising a ChAd155 vector which comprises a polynuclectide vector
insert encoding hli, HBc, 2A and HBs;

b) a composition comprising an MVA vector comprising a polynucleotide vector insert
encoding HBc, 2A and HBs; and

C) a composition comprising a recombinant HBs protein, a recombinant truncated HBC
protein and an adjuvant comprising MPL, QS-21 and liposomes composed of dioleoyl
phosphatidylcholine (DOPC) and cholesterol.

In one such embodiment, the immunogenic combination comprises:

a) a composition comprising a ChAd155 vector which comprises a polynuclectide vector
insert encoding the amino acid sequence of SEQ ID NO:9 or encoding the amino acid
sequence of SEQ ID NO:15;

b) a composition comprising an MVA vector comprising a polynucleotide vector insert
encoding the amino acid sequence of SEQ ID NO.5; and

C) a composition comprising a recombinant HBs protein of SEQ ID NO:1, a recombinant
truncated HBc protein of SEQ ID NO:2 and an adjuvant comprising MPL, QS-21 and
liposomes composed of dioleoyl phosphatidylcholine (DOPC) and cholesterol.

In another embodiment, the immunogenic combination comprises:

a) a composition comprising a ChAd155 vector which comprises a polynuclectide vector
insert of SEQ ID NO:10 or a polynucleotide vector insert of SEQ ID NO:14;

b) a composition comprising an MVA vector comprising a polynucleotide vector insert of
SEQ ID NO.6; and

€) a composition comprising a recombinant HBs protein of SEQ ID NO:1, a recombinant
truncated HBc protein of SEQ ID NO:2 and an adjuvant comprising MPL, QS-21 and
liposomes composed of dioleoyl phosphatidylcholine (DOPC) and cholesterol.

In a further aspect, the present invention provides a kit comprising the following

components:

a) a composition comprising a replication-defective chimpanzee adenoviral (ChAd) vector
comprising a polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic
acid encoding a hepatitis B virus core antigen (HBC);

b) a composition comprising a Modified Vaccinia Virus Ankara (MVA) vector comprising a
polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid encoding
a hepatitis B virus core antigen (HBc); and
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C) a composition comprising a recombinant hepatitis B surface antigen (HBs), recombinant
hepatitis B virus core antigen (HBc) and an adjuvant,
with instructions for administration of the components sequentially or concomitantly for the
treatment of CHB.

In one embodiment, the composition of component a) of the kit comprises a ChAd vector
selected from the group consisting of ChAd3, ChAd63, ChAd83, ChAd155, ChAd157, Pan 5, Pan 6,
Pan 7 (also referred to as C7) and Pan 9, in particular, ChAd63 or ChAd155, which includes a vector
insert encoding HBc and HBs. In one embodiment, the polynucleotides encoding HBs and HBc are
separated by a sequence encoding the 2A cleaving region of the foot and mouth disease virus
(FMDV). In certain embodiments, the polynucleotides encoding HBs and HBc are separated by a
sequence encoding a spacer which incorporates the 2A cleaving region of FMDV. In certain
embodiments, HBc is fused to hli. In a particular embodiment, the composition of component a) of
the kit comprises a ChAd155 vector which comprises a polynucleotide vector insert encoding hli,
HBc, 2A and HBs, for example, an insert encoding a construct having the structure shown in Figure
22. In certain embodiments, the vector insert encodes HBc (e.g. SEQ ID NO:11 or an amino acid
sequence at least 98% homologous thereto) and HBs (e.g. SEQ ID NO:1 or an amino acid sequence
at least 98% homologous thereto), separated by a sequence encoding a spacer which incorporates
the 2A cleaving region of the foot and mouth disease virus (e.g. SEQ ID NO:3 or an amino acid
sequence at least 98% homologous thereto). In certain embodiments, HBc (e.g. SEQ ID NO:11 or
an amino acid sequence at least 98% homologous thereto) is fused to hli (e.g. SEQ ID NO:7 or an
amino acid sequence at least 98% homologous thereto or SEQ ID NO:12 or an amino acid sequence
at least 98% homologous thereto). For example, HBc (e.g. SEQ ID NO:11) is fused to hli (e.g. SEQ
ID NO:7), or HBc (e.g. SEQ ID NO:11) is fused to hli (e.g. SEQ ID NO:12). In one specific
embodiment, the vector is a ChAd155 vector. In one embodiment, the composition of component a)
of the kit comprises a ChAd155 vector which comprises a polynucleotide vector insert encoding the
amino acid sequence of SEQ ID NO.9. In one embodiment, the composition of component a) of the
kit comprises a ChAd155 vector which comprises a polynucleotide vector insert having the
nucleotide sequence given in SEQ ID NO:10. In one embodiment, the composition component a) of
the kit comprises a ChAd155 vector which comprises a polynucleotide vector insert encoding the
amino acid sequence of SEQ ID NO.15. In one embodiment, the composition of component a) of
the kit comprises a ChAd155 vector which comprises a polynucleotide vector insert having the
nucleotide sequence given in SEQ ID NO:14.

In one embodiment, the composition of component b) of the kit comprises an MVA vector
which includes a vector insert encoding HBc and HBs, separated by a sequence encoding the 2A
cleaving region of the foot and mouth disease virus (FMDV). In certain embodiments, the
polynucleotides encoding HBs and HBc are separated by a sequence encoding a spacer which
incorporates the 2A cleaving region of FMDV. In a particular embodiment, the composition of
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component b) of the kit comprises an MVA vector which comprises a polynuclectide vector insert
encoding HBc, 2A and HBs, for example, an insert encoding a construct having the structure shown
in Figure 21. In certain embodiments, the vector insert encodes HBc (e.g. SEQ ID NO:11 or an
amino acid sequence at least 98% homologous thereto) and HBs (e.g. SEQ ID NO:1 or an amino
acid sequence at least 98% homologous thereto), separated by a sequence encoding a spacer which
incorporates the 2A cleaving region of the foot and mouth disease virus (e.g. SEQ ID NO:3 or an
amino acid sequence at least 98% homologous thereto). In one embodiment, the composition of
component b) of the kit comprises an MVA vector which comprises a polynuclectide vector insert
encoding the amino acid sequence of SEQ ID NO.5. In one embodiment, the composition
component b) of the kit comprises an MVA vector which comprises a polynuclectide vector insert
having the nucleotide sequence given in SEQ ID NO:6.

In one embodiment, the composition component c¢) of the kit comprises a full length
recombinant hepatitis B surface antigen (HBs), a recombinant hepatitis B virus core antigen (HBc)
truncated at the C-terminal, and an adjuvant comprising MPL and QS-21. In certain embodiments,
the truncated recombinant HBc comprises the assembly domain of HBc, for example including 145-
149 amino acids of the assembly domain of a wild-type core antigen protein, e.g. amino acids 1-
145, 1-146, 1-147, 1-148 or amino acids 1-149 of a wild-type hepatitis B core antigen protein. In
one embodiment, the composition of component c) of the kit comprises a full length recombinant
HBs, amino acids 1-149 of HBc and an adjuvant comprising MPL and QS-21. In certain embodiments
the recombinant protein HBs and HBc antigens are in the form of virus-like particles. In one
embodiment, the composition comprises recombinant HBc and recombinant HBs in a 1:1 ratio. In
another embodiment the ratio of HBc to HBs in the composition is greater than 1, for example the
ratio of HBc to HBs may be 1.5:1, 2:1, 2.5:1, 3:1, 3.5:1, 4:1, 4.5:1, 5:1, 5.5:1, 6:1 or more,
especially 3:1, 4:1 or 5:1, particularly a ratio of 4:1. In particular embodiments, the composition of
component ¢) of the kit comprises recombinant HBc and recombinant HBs in a ratio of 4:1 or more.
In certain embodiments, the composition comprises a full length recombinant hepatitis B surface
antigen (HBs) (e.g. SEQ ID NO:1), a recombinant hepatitis B virus core antigen (HBc) truncated at
the C-terminal, and an adjuvant comprising MPL and QS-21. In certain embodiments, the truncated
recombinant HBc comprises the assembly domain of HBc, for example amino acids 1-149 of HBc
(e.g. SEQ ID NO:2). For example, the composition of component c) of the kit comprises a full length
recombinant HBs (SEQ ID NO: 1), amino acids 1-149 of HBc (SEQ ID NO: 2) and an adjuvant
comprising MPL, QS-21 and liposomes composed of dioleoyl phosphatidylcholine (DOPC) and
cholesterol, for example in a phosphate buffered saline solution.

In one embodiment the kit comprises the following components:
a) a composition comprising a ChAd155 vector which comprises a polynuclectide vector
insert of SEQ ID NO:10 or a polynucleotide vector insert of SEQ ID NO:14;
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b) a composition comprising an MVA vector comprising a polynucleotide vector insert of
SEQ ID NO.6; and
C) a composition comprising a recombinant HBs protein of SEQ ID NO:1, a recombinant
truncated HBc protein of SEQ ID NO:2 and an adjuvant comprising MPL, QS-21 and
liposomes composed of dioleoyl phosphatidylcholine (DOPC) and cholesterol,

with instructions for administration of the components sequentially or concomitantly for the
treatment of CHB.

REGIMENS

The present disclosure describes a vaccine regimen which provides for a heterologous
prime-boost schedule with two viral vectors coding for the hepatitis B core (HBc) and the hepatitis B
surface (HBs) antigens in order to induce a strong CD8* T-cell response, with sequential or
concomitant administration of adjuvanted recombinant HBc and HBs proteins in order to induce
strong antigen-specific CD4* T-cell and antibody responses. The present disclosure further describes
immunogenic compositions and combinations which may find use as vaccine compositions. Such
compositions and combinations may be used in the disclosed regimens. The disclosed vaccine
compositions and regimens successfully restored HBs- and HBc-specific antibody and CD8* T cell
responses as well as HBs-specific CD4+ T cell responses, without associated signs of liver alteration
side effects, in @ mouse model which recapitulates virological and immunological characteristics of
human chronic HBV infection.

The immunogenic compositions and immunogenic combinations described herein may find
use in a method of treating chronic hepatitis B infection (CHB) in a human, comprising the steps of:
a) administering to the human a composition comprising a replication-defective chimpanzee
adenoviral (ChAd) vector comprising a polynucleotide encoding a hepatitis B surface antigen

(HBs) and a nucleic acid encoding a hepatitis B virus core antigen (HBc);

b) administering to the human a composition comprising a Modified Vaccinia Virus Ankara
(MVA) vector comprising a polynuclectide encoding a hepatitis B surface antigen (HBs) and a
nucleic acid encoding a hepatitis B virus core antigen (HBc); and

¢) administering to the human a composition comprising a recombinant hepatitis B surface
antigen (HBs), recombinant hepatitis B virus core antigen (HBc) and an adjuvant.

In one embodiment, the steps of the method are carried out sequentially, with step a)
preceding step b) and step b) preceding step c). Optionally, step ¢) may be repeated. In certain
embodiments the period of time between the steps of the method is 2 to 12 weeks, for example 2
weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 11 weeks or 12
weeks. In one embodiment the period of time between the steps of the method is 4 to 8 weeks. In

one embodiment, the period of time between sequential administrations of compositions according
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to the method is 4 weeks. In another embodiment, step ¢) is carried out concomitantly with step a)
and/or with step b). In certain embodiments, concomitant steps b) and ¢) may be repeated. In a
further embodiment, step ¢ is repeated and the steps of the method are carried out in the following
order: step a), step b), step c), step ¢). In certain embodiments the period of time between the
steps of the method is 2 to 12 weeks, for example 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7
weeks, 8 weeks, 9 weeks, 10 weeks, 11 weeks or 12 weeks. In one embodiment the period of time
between the steps of the method is 4 to 8 weeks. In one embodiment, the period of time between
sequential administrations of compositions according to the method is 4 weeks.

In another aspect, the immunogenic compositions and immunogenic combinations may find
use in a method of treating chronic hepatitis B infection (CHB) in a human, comprising the steps of:

a) administering to the human i) a composition comprising a replication-defective chimpanzee
adenoviral (ChAd) vector comprising a polynucleotide encoding a hepatitis B surface antigen
(HBs) and a nucleic acid encoding a hepatitis B virus core antigen (HBc) and, concomitantly,
i) a composition comprising a recombinant hepatitis B surface antigen (HBs), recombinant
hepatitis B virus core antigen (HBc) and an adjuvant; and

b) administering to the human i) a composition comprising a Modified Vaccinia Virus Ankara
(MVA) vector comprising a polynuclectide encoding a hepatitis B surface antigen (HBs) and a
nucleic acid encoding a hepatitis B virus core antigen (HBc) and, concomitantly, a
composition comprising a recombinant hepatitis B surface antigen (HBs), recombinant

hepatitis B virus core antigen (HBc) and an adjuvant.

In one embodiment, the steps of the method are carried out sequentially, with step a)
preceding step b). Optionally, step b) may be repeated. Optionally, step a) may be repeated. In one
embodiment, the method steps are carried out in the order: step a) followed by step a) followed by
step b). Alternatively, the method steps may be carried out in the order: step a) followed by step b)
followed by step a). Optionally, step b) may be repeated. In one embodiment, the method steps are
carried out in the order: step a) followed by step b) followed by step b). In an alternative
embodiment, the method steps are carried out in the order: step b) followed by step a) followed by
step b). Optionally, step b) may be repeated more than once. Optionally both step a) and step b)
may be repeated. In one embodiment, the method steps are carried out in the order: step a)
followed by step b) followed by step b) followed by step b). In a further embodiment, the method
steps are carried out in the order: step a) followed by step a) followed by step b) followed by step
b), optionally followed by step b). In certain embodiments the period of time between the steps of
the method is 2 to 12 weeks, for example 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks,
8 weeks, 9 weeks, 10 weeks, 11 weeks or 12 weeks. In one embodiment the period of time
between the steps of the method is 4 to 8 weeks. In one embodiment, the period of time between
sequential administrations of compositions according to the method is 4 weeks.
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ANTIGENS

At least nine genotypes (A through I) of HBV have been identified, differing in their genome
by more than 8%. Within a given HBV genotype, multiple geno-subtypes have been identified,
differing by 4-8%. The antigens for use in the disclosed methods are suitably selected to provide
immunological coverage across multiple, preferably all HBV genotypes. The hepatitis B core protein
antigen (HBc) is highly conserved across genotypes and geno-subtypes and the hepatitis B surface
protein antigen (HBs) sequence is suitably selected to include key cross-genotype-preserved B-cell
epitopes which allow for induction of broad neutralizing responses. Suitably, the sequences of the
HBc and of the HBs for use in the disclosed methods and compositions are based upon those from
genotype/subtype A2.

Suitably, the HBs antigen for use in the disclosed methods and compositions is derived from
the small, middle or large surface antigen protein. In particular, a suitable HBs antigen comprises
the small (S) protein of HBV adw?2 strain, genotype A. For example, a suitable HBs antigen has the
226 amino acids of amino acid sequence SEQ ID NO:1. When used as recombinant protein, the HBs
antigen preferably assembles into virus-like particles. This antigen is included in well-studied
marketed hepatitis-B prophylactic vaccines (Engerix B, Fendrix, Twinrix and others), and has been
demonstrated to be protective against hepatitis B, across genotypes. Preferably the recombinant
HBs protein antigen is expressed from yeast and purified for use in the vaccine compositions and
methods of the present invention. Suitable methods for expression and purification are known, for
example from EP1307473B1.

The hepatitis B core protein (HBc) is the major component of the nucleocapsid shell
packaging the viral genome. This protein (183-185 aa long) is expressed in the cytoplasm of
infected cells and remains unglycosylated. HBc comprises a 149 residue assembly domain and a 34-
36 residue RNA-binding domain at the C terminus. The HBc antigen for use in the disclosed methods
and compositions may be full length or may comprise a C-terminally truncated protein (lacking the
RNA-binding C-terminus), for example including 145-149 amino acids of the assembly domain of a
wild-type core antigen protein, e.g. amino acids 1-145, 1-146, 1-147, 1-148 or amino acids 1-149 of
a wild-type hepatitis B core antigen protein. The truncated protein retains the ability to assemble
into nucleocapsid particles. A suitable HBc antigen for use in the disclosed methods and
compositions has an amino acid sequence from HBV adw?2 strain, genotype A. When used as
recombinant protein, the HBc antigen is suitably truncated from the wild-type at the C-terminus, in
particular, the antigen may be amino acids 1-149 of HBc, for example, may have the amino acid
sequence of SEQ ID NO:2. Preferably the recombinant HBc protein antigen is expressed from E. coli
and purified for use in the vaccine compositions and methods of the present invention. Methods for
recombinant expression of viral proteins in E. coli are well known in the art.

When used as recombinant protein, the HBc antigen preferably assembles into virus-like
particles. When expressed from a viral vector, the HBc antigen may be full-length or truncated, for
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example is suitably a full length HBc antigen (e.g. SEQ ID NO:11). Suitable doses of recombinant
HBs protein antigen for use in the methods disclosed herein are from 10ug per dose to 100ug per
dose, such as 10ug, 15ug, 20ug, 25ug, 30ug, 35ug, 40ug, 45ug, 50ug, 55ug, 60ug, 65ug, 70ug,
75ug, 80ug, 85ug, 90ug, 95ug, or 100ug per dose. Suitable doses of recombinant HBc antigen
protein for use in the methods disclosed herein are from 10ug per dose to 100ug per dose, such as
10ug, 15ug, 20ug, 25ug, 30ug, 35ug, 40ug, 45ug, 50ug, 55ug, 60ug, 65ug, 70ug, 75ug, 80ug,
85ug, 90ug, 95ug, or 100ug per dose.

Antigens are substances which induce an immune response in the body, especially the
production of antibodies. Antigens may be of foreign, i.e. pathogenic, origin or stem from the
organism itself, the latter are referred to as self- or auto antigens. Antigens can be presented on the
surface of antigen presenting cells by MHC molecules. There are two classes of MHC molecules,
MHC class I (MHC-I) and MHC-class-II (MHC-II). The MHC-II molecules are membrane-bound
receptors which are synthesized in the endoplasmic reticulum and leave the endoplasmic reticulum
in a MHC class II compartment. In order to prevent endogenous peptides, i.e. self-antigens, from
binding to the MHC-II molecule and being presented to generate an immune response, the nascent
MHC-II molecule combines with another protein, the invariant chain, which blocks the peptide-
binding cleft of the MHC-II molecule. The human invariant chain (hli, also known as CD74 when
expressed on the plasma membrane), is an evolutionarily conserved type II membrane protein
which has several roles within the cell and throughout the immune system [Borghese, 2011]. When
the MHC class II compartment fuses to a late endosome containing phagocytosed and degraded
foreign proteins, the invariant chain is cleaved to leave only the CLIP region bound to the MHC-II
molecule. In a second step, CLIP is removed by an HLA-DM molecule leaving the MHC-II molecule
free to bind fragments of the foreign proteins. Said fragments are presented on the surface of the
antigen-presenting cell once the MHC class II compartment fuses with the plasma membrane, thus
presenting the foreign antigens to other cells, primarily T-helper cells.

It is known that the immune response against an antigen is increased when an adenovirus
expression system encoding a fusion of invariant chain and said antigen is used for vaccination (see
W02007/062656, which also published as US2011/0293704 and is incorporated by reference for the
purpose of disclosing invariant chain sequences), i.e. the invariant chain enhances the
immunogenicity of the antigen and an invariant chains such as hli is sometimes referred to as a
“genetic adjuvant” in recognition of this effect. Moreover, said adenoviral construct has proven
useful for priming an immune response in the context of prime-boosting vaccination regimens (see
WQ02014/141176, which also published as US2016/0000904; and W02010/057501, which also
published as US2010/0278904 and is incorporated by reference for the purpose of disclosing
invariant chain sequences and adenoviral vectors encoding invariant chain sequences). In particular,
the hli sequence and hli has the potential to increase CD8* T-cell responses [Spencer, 2014;
Capone, 2014]. In certain embodiments, a nucleotide sequence included within a vector for use in
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the methods, uses and compositions disclosed herein may include a nucleotide sequence coding for
hIi. The amino acid sequence for hli as can be included in the disclosed adenoviral vector ChAd155-
hIi-HBV is set out in SEQ ID NO:7, and an alternative sequence is set out in SEQ ID NO:12.
Nucleotide sequences encoding these amino acid sequences are set out in SEQ ID NO:8 and SEQ ID
NO:13. Suitably, a nucleotide sequence coding for hli is fused to the nucleotide sequence coding for
the HBc antigen so as to produce a fusion protein in which an hli polypeptide is N-terminally fused
to the HBc antigen.

VECTORS

In addition to the polynucleotide encoding the antigen proteins (also referred to herein as
the “insert”), the vectors for use in the methods and compositions disclosed herein may also include
conventional control elements which are operably linked to the encoding polynucleotide in a manner
that permits its transcription, translation and/or expression in a cell transfected with the vector.
Thus, the vector insert polynucleotide which encodes the protein antigens is incorporated into an
expression cassette with suitable control elements.

Expression control elements include appropriate transcription initiation, termination,
promoter and enhancer sequences; efficient RNA processing signals such as splicing and
polyadenylation (poly A) signals including rabbit beta-globin polyA; sequences that stabilize
cytoplasmic mRNA; sequences that enhance translation efficiency (e.g., Kozak consensus
sequence); sequences that enhance protein stability; and when desired, sequences that enhance
secretion of the encoded product.

A promoter is a nucleotide sequence that permits binding of RNA polymerase and directs the
transcription of a gene. Typically, a promoter is located in the 5' non-coding region of a gene,
proximal to the transcriptional start site of the gene. Sequence elements within promoters that
function in the initiation of transcription are often characterized by consensus nucleotide sequences.
Examples of promoters include, but are not limited to, promoters from bacteria, yeast, plants,
viruses, and mammals (including humans). A great number of expression control sequences,
including promoters which are internal, native, constitutive, inducible and/or tissue-specific, are
known in the art and may be utilized.

Examples of constitutive promoters include, the TBG promoter, the retroviral Rous sarcoma
virus (RSV) LTR promoter (optionally with the RSV enhancer), the cytomegalovirus (CMV) promoter
(optionally with the CMV enhancer, see, e.g., Boshart et al, Cell, 41:521-530 (1985)), the CASI
promoter, the SV40 promoter, the dihydrofolate reductase promoter, the B-actin promoter, the
phosphoglycerol kinase (PGK) promoter, and the EFla promoter (Invitrogen). Suitably the promoter
is an CMV promoter or variant thereof, more suitably a human CMV (HCMV) promoter or variant
thereof.
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Adenoviral vectors

Adenovirus has been widely used for gene transfer applications due to its ability to achieve
highly efficient gene transfer in a variety of target tissues and its large transgene capacity.
Conventionally, E1 genes of adenovirus are deleted and replaced with a transgene cassette
consisting of the promoter of choice, cDNA sequence of the gene of interest and a poly A signal,
resulting in a replication defective recombinant virus. Human adenovirus vectors have been shown
to be potent vectors for the induction of CD8* T-cell response to transgene, in animal models as
well as in humans. Adenoviruses have a broad tropism and have the capability to infect replicating
as well as non-replicating cells. The main limitation for clinical application of vectors based of human
adenovirus is the high prevalence of neutralizing antibodies in the general population. Adenoviruses
isolated from alternative species have been considered as potential vaccine vectors to circumvent
the issue of the pre-existing anti-adenovirus immunity in humans. Among them, simian adenoviruses
derived from chimpanzees, gorillas or bonobos may be suitable for use in delivering antigens and
eliciting a targeted T cell and/or humoral response to those antigens in humans. Simian
adenoviruses including those derived from chimpanzees have been tested in clinical research.
Chimpanzee adenoviral vectors have low/no seroprevalence in the human population, are not known
to cause pathological illness in humans and some ChAd vectors can be grown to high titres in cell
lines previously used for production of clinical-grade material such as human embryonic kidney cells
293 (HEK 293).

A replication-incompetent or replication-defective adenovirus is an adenovirus which is
incapable of replication because it has been engineered to comprise at least a functional deletion (or
“loss-of-function” mutation), i.e. a deletion or mutation which impairs the function of a gene without
removing it entirely, e.g. introduction of artificial stop codons, deletion or mutation of active sites or
interaction domains, mutation or deletion of a regulatory sequence of a gene etc, or a complete
removal of a gene encoding a gene product that is essential for viral replication, such as one or
more of the adenoviral genes selected from E1A, E1B, E2A, E2B, E3 and E4 (such as E3 ORF1, E3
ORF2, E3 ORF3, E3 ORF4, E3 ORF5, E3 ORF6, E3 ORF7, E3 ORF8, E3 ORF9, E4 ORF7, E4 ORF6, E4
ORF5, E4 ORF4, E4 ORF3, E4 ORF2 and/or E4 ORF1). Suitably the E1 and E3 genes are deleted.
More suitably the E1, E3 and E4 genes are deleted.

Suitable vectors for use in the methods and compositions disclosed herein are replication-
defective chimpanzee adenoviral vectors, for example ChAd3, ChAd63, ChAd83, ChAd155, ChAd157,
Pan 5, Pan 6, Pan 7 (also referred to as C7) or Pan 9. Examples of such strains are described in
W003/000283, W02005/071093, W02010/086189 and W02016/198621. The ChAd155 vector (see
W02016/198621 which is incorporated by reference for the purpose of disclosing ChAd155 vector
sequences and methods) belongs to the same phylogenetic adenovirus group as the ChAd3 vector
(group C). In one embodiment, a vector for use in the methods and compositions disclosed herein is
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a ChAd vector of phylogenetic group C, for example ChAd3 or ChAd155. In one specific
embodiment, a method of treating chronic hepatitis B disclosed herein comprises the step of
administering to a human a composition comprising a ChAd155 vector comprising a polynucleotide
encoding a hepatitis B surface antigen (HBs) and a nucleic acid encoding a hepatitis B virus core
antigen (HBC). A suitable dose of a ChAd vector for use in the methods disclosed herein is 1x108 —
1x10'* vial particles (vp) per dose, for example about 1x108, 5x108, 1x10°, 5x10°, 1x10%0, 5x10%° or
1x10'! viral particles (vp) per dose.

More specifically, in one embodiment a vector for use in the methods and compositions
disclosed herein is a replication-defective Chimpanzee Adenovirus vector ChAd155 encoding a fusion
of sequences derived from two HBV proteins: HBc (core, nucleocapsid protein) and HBs (small
surface antigen). In certain specific embodiments, the vector is ChAd155 encoding HBc and HBs,
separated by SEQ ID NO:3, a spacer which incorporates a sequence encoding the 2A cleaving region
of the foot and mouth disease virus (resulting in a 23 amino acid tail at the C-terminal of the
upstream protein and a single proline at the N-terminal of the downstream protein), for processing
of the HBc and HBs into separate proteins. Cleavage of the core from the surface antigens permits
proper folding of HBs, allowing generation of an antibody response to the surface antigen.
Alternatively, the adenoviral vector may be a dual-promoter (bi-cistronic) vector to allow
independent expression of the HBs and HBc antigens.

In certain embodiments, the N-terminal part of the gene encoding the HBc protein may be
fused to the gene encoding the human Major Histocompatibility Complex (MHC) class II-associated
Invariant chain, p35 isoform (i.e. hli or CD74). Thus, a particular ChAd155 vector for use in the
methods and compositions disclosed herein comprises a polynucleotide vector insert encoding a
construct having the structure shown in Figure 22, comprising hli, HBc, 2A and HBs. The amino
acid sequence of such a construct is given in SEQ ID NO:9 and a nucleotide sequence encoding the
amino acid sequence of the construct is given in SEQ ID NO:10. The amino acid sequence of an
alternative such construct is given in SEQ ID NO:15 and a nuclectide sequence encoding the amino
acid sequence of the construct is given in SEQ ID NO:14.

Modified Vaccinia Virus Ankara (MVA) vector
Modified Vaccinia Virus Ankara (MVA), replication-deficient in humans and other mammals,

is derived from the vaccinia virus. It belongs to the poxvirus family and was initially developed to
improve the safety of smallpox vaccination by passage of vaccinia virus over 570 times in chicken
embryo fibroblast (CEF) cells, resulting in multiple deletions after which the virus was highly
attenuated and replication-deficient in humans and other mammals. The replication defect occurs at
a late stage of virion assembly such that viral and recombinant gene expression is unimpaired
making MVA an efficient single round expression vector incapable of causing infection in mammals.
MVA has subsequently been extensively used as a viral vector to induce antigen-specific immunity
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against transgenes, both in animal models and in humans. A description of MVA can be found in
Mayr A, et.al. (1978) and in Mayr, A. et.al., (1975).

In one embodiment, MVA is derived from the virus seed batch 460 MG obtained from 571th
passage of Vaccinia Virus on CEF cells. In another embodiment, MVA is derived from the virus seed
batch MVA 476 MG/14/78. In a further embodiment, MVA is derived or produced prior to 31
December 1978 and is free of prion contamination. A suitable dose of a MVA vector for use in the
methods disclosed herein is 1x10° — 1x10° plaque forming units (pfu) per dose, for example about
1x108, 2x10%, 5x10°, 1x107, 2x107, 5x107, 1x108, 2x108, 5x108 or 1x10° pfu per dose.

In one specific embodiment, a vector for use in the methods and compositions disclosed
herein is MVA encoding a fusion of sequences derived from two HBV proteins: HBc (core
nucleocapsid protein) and HBs (small surface antigen). In certain embodiments, a vector for use in
the methods and compositions disclosed herein is MVA encoding HBc and HBs, separated by a
nucleotide sequence encoding SEQ ID NO:3, a spacer which incorporates a sequence encoding the
2A cleaving region of the foot and mouth disease virus (resulting in a 23 amino acid tail at the C-
terminal of the upstream protein and a single proline at the N-terminal of the downstream protein),
for processing of the HBc and HBs into separate proteins. Thus, a particular MVA vector for use in
the methods and compositions disclosed herein comprises a polynucleotide vector insert encoding a
construct having the structure shown in Figure 21, comprising HBc, 2A and HBs. The amino acid
sequence of such a construct is given in SEQ ID NO.5 and a nucleotide sequence encoding the
amino acid insert construct is given in SEQ ID NO:6.

PHARMACEUTICAL COMPOSITIONS
The immunogenic compositions disclosed herein, which find use in the disclosed methods,

are suitably pharmaceutically acceptable compositions. Suitably, a pharmaceutical composition will
include a pharmaceutically acceptable carrier.

The immunogenic compositions which comprise ChAd or MVA vectors may be prepared for
administration by suspension of the viral vector particles in a pharmaceutically or physiologically
acceptable carrier such as isotonic saline or other isotonic salts solution. The appropriate carrier will
be evident to those skilled in the art and will depend in large part upon the route of administration.

The compositions which comprise recombinant protein antigens may be prepared by
isolation and purification of the proteins from the cell culture in which they are expressed,
suspension in a formulation buffer which includes one or more salts, surfactants and/or
cryoprotectants, and lyophilized. For example, a suitable formulation buffer may include a sugar, or
a mixture of sugars e.g. sucrose, trehalose or sucralose as a cryoprotectant and a non-ionic
copolymer e.g. a poloxamer as a surfactant. For administration, lyophilised recombinant protein
formulations are reconstituted in a pharmaceutically or physiologically acceptable carrier such as

isotonic saline or other isotonic salts solution for injection or inhalation. The appropriate carrier will
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be evident to those skilled in the art and will depend in large part upon the route of administration.
The reconstituted composition may also include an adjuvant or mixture of adjuvants. in one
embodiment, the lyophilised recombinant proteins are reconstituted in a liquid adjuvant system
formulation.

The term “carrier”, as used herein, refers to a pharmacologically inactive substance such as
but not limited to a diluent, excipient, or vehicle with which the therapeutically active ingredient is
administered. Liquid carriers include but are not limited to sterile liquids, such as saline solutions in
water and oils, including those of petroleum, animal, vegetable or synthetic origin, such as peanut
oil, soybean oil, mineral oil, sesame oil and the like. Saline solutions and aqueous dextrose and
glycerol solutions can also be employed as liquid carriers, particularly for injectable solutions.
Examples of suitable pharmaceutical carriers are described in "Remington's Pharmaceutical
Sciences" by E. W. Martin.

Compositions for use in the methods disclosed herein may include, in addition to the vector
or recombinant proteins of the composition, an adjuvant system. The term “adjuvant” refers to an
agent that augments, stimulates, activates, potentiates, or modulates the immune response to an
antigen of the composition at either the cellular or humoral level, e.g. immunologic adjuvants
stimulate the response of the immune system to the antigen, but have no immunological effect by
themselves. The immunogenic compositions disclosed herein may include an adjuvant as a separate
ingredient in the formulation, whether or not a vector comprised in the composition also encodes a

“genetic adjuvant” such as hIi.

Suitable adjuvants are those which can enhance the immune response in subjects with
chronic conditions and subverted immune competence. CHB patients are characterised by their
inability to mount an efficient innate and adaptive immune response to the virus, which rends
efficient vaccine development challenging. In these patients, one key function of an adjuvanted
vaccine formulation should aim to direct the cell-mediated immune response towards a T Helper 1
(Th1) profile recognised to be critical for the removal of intracellular pathogens.

Examples of suitable adjuvants include but are not limited to inorganic adjuvants (e.g.
inorganic metal salts such as aluminium phosphate or aluminium hydroxide), organic non-peptide
adjuvants (e.g. saponins, such as QS21, or squalene), oil-based adjuvants (e.g. Freund's complete
adjuvant and Freund's incomplete adjuvant), cytokines (e.g. IL-1B, IL-2, IL-7, IL-12, IL-18, GM-CFS,
and INF-y) particulate adjuvants (e.g. immuno-stimulatory complexes (ISCOMS), liposomes, or
biodegradable microspheres), virosomes, bacterial adjuvants (e.g. monophosphoryl lipid A (MPL),
such as 3-de-O-acylated monophosphoryl lipid A (3D-MPL), or muramyl peptides), synthetic
adjuvants (e.g. non-ionic block copolymers, muramyl peptide analogues, or synthetic lipid A),
synthetic polynucleotides adjuvants (e.g. polyarginine or polylysine) and immunostimulatory
oligonuclectides containing unmethylated CpG dinucleotides ("CpG"). In particular, the adjuvant(s)
may be organic non-peptide adjuvants (e.g. saponins, such as QS21, or squalene) and/or bacterial
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adjuvants (e.g. monophosphoryl lipid A (MPL), such as 3-de-O-acylated monophosphoryl lipid A (3D-
MPL).

One suitable adjuvant is monophosphoryl lipid A (MPL), in particular 3-de-O-acylated
monophosphory! lipid A (3D-MPL). Chemically it is often supplied as a mixture of 3-de-O-acylated
monophosphoryl lipid A with either 4, 5, or 6 acylated chains. It can be purified and prepared by the
methods taught in GB 2122204B, which reference also discloses the preparation of diphosphoryl
lipid A, and 3-O-deacylated variants thereof. Other purified and synthetic lipopolysaccharides have
been described [U.S. Pat. No. 6,005,099 and EP0729473B1; Hilgers, 1986; Hilgers, 1987; and
EP0549074B1].

Saponins are also suitable adjuvants [Lacaille-Dubois, 1996]. For example, the saponin Quil
A (derived from the bark of the South American tree Quillaja saponaria Molina), and fractions
thereof, are described in U.S. Pat. No. 5,057,540 and Kensil, 1996; and EP 0 362 279 B1. Purified
fractions of Quil A are also known as immunostimulants, such as QS21 and QS17; methods of their
production are disclosed in U.S. Pat. No. 5,057,540 and EP 0 362 279 B1. Use of QS21 is further
described in Kensil, 1991. Combinations of QS21 and polysorbate or cyclodextrin are also known
(WO 99/10008). Particulate adjuvant systems comprising fractions of QuilA, such as QS21 and QS7
are described in WO 96/33739 and WO 96/11711.

Adjuvants such as those described above may be formulated together with carriers, such as
liposomes, oil in water emulsions, and/or metallic salts (including aluminum salts such as aluminum
hydroxide). For example, 3D-MPL may be formulated with aluminum hydroxide (EP 0 689 454) or
oil in water emulsions (WO 95/17210); QS21 may be formulated with cholesterol containing
liposomes (WO 96/33739), oil in water emulsions (WO 95/17210) or alum (WO 98/15287).

Combinations of adjuvants may be utilized in the disclosed compositions, in particular a
combination of a monophosphoryl lipid A and a saponin derivative (see, e.g., WO 94/00153; WO
95/17210; WO 96/33739; WO 98/56414; WO 99/12565; WO 99/11241), more particularly the
combination of QS21 and 3D-MPL as disclosed in WO 94/00153, or a composition where the QS21 is
quenched in cholesterol-containing liposomes (DQ) as disclosed in WO 96/33739. A potent adjuvant
formulation involving QS21, 3D-MPL & tocopherol in an oil in water emulsion is described in WO
95/17210 and is another formulation which may find use in the disclosed compositions. Thus,
suitable adjuvant systems include, for example, a combination of monophosphory! lipid A, preferably
3D-MPL, together with an aluminium salt (e.g. as described in WO00/23105). A further exemplary
adjuvant comprises QS21 and/or MPL and/or CpG. QS21 may be quenched in cholesterol-
containing liposomes as disclosed in WO 96/33739.

Accordingly, a suitable adjuvant for use in the disclosed immunogenic compositions is ASO1,
a liposome based adjuvant containing MPL and QS-21. The liposomes, which are the vehicles for the
MPL and QS-21 immuno-enhancers, are composed of dioleoyl phosphatidylcholine (DOPC) and

cholesterol in a phosphate buffered saline solution. ASQ1s-4 is a particularly preferred variant of the
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AS01 adjuvant, composed of immuno-enhancers QS-21 (a triterpene glycoside purified from the
bark of Quillaja saponaria) and MPL (3-D Monophosphoryl lipid A), with DOPC/cholesterol liposomes,
as vehicles for these immuno-enhancers, and sorbitol in a PBS solution. In particular, a single
human dose of ASO1s-4 (0.5 mL) contains 50ug of QS-21 and 50ug of MPL. ASO1e4 corresponds to
a two-fold dilution of ASQ1s-4. i.e. it contains 25ug of QS-21 and 25ug of MPL per human dose.

In one embodiment, there is provided an immunogenic composition comprising a
recombinant hepatitis B surface antigen (HBs), a truncated recombinant hepatitis B virus core
antigen (HBc) and an adjuvant comprising MPL and QS-21. In one embodiment, the immunogenic
composition comprises a recombinant HBs, a truncated recombinant HBc and an ASO1 adjuvant. In
a particular embodiment the immunogenic combination comprises a composition comprising a
truncated recombinant HBc and a recombinant HBs in a ratio of 4:1 or more, and an ASO1 adjuvant,
for example ASQ1s-4 or ASO1e-4.

In one embodiment, there is provided an immunogenic combination comprising:

a) a composition comprising a replication-defective chimpanzee adenoviral (ChAd) vector
comprising a polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid
encoding a hepatitis B virus core antigen (HBc);

b) a composition comprising a Modified Vaccinia Virus Ankara (MVA) vector comprising a
polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid encoding a
hepatitis B virus core antigen (HBc); and

C) a composition comprising a recombinant hepatitis B surface antigen (HBs), recombinant
hepatitis B virus core antigen (HBc) and an adjuvant comprising MPL, QS-21 and liposomes
composed of dioleoyl phosphatidylcholine (DOPC) and cholesterol.

In another embodiment, there is provided an immunogenic combination comprising:

a) a composition comprising a replication-defective chimpanzee adenoviral (ChAd) vector
comprising a polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid
encoding a hepatitis B virus core antigen (HBc);

b) a composition comprising a Modified Vaccinia Virus Ankara (MVA) vector comprising a
polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid encoding a
hepatitis B virus core antigen (HBc); and

€) a composition comprising a truncated recombinant HBc and a full length recombinant HBs in
a ratio of 4:1 or more and an adjuvant comprising MPL, QS-21 and liposomes composed of
dioleoyl phosphatidylcholine (DOPC) and cholesterol.

In another embodiment, there is provided an immunogenic combination comprising:

a) a composition comprising a replication-defective chimpanzee adenoviral (ChAd) vector
comprising a polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid
encoding a hepatitis B virus core antigen (HBc);

26



10

15

20

25

30

35

WO 2019/115817 PCT/EP2018/085086

b)

)

a)

b)

<)

a)

b)

)

a)

b)

)

a composition comprising a Modified Vaccinia Virus Ankara (MVA) vector comprising a
polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid encoding a
hepatitis B virus core antigen (HBc); and

a composition comprising a truncated recombinant HBc and a full length recombinant HBs in
a ratio of 4:1 or more and an AS01 adjuvant.

In another embodiment, there is provided an immunogenic combination comprising:

a composition comprising a replication-defective chimpanzee adenoviral (ChAd) vector
comprising a polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid
encoding a hepatitis B virus core antigen (HBc);

a composition comprising a Modified Vaccinia Virus Ankara (MVA) vector comprising a
polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid encoding a
hepatitis B virus core antigen (HBc); and

a composition comprising a truncated recombinant HBc consisting of amino acids 1-149 of
HBc (e.g. SEQ ID NO:2) and full length recombinant HBs (e.g. SEQ ID NO:1), in a 4:1 ratio
and AS01g-4.

In one embodiment, there is provided an immunogenic combination comprising:

a composition comprising a replication-defective ChAd155 vector comprising a polynucleotide
encoding a hepatitis B surface antigen (HBs) and a nucleic acid encoding a hepatitis B virus
core antigen (HBc);

a composition comprising a Modified Vaccinia Virus Ankara (MVA) vector comprising a
polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid encoding a
hepatitis B virus core antigen (HBc); and

a composition comprising a recombinant hepatitis B surface antigen (HBs), recombinant
hepatitis B virus core antigen (HBc) and an adjuvant comprising MPL, QS-21 and liposomes
composed of dioleoyl phosphatidylcholine (DOPC) and cholesterol.

In another embodiment, there is provided an immunogenic combination comprising:

a composition comprising a replication-defective ChAd155 vector comprising a polynucleotide
encoding a HBs and a polynucleotide encoding a HBc separated by polynucleotide encoding
a linker incorporating the 2A cleavage region of the foot and mouth disease virus;

a composition comprising an MVA vector comprising a polynucleotide encoding a HBs and a
polynucleotide encoding a HBc separated by polynucleotide encoding a linker incorporating
the 2A cleavage region of the foot and mouth disease virus; and

a composition comprising a truncated recombinant HBc and a full length recombinant HBs in
a ratio of 4:1 or more and an adjuvant comprising MPL, QS-21 and liposomes composed of
dioleoyl phosphatidylcholine (DOPC) and cholesterol.

In another embodiment, there is provided an immunogenic combination comprising:
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a) a composition comprising a replication-defective ChAd155 vector comprising a polynucleotide
encoding a HBs and a polynuclectide encoding a human invariant chain (hli) fused to the N-
terminal of HBc;

b) a composition comprising an MVA vector comprising a polynucleotide encoding a HBs and a
polynucleotide encoding a HBc separated by polynucleotide encoding a linker incorporating
the 2A cleavage region of the foot and mouth disease virus; and

C) a composition comprising a truncated recombinant HBc and a full length recombinant HBs in
a ratio of 4:1 or more and an ASO1 adjuvant.

In certain embodiments, the vector insert of the ChAd vector of component a) of the
immunogenic combination encodes HBc (e.g. SEQ ID NO:11 or an amino acid sequence at least
98% homologous thereto) and HBs (e.g. SEQ ID NO:1 or an amino acid sequence at least 98%
homologous thereto), separated by a sequence encoding a spacer which incorporates the 2A
cleaving region of the foot and mouth disease virus (e.g. SEQ ID NO:3 or an amino acid sequence at
least 98% homologous thereto). In certain embodiments, HBc (e.g. SEQ ID NO:11 or an amino acid
sequence at least 98% homologous thereto) is fused to hli (e.g. SEQ ID NO:7 or an amino acid
sequence at least 98% homologous thereto or SEQ ID NO:12 or an amino acid sequence at least
98% homologous thereto). For example, HBc (e.g. SEQ ID NO:11) is fused to hli (e.g. SEQ ID
NO:7), or HBc (e.g. SEQ ID NO:11) is fused to hli (e.g. SEQ ID NO:12).

In certain embodiments, the vector insert of the MVA vector of component b) of the
immunogenic combination encodes HBc (e.g. SEQ ID NO:11 or an amino acid sequence at least
98% homologous thereto) and HBs (e.g. SEQ ID NO:1 or an amino acid sequence at least 98%
homologous thereto), separated by a sequence encoding a spacer which incorporates the 2A
cleaving region of the foot and mouth disease virus (e.g. SEQ ID NO:3 or an amino acid sequence at
least 98% homologous thereto). For example, the vector insert encodes HBc (e.g. SEQ ID NO:11)
and HBs (e.g. SEQ ID NO:1), separated by a sequence encoding a spacer which incorporates the 2A
cleaving region of the foot and mouth disease virus (e.g. SEQ ID NO:3).

In another embodiment, there is provided an immunogenic combination comprising:

a) a composition comprising a replication-defective ChAd155 vector a polynucleotide vector
insert encoding the amino acid sequence of SEQ ID NO:9 or a polynucleotide vector insert
encoding the amino acid sequence of SEQ ID NO:15;

b) a composition comprising an MVA vector comprising a polynucleotide vector insert encoding
the amino acid sequence of SEQ ID NO.5; and

€) a composition comprising a truncated recombinant HBc consisting of amino acids 1-149 of
HBc (e.g. SEQ ID NO:2) and full length recombinant HBs (e.g. SEQ ID NO:1) in a 4:1 ratio,
and ASO1g-4.

In another embodiment, there is provided an immunogenic combination comprising:
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a) a composition comprising a replication-defective ChAd155 vector a polynucleotide vector
insert comprising SEQ ID NO:10 or a polynucleotide vector insert comprising SEQ ID NO:14;

b) a composition comprising an MVA vector comprising a polynucleotide vector insert
comprising SEQ ID NO.6; and

C) a composition comprising a truncated recombinant HBc consisting of amino acids 1-149 of
HBc (e.g. SEQ ID NO:2) and full length recombinant HBs (e.g. SEQ ID NO:1) in a 4:1 ratio,
and ASO1g-a.

Administration

In certain embodiments, the disclosed immunogenic compositions and immunogenic
combinations are administered via intranasal, intramuscular, subcutaneous, intradermal, or topical
routes. Preferably, administration is via an intramuscular route.

An intranasal administration is the administration of the immunogenic composition to the
mucosa of the complete respiratory tract including the lung. More particularly, the composition is
administered to the mucosa of the nose. In one embodiment, an intranasal administration is
achieved by means of spray or aerosol. Intramuscular administration refers to the injection of a
composition into any muscle of an individual. Exemplary intramuscular injections are administered
into the deltoid, vastus lateralis or the ventrogluteal and dorsogluteal areas. Preferably,
administration is into the deltoid. Subcutaneous administration refers to the injection of the
composition into the hypodermis. Intradermal administration refers to the injection of a composition
into the dermis between the layers of the skin. Topical administration is the administration of the
composition to any part of the skin or mucosa without penetrating the skin with a needle or a
comparable device. The composition may be administered topically to the mucosa of the mouth,
nose, genital region and/or rectum. Topical administration includes administration means such as
sublingual and/or buccal administration. Sublingual administration is the administration of the
composition under the tongue (for example, using an oral thin film (OTF)). Buccal administration is
the administration of the vector via the buccal mucosa of the cheek.

The immunogenic compositions and combinations disclosed herein take may find use in a
prime-boost immunisation regimen. Accordingly, herein disclosed are compositions for use in a
method of treatment of CHB which is a prime-boost immunisation method. In many cases, a single
administration of an immunogenic composition is not sufficient to generate the number of long-
lasting immune cells which is required for effective protection or for therapeutically treating a
disease. Consequently, repeated challenge with a biological preparation specific for a specific
pathogen or disease may be required in order to establish lasting and protective immunity against
said pathogen or disease or to treat or functionally cure a given disease. An administration regimen
comprising the repeated administration of an immunogenic composition or vaccine directed against

the same pathogen or disease is referred to as a “prime-boost regimen”. In one embodiment, a
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prime-boost regimen involves at least two administrations of an immunogenic composition directed
against hepatitis B. The first administration of the immunogenic composition is referred to as
“priming” and any subsequent administration of the same immunogenic composition, or an
immunogenic composition directed against the same pathogen, is referred to as “boosting”. 1t is to
be understood that 2, 3, 4 or even 5 administrations for boosting the immune response are also
contemplated. The period of time between prime and boost is, optionally, 1 week, 2 weeks, 4
weeks, 6 weeks 8 weeks or 12 weeks. More particularly, it is 4 weeks or 8 weeks. If more than one
boost is performed, the subsequent boost is administered 1 week, 2 weeks, 4 weeks, 6 weeks, 8
weeks or 12 weeks, 6 months or 12 months after the preceding boost. For example, the interval
between any two boosts may be 4 weeks or 8 weeks.

The immunogenic compositions disclosed herein may be administered in a therapeutic
regimen which involves administration of a further immunogenic component, each formulated in
different compositions (e.g. an immunogenic combination). The compositions are favourably
administered co-locationally at or near the same site. For example, the components can be
administered intramuscularly, to the same side or extremity (“co-lateral” administration) or to
opposite sides or extremities (“contra-lateral” administration). For example, in contra-lateral
administration, a first composition may be administered to the left deltoid muscle and a second
composition may be administered, sequentially or concomitantly, to the right deltoid muscle.
Alternatively, in co-lateral administration, a first composition may be administered to the left deltoid
muscle and a second compostion may be administered, sequentially or concomitantly, also to the
left deltoid muscle.

GENERAL MANUFACTURING PROCESSES
e  ChAd155-hIi-HBV:
The DNA fragment inserted as the transgene in the recombinant replication-defective simian

(chimpanzee-derived) adenovirus group C vector ChAd155 is derived from two HBV protein
antigens, the core nucleocapsid protein antigen HBc and the small surface antigen HBs, separated
by the self-cleaving 2A region of the foot-and-mouth disease virus (FMDV) [Donnelly et al. 2001].
The 2A region of FMDV allows processing of the HBc-HBs fusion into separate protein antigens. In
addition, the N-terminal part of the gene encoding the HBc protein has been fused to the gene
encoding the human Major Histocompatibility Complex (MHC) class II-associated invariant chain p35
isoform (hIi). A schematic representation of the hli-HBV transgene sequence is provided in (Figure
22).

The 2A region (18 amino acids) has been supplemented with a spacer of 6 amino acids at its
N-terminus; spacers of this nature have been reported to increase the efficiency of 2A mediated
cleavage. The region 2A-mediated protease cleavage occurs at the C-terminus of 2A just ahead of
the last proline in the 2A amino acid sequence. The proline remains at the N-terminus of the HBs
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protein, while the 23 amino acids preceding the proline cleavage site remain with the hli-HBc-2A
polypeptide.

The expression of the transgene thereby results, following protease processing, in the
production of two separate polypeptides: hIi-HBc-spacer-2A and HBs. For brevity the hli-HBc-
spacer-2A polypeptide is referred to as the hli-HBc protein. When expressed in cell culture, the hli-
HBc antigen is detected in the cell culture supernatant whilst the HBs protein is detected in the
intracellular fraction.

The expression cassette encoding the antigenic proteins, operatively linked to regulatory
components in a manner which permits expression in a host cell, is assembled into the ChAd155
vector plasmid construct as previously described (see W02016/198621 which is incorporated by
reference for the purpose of disclosing ChAd155 vector sequences and methods) to give
ChAd155-hli-HBV. The hli-HBV transgene is under the transcriptional control of human
cytomegalovirus (hCMV) promoter and bovine growth hormone poly-adenylation signal (BGH pA).
The expression cassette encodes the HBs, HBc and hli amino acid sequences, in which the hIi
sequence is fused to the HBc N-terminal of HBc and the HBs and HBc sequences are separated by a
spacer which incorporates a 2A cleaving region of the foot and mouth disease virus, for processing
of the HBc and HBs into separate proteins.

To generate recombinant ChAd155 adenoviruses which are replication deficient, the function
of the deleted gene region required for replication and infectivity of the adenovirus must be supplied
to the recombinant virus by a helper virus or cell ling, i.e., a complementation or packaging cell line.
A particularly suitable complementation cell line is the Procell92 cell line. The Procell92 cell line is
based on HEK 293 cells which express adenoviral E1 genes, transfected with the Tet repressor
under control of the human phosphoglycerate kinase-1 (PGK) promoter, and the G418-resistance
gene (Vitelli et al. PLOS One (2013) 8(e55435):1-9). Procell92.S is adapted for growth in suspension
conditions and is useful for producing adenoviral vectors expressing toxic proteins.

Production of the ChAd155-hIi-HBV Drug Substance:

The manufacturing of the ChAd155-hli-HBV viral particles (Drug Substance) involves culture
of Procell-92.S cells at 5e5 cell/ml cell density at infection. The cells are then infected with ChAd155-
hIi-HBV Master Viral Seed (MVS) using a multiplicity of infection of 200 vp/cell. The ChAd155-hli-
HBV virus harvest is purified following cell lysis, lysate clarification and concentration (filtration
steps) by a multi-step process which includes anion exchange chromatography.

Vaccine formulation and filling
The purified ChAd155-hli-HBV bulk Drug Substance is subsequently processed as follows:

— Dilution of the purified ChAd155-hIi-HBV Drug Substance in the formulation buffer.
— Sterile filtration.
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— Filling of the final containers.

The ChAd155-hIi-HBV vaccine is a liquid formulation contained in vials. The formulation
buffer includes Tris (10mM), L-Histidine (10mM), NaCl (75mM), MgCl (1mM) and EDTA (0.1mM)
with sucrose (5% w/v), polysorbate-80 (0.02% w/v) and ethanol (0.5% w/v), adjusted to pH 7.4
with HCI (water for injection to final volume).

e MVA-HBV:

MVA-HBV is a recombinant modified vaccinia virus Ankara (MVA) carrying two different
proteins of HBV: Core and S proteins, separated by 2A peptide. The MVA-HBV construct was
generated from the MVA-Red vector system [Di Lullo et al. 2010], derived from the MVA virus seed
batch from attenuation passage 571 (termed MVA-571) that was described by Professor Anton Mayr
[Mayr, A. et al. 1978].

The MVA-HBV transgene encodes the core nucleocapsid protein HBc and the small surface
antigen HBs of HBV. The HBc-HBs sequence is separated by the self-cleaving 2A region of the foot-
and-mouth disease virus that allows processing of the fusion protein into separate HBc and HBs
antigens as described above for the adenoviral vector. A schematic representation of the transgene
is provided in Figure 21.

The expression of the transgene, following protease processing, results in the production of
two separate polypeptides: HBc-spacer-2A and HBs. For brevity the HBc-spacer-2A polypeptide is
referred to as the HB¢ protein.

The expression cassette was subcloned into the MVA shuttle vector p94-elisaRen generating
the transfer vector p94-HBV. p94- HBV contains the antigen expression cassette under the vaccinia
P7.5 early/late promoter control and flanked by FlankIII-2 region and FlankIII-1 regions to allow
insertion in the del III of MVA by homologous recombination.

The production of the recombinant virus was based on two events of in vivo recombination
in CEF cells

Briefly, primary chick embryo fibroblasts (CEF) were infected with MVA-Red and then
transfected with p94-HBV carrying the antigen transgene (as well as the EGFP marker gene under
control of the synthetic promoter sP). The first recombination event occurs between homologous
sequences (FlankIII-1 and -2 regions) present in both the MVA-Red genome and the transfer vector
p94-HBV and results in replacement of the Hcred protein gene with transgene/eGFP cassette.
Infected cells containing MVA-Green intermediate are isolated by FACS sorting and used to infect
fresh CEF. The intermediate recombinant MVA, resulting from first recombination, carries both the
transgene and the eGFP cassette but is instable due to the presence of repeated Z regions.

Thus, a spontaneous second recombination event involving Z regions occurs and removes

the eGFP cassette. The resulting recombinant MVA is colourless and carries the transgene cassette.
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Finally, markerless recombinant virus (MVA-HBV ) infected cells were sorted by FACS, MVA-
HBV was cloned by terminal dilution, and expanded in CEF by conventional methods.

Production of the MVA-HBV Drug Substance

The MVA-HBV viral particles (Drug Substance) is manufactured in primary cell cultures of
chicken embryo fibroblast (CEF) cells to a cell density between 1E6 and 2E6 cell/ml, and then
infected with MVA-HBV Master Viral Seed (MVS) at a multiplicity of infection between 0.01 and 0.5
PFU/cell. The MVA-HBV virus harvest is purified by a multi-step process based on pelleting by
centrifugation, resuspension and fractional gradient centrifugation steps.

Vaccine formulation and filling
The purified MVA-HBV bulk Drug Substance is subsequently processed as follows:

— Dilution of the purified MVA-HBV DS in the formulation buffer.
— Filling of the final containers.
The MVA-HBV vaccine is a liquid formulation contained in vials. The formulation buffer
includes Tris (hydroxymethyl) amino methane pH7.7 (10mM), NaCl (140mM), and water for injection

to final volume.

e  HBs-HBc recombinant protein mix:
Production of HBc Drug Substance

The HBc recombinant protein (Drug Substance) manufacturing process consists of
inoculating a pre-culture flask using the recombinant E. coli working seed, followed by a
fermentation process and a multi-step purification process including harvesting, extraction,
clarification and multiple chromatography and filtration steps.

Production of the HBs Drug Substance

The HBs recombinant protein (Drug Substance) manufacturing process consists of
inoculating a pre-culture flask using the recombinant S. cerevisiae working seed, followed by a
fermentation process and a multi-step purification process including harvesting, extraction,
clarification and multiple chromatography and filtration steps.

Vaccine formulation and filling

The purified HBs Drug Substance and HBc Drug Substance is diluted in the formulation
buffer including sucrose as cryoprotectant and poloxamer as surfactant, filled and lyophilized in 4

mL clear glass vial.
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EXAMPLES

Obijectives of the non-clinical development:

Strong and functional CD8* and CD4+ T cell responses, particularly to the HBcAg, have been
associated with HBV clearance and resolving infection [Boni, 2012; Li, 2011; Liang, 2011; Lau, 2002;
Bertoletti, 2012]. Furthermore, anti-S antibodies prevent HBV spread to non-infected hepatocytes
and may be key to control post-treatment rebound of HBV replication [Rehermann 2005; Neumann
2010]. The proposed vaccination regimen includes a heterologous prime-boost schedule with two
viral vectored vaccines (ChAd155-hli-HBV and MVA-HBV) coding for the hepatitis B core (HBc) and
the hepatitis B surface (HBs) antigens in order to induce a strong CD8* T-cell response, together
with sequential or concomitant administration of ASO1s-s-adjuvanted HBc-HBs proteins in order to
induce strong antigen-specific CD4+ T-cell and antibody responses in CHB patients. This vaccine-
induced immune response, should ultimately translate to a substantial decrease in HBsAg
concentration or HBsAg loss (i.e. HBSAg concentration below detectable level) considered as a
marker for complete and durable control of HBV infection.

The main objectives of the non-clinical development were:

e To demonstrate the immunogenicity in naive and HBV- tolerant mice of the investigational
vaccine components e.g. ChAd155-hIi-HBV, MVA-HBV and HBc-HBs/AS01s-4 to guide the choice
of the vector constructs, the inclusion of hli, the composition of the protein formulation
including Adjuvant System selection, and the schedule of immunization.

e To demonstrate the safety of the full vaccine regimen in HBV tolerant mice (non-GLP study)
and in a repeated dose GLP toxicity study conducted in NZW rabbits

e To document the biodistribution of the vectors in vaccinated animals (GLP studies).

Non-clinical strategy and rationale for choice of the animal models

An immunogenicity package was first generated in healthy mice, to guide the choice of the
vector constructs, the protein formulation including Adjuvant System selection, and the schedule of
immunization.

Most of the preclinical experiments were conducted in in-bred CB6F1 (hybrid of C57BI/6 and
BALB/c mice) mice, a model used previously to evaluate T-cell responses elicited by ASO1
adjuvanted candidate vaccines and adenoviral vectors [Lorin, 2015] to support the choice of the
vector constructs, the protein formulation including Adjuvant System selection, and the schedule of
immunization.

HLA.A2/DR1 mice (transgenic for the human HLA-A2 and HLA-DR1 molecules) were used to
evaluate the ability of the candidate vaccine to induce HBc- specific CD8* T-cell responses, as no
such responses were detected against this antigen in in-bred CB6F1 mice. This is most likely due to
the absence of the H2-KP MHC-I- restricted immuno-dominant epitope (MGLKFRQL) in the HBc
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sequence of the investigational vaccine, which is based on the sequence of HBV genotype A/subtype
adw, with a one amino-acid difference where an Isoleucine (I) replaces the Phenylalanine (F) in the
epitope (MGLKIRQL), as reported by Riedl et al [Riedl, 2014]. HBV specific CD4* T-cells and
antibodies were evaluated in the same HLA.A2/DR1 mice.

The animal models available to assess the efficacy of a therapeutic vaccine are limited as
HBV naturally infects only chimpanzees and humans. Mouse models have been developed where the
whole HBV genome is expressed either through the integration of the viral genome in the host
genome (HBV transgenic mice) or through infection with replicative HBV DNA, or vectors expressing
the HBV genome. Although these do not reproduce the chronic HBV pathogenesis, viral replicative
intermediates and proteins can be detected in the liver, and immune tolerance is observed.

The AAV2/8-HBV-transduced HLA.A2/ DR1 murine model recapitulates virological and
immunological characteristics of chronic HBV infection and was selected [Dion, 2013; Martin, 2015]
e to demonstrate that the vaccine regimen can overcome the tolerance to HBs and HBc antigens.
e to evaluate the impact of liver infiltrating HBc-specific CD8+ T-cells, potentially targeting

hepatocytes expressing the HBcAg, on the histology of the liver (Hematoxylin-eosin [H&E]
staining) and ALT/AST levels.

Finally, standard animal models for bio-distribution (Sprague-Dawley rats) and toxicology
studies (NZW rabbits) have been selected to evaluate the candidate vaccines because, although
they are not models of infection, they are capable of mounting pharmacologically-relevant immune
responses to vector-expressed and recombinant proteins, and are well-accepted species for toxicity
testing of vaccines. These species have also been previously used in the toxicology testing programs
for ASO1g adjuvant and its immuno-enhancers, MPL and QS-21.

Non-clinical pharmacology

A number of preclinical studies were conducted to demonstrate immunogenicity in naive and
HBV- tolerant animals of the investigational vaccine components e.g. ChAd155-hIi-HBY, MVA-HBV
and HBc-HBs/ASO1s4, after intramuscular administration. The antigen-specific immunogenicity
profile was first evaluated separately for the viral vectors (ChAd155-hIi-HBV and MVA-HBV) and the
HBV recombinant protein adjuvanted investigational vaccine (HBc-HBs/ASOlg-4). The
immunogenicity and safety profile of the full vaccine regimen as intended in the FTiH (first time in
humans) was evaluated in a second phase.
Materials

Doses of AS01 Adjuvant System used in the non-clinical immunogenicity studies

The ASO1s4 Adjuvant System is composed of immuno-enhancers QS-21 (a triterpene
glycoside purified from the bark of Quillaja saponaria) and MPL (3-D Monophosphoryl lipid A), with

liposomes as vehicles for these immuno-enhancers and sorbitol. In particular, a single human dose
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of ASO1g-4 (0.5 mL) contains 50ug of QS-21 and 50ug of MPL. 1/10% of a human dose i.e. 50pl is
the volume injected in mice (corresponding to 5ug QS-21 and MPL).

The ASOle-4 Adjuvant System corresponds to a two-fold dilution of the ASO1s-4 dilution.
1/10™ of a human dose i.e. 50yl is the volume injected in mice (corresponding to 2.5ug QS-21 and
MPL).

Cellular immune response - Intracellular cytokine staining (ICS)

Fresh pools of peripheral blood leukocytes (PBLs), splenocytes or liver infiltrating
lymphocytes collected at different time points, were stimulated ex vivo for 6 hours with pools of 15-
mers, overlapping of 1l1aa, covering the HBc or HBs sequence. The HBc and HBs-specific cellular
responses were evaluated by ICS measuring the amount of CD4* or CD8* T-cells expressing IFN-y
and/or IL-2 and/or tumor necrosis factor (TNF)-o. The technical acceptance criteria to take into
account ICS results include the minimal number of acquired CD8* T or CD4* T cells being >3000
events. Alternatively, IFN-y-ELISpot was performed after restimulation of splenocytes with the same
peptides as for the ICS.

Humoral immune response - Enzyme-Linked Immunosorbent Assay (ELISA)

HBc-and HBs-specific antibody responses were measured by ELISA on sera from immunized
mice at different time points. Briefly, 96-well plates were coated with HBc or HBs antigens.
Individual serum samples were then added in serial dilutions and incubated for 2 hours. A
biotinylated anti-mouse F(ab)2 fragment was then added and the antigen-antibody complex was
revealed by incubation with a streptavidin horseradish peroxidase complex and a peroxidase
substrate ortho-phenylenediamine dihydrochlorid/H2O2. For each time point and each antigen (HBc,
HBs), an analysis of variance (ANOVA) model was fitted on log10 titres including group, study and
interaction as fixed effects and using a heterogeneous variance model (identical variances were not
assumed between groups). This model was used to estimate geometric means (and their 95% CIs)
as well as the geometric mean ratios and their 95% CIs. As no pre-defined criteria were set, the
analysis is descriptive and 95% CIs of ratios between groups were computed without adjustment for
multiplicity.

ALT/AST measure

The levels of ALT and AST in mouse sera were quantified using the following commercial
kits:
e Alanine Aminotransferase Activity Assay Kit Sigma Aldrich Cat # MAKQ52
e Aspartate Aminotransferase Activity Assay Kit Sigma Aldrich Cat # MAK055

Serum HBs antigen quantification
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The circulating HBs antigen in mouse sera was quantified using the Monolisa Anti-HBs PLUS
from BIO-RAD (cat# 72566) and an international standard (Abbott Diagnostics).

Histopathology analysis

The livers (one lobe per liver) were collected and preserved in 10% formaldehyde fixative.
All samples for microscopic examination were trimmed based on RITA guidelines [Ruehl-Fehlert,
2003; Kittel 2004; Morawietz 2004], embedded in paraffin wax, sectioned at a thickness of
approximately 4 microns and stained with H&E. Grading of histological activity (necro-inflammatory
lesions) and fibrosis was performed according to the METAVIR scoring system [Bedossa, 1996;
Mohamadnejad, 2010; Rammeh, 2014]. Grading of inflammatory cell foci was done according to the
Desmet score, as described by Buchmann et al [Buchmann, 2013].

Statistical analysis performed in each study is detailed in the sections pertaining to each

individual study.

Example 1 — Evaluation of ChAd155-HBV (with and without hli) prime and MVA-HBV boost in
HLA.A2/DR1 transgenic mouse model

Objectives

The main objective of this experiment was to determine whether priming with one dose of
ChAd155-HBV (with or without hli) followed by a booster dose of MVA-HBV, was able to induce a
strong CD8* T cell response against HBc in HLA.A2/DR1 mice which are transgenic for human MHC-
I/II molecules. In addition, a head-to-head comparison between ChAd155-HBV with and without hIi
was performed to investigate the potential of the hli sequence to further increase HBc-specific CD8*
T-cell responses, as previously reported for other antigens [Spencer, 2014; Capone, 2014]. HBs-
specific CD8* T-cell responses as well as HBc- and HBs-specific CD4* T-cell and antibody responses

were also evaluated.
Study design

HLA.A2/DR1 mice (11 mice per group) were immunized with 108 vp of ChAd155-HBV (with
and without hli) through intramuscular route at Day 0 and boosted with 107 pfu of MVA-HBV
(without hli) at Day 28 (Table 1). Mice were sacrificed at 14 days post first immunization (14dpI)
(prime) or 7 days post second immunization (7dplIl) (boost) to determine the HBc-and HBs-specific

humoral and cellular immune responses in serum and spleen, respectively.

Table 1 Study design of ChAd155-HBV (with and without hli) prime/MVA-HBV
(without hli) boost experiment in HLA.A2/DR1 mice.
Groups | Prime Boost Sacrifice
1 108vp ChAd155-HBV (Day 0) 107 pfu MVA-HBV (Day 28) 14dpl and 7dpll
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2 108 vp ChAd155-hli-HBV (Day 0) 107 pfu MVA-HBV (Day 28) 14dpl and 7dpll
3 NaCl (Day 0) NaCl (Day 28) 14dpl and 7dpll
Statistical analysis

An ANOVA model was fitted on log10 CD8* T-cell frequencies including 2 groups (with or
without hli) and experiments (results of 3 experiments post-prime and results of 2 experiments
post-boost) as fixed parameters and using a heterogeneous variance model. This model was used to
estimate geometric means (and their 95% CIs) as well as the geometric mean ratios and their 95%
Cls.

Results
HBc-and HBs- specific T-cell response

Both ChAd155-HBV and ChAd155-hli-HBV vectors induced an HBc-specific CD8* T-cell
response (Figure 1A). Presence of hli tends to induce a higher CD8* T-cell response against the HBc
antigen. MVA-HBV boost of mice immunized with ChAd155-hli-HBV induced a 3 fold increase in HBc-
specific CD8* T-cell responses while no increase was observed for the ChAd155-HBV group.

Both vectors induced HBs-specific CD8* T-cell responses and the MVA-HBV booster effect
was more pronounced in mice primed with the ChAd155-HBV construct (Figure 1B).

HBc-and HBs-specific CD4* T-cell responses were low (data not shown).

The results of this experiment were consistent with those of two other similar independent
experiments (data not shown). Although each independent study was not statistically powered to
compare groups due to limitations related to the availability of animals, a meta-analysis over the 3
studies was conducted to compare the HBc¢-specific CD8* T-cell responses induced by ChAd155-HBV
versus ChAd155-hIi-HBV, after priming and after MVA-HBV boost.

The statistical analysis showed that the HBc-specific CD8* T-cell responses induced by the
prime-boost regimen using the ChAd155-hIi-HBV construct were significantly higher than those
elicited by the prime-boost regimen using ChAd155-HBV, after prime and after the MVA-HBV boost,
supporting the use of the human invariant chain sequence fused to the HBc sequence.

a. 14 day post dose I, the geometric mean ratio (hli / no hli) was estimated to 3.27 (95% CI: 1.57
-6.79)

b. 7 day post dose II, the geometric mean ratio (hli/no hIi) was estimated to 6.25 (95% CI: 2.11 -
18.51)

HBc and HBs-specific antibody responses
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Immunization with ChAd155-HBV but not ChAd155-hli-HBV induced HBc-specific antibodies.
After the MVA-HBV booster, the anti-HBc antibody response was comparable between groups
primed with ChAd155-HBV or ChAd155-hli-HBV (Figure 2). No HBs-specific antibody response was
detected (data not shown).

Conclusion

ChAd155-hli-HBV induced the highest CD8* T-cell response against HBc when compared to
ChAd155-HBV and this response was further increased after MVA-HBV boost.

Example 2 - HBc-HBs/ASO1s-4 immunogenicity study in inbred mice (CB6F1)

Objectives

The main objective of this immunogenicity study was to determine whether HBc and HBs
proteins were able to induce both HBc- and HBs-specific humoral and T cell responses when co-
formulated in ASO1g-4.

Study design

CB6F1 mice (30 mice per group), 6 to 8 weeks old, were immunized three times intra-
muscularly at Day 0, 14 and 28 with HBc, HBs or HBc-HBs formulated in 50ul of ASO1s-4 (listed in
Table 2 below). The HBc- and HBs-specific T cell responses were measured on fresh PBLs 7 days
post-second and third dose, and the anti-HBs and anti-HBc antibody responses were measured at 14

days post second and third dose.

Table 2: Treatment groups
Groups Antigen
1 1ug HBc/AS015.4 (HBC/AS015.4)
2 1 ug HBs/AS01s.4 (HBS/AS015.4)
3 1ug HBc + 1ug HBs/AS015.4 (HBc-HBS/AS01p.4)
4 NaCl
Statistical analysis

The statistical analysis was done using an ANOVA on the log10 values with 1 factor (group)
using a heterogeneous variance model, i.e. identical variances were not assumed for the different
levels of the factor. This analysis has been done by timepoint (Post 2™ and Post 3 immunization),
by T cell response (CD4* and CD8"* T cells) and antigen specificity (HBs and HBc). Estimates of the
geometric mean ratios between groups and their 95% confidence intervals (CI) were obtained using
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back-transformation on log10 values. Adjustment for multiplicity was performed using Tukey’s
method. Multiplicity adjusted 95% confidence intervals were provided.

Results

HBc and HBs-specific T-cell responses

Immunization of mice with HBc/ASO1s-4, HBS/ASO1s-4 or HBc-HBs/AS0Q1s-4 induced a potent
CD4+ T-cell response against both antigens (Figure 3). The magnitude of the HBc-specific CD4* T-
cell response was significantly lower (2.3 fold, P-value = 0.0468) for the HBc-HBs/ASO1p-4
formulation compared to the HBc/ASO1s-4, suggesting an interference of HBs on HBc-specific T-cell
responses. Nevertheless, the level of HBc-specific CD4* T-cells was still considered as strong, well
above that in the control group. No such interference was observed on the level of HBs-specific
CD4+ T-cell response.

The HBs/AS01s-4 or HBc-HBs/AS01s-4 formulations induced a strong HBs-specific CD8* T-cell
response (Figure 4). None of the vaccine candidates induced a detectable HBc-specific CD8* T-cell
response, (data not shown) as expected with this mouse model because of the absence in the HBc
sequence of our vaccine candidate of the H2-KP MHC-I restricted immuno-dominant epitope -
MGLKFRQL- as reported by others [Riedl|, 2014].

HBc and HBs-specific antibody response

High levels of anti-HBc and/or anti-HBs antibodies were induced by each of the three
formulations (see Figure 5). A significantly lower level of anti-HBc antibody response was observed
in HBc-HBs/AS01s-4 formulation compared to HBc/AS01s-4 (2.35 fold, P <0.0001). In contrast, the
presence of HBc¢ in the HBc-HBs/ASOls4 combination did not negatively impact the anti-HBs
antibody response (Figure 5).

Conclusion

All formulations (HBs/ASO1s-4, HBc/ASO1s-4 and HBc-HBs/ASO1s-4) were immunogenic and
induced both cellular and humoral responses against both antigens, except for HBc-specific CD8* T
cell responses (as expected in this model). The anti-HBc response elicited by the HBc-HBs/ASO1g-4
formulation was lower than the one elicited by HBc/ASQ1s-4, suggesting interference linked to the
presence of HBs in this mouse model. This interference was further evaluated; see Example 7 where
a ratio 4 to 1 of HBc to HBs was able to restore the anti-HBc immune response (antibody and
specific CD4* T-cells) without impacting the anti-HBs antibody response. This formulation, HBc-HBs
4-1/AS01s-4 was selected for subsequent nonclinical immunogenicity studies with adjuvanted protein

formulations.
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Example 3 - Adjuvant comparison experiment in inbred mice (CB6F1)

Objectives

The main purpose of this experiment was to compare the ability of HBc and HBs antigens, at
a ratio of 4 to 1 formulated with different adjuvants (Alum, ASO1s-4 orASO1e-4) or without adjuvant,
to induce a strong CD4* T-cell and humoral response against both antigens.

Study design

CB6F1 mice (35 mice for Groups 1-4 and 25 mice for Group 5), 6 to 8 weeks old, were
immunized three times intra-muscularly at Days 0, 14 and 28 with HBc-HBs antigens (4ug-1ug)
formulated with alum, ASO1s-4 or ASO1le4 (listed in Table 3 below). The ASOle4 Adjuvant System
contains half of the quantities of the immuno-enhancers QS-21 and MPL compared to ASQO1s4. The
HBc- and HBs-specific T cell responses were measured on fresh PBLs 7 days post-second and third
dose, after ex vivo 6-hour re-stimulation with pools of peptides and the anti-HBs and anti-HBc
antibody responses were measured by ELISA at 14 days post second and third dose.

Table 3: Treatment groups
Groups Antigen
1 HBc-HBs 4-1
2 HBc-HBs 4-1/Alum
3 HBc-HBs 4-1 /AS015.4
4 HBc-HBs 4-1/AS01e.4
5 NaCl
Statistical analysis

For the statistical analysis, an ANOVA model was fitted on log2 T cell frequencies and on
log10 antibody titers including group as fixed effect and using a heterogeneous variance model
(identical variances were not assumed between groups, NaCl group being excluded from the
analysis). This model was used to estimate geometric means (and their 95% CIs) as well as the
geometric mean ratios (ASO1s over the 3 other groups) and their 95% CIs. A Dunnett’s adjustment
was applied for HBc- and HBs-specific CD4* T cell frequencies (primary endpoint) and anti-HBs
antibody titers (secondary endpoint) measured at 14 days post-third dose. For other responses/time
points, the analyses are descriptive and no adjustment was applied.

Results
HBc- and HBs-specific T-cell responses

AS01-adjuvanted formulations elicited significantly higher HBc specific CD4* T-cell responses
compared to alum-adjuvanted and non-adjuvanted formulations (Figure 6B). No statistically
significant difference was observed between ASOls4 and ASOle4 formulations. As previously
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observed in CB6F1 mice, HBc-specific CD8* T-cell response was undetectable whatever the
formulation tested (data not shown).

The HBs-specific CD4* (Figure 6A) and CD8* (Figure 6C) T-cell responses were significantly
higher for the ASO1-adjuvanted formulations compared to alum-adjuvanted and non-adjuvanted
formulations. No statistically significant difference was observed between ASQ1ls4 and ASOle4

formulations.

HBc and HBs-specific antibody responses

ASO1-adjuvanted formulations elicited significantly higher anti-HBc and anti-HBs total 1gG
responses compared to alum-adjuvanted and non-adjuvanted formulations (Figure 7). Total IgG
antibody responses elicited by the ASOls4 and the ASOle-s-adjuvanted formulations were not
statistically different.

Conclusion

Overall, the ASO1 adjuvant system (ASO1le-4 or ASO1s-4) induced the highest humoral and
cellular responses against HBc and HBs, as compared to Alum-based or non-adjuvanted formulations
in CB6F1 mice.

Example 4 - Immunogenicity evaluation of ChAd155-hIi-HBV/MVA-HBV/HBs-HBc/AS01g-4 vaccine
regimens in HLA.A2/DR1 transgenic mice

Objectives

The objective of this study was to evaluate the immunogenicity of different vaccine
regimens consisting of a prime/boost with ChAd155-hIi-HBV/MVA-HBV viral vectors followed by or
co-administered with two doses of HBc-HBs 4-1/AS01s-4 proteins.

Study design

The first group of mice (N=16) was immunized at Day 0 with ChAd155-hli-HBV followed by
MVA-HBV 28 days later. Two doses of HBc-HBs 4-1jg/AS01s-4 were injected 14 days apart after this
prime/boost viral vector regimen (Table 4). The second group of mice (N=16) was immunized at
Day 0 with ChAd155-hIi-HBV and HBc-HBs 4-1/AS01s-4 followed 28 days later by a boost with MVA-
HBV co-administered with HBc-HBs 4-1/AS01s. Two subsequent co-immunizations of MVA-HBV and
HBc-HBs 4-1/AS01s were performed 14 days apart (Table 4). The third group of mice (N=8) was
injected with NaCl as negative control. Mice were sacrificed at 7 days post second (7dpII) and post
fourth immunization (7dplV) to determine the HBc-and HBs-specific humoral (sera) and cellular
immune responses (on splenocytes and liver infiltrating lymphocytes).

This study was descriptive and no statistical sample size justification and analysis were
performed.
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Table 4: Treatment groups
Groups | Day0 Day 28 Day 42 Day 56 Sacrifice
108 vp ChAd155-hli- ; 7dpll and
1 HRY 107 pfu MVA-HBV | HBc-HBs 4-1/AS015.4 | HBc-HBs 4-1/AS015.4 7dplV
8 -hli- 7 _
, | NeypCradioo i | 10D NMPBY | 107pfuMVAHBY + | 107plu MVAHBY+ | Tdpl and
1/AS0as 1ASO o HBc-HBs 4-1/AS01g4 | HBc-HBs 4-1/AS01g4 | 7 dplV
7dpll and
3 NaCl NaCl NaCl NaCl 7 dplV
Results

HBc-and HBs-specific CD8* T-cell response (splenocytes)

Co-administration of HBc-HBs 4-1/AS01s-4 with the ChAd155-hli-HBV vector as prime and
with the MVA-HBV vector as boost (Group 2) induced a 4 fold increase of HBc- specific CD8* T-cell
response when compared to injection of ChAd155-hli-HBV/MVA-HBV only (Group 1) at 7dpII (Figure
8). Similar CD8* T-cell response against HBs was induced in both groups (Figure 8).

At 7dplV, HBc- but not HBs-specific CD8* T-cell response was clearly boosted after
subsequent administrations of HBc-HBs/ASO1s-4 (5 fold increase compared to 7dpIl) (Group 1). No
further increase of HBc- or HBs-specific CD8* T-cells was observed when two additional doses of
MVA-HBV/HBc-HBs 4-1/AS01s-4 were co-administered (Group 2).

HBc- and HBs-specific CD4* T-cell response (splenocytes)

Low levels of HBc- and HBs-specific CD4* T-cells were detected after prime-boost ChAd155-
hIi-HBV/MVA-HBV immunization (median 0.17% and 0.11%, respectively) (Group 1) while a potent
response against both antigens was observed when HBc-HBs 4-1/AS01s-4 was co-administered with
prime-boost ChAd155-hli-HBV/MVA-HBV (Group 2) at 7 dpll (Figure 9).

Subsequent administrations of HBc-HBs 4-1/AS01s-4 after ChAd155-hli-HBV/MVA-HBV prime-
boost (Group 1) substantially enhanced both HBc- and HBs specific CD4* T-cells responses (median
1.64% and 2.32%, respectively) at 7dplV. Finally, a robust increase of HBs-specific CD4+ T-cells
was observed when two additional doses of MVA-HBV and HBc-HBs/ASQ1s-4 were co-administered to
the mice already vaccinated with the prime boost ChAd155-hli-HBV/MVA-HBV co-administered with
HBc-HBs/ASQ1s-4 (Group 2) at same time point. The HBc-specific CD4* T-cells remained at the same
level as at 7dpost II in that same group.

HBc- and HBs-specific T-cell responses measured in liver infiltrating lymphocytes

43




10

15

20

25

30

WO 2019/115817 PCT/EP2018/085086
7 days post-last immunization, the presence of vaccine-induced T-cell responses in the liver
was investigated by ICS. In order to have a sufficient number of liver infiltrating lymphocytes to
perform the in vitro re-stimulation and ICS, pools of cells recovered after perfusion of 3 or 4 livers
were constituted for each data point. Due to the low number of data points, no statistical analysis
was performed, and the results are descriptive.

Both vaccine regimens elicited HBc- and HBs-specific CD4* T-cells detectable in the liver of
vaccinated mice (Figure 10). Strong HBc-specific CD8* T-cell responses were measured in the livers
of animals vaccinated with both vaccine regimens, while much lower frequencies of HBs-specific
CD8* T-cells were measured.

HBc-and HBs-specific antibody response

Co-administration of ChAd155-hli-HBV/MVA-HBV with HBc-HBs 4-1/AS01s-4 (Group 2)
induced the highest amount of anti-HBc antibodies at 7dplI (Figure 11). Subsequent injections of
MVA-HBV + HBc-HBs/ASO1s-4 did not further increase the level of anti-HBc antibody response
(7dpIV). A clear increase of anti-HBc-specific antibody response was observed at 7dplV after
injections of HBc-HBs/ASQ1s-4 in mice preliminary immunized with ChAd155-hIi-HBV and MVA-HBV
(Group 1). The presence of the HBc-HBs/ASO1ls4 component seemed to be important in the
schedule to elicit potent anti-HBs antibodies as no anti-HBs antibody response was detected in
animals after immunization with ChAd155-hIi-HBV/MVA-HBV (Figure 11). The highest magnitude of
response was observed in the co-ad group (Group 2) after last immunization.

Conclusions

In HLA.A2/DR1 transgenic mice, ChAd155-hIi-HBV/MVA-HBV elicited low but detectable
HBc-specific CD4* T-cell responses which were clearly enhanced by HBc-HBs 4-1/AS01s-4. The initial
prime-boost immunization with ChAd155-hIi-HBV/MVA-HBV induced potent HBc- and HBs-specific
CD8* T-cell responses, with the HBc-specific responses further increased after HBc-HBs/AS01s-4
boost given sequentially.

Interestingly, when ChAd155-hli-HBV/MVA-HBV were co-administered with HBc-HBs 4-
1/AS01s-4, high levels of HBc-and HBs-specific CD4* and CD8* T-cells were induced as well as
antibodies after only two immunizations. Further immunizations with MVA-HBV + HBc-HBs/AS015-4
did not further increase the levels of these responses.

Moreover, vaccine-induced HBc- and HBs-specific CD4+ and CD8* T-cells were also detected

in the liver of animals vaccinated with both vaccine regimens.

44



10

15

20

25

WO 2019/115817 PCT/EP2018/085086
Example 5 - Evaluation of T and B-cell tolerance to the “invariant chain” sequence Ii encoded by the

ChAd155 vector: Use of a ChAd155 construct coding for the mouse Ii sequence (mli) in CB6F1 mice

Objectives

An immunogenicity study was conducted in CB6F1 mice to investigate T- and B-cell
tolerance to the “invariant chain” sequence Ii in a homologous model using a ChAd155 construct
coding for the mouse Ii sequence (mli): ChAd155-mIi-HBV.

Study design

Induction of autologous mli-specific immune responses was evaluated by IFN-y ELISpot (in
splenocytes) and by ELISA (in blood serum) after 2 intramuscular immunizations (Day 0 and 14)
with a high dose (10° vp) of the ChAd155-mIi-HBV vector (Table 5).

Table 5: Treatment groups
Groups Formulations
1 ChAd155-mli-HBV (10° vp) at Days 0 and 14
2 PBS at Days 0 and 14
Methods

For T-cell responses, 15mer peptides overlapping by 11 amino acids encompassing the
murine Ii sequence and arranged into a pool were used as antigen in the IFN-y-ELISpot assay. For
antibody responses, a commercially available murine Ii recombinant protein and a monoclonal
antibody specific for murine Ii were respectively used to coat the ELISA plates and as positive
control. As a positive control of “vaccine take”, HBc- and HBs-specific T-cell responses were
monitored in the IFN-y- ELISpot assay.

Results

A potent HBc-specific T-cell response and a lower but detectable HBs-specific T-cell
response were measured post-first and second immunization with ChAd155-mIi-HBV. Of note, the
HBc Kb-restricted dominant Class I epitope (MGLKFRQL) was added in this construct to allow
monitoring of the HBc-specific CD8* T-cell response in this mouse strain and splenocytes were re-
stimulated with this particular sequence in the ELISpot assay. No anti-mli antibodies (Figure 13) and
no mli-specific T-cells (Figure 12) were detected in any animals at 2 weeks post-first or second

immunization, suggesting that the immune tolerance to the mli sequence was preserved.
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Example 6 - Evaluation of the immunogenicity and safety of ChAd155-hli-HBV/MVA-HBV/HBc-
HBs/AS01g-4 vaccine regimens in AAV2/8-HBV transduced HLA.A2/DR1 mice

Objectives

The AAV2/8-HBV-transduced HLA.A2/ DR1 murine model recapitulates virological and
immunological characteristics of chronic HBV infection. In this model, the liver of mice is transduced
with an adeno-associated virus serotype 2/8 (AAV2/8) vector carrying a replication-competent HBV
DNA genome.

A single tail vein injection of 5x10'%g (viral genome) of the AAV2/8-HBV vector leads to
HBV replication and gene expression in the liver of AAV2/8-HBV-transduced mice [Dion; 2013]. HBV
DNA replicative intermediates, HBV RNA transcripts and HBc antigens are detected in the liver up to
1 year post-injection without associated significant liver inflammation. HBs and HBe antigens and
HBV DNA can be detected in the sera up to 1 year. Furthermore, establishment of immune tolerance
to HBV antigens is observed in this surrogate model of chronic HBV infection

The objectives of this study conducted in AAV2/8-HBV transduced HLA.A2/DR1 mice were

e to demonstrate that the vaccine regimen can overcome the tolerance to HBs and HBc antigens.

e To evaluate the impact of liver infiltrating HBc-specific CD8* T-cells, potentially targeting
hepatocytes expressing the HBcAg, on the histology of the liver (H&E staining) and AST and
ALT levels, as surrogate parameters for the liver function.

Study design

Two different vaccine regimens, based on sequential immunization with ChAd155-hli-HBV
and MVA-HBV (both encoding the HBV core [HBc] and surface [HBs] antigens), either alone or in
combination with HBc-HBs 4-1/AS01s-4 followed by two additional doses HBc-HBs 4-1/AS016-4 (either
alone or in combination with MVA-HBV), were tested (Table 6).

HLA.A2/DR1 mice from groups 1, 2 and 3 were transduced with 5x10%%g of AAV2/8-HBV
vector (intravenous administration) at Day 0, while Group 4 served as a positive control for
immunogenicity (no establishment of tolerance prior to vaccination).

Animals from Group 1 (N=21) were immunized at Day 31 with ChAd155-hli-HBV followed by
MVA-HBV at Day 58. Two doses of HBc-HBs 4-1ug/AS01s-4 were injected at Days 72 and 86 after
this prime/boost viral vector regimen (Table 6).

Animals from Group 2 (N=21) were immunized at Day 31 with ChAd155-hIi-HBV and co-
administrated with HBc-HBs 4-1/AS01s4 followed at Day 58 by a boost with MVA-HBV co-
administered with HBc-HBs 4-1/AS01s. Two subsequent co-immunizations of MVA-HBV and HBc-HBs
4-1/AS01s were performed at Days 72 and 86 (Table 6).
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Animals from Group 3 (N=21) were injected with NaCl on Day 31, 58, 72 and 86 as negative

control.

Animals from Group 4 (N=8) received the same vaccine regimen as Group 2 (except that
they were not transduced with AAV2/8-HBV).

All vaccines were administered intramuscularly.

The level of HBs circulating antigen was measured in sera at Days 23, 65 and 93 (groups 1,
2 and 3).

HBs- and HBc-specific antibody responses were measured in sera from all animals at Days
23 (post-AAV2/8-HBV transduction), 65 (7 days post-second immunization) and 93 (7 days post-
fourth immunization) by ELISA. The HBs- and HBc-specific CD4* and CD8* T cell responses were
evaluated at Days 65 (9 animals/group) and 93 (12 animals/group) in splenocytes and liver
infiltrating lymphocytes, after ex vivo re-stimulation and ICS (Groups 1, 2 and 3). These
immunogenicity read-outs were performed only at Day 93 for animals from Group 4 (8 animals).

With regards to liver-related safety parameters, the levels of AST and ALT were measured in
sera at Days 38, 65 and 93 and microscopic examination of liver sections stained with H&E was
performed at Days 65 and 93 to detect potential vaccine-related histopathological changes or
inflammation (Groups 1, 2 and 3).

Table 6: Treatment groups
Groups N* | Day 0 Day 31 Day 58 Day 72 Day 86
1 o1 | AAV2/8- | 10°vp ChAd155- | 10" pfu MVA- HBc-HBs 4- HBc-HBs 4-
HBV hli-HBV HBV Tug/AS01,, THg/AS01,,
10° vp ChAd155- | 107 pfu MVA- 7 7
AAV2- | hiFHBV +HBo- | HBV+HBe- | 10 PUMVAHBY | 10 piu MVA-
2 21 HBY HBs 4. \Bs 4. +HBc-HBs4- | HBV + HBc-HBs
IgASOT, | 1ugiASOT,, 1ug/ASO1,, 4-1pg/ASO1,,
AAV2/8-
3 21 LBV NaCl NaCl NaCl NaCl
10°vp ChA155- | 10 pfuMVA- | 7 ofu MVAHBY | 107 pfu MVA-
4 | 8 | Noveotor | MY THEO | HBVEFBCT | L o HBs4- | HBY + HBC-HBs
1gASOT, | 1ugiASOT,, 1ug/ASO1,, 4-1pg/ASO1,,

*1 mouse was found dead in Group 3 before Day 65 and in Group 2 before Day 93.

Statistical analysis

AST and ALT levels
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An ANOVA model for repeated measures including Gender, Day, Group and the three two-
by-two interactions was fitted on the logl0-transformed enzymatic activity values, using the
unstructured covariance structure. Model assumptions were verified. The interactions insignificant at
the 5% level were removed from the model. For both enzymes, the final model included Gender,
Day, Group and the interaction between Group and Day. The geometric means of enzymatic activity
of each group at each time point were derived from this model. Group comparisons of interest are
reported through geometric mean ratios (GMRs) that were also derived from this model. All these
statistics are presented with a two-sided 95% confidence interval. Multiplicity was not taken into
account when computing these GMRs.

All analyses were performed using SAS 9.2

Humoral responses

Descriptive statistics were performed to calculate the number of responders. The cut-off for
responsiveness for anti-HBc or anti-HBs antibody responses was defined based on the geometric
mean titers calculated in Group 3 (AAV2/8-HBV transduction but no vaccination).

Cellular response

Descriptive analyses were performed to define the number of responders for either HBc-,
HBs-specific CD4* or CD8* T cells. The cut-off for responsiveness was defined as the 95% percentile
of measurements made in Group 3 (AAV2/8-HBV transduction but no vaccination).

Results
HBc-specific CD8* and CD4* T cells

In AAV2/8-HBV-transduced HLA-A2/DR1 mice, the background level of HBc-specific CD8" or
CD4+ T cells was very low to undetectable without immunization at all the time-points tested (Group
3).

The immunization with ChAd155-hli-HBV and MVA-HBV vectors, either alone (Group 1) or in
combination with HBc-HBs 4-1/AS01s-4 (Group 2) induced HBc-specific CD8* T cells (6/7 and 9/9
responders respectively at 7 days post-II), demonstrating a bypass of the tolerance to the HBc
antigen (Figure 14A). The two additional doses of HBc-HBs 4-1/ASO1s4 either alone or in
combination with MVA-HBV, only modestly increased these HBc-specific CD8* T cell responses as
measured at 7 days post-fourth dose reaching median frequencies of 1% in Group 1 and 1.45% in
Group 2. The frequencies of HBc-specific CD8* T cells induced by the same vaccine regimen as in
Group 2, were higher in non-transduced HLA.A2/DR1 mice from Group 4 (8/8 responders, with
frequencies ~4 fold higher at 7 days post-1V), as expected due to the immune tolerance toward the
HBc antigen. HBc-specific CD8* T cells were also detected in the liver of vaccinated mice, with the
same profile as in spleens (Figure 14B).
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Both vaccine regimens elicited very low to undetectable HBc-specific CD4* T cells in AAV2/8-
HBV-transduced HLA-A2/DR1 mice (Groups 1 and 2), while a robust response was measured in non-
transduced mice (Group 4), suggesting that the vaccine regimen did not overcome the CD4* T cell
tolerance to the HBc antigen under these experimental conditions (Figure 15A, B).

HBs-specific CD8* and CD4* T cells

The immunization with ChAd155-hli-HBV and MVA-HBV vectors, either alone (Group 1) or in
combination with HBc-HBs 4-1/AS01s-4 (Group 2) elicited HBs-specific CD8* T cells with no further
increase of the intensities following the two additional doses of HBc-HBs 4-1/AS01s-4 either alone or
in combination with MVA-HBV, in AAV2/8-HBV transduced mice (Figure 16A). At the end of the
vaccination schedule (7 days post-fourth dose), the frequencies of HBs-specific CD8* T cells
measured in animals from Groups 1 and 2 were close to the ones detected in Group 4 (non-
transduced HLA.A2/DR1 mice, median at 7 days post-IV= 0.62%, 5/8 responders), suggesting an
overcome of the T cell tolerance toward the HBs antigen. HBs-specific CD8* T cells were detected in
the livers of animals from Groups 1, 2 and 4 in most of the vaccinated animals (Figure 16B).

HBs-specific CD4* T cells were induced after administration of HBc-HBs 4-1/AS01s-4 alone or
in combination with vectors, from 7 days post-second vaccination in Group 2 and from 7 days post-
fourth vaccination in Group 1 (Figure 17A). The vaccine schedule used in animals from Group 2
elicited about 3 fold higher frequencies of HBs-specific CD4* T cells (median at 7 days post-IV=
3.7%, 11/11 responders) as compared to vaccine schedule used in animals from Group 1 (median at
7 days post-IV= 1.34%, 11/12 responders), reaching similar levels as in Group 4 (non-transduced
HLA.A2/DR1 mice, median at 7 days post-IV= 3%, 8/8 responders), suggesting a complete
overcome of the T cell tolerance toward the HBs antigen. Similarly to the systemic CD4* T cell
responses, HBs-specific CD4* T cells were detected in the livers of animals from Groups 1, 2 and 4
in all vaccinated animals (Figure 17B).

HBs- and HBc-specific antibody responses

At 23 days after the injection of the AAV2/8-HBV vector, no anti-HBs antibody responses
were detected in HLA.A2/DR1 mice, suggesting a strong humoral tolerance toward the HBs antigen.
The immunization with ChAd155-hli-HBV and MVA-HBV vectors alone (Group 1) did not break this
tolerance while the immunization of the vectors in combination with HBc-HBs 4-1/AS01s-4 led to the
induction of anti-HBs antibody responses in 15 out of the 21 animals at Day 65 (Group 2) (Figure
18A). The further administration of 2 doses of HBc-HBs 4-1/AS01s-4 in group 1 elicited detectable
anti-HBs antibodies (Geometric mean titers (GMT) of 116.8 and 8/12 responders at Day 93) and the
2 additional doses of MVA-HBV combined with HBc-HBs 4-1/AS01s-4 in Group 2 further increased the
intensity of the anti-HBs antibody response up to a GMT of 775 with 11/11 responders, while
remaining ~5 fold lower than in non-AAV2/8-HBV transduced animals from Group 4 (GMT= 3933) at
Day 93.
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Similarly, anti-HBc antibody responses were induced only when the HBc-HBs 4-1/AS01g-4
component was present in the vaccine regimen, with 3 fold higher levels measured at Day 93 in
animals from Group 2 (GMT=1335,5; 11/11 responders) as compared to Group 1 (GMT=442.8;
12/12 responders) Figure 18B). The anti-HBc antibody titers induced in the non-transduced mice

(Group 4) with the same vaccine regimen as in Group 2 were higher (~ 27 fold, GMT=35782).

These results show that the presence of the adjuvanted protein component in the vaccine
regimen is critical to break the humoral tolerance to both HBc and HBs antigens. Furthermore the
vaccine regimen used in Group 2, containing 4 administrations of the HBc-HBs 4-1/AS01s-4 elicited
the highest anti-HBc and anti-HBs antibody responses, while remaining lower than in non-AAV2/8-
HBV transduced mice (Group 4).

AST/ALT levels

As a liver-related inflammation parameter, the serum activities of AST and ALT were
measured at Days 38 (7 days post-first vaccination), 65 (7 days post-second vaccination) and/or 93
(7 days post-fourth immunization) (all Groups). Overall, the AST and ALT levels were stable during
the course of the vaccine regimens (Groups 1 and 2) in AAV2/8-HBV transduced HLA.A2/DR1 mice
and similar to the ones measures in mice not receiving vaccines (Group 3) (Figure 19). AST levels
were found statistically significantly higher in animals from the vaccine groups (Groups 1 and 2) as
compared to the control Group 3 at Day 65. However, the AST levels were surprisingly low at Day
65 in animals from Group 3 as compared to the rest of the kinetics, suggesting that these
differences were rather due to the particularly unexpectedly low values obtained in the control group
3 at this time-point, rather than an increase of the AST levels in the vaccine groups (Groups 1 and
2) (Figure 19A).

A slightly lower ALT level was measured at Day 38 in animals from Group 1 as compared to
in control animals from Group 3, but this difference was not considered as clinically relevant (Figure
19B).

Liver microscopic examination

Microscopic examination of liver sections stained with H&E was performed at Days 65 and
93 to detect potential vaccine-related histopathological changes or inflammation (Groups 1, 2 and 3)
(Table 7).

There were no test item-related microscopic findings either on Day 65 (7 days after the
injection of the second viral vectored vaccine, MVA-HBV with or without HBc-HBs 4-1/AS01s-4) or on
Day 93 (7 days after the last injection) in AAV2/8-HBV transduced HLA-A2/DR mice, i.e. there were
no histopathological changes that could be associated with the use of the vaccine components
ChAd155-hIi-HBV, MVA-HBV and HBc-HBs 4-1/AS01p-4.
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In addition, except for control animal 3.13 (which presented a focal grade 1 piecemeal
necrosis), none of the animals presented morphological signs of chronic hepatitis.

Other microscopic findings noted in treated animals were considered incidental changes, as
they also occurred in the control group, were of low incidence/magnitude, and/or are common

background findings in mice of similar age [McInnes, 2012].
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HBs antigen levels in sera from AAV2/8-HBV injected mice.

As already reported in Dion et al [Dion, 2013], HBs antigen levels were higher in males as
compared to females, 23 days post-injection with the AAV2/8-HBV vectors. These levels remained
stable in all groups, without detectable impact of the vaccination regimens (Figure 20). AAV2/8-
HBVinjected mouse is however not an animal model for studying vaccine efficacy on HBsAg.

Conclusion

In a surrogate model of chronic HBV infection where immune tolerance toward HBc and HBs
antigen is established, i.e. AAV2/8-HBV-transduced HLA-A2/DR1 mice, both tested vaccine regimens
bypassed the tolerance by inducing HBc- and HBs-specific IgG and CD8* T cell responses as well as
HBs-specific CD4* T cell responses, albeit at lower levels than in non-transduced mice, as expected
due to strong immune tolerance. When the ChAd155-hli-HBV/MVA-HBV vectors were co-
administered with HBc-HBs 4-1/AS01s-4, the intensities of the vaccine induced antibody and T cell
responses were higher than with the vaccine regimen where the vectors and adjuvanted proteins
were administered sequentially.  Furthermore, while assessing the vaccine-associated liver
inflammation by measuring serum activities of AST and ALT and by performing liver
histopathological evaluation, no increase in liver enzymes was detected in the vaccine groups when
compared with the non-vaccinated one and no microscopic findings could be related to the vaccine
treatments. Altogether, these results show that the tested vaccine candidates successfully restored
HBs- and HBc-specific antibody and CD8* T cell responses as well as HBs-specific CD4* T cell
responses without detection of associated-signs of liver alteration, under these experimental
conditions.

Summary of non-clinical immunology data of Examples 1-6

Studies in CB6F1 mice vaccinated with the vaccine proteins (HBc-HBs) formulated in AS01s-4
Adjuvant System suggested a negative interference of the HBs antigen on HBc-induced antibody
and CD4" T-cell responses. Nevertheless, HBc-HBs/AS01s-4 combination vaccine was able to mount
robust specific CD4+ T-cell and antibody responses to both vaccine antigens.

—  When compared to alum-based or non-adjuvanted formulation, the AS01 family-based
formulation induced significantly higher CD4* T-cell and antibody responses to both HBc and

HBs antigens.

The administration of ChAd155-hIi-HBV in HLA.A2/DR1 transgenic mice induced a strong
CD8™* T-cell response to the HBc antigen and to a lesser extent to the HBs antigen. The response to
the HBc antigen was clearly enhanced by the presence of the hli in the construct. The subsequent
administration of MVA-HBV further increased the CD8* T-cell response against HBc antigen:
following the MVA boost, a higher frequency of HBc-specific CD8* T-cells was observed in mice
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primed with ChAd155-hIi-HBV versus mice primed with ChAd155-HBV, while HBs-specific CD8* T-
cell responses were not further enhanced.

When administered to HLA.A2/DR1 transgenic mice, the full vaccination regimens (i.e.
sequential or concomitant administration of viral vectors and adjuvanted proteins) induced robust
CD4+ T-cell, CD8* T-cell and antibody responses to both vaccine antigens. Moreover vaccine-
induced HBs- and HBc-specific CD4* and CD8* T-cells were detected in the liver of animals

vaccinated with both vaccine regimens.

An immunogenicity study was conducted in CB6F1 to investigate T and B cell tolerance to
the “invariant chain” sequence (Ii) in a homologous model using a ChAd155 construct coding for the
mouse Ii sequence (mli): ChAd155-mIi-HBV. Induction of autologous mli-specific immune responses
was evaluated after 2 immunizations (Day 0 and 14) with a high dose (10° vp) of the ChAd155-mIi-
HBV vector. No anti-mli antibodies and no mli-specific T-cells were detected in any animals at 2
weeks post-first or second immunization, suggesting that the immune tolerance to the mli sequence

was preserved.

In a preclinical HBV-persistent mouse model (AAV2/8-HBV transduced HLA.A2/DR1 mice),
where immune tolerance is observed to HBV antigens, the vaccine regimens were capable of
breaking the tolerance with induction of HBc- and HBs-specific CD8* T cells, HBs-specific CD4* T
cells and antibody responses to both HBs and HBc antigens, although there was no HBc-specific
CD4+ T cell response observed. The levels of vaccine-induced responses in the AAV-transduced mice
were, however, (and as expected) lower than those detected in naive HLA.A2/DR1 mice.
Furthermore, while assessing the vaccine-associated liver inflammation by measuring serum
activities of aspartate aminotransferase (AST) and ALT and by performing liver histopathological
evaluation, no increase in liver enzymes was detected in the vaccine groups when compared with
the non-vaccinated group and no microscopic findings could be related to the vaccine treatment.
Altogether, these results show that the tested vaccine candidates successfully restored HBs- and
HBc-specific antibody and CD8* T cell responses as well as HBs-specific CD4* T cell responses
without detection of associated-signs of liver alteration, under these experimental conditions.

Example 7 — Immunogenicity evaluation of different adjuvanted recombinant protein HBc/HBs ratios

Objectives

The purpose of the experiment was to confirm a negative interference of the HBs antigen on
the HBc-induced CD4* T cell response as seen in Example 2 at 7 days post third immunization
where the HBs and HBc antigens were mixed with a ratio of 1 to 1. A further aim was to evaluate
various ratios of HBs/HBc to limit this interference and to ensure at least a potent HBc-specific CD4*
T cell response while at the same time generating a robust HBc and HBs-specific antibody response.
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Study design

CB6F1 mice (30 mice per group) of 6-8 weeks old were immunized three times intra-muscularly
(gastrocnemian muscle) at days 0, 14 and 28 with various formulations containing HBc and HBs
antigens (listed in Table 8) in 50ul of ASO1s-3 or ASO1g-4. CB6F1 mice were randomly assigned to
one of the study groups. The evaluation of HBc and HBs specific T cell responses by Intracellular
Cytokine Staining (ICS) was done by using leukocytes collected 7 days after the second and the
third immunization from 6 pools of 5 mice/group. Serum was collected from individual mice 14 days
after the second and the third immunizations and only serum of 20 randomized mice were tested for
the evaluation of HBc- and HBs-specific antibody total Ig responses due to the statistical sample size
analysis.

Table 8 : Study design of HBc/HBs ratio experiment in CB6F1 mice.

Group N Treatment Immunization schedule
Days
Vaccine dose Adjuvant dose
1 30 1 ug HBs AS01B-4 (1/10 HD) 0,14,28
2 30 0.25 yg HBs AS01B-4 (1/10 HD) 0,14,28
3 30 0.1 ug HBs AS01B-4 (1/10 HD) 0,14,28
4 30 4 ug HBc AS01B-4 (1/10 HD) 0,14,28
5 30 1 ug HBc AS01B-4 (1/10HD) 0,14,28
8 30 1 g HBc + 1 pg HBs AS01B-4 (1/10 HD) 0,14,28
9 30 4 ug HBc + 1 g HBs AS01B-4 (1/10 HD) 0,14,28
10 30 4 ug HBc + 0.25 pg HBs AS01B-4 (1/10 HD) 0,14,28
11 30 1 ug HBc + 0.25 pg HBs AS01B-4 (1/10 HD) 0,14,28
12 30 4 ug HBc + 0.1 g HBs AS01B-4 (1/10 HD) 0,14,28
13 30 NaCl / 0,14,28

Groups 6 & 7 were included in the experiment to address another objective and are omitted for clarity purposes.
HD: Human dose

Statistical analysis

The non-inferiority of HBc-HBs groups as compared to corresponding HBC groups was
evaluated. This non-inferiority will be reached if the UL of 95% CI of the geometric mean ratios of
the frequencies (in %) of HBc-specific CD4* T-cell expressing at least one cytokine (IL-2 and/or IFN-
y and/or TNF-a) for HBc groups over corresponding HBc-HBs groups is below 2 at 7-day post dose
III. As it was a first evaluation and as criteria were not pre-defined, no adjustment for multiplicity
was applied.
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An ANOVA (Analysis of Variance) model was used to answer the two primary objectives.
This model was fitted on log10 CD4+ frequencies post dose III including group (4 to 12), interaction
as fixed effects and using a heterogeneous variance model (identical variances were not assumed
between groups). This model was used to estimate geometric means (and their 95% CIs) as well as
the geometric mean ratios and their 95% CIs using a back-transformation of logl0 means and
differences.

Results

Antigen-specific CD4+ T cell responses

All formulations after the 2™ immunization induced strong anti-HBc and HBs specific CD4* T
cell responses (+1%). Although the magnitude of the HBc-specific CD4+ T-cell response elicited by
the formulation containing an equal amount of HBc and HBs in ASO1s-4 tended to be lower (Figure
23) when compared to the HBc /ASO1s4 alone group, these differences were not statistically
significant because the ratio was +1.4 (p=0.143) (Figure 23). After the 3™ immunization, the
magnitude of the HBc-specific CD4* T-cell response elicited by the formulation containing an equal
amount of HBc and HBs in ASO1s4 was statistically lower (GMR 0.391 and 95% CI [0.184-0.828])
when compared to the HBc /ASO1s-4 alone group (Figure 24). This confirmed the observation in
Example 2 of interference of HBs on HBc-specific CD4* T cell responses. The interference was less
pronounced when antigens were formulated on a ratio of 4 to 1 of HBc and HBs antigen. No such
negative impact was seen when looking at HBs-specific CD4* T cell responses (Figure 23 and Figure
24).

By further increasing HBc to HBs ratios there was a tendency, although not statistically
significant, for additional recovery of such HBc-specific CD4* T cell response with medians up to 1.7
% of total HBc-specific CD4+ T cells expressing IFN-y and/or IL-2 and/or TNFa.

HBs-specific CD8* T cell responses were evaluated after the 2™ and 3™ immunization
(Figure 25). A HBs-specific dose range response was observed after the 2™ and 3™ immunization.
After the third immunization, HBs specific CD8* T cell responses tended to decrease when co-
formulated with an equal amount of HBc antigen (GMR 0.66 and 95% CI [0.337-1.295]), however,
this ratio is not statistically significant (p=0.1717). HBc-specific CD8* T cell responses were low to
undetectable (Lower than 0.1%, data not shown).

Antigens specific antibody responses

All formulations after the 2™ immunization induced high and similar anti-HBc and HBs total Ig
responses with no negative impact when co-formulating HBs and HBc at 1 to 1 ratio in ASO1s4
adjuvant system (Figure 26). The anti-HBc specific total Ig responses were boosted after the third

immunization (Figure 27). HBs interference was seen on the level of HBc-specific antibody responses
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when co-formulating HBs and HBc at 1 to 1 ratio in ASO1s-4 adjuvant system. The GMT ratios and
95% confidence interval was 1.88 [1.44; 2.44] with the p-values <0.0001. Increasing the ratio of
HBc to HBs by four allows the recovery of HBc humoral responses, GMT ratios and 95% confidence
interval was 1.37 [1.04; 1.80] with the p=0.0262. HBc had no negative impact on the level of HBs-
specific antibody response as previously reported (Figures 26 and 27).

Conclusion

Results of these experiment indicate that the negative interference of HBs on HBc-specific CD4+ T
cell and humoral responses observed when both antigens were co-formulated in a 1/1 ratio was
overcome for formulations with a HB¢/HBs ratio >4. As a result doses of 4ug HBc and 1pg HBs were

selected for further preclinical experiments.

57



10

15

20

25

30

35

WO 2019/115817 PCT/EP2018/085086

SEQUENCE LISTINGS

SEQ ID NO:1: Amino acid sequence of HBs
MENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGQNSQSPTSNHSPTSCPPICPGYRWM
CLRRFITFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTNTGPCKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIP
SSWAFAKYLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLSAIWMMWYWGPSLY SIVSPFIPLLPIFFCLWVYI

SEQ ID NO:2: Amino acid sequence of HBc truncate
MDIDPYKEFGATVELLSFLPSDFFPSVRDLLDTASALYREALESPEHCSPHHTALRQAILCWGELMTLATWVGNN
LEDPASRDLVVNYVNTNMGLKIRQLLWFHISCLTFGRETVLEYLVSFGVWIRTPPAYRPPNAPILSTLPETTVV

SEQ ID NO:3: Amino acid sequence of spacer incorporating 2A cleaving region of the foot and
mouth disease virus
APVKQTLNFDLLKLAGDVESNPGP

SEQ ID NO:4: Nucleotide sequence encoding spacer incorporating 2A cleavage region of the foot
and mouth disease virus
GCCCCTGTGAAGCAGACCCTGAACTTCGACCTGCTGAAGCTGGCCGGCGACGTGGAGAGCAATCCCGGCCCT

SEQ ID NO:5: Amino acid sequence of HBc-2A-HBs
MDIDPYKEFGATVELLSFLPSDFFPSVRDLLDTASALYREALESPEHCSPHHTALRQAILCWGELMTLATWVGNN
LEDPASRDLVVNYVNTNMGLKIRQLLWFHISCLTFGRETVLEYLVSFGVWIRTPPAYRPPNAPILSTLPETTVVRR
RDRGRSPRRRTPSPRRRRSQSPRRRRSQSRESQCAPVKQTLNFDLLKLAGDVESNPGPMENITSGFLGPLLVLQ
AGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFIIFLFILLLCLIF
LLVLLDYQGMLPVCPLIPGSTTTNTGPCKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWAS
VRFSWLSLLVPFVQWFVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCLWVYI

SEQ ID NO:6: Nucleotide sequence encoding HBc-2A-HBs
ATGGACATCGATCCCTACAAGGAATTTGGCGCCACCGTGGAGCTGCTGAGCTTCCTGCCCAGCGACTTCTTC
CCCAGCGTGAGGGACCTCCTGGACACCGCCAGCGCCCTGTACAGGGAGGCCCTGGAATCTCCCGAGCACTG
CAGCCCACACCACACCGCACTGAGGCAGGCCATCCTGTGCTGGGGAGAGCTGATGACCCTCGCCACCTGGGT
GGGCAACAACCTGGAGGACCCCGCCAGCAGGGACCTGGTGGTGAACTACGTCAACACCAACATGGGCCTGA
AGATCAGGCAGCTGCTGTGGTTCCACATCAGCTGCCTGACCTTCGGCAGGGAGACCGTGCTGGAGTACCTG
GTGAGCTTCGGCGTGTGGATCAGGACACCTCCCGCCTACAGACCCCCCAACGCCCCCATCCTGAGCACCCTG
CCCGAGACCACAGTGGTGAGGAGGAGGGACAGGGGCAGGTCACCCAGGAGGAGGACTCCAAGCCCCAGGAG
GAGGAGGAGCCAGAGCCCCAGGAGAAGGAGGAGCCAGAGCAGGGAGAGCCAGTGCGCCCCTGTGAAGCAG
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ACCCTGAACTTCGACCTGCTGAAGCTGGCCGGCGACGTGGAGAGCAATCCCGGCCCTATGGAGAACATCACC
AGCGGCTTCCTGGGCCCCCTGCTGGTGCTGCAGGCAGGCTTCTTCCTGCTGACCAGGATCCTGACCATCCCC
CAGAGCCTGGACAGCTGGTGGACCAGCCTGAACTTCCTCGGCGGGAGCCCCGTGTGCCTGGGCCAGAACAG
CCAGTCTCCCACCAGCAATCACAGCCCCACCAGCTGCCCCCCAATCTGTCCTGGCTACCGGTGGATGTGCCT
GAGGAGGTTCATCATCTTCCTGTTCATCCTGCTCCTGTGCCTGATCTTCCTGCTGGTGCTGCTGGACTACCA
GGGAATGCTGCCAGTGTGTCCCCTGATCCCCGGCTCAACCACCACTAACACCGGCCCCTGCAAAACCTGCAC
CACCCCCGCTCAGGGCAACAGCATGTTCCCAAGCTGCTGCTGCACCAAGCCCACCGACGGCAACTGCACCTG
CATTCCCATCCCCAGCAGCTGGGCCTTCGCCAAGTATCTGTGGGAGTGGGCCAGCGTGAGGTTCAGCTGGCT
CAGCCTGCTGGTGCCCTTCGTCCAGTGGTTTGTGGGCCTGAGCCCCACCGTGTGGCTGAGCGCCATCTGGAT
GATGTGGTACTGGGGCCCCAGCCTGTACTCCATCGTGAGCCCCTTCATCCCCCTGCTGCCCATTTTCTTCTG
CCTGTGGGTGTACATC

SEQ ID NO:7: Amino acid sequence of hli
MHRRRSRSCREDQKPVMDDQRDLISNNEQLPMLGRRPGAPESKCSRGALYTGFSILVTLLLAGQATTAYFLYQQ
QGRLDKLTVTSQNLQLENLRMKLPKPKPVSKMRMATPLLMQALPMGALPQGPMQNATKYGNMTEDHVMHLLQ
NADPLKVYPPLKSFPENLRHLKNTMETIDWKVFESWMHHWLLFEMSRHSLEQKPTDAPPKESLELEDPSSGGVT
KQDLGPVPM

SEQ ID NO:8: Nucleotide sequence encoding hli
atgcacaggaggaggagcaggagctgcagggaggaccagaagcccgtgatggacgaccagcgegacctgatcagcaacaacgagcage
tgccaatgctgggcaggaggcccggagcacccgaaagcaagtgcagcaggggegecctgtacaccggcttcageatectggtgaccctect
gctggeeggecaggecaccaccgcctatttectgtaccagcagcagggcaggetcgataagetgaccgtgacctcccagaacctgcagetgg
agaacctgaggatgaagctgcccaagecccccaageccgtgagcaagatgaggatggecacceccctgetgatgcaggetetgeccatggg
ggccctgccccagggecccatgcagaacgccaccaaatacggcaacatgaccgaggaccacgtgatgcacctgctgcagaacgecgatect
ctgaaggtgtacccacccctgaaaggcagcttccccgagaacctcaggcacctgaagaacaccatggagaccatcgactggaaggtgttcga
gagctggatgcaccactggctgctgttcgagatgagccggcacagectggagcagaagceccaccgacgeccctcccaaggagagectcgag
ctcgaggacccaagcagcggcctgggcgtgaccaagcaggacctgggecccgtgeccatg

SEQ ID NO:9: Amino acid sequence of hli-HBc-2A-HBs

MHRRRSRSCREDQKPVMDDQRDLISNNEQLPMLGRRPGAPESKCSRGALYTGFSILVTLLLAGQATTAYFLYQQ
QGRLDKLTVTSQNLQLENLRMKLPKPKPVSKMRMATPLLMQALPMGALPQGPMQNATKYGNMTEDHVMHLLQ
NADPLKVYPPLKSFPENLRHLKNTMETIDWKVFESWMHHWLLFEMSRHSLEQKPTDAPPKESLELEDPSSGGVT
KQDLGPVPMMDIDPYKEFGATVELLSFLPSDFFPSVRDLLDTASALYREALESPEHCSPHHTALRQAILCWGELM
TLATWVGNNLEDPASRDLVVNYVNTNMGLKIRQLLWFHISCLTFGRETVLEYLVSFGVWIRTPPAYRPPNAPILS
TLPETTVVAPVKQTLNFDLLKLAGDVESNPGPMENITSGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGG
SPVCLGQNSQSPTSNHSPTSCPPICPGYRWMCLRRFIIFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTNTGPC
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KTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAFAKYLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLSAI
WMMWYWGPSLYSIVSPFIPLLPIFFCLWVYI

SEQ ID NO:10: Nucleotide sequence encoding hli-HBc-2A-HBs
ATGCACAGGAGGAGGAGCAGGAGCTGCAGGGAGGACCAGAAGCCCGTGATGGACGACCAGCGCGACCTGAT
CAGCAACAACGAGCAGCTGCCAATGCTGGGCAGGAGGCCCGGAGCACCCGAAAGCAAGTGCAGCAGGGGCG
CCCTGTACACCGGCTTCAGCATCCTGGTGACCCTCCTGCTGGCCGGCCAGGCCACCACCGCCTATTTCCTGT
ACCAGCAGCAGGGCAGGCTCGATAAGCTGACCGTGACCTCCCAGAACCTGCAGCTGGAGAACCTGAGGATG
AAGCTGCCCAAGCCCCCCAAGCCCGTGAGCAAGATGAGGATGGCCACCCCCCTGCTGATGCAGGCTCTGCCC
ATGGGGGCCCTGCCCCAGGGCCCCATGCAGAACGCCACCAAATACGGCAACATGACCGAGGACCACGTGATG
CACCTGCTGCAGAACGCCGATCCTCTGAAGGTGTACCCACCCCTGAAAGGCAGCTTCCCCGAGAACCTCAGG
CACCTGAAGAACACCATGGAGACCATCGACTGGAAGGTGTTCGAGAGCTGGATGCACCACTGGCTGCTGTTC
GAGATGAGCCGGCACAGCCTGGAGCAGAAGCCCACCGACGCCCCTCCCAAGGAGAGCCTCGAGCTCGAGGA
CCCAAGCAGCGGCCTGGGCGTGACCAAGCAGGACCTGGGCCCCGTGCCCATGGACATTGACCCCTACAAGG
AGTTCGGCGCCACCGTCGAACTGCTGAGCTTCCTCCCCAGCGACTTCTTCCCCTCCGTGAGGGATCTGCTGG
ACACAGCTAGCGCCCTGTACAGGGAGGCCCTGGAGAGCCCCGAGCACTGCAGCCCCCACCACACAGCCCTGA
GGCAGGCCATCCTCTGTTGGGGCGAGCTGATGACCCTGGCCACCTGGGTGGGCAATAACCTGGAGGACCCC
GCCAGCAGGGACCTGGTGGTCAACTACGTGAACACCAACATGGGCCTGAAGATCAGGCAGCTGCTGTGGTT
CCACATCAGCTGCCTGACCTTTGGCAGGGAGACCGTCCTGGAGTACCTGGTGAGCTTCGGCGTGTGGATCA
GGACTCCCCCAGCCTACAGGCCCCCTAACGCCCCCATCCTGTCTACCCTGCCCGAGACCACCGTGGTGAGGA
GGAGGGACAGGGGCAGAAGCCCCAGGAGAAGGACCCCTAGCCCCAGGAGGAGGAGGAGCCAGAGCCCCAG
GAGGAGGAGGAGCCAGAGCCGGGAGAGCCAGTGCGCCCCTGTGAAGCAGACCCTGAACTTCGACCTGCTGA
AGCTGGCCGGCGACGTGGAGAGCAATCCCGGCCCTATGGAAAACATCACCAGCGGCTTCCTGGGCCCCCTGL
TGGTGCTGCAGGCCGGCTTCTTCCTGCTGACCAGGATCCTGACCATTCCCCAGTCACTGGACAGCTGGTGGA
CCAGCCTGAACTTCCTCGGCGGGAGCCCCGTGTGCCTGGGCCAGAATAGCCAGAGCCCCACCAGCAACCACT
CTCCCACTTCCTGCCCCCCTATCTGCCCCGGCTACAGGTGGATGTGCCTGAGGAGGTTCATCATCTTCCTGT
TCATCCTGCTGCTGTGCCTGATCTTCCTGCTGGTGCTGCTGGACTACCAGGGAATGCTGCCCGTGTGTCCCC
TGATCCCCGGAAGCACCACCACCAACACCGGCCCCTGCAAGACCTGCACCACCCCCGCCCAGGGCAACTCTA
TGTTCCCCAGCTGCTGCTGCACCAAGCCCACCGACGGCAACTGCACTTGCATTCCCATCCCCAGCAGCTGGG
CCTTCGCCAAATATCTGTGGGAGTGGGCCAGCGTGAGGTTTAGCTGGCTGAGCCTGCTGGTGCCCTTCGTG
CAGTGGTTTGTGGGCCTGAGCCCCACCGTGTGGCTGAGCGCCATCTGGATGATGTGGTACTGGGGCCCCTC
CCTGTACAGCATCGTGAGCCCCTTCATCCCCCTCCTGCCCATCTTCTTCTGCCTGTGGGTGTACATC

SEQ ID NO:11: Amino acid sequence of HBc
MDIDPYKEFGATVELLSFLPSDFFPSVRDLLDTASALYREALESPEHCSPHHTALRQAILCWGELMTLATWVGNN
LEDPASRDLVVNYVNTNMGLKIRQLLWFHISCLTFGRETVLEYLVSFGVWIRTPPAYRPPNAPILSTLPETTVVRR
RDRGRSPRRRTPSPRRRRSQSPRRRRSQSRESQC
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SEQ ID NO:12: Amino acid sequence of hli alternate variant
MHRRRSRSCREDQKPVMDDQRDLISNNEQLPMLGRRPGAPESKCSRGALYTGFSILVTLLLAGQATTAYFLYQQ
QGRLDKLTVTSQNLQLENLRMKLPKPPKPVYSKMRMATPLLMQALPMGALPQGPMQNATKYGNMTEDHVMHLL
QNADPLKVYPPLKGSFPENLRHLKNTMETIDWKVFESWMHHWLLFEMSRHSLEQKPTDAPPKESLELEDPSSGL
GVTKQDLGPVP

SEQ ID NO:13: Nucleotide sequence encoding hl alternate variant
ATGCACAGGAGGAGAAGCAGGAGCTGTCGGGAAGATCAGAAGCCAGTCATGGATGACCAGCGCGACCTTAT
CTCCAACAATGAGCAACTGCCCATGCTGGGCCGGCGCCCTGGGGCCCCGGAGAGCAAGTGCAGCCGCGGAG
CCCTGTACACAGGCTTTTCCATCCTGGTGACTCTGCTCCTCGCTGGCCAGGCCACCACCGCCTACTTCCTGTA
CCAGCAGCAGGGCCGGCTGGACAAACTGACAGTCACCTCCCAGAACCTGCAGCTGGAGAACCTGCGCATGAA
GCTTCCCAAGCCTCCCAAGCCTGTGAGCAAGATGCGCATGGCCACCCCGCTGCTGATGCAGGCGCTGCCCAT
GGGAGCCCTGCCCCAGGGGCCCATGCAGAATGCCACCAAGTATGGCAACATGACAGAGGACCATGTGATGC
ACCTGCTCCAGAATGCTGACCCCCTGAAGGTGTACCCGCCACTGAAGGGGAGCTTCCCGGAGAACCTGAGAC
ACCTTAAGAACACCATGGAGACCATAGACTGGAAGGTCTTTGAGAGCTGGATGCACCATTGGCTCCTGTTTG
AAATGAGCAGGCACTCCTTGGAGCAAAAGCCCACTGACGCTCCACCGAAAGAGTCACTGGAACTGGAGGACC
CGTCTTCTGGGCTGGGTGTGACCAAGCAGGATCTGGGCCCAGTCCCC

SEQ ID NO:14: Alternative nucleic acid sequence of hli-HBc-2A-HBs
ATGCACAGGAGGAGAAGCAGGAGCTGTCGGGAAGATCAGAAGCCAGTCATGGATGACCAGCGCGACCTTAT
CTCCAACAATGAGCAACTGCCCATGCTGGGCCGGCGCCCTGGGGCCCCGGAGAGCAAGTGCAGCCGCGGAG
CCCTGTACACAGGCTTTTCCATCCTGGTGACTCTGCTCCTCGCTGGCCAGGCCACCACCGCCTACTTCCTGTA
CCAGCAGCAGGGCCGGCTGGACAAACTGACAGTCACCTCCCAGAACCTGCAGCTGGAGAACCTGCGCATGAA
GCTTCCCAAGCCTCCCAAGCCTGTGAGCAAGATGCGCATGGCCACCCCGCTGCTGATGCAGGCGCTGCCCAT
GGGAGCCCTGCCCCAGGGGCCCATGCAGAATGCCACCAAGTATGGCAACATGACAGAGGACCATGTGATGC
ACCTGCTCCAGAATGCTGACCCCCTGAAGGTGTACCCGCCACTGAAGGGGAGCTTCCCGGAGAACCTGAGAC
ACCTTAAGAACACCATGGAGACCATAGACTGGAAGGTCTTTGAGAGCTGGATGCACCATTGGCTCCTGTTTG
AAATGAGCAGGCACTCCTTGGAGCAAAAGCCCACTGACGCTCCACCGAAAGAGTCACTGGAACTGGAGGACC
CGTCTTCTGGGCTGGGTGTGACCAAGCAGGATCTGGGCCCAGTCCCCATGGACATTGACCCTTATAAAGAAT
TTGGAGCTACTGTGGAGTTACTCTCGTTTTTGCCTTCTGACTTCTTTCCTTCCGTCAGAGATCTCCTAGACAC
CGCCTCAGCTCTGTATCGAGAAGCCTTAGAGTCTCCTGAGCATTGCTCACCTCACCATACTGCACTCAGGCAA
GCCATTCTCTGCTGGGGGGAATTGATGACTCTAGCTACCTGGGTGGGTAATAATTTGGAAGATCCAGCATCC
AGGGATCTAGTAGTCAATTATGTTAATACTAACATGGGTTTAAAGATCAGGCAACTATTGTGGTTTCATATAT
CTTGCCTTACTTTTGGAAGAGAGACTGTACTTGAATATTTGGTCTCTTTCGGAGTGTGGATTCGCACTCCTCC
AGCCTATAGACCACCAAATGCCCCTATCTTATCAACACTTCCGGAAACTACTGTTGTTAGACGACGGGACCGA
GGCAGGTCCCCTAGAAGAAGAACTCCCTCGCCTCGCAGACGCAGATCTCAATCGCCGCGTCGCAGAAGATCT
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CAATCTCGGGAATCTCAATGTGCCCCTGTGAAGCAGACCCTGAACTTCGACCTGCTGAAGCTGGCCGGCGAC
GTGGAGAGCAATCCCGGCCCTATGGAGAACATCACATCAGGATTCCTAGGACCCCTGCTCGTGTTACAGGCG
GGGTTTTTCTTGTTGACAAGAATCCTCACAATACCGCAGAGTCTAGACTCGTGGTGGACTTCTCTCAATTTTC
TAGGGGGATCACCCGTGTGTCTTGGCCAAAATTCGCAGTCCCCAACCTCCAATCACTCACCAACCTCCTGTCC
TCCAATTTGTCCTGGTTATCGCTGGATGTGTCTGCGGCGTTTTATCATATTCCTCTTCATCCTGCTGCTATGC
CTCATCTTCTTATTGGTTCTTCTGGATTATCAAGGTATGTTGCCCGTTTGTCCTCTAATTCCAGGATCAACAA
CAACCAATACGGGACCATGCAAAACCTGCACGACTCCTGCTCAAGGCAACTCTATGTTTCCCTCATGTTGCTG
TACAAAACCTACGGATGGAAATTGCACCTGTATTCCCATCCCATCGTCCTGGGCTTTCGCAAAATACCTATGG
GAGTGGGCCTCAGTCCGTTTCTCTTGGCTCAGTTTACTAGTGCCATTTGTTCAGTGGTTCGTAGGGCTTTCC
CCCACTGTTTGGCTTTCAGCTATATGGATGATGTGGTATTGGGGGCCAAGTCTGTACAGCATCGTGAGTCCC
TTTATACCGCTGTTACCAATTTTCTTTTGTCTCTGGGTATACATT

SEQ ID NO:15: Alternative amino acid sequence of hli-HBc-2A-HBs
MHRRRSRSCREDQKPVMDDQRDLISNNEQLPMLGRRPGAPESKCSRGALYTGFSILVTLLLAGQATTAYFLYQQ
QGRLDKLTVTSQNLQLENLRMKLPKPPKPVYSKMRMATPLLMQALPMGALPQGPMQNATKYGNMTEDHVMHLL
QNADPLKVYPPLKGSFPENLRHLKNTMETIDWKVFESWMHHWLLFEMSRHSLEQKPTDAPPKESLELEDPSSGL
GVTKQDLGPVPMDIDPYKEFGATVELLSFLPSDFFPSVRDLLDTASALYREALESPEHCSPHHTALRQAILCWGEL
MTLATWVGNNLEDPASRDLVVNYVNTNMGLKIRQLLWFHISCLTFGRETVLEYLVSFGVWIRTPPAYRPPNAPIL
STLPETTVVRRRDRGRSPRRRTPSPRRRRSQSPRRRRSQSRESQCAPVKQTLNFDLLKLAGDVESNPGPMENIT
SGFLGPLLVLQAGFFLLTRILTIPQSLDSWWTSLNFLGGSPVCLGQNSQSPTSNHSPTSCPPICPGYRWMCLRRF
ITFLFILLLCLIFLLVLLDYQGMLPVCPLIPGSTTTNTGPCKTCTTPAQGNSMFPSCCCTKPTDGNCTCIPIPSSWAF
AKYLWEWASVRFSWLSLLVPFVQWFVGLSPTVWLSAIWMMWYWGPSLYSIVSPFIPLLPIFFCLWVYI
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CLAIMS

1.

An immunogenic composition comprising a replication-defective chimpanzee adenoviral (ChAd)
vector comprising a polynucleotide encoding a hepatitis B surface antigen (HBs), a
polynucleotide encoding a hepatitis B virus core antigen (HBc) and a polynuclectide encoding
the human invariant chain (hli) fused to the HBc.

An immunogenic composition according to claim 1 wherein the ChAd vector is selected from the
group consisting of ChAd3, ChAd63, ChAd83, ChAd155, ChAd 157, Pan 5, Pan 6, Pan 7 and Pan
9.

An immunogenic composition according to claim 1 or claim 2 wherein the ChAd vector is
ChAd155 and comprises a polynucleotide encoding hli, HBc, 2A and HBs.

An immunogenic composition according to any one of claims 1 to 3 wherein the vector
comprises polynucleotides encoding an HBc comprising SEQ ID NO:11 or an amino acid
sequence at least 98% homologous thereto fused to a polynucleotide encoding an hli
comprising SEQ ID NO:7 or an amino acid sequence at least 98% homologous thereto or SEQ ID
NO:12 or an amino acid sequence at least 98% homologous thereto, and an HBs comprising
SEQ ID NO:1 or an amino acid sequence at least 98% homologous thereto, wherein the
polynucleotides encoding hli-HBc and HBs are separated by a polynuclectide encoding an amino
acid sequence comprising SEQ ID NO:3, or an amino acid sequence at least 98% homologous
thereto, which incorporates the 2A cleaving region of the foot and mouth disease virus.

An immunogenic composition according to any one of claims 1 to 4 wherein the vector
comprises a polynucleotide encoding the amino acid sequence of SEQ ID NO:9 or a
polynucleotide encoding the amino acid sequence of SEQ ID NO.15.

An immunogenic composition according to any one of claims 1 to 5 wherein the vector
comprises a polynucleotide sequence given in SEQ ID NO:10 or a polynucleotide sequence given
in SEQ ID NO:14.

An immunogenic composition comprising a Modified Vaccinia Virus Ankara (MVA) vector
comprising a polynuclectide encoding a hepatitis B surface antigen (HBs) and a polynuclectide
encoding a hepatitis B virus core antigen (HBc).

An immunogenic composition according to claim 7 wherein the polynucleotides encoding HBs
and HBc are separated by a polynucleotide encoding the 2A cleaving region of the foot and
mouth disease virus (FMDV)

An immunogenic composition according to claim 7 or claim 8 wherein the vector comprises
polynucleotides encoding an HBc comprising SEQ ID NO:11 or an amino acid sequence at least
98% homologous thereto and an HBs comprising SEQ ID NO:1 or an amino acid sequence at
least 98% homologous thereto, wherein the polynucleotides encoding HBc and HBs are
separated by a polynucleotide encoding an amino acid sequence comprising SEQ ID NO:3, or an
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amino acid sequence at least 98% homologous thereto, which incorporates the 2A cleaving
region of the foot and mouth disease virus.

An immunogenic composition according to any one of claims 7 to 9 wherein the vector
comprises a polynucleotide encoding the amino acid sequence of SEQ ID NO:5.

An immunogenic composition according to any one of claims 7 to 10 wherein the vector
comprises a polynucleotide sequence given in SEQ ID NO:6.

An immunogenic composition comprising a recombinant hepatitis B surface antigen (HBs), a C-
terminal truncated recombinant hepatitis B virus core antigen (HBc) and an adjuvant containing
MPL and QS-21.

An immunogenic composition according to claim 12 wherein the truncated recombinant HBc
comprises amino acids 1-145, 1-146, 1-147, 1-148 or amino acids 1-149 of a wild-type hepatitis
B core antigen protein.

An immunogenic composition according claim 12 or claim 13 comprising recombinant HBc and
recombinant HBs in a ratio of 1.5:1, 2:1, 2.5:1, 3:1, 3.5:1, 4:1, 4.5:1, 5:1, 5.5:1, 6:1 or more
(e.g. 3:1to 5:1, such as 4:1).

An immunogenic composition according to any one of claims 12 to 14 comprising recombinant
HBs (SEQ ID NO: 1), amino acids 1-149 of HBc (SEQ ID NO: 2) and an adjuvant comprising
MPL, QS-21 and liposomes composed of dioleoyl phosphatidylcholine (DOPC) and cholesterol in
a phosphate buffered saline solution.

An immunogenic combination comprising:

a) a composition comprising a replication-defective chimpanzee adenoviral (ChAd) vector
comprising a polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic
acid encoding a hepatitis B virus core antigen (HBC);

b) a composition comprising a Modified Vaccinia Virus Ankara (MVA) vector comprising a
polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid encoding
a hepatitis B virus core antigen (HBc); and

C) a composition comprising a recombinant hepatitis B surface antigen (HBs), recombinant
hepatitis B virus core antigen (HBc) and an adjuvant.

An immunogenic combination according to claim 16 wherein the composition of component a) of
the combination is a composition according to any one of claims 1 to 6, the composition of
component b) of the combination is a composition according to any one of claims 7 to 11 and
the composition of component ¢) of the combination is a composition according to any one of
claims 12 to 15.

A kit comprising the following components:

a) a composition comprising a replication-defective chimpanzee adenoviral (ChAd) vector
comprising a polynuclectide encoding a hepatitis B surface antigen (HBs) and a nucleic
acid encoding a hepatitis B virus core antigen (HBC);
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b) a composition comprising a Modified Vaccinia Virus Ankara (MVA) vector comprising a
polynucleotide encoding a hepatitis B surface antigen (HBs) and a nucleic acid encoding
a hepatitis B virus core antigen (HBc); and

c) a composition comprising a recombinant hepatitis B surface antigen (HBs), recombinant
hepatitis B virus core antigen (HBc) and an adjuvant,

with instructions for administration of the components sequentially or concomitantly for the

treatment of CHB.
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