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Profile

The European Vaccine Initiative (EVI) is supporting global
efforts to develop effective and affordable vaccines against
diseases that will have a positive impact, particularly on
poor people of the world.

Through continuous collaboration and exchange with
academia, pharmaceutical and biotechnology companies,
other product development partnerships (PDPs), policy
makers and donors, EVI is building a vaccine portfolio that
proactively identifies critical research and development (R&D)
challenges and opportunities.

EVI's Secretariat is based in Heidelberg, Germany and is
governed by a Board, a Board of Stakeholders (BoS) and a
Scientific Advisory Committee (SAC) of international scientific
experts.
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Clemens Kocken
Chairman of the
European Vaccine
Initiative (EVI) -
European Economic
Interest Grouping (EEIG)
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Broadening EVI's scope

| am pleased to share with you the EVI Annual Report 2016. Great
progress has been achieved during the last year, both by starting several
new projects -some of which moved into new directions- as well as by
successfully advancing the vaccine candidates that already formed
part of EVI's portfolio.

One of the new and exciting areas EVI has ventured into is the
development of a novel Zika vaccine. Zika virus infection called
recently the attention of the international commmunity due to a large
outbreak that started in 2015 that affected more than 70 countries
and territories. Although disease symptoms are generally mild, the
possible complications to pregnancy, new-borns and neurologic
complications in adults, highlight the need of effective measures to
prevent this disease, even more so considering that currently no specific
treatments or vaccines available exist against this virus. The ZIKAVAX
project -funded under the EU’s Horizon2020 framework programme-
aims to develop a safe, effective, and affordable preventive vaccine
against Zika virus infection, using a delivery platform technology based
on a measles vector with demonstrated proof of principle in humans
and a preclinical track record of rapid adaptability and effectiveness
for a variety of pathogens.

Another new initiative that started in 2016 is the VAC2VAC project,
funded by the Innovative Medicines Initiative (IMI) 2 and coordinated
by EVI. The main objective of this ambitious project involving many
partners from the public and private sector is to demonstrate the proof-
of-concept of the consistency approach for batch release testing of
vaccines. If successful, the project is likely to have a major impact on
how vaccines will be controlled in the future.

Concerning the progress made by vaccine candidates that were already
in EVI's portfolio, in 2016 several of EVI's malaria candidates have
achieved major milestones, of which | will mention here only a few. Both



the AMAI-DiCo and P27A blood stage vaccine candidates concluded
their phase la/b clinical trials, and the safety and immunogenicity
analysis indicate that both vaccine candidates are safe, well tolerated
and immunogenic in malaria-naive and exposed population. Another
blood stage candidate - BK-SE36- commenced the phase Ib clinical
trial and expanded to include the younger cohort. The trial follow-up
phase Is expected to be completed in February 2017. Acknowledging
the high potential of this project, the Japanese Clobal Health Innovative
Technology (GHIT) Fund in 2016 awarded follow-up funding to EVI and
partners for the further clinical development of the BK-SE36 blood
stage malaria antigen. Also both placental malaria vaccine candidates
supported by EVI commenced their phase la/b clinical trials to assess
the safety and immunogenicity of these vaccine candidates.

Last but not least, significant progress has been made by EVI in the
attempt to develop a universal influenza vaccine in the context of the
EDUFLUVAC project. Mouse immunogenicity studies were successfully
completed in 2016 and the proof of concept challenge studies in
two animal models could be started. Also, a successful workshop
on experimental animal models for universal influenza vaccines
was organised at Biomedical Primate Research Centre (BPRC) in
The Netherlands.

Finally, with great interest the EVI Board has followed the establishment
of the Coalition for Epidemic Preparedness Innovations (CEPI), a new
alliance that aims to finance and coordinate the development of
new vaccines to prevent and contain infectious disease epidemics.
Establishment of CEPI and the commitment to this initiative shown
by several leading investors is a rewarding confirmation to the EVI Board
that by supporting and accelerating the development of vaccines for
diseases of poverty EVI is on the right track.
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GOVERNANCE

Members of EVI Board

as of 31 December 2016
The EVI Board is the ultimate
and exclusive decision
making body of the European
Economic Interest Grouping
(EEIG). In accordance with
Article 8. of the Statutes,

it acts collectively and the
full Members are jointly and
severally liable for the actions
of the EEIG.

Wolfgang Herzog
Heidelberg University,
Germany

Samuel McConkey
Novartis Vaccines, Royal
College of Surgeons

in Ireland, Republic of
Ireland

Members of EVI Board of Stakeholders as of 31 December 2016
The EVI Board of Stakeholders consists of EVI donors and stakeholders from

vaccine development and low income populations.

Charles de Taisne Suresh Jadhav

Diarm uid O’Donovan

Corinne Kruiswijk
Institute for Translational
Vaccinology, Bilthoven

The Netherlands

David Salisbury
Jenner Vaccine
Foundation, Oxford,
United Kingdom

Sanofi Pasteur, Serum Institute of Irish Health Prieels
Marcy I'Etoile, India, Pune, India Service Executive, Consultant,
France representing Irish Aid, Belgium

Republic of Ireland

Members of EVI SAC as of 31 December 2016

Jean-Paul H.

Clemens Kocken
Biomedical Primate
Research Centre, Rijswijk,
The Netherlands

Martin Trillsch
Substitute for Wolfgang
Herzog, Legal Council,
University Clinical Centre,
Heidelberg, Germany

Sodiomon
Bienvenu Sirima

Chairman, CNRFP,

Ouagadougou,
Burkina Faso

Claude Leclerc
Institut Pasteur, Paris,
France

Marita Troye-Blomberg
Wenner Gren Institute,
Stockholm University,
Vice Chair, Sweden

Marcel Tanner
Swiss Tropical
and Public Health
Institute, Basel,
Switzerland

The independent Scientific Advisory Committee (SAC) makes recommendations to the EVI Board on scientific direction
and technologies as well as on the choice of applications for funding.

Chetan Chitnis
Institut Pasteur,
Paris, France

Giuseppe Del Giudice
Novartis Vaccines and
Diagnostics, Research Center,
GSK, Italy

Nancy Le Cam Bouveret
Consultant,
Canada

Dominique Mazier
University Pierre et
Marie Curie, France
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Joachim Hombach
World Health
Organization,
Switzerland

James Searl Robertson
Retired, United Kingdom

Ingeleif J6nsdéttir
Landspitali University
Hospital, Iceland

Mahamadou Aly Thera
Mali

Michael Lanzer
Chair of parasitology
unit at HD, Germany



Members of EVI Finance and Risk
Management Committee (FRMC)

as of 31 December 2016

The Finance and Risk Management Committee is
appointed by the EEIG-Board to assist the EEIG-Board
in discharging its oversight responsibilities.

The Finance and Risk Management Committee

will provide independent and timely advice to the
EEIG-Board on the financial reporting process and
the judgements associated therewith to ensure the
balance, transparency and integrity of the financial
information submitted to the EEIG-Board, Board of
Stakeholders, and donors, on an on-going basis and
to the auditors for annual audit.

Clemens Kocken
Biomedical
Primate Research
Centre, Rijswijk,
The Netherlands

Members of EVI Secretariat as of 31 December 2016

Terry McWade
Chair of FRMC

Martin Trillsch
Legal Council,
University Clinical
Centre, Heidelberg,
Germany

The Secretariat implements policies and strategies recommended by EVI Scientific Advisory Committee and
approved by the EVI Board. The Secretariat is led by an Executive Director who is appointed by the EVI Board,
and is governed by Rules of Procedure.

Odile Leroy
Executive Director

Nathalie Imbault
QA and External
Relations &
Communication
Director

Eric Nébié
EDCTP/TDR fellow

Flavia D’Alessio
Project Manager

Jill Iversen
Retired, ad hoc
assistant

Oliver A. Schraidt
Project Manager

Sandra
Hauenstein
Accounting
Assistant

Stefan Jungbluth
Head of Business
Development

Fabrice Somé
EDCTP/TDR fellow

Nicolas Havelange
Production Director,
Consultant

Roland Kleine
Administrative
Assistant

Nicola Viebig
Leader, Strategic
Research

Sophie Houard
Vaccine
Development
Leader

Thorsten Kohaut
Finance Manager
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Project Manager
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Finnsson

Finance and
Human Resources
Director
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2016 GOVERNANCE EVENTS

The EVI governing bodies were highly involved in the 2016 activities leading to a restructuring of EVI with the aim
of increasing the overall efficiency of the organisation. The final strategic plan 2016-2020 that was approved by

the Board in late 2016 was launched in August 2016

EVI Scientific Advisory
Committee (SAC)

The EVI SAC met face to face twice
at the Institut Pasteur in Paris:

« For the review of vaccine
development projects on 31 May

 For the annual review of
EVI portfolio on 14 December.

Dominique Mazier joined the

EVI SAC in January 2016. With the
EVI SAC meeting in May, Aissatou
Touré and Samuel McConkey
completed their SAC membership
terms according to the “Rules of
Procedure of EVI SAC” after many
years of dedicated contribution to
EVlin the role of EVI SAC members.

EVI Board

The EVI Board met face-to-face
on 31 May and 15 December at the
Institut Pasteur in Paris.

The EVI Board also held two
teleconferences on 1 July, to
approve the annual report and
discuss the development of the new
strategic plan, and on 23 September
for regular updates on EVI activities
and decisions on EVI's strategic
directions.

In May, Samuel McConkey switched
his position from an EVI SAC to an
EVI Board member, replacing Ruairi
Brugha as the RCSI representative.
Corine Kruiswijk took over the
Intravacc seat on the EVI Board from
Jan Hendriks in December.

EVI Finance and Risk Management Committee (FRMC)

EVI Board of Stakeholders (BoS)

The EVI BoS met jointly with the EVI
Board on 15 December.

EVI Rendez-Vous

For the third time and to follow the
tradition, the 6" EVI Rendez-Vous
took place at Institut Pasteur in
Paris. The meeting was attended by
stakeholders from various European
countries, North America, Asia and
Africa, including members of EVI's
governing bodies, funders, research
partners, and the EVI Secretariat.
The international experts
participating in EVI's annual portfolio
review were positively impressed by
the expansion of EVI 'portfolio.

The FRMC held two teleconferences to review the annual financial audit report and the risk register.

Today's

Catalyst For
Tomorrow's

aceine

1. http//www.euvaccine.eu/sites/default/files/uploads/Files/uploads/EVI_SP%201620_Final_160724.pdf
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EDCTP/TDR CLINICAL RESEARCH AND DEVELOPMENT

FELLOWSHIP

The strengthening of public health and vaccine research capacities in Low- and Middle-Income Countries (LMICs) is
part of EVI's mission to combat diseases of poverty. The training of scientists is key in the empowerment of research
institutions in LIMCs, to address public health challenges and develop and implement appropriate solutions. To
this end, EVI joined the EDCTP/TDR Clinical Research and Development Fellowship Scheme in 2016 as a hosting
institution providing training to researchers from LMICs who are involved in clinical research projects.

The purpose of this training is to
provide support to researchers
and key members of clinical trial
research teams from LMICs to acquire
essential skills in clinical research and
development through placements
in pharmaceutical companies and
PDPs. The scheme targets early to
mid-career researchers or clinical
staff (clinicians, pharmacists,
medical statisticians, data managers,

other health researchers) who are
employed by a legal entity in LMICs
where they are currently working
on activities in the scope of EDCTP
or TDR. Fellows must be committed
to return to their home organisation
for a minimum of two years after
completion of the fellowship. Then
they will transfer the skills acquired
to their home institution through a
re-integration plan of 6 months.

Two researchers from Burkina Faso
with different educational
background and working experiences
were awarded with the EDCTP/TDR
fellowship and spent one year at EVI in
Heidelberg, Germany supporting EVI
staff and acquiring key competencies
in vaccine development and project
management.

FELLOW’'S PROFILES AND THEIR EXPERIENCE AT EVI

Fabrice Somé

Fabrice commenced

his training at EVI on

8 January 2016. He
obtained one MSc in
Animal Biology at the
faculty of Sciences
Semlalia of the University
of Marrakech in 2006,
another MSc in Applied
Biology at the University
of Ouagadougou in 2009,
and a PhD in Applied
Biology in 2014 at the
Polytechnic University of
Bobo-Dioulasso. Since
2007 he is working at the
Institut de Recherche

en Sciences de la Santé
(IRSS), Bobo-Dioulasso,

and has been involved
in several projects
assessing antimalarial
drug efficacy and
Plasmodium falciparum
drug resistance. After

completion of his EDCTP-
TDR Clinical Research and
Development fellowship

at EVI, Fabrice returned
to IRSS as Assistant
Professor.

“The training | received
at EVI was a great
opportunity to learn
the practical aspects
of managing vaccine
development projects,
on both pre-clinical and
clinical stages and to
address the financial,
legal and intellectual
property management
of vaccine projects. My
fellowship also allowed
me to attend several
international scientific
meetings and benefit
from visiting three
different European
laboratories.”

Eric Nébié

Eric started his
fellowship at EVI on

30 November 2015. Eric
has a Medical Doctorate
from the University of
Ouagadougou in 2010,
followed by several
years of experience in
vaccinology and clinical
research. He has held
various positions at
hospitals/health centres
in Burkina Faso, and
most recently supervised
immunisation campaigns

(Polio campaigns, measles

and rubella campaign) on

behalf of the World Health
Organization (WHO).

“The training at EVI was a
good opportunity for an
effective improvement
of my capabilities in
clinical research. | am
now sharing the skills
gained at EVI with the
clinical team at the
Centre de Recherche en
Santé de Nouna (CRSN),
Burkina Faso, through
daily work experience
and workshops. As part
of my reintegration
plan, | also proposed
the implementation

of a better quality
management system at
CRSN as it was one of the
key goals of my training.
I am still in contact with
EVI which is giving me
valuable assistance

and | hope we will soon
have the possibility to
collaborate in future
projects”.
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Training at EVI

The goal of the placement at EVI is
to strengthen the fellow’s capabilities
in clinical research implementation
according to international guidelines
particularly for early stage vaccines
development. Following the spirit of
the EDCTP-TDR calls, the training at
EVI aims to facilitate critical decision-
making in vaccinology by providing
fellows with an overview of the field,
from antigen discovery to vaccine
development and clinical trials as well
as the socio-economic, regulatory and
ethical issues of vaccination.

The training methodology has two
complementary approaches: a series
of lectures combined with hands-on

8/ European Vaccine Initiative / Annual Report 2016

training. Topics covered include,
among others, project management,
antigen discovery, regulatory aspects,
GMP and clinical development. An
experienced EVI staff member is
allocated as a mentor to the trainee,
under supervision of the EVI Executive
Director, Odile Leroy. The mentoring
concept encourages the trainees to
take personal responsibility of project
tasks, offers assistance and stimulates
individual creativity.

To strengthen the skills of the EDCTP/
TDR fellows, EVI organised two work-
shops (on publication writing and
project management) and monthly
lectures that were presented by EVI
internal staff or external experts. The

lecture series addressed the main
aspects of vaccine development from
antigen discovery to preclinical and
clinical development.

“We expect that after successful com-
pletion of this training programme,
our fellows will contribute to promote
high quality research in LMICs. One
strategy for this is training of peers,
as stated in the reintegration plan
of both trainees, and the other is the
strengthening of collaborative work
and networking, which is facilitated
by the network of EVI partners”, says
Odile Leroy.

Following the positive experience in
2016, EVI is happy to welcome two
new trainees in 2017.



FUNDRAISING

The sustained efforts to mobilise and diversify resources in 2016 allowed EVI to raise the total of 15.6 M<€. In addition
to mobilising 7.85 M€ from the Innovative Medicines Initiative (IMI) 2, Japan's Global Health Innovation Technology
(GHIT) Fund demonstrated its commitment to support EVI by awarding follow-up funding for the continuation of
one of EVI's malaria vaccine project. Moreover, a new project coordinated by EVI surrounding the development

of a Zika vaccine was awarded by the EC.

The VAC2VAC project, supported
by IMI2 with additional €8,128,429
provided by the EFPIA partners,
is a public-private partnership
coordinated by EVI involving a
total of 20 partners, including six
leading pharmaceutical companies
developing human and animal
vaccines. Aims of the project are to
develop and validate quality testing
approaches using non-animal
methods.

The new grant from the EC in the
amount of €4,918,137.50 will provide
support for the further preclinical and
clinical testing of a novel Zika vaccine
based on a measles vector. Apart from
EVI, Institute Pasteur, CEA and Themis
Bioscience are partners in the project.

The award secured by EVI and
its partners from the GHIT Fund
is supporting the further clinical
development of the BK-SE36 blood
stage malaria antigen in the context
of the SEmalvac2 project. Apart from
coordinator EVI, the other partners
in this project are Osaka University,
Osaka University Hospital, CNRFP and
Nobelpharma. Nobelpharma provides
M€0.7 of co-funding to EVI and other
partners of this project.

EVI has received private direct funding
and support from several companies,
including All4cloud and SAP.

Thanks to the fresh funding secured
during 2016 on addition to the Irish
Aid and BMBF grants, EVI continues
to achieve a significant return on
investment for our funders whose -
sustained - commitment to support
EVI we gratefully acknowledge.
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Austria

@ Themis Bio

@ Austrian Agency for Health
and Food Safety

@ Vienna School
of Clinical Research

Belgium

@ GlaxoSmithKline

@ Novasep (formerly
Henogen)

@ Vaccines Europe /
European Federation
of Pharmaceutical
Industries and Associations

@ Gent University

@ Zoetis Belgium SA

@ European Commission,
Joint Research Centre

@ Scientific Institute
of Public Health

Benin

B Institut de recherche
clinique du Bénin

@ Université d’Abomey-Calavi

Burkina Faso

@ Centre national de
recherche et de formation
sur le paludisme
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Denmark

@ CMC Biologics A/S

@ ExpreS2ion
Biotechnologies

@ University of Copenhagen

France

@ Sanofi Pasteur

@ Institut Pasteur, Paris

@ BIOTEM

B CiToxLAB

@ Confarma

@ GTP Technology

@ Imaxio SA

@ Agence nationale
de recherches sur le sida
et les hépatites virales

@ Centre d'investigation
clinique Cochin-Pasteur

B Commissariat a I'énergie
atomique et aux énergies
alternatives

B Institut de recherche
pour le développement

@ Institut national de
la santé et de la recherche
médicale

@ Université Pierre et
Marie Curie

@ Creapharm

@ QUINTEN

@ Vaxyn

Seneg
The Gambia~

G

@ Voisin Consulting Life
Sciences

@ Merial SAS

@ Association Internationale
de Standardisation
Biologique pour I'Europe

@ Institut Pasteur, Lille

Gabon

B Centre de recherches
médicales de Lambaréné

@ Fondation internationale
de I'hoépital du Dr Albert
Schweitzer de Lambaréné

@ Albert Schweitzer Hospital

Germany

@ Paul-Ehrlich-Institut

@ IDT Biologika

@ NNE Pharmaplan GmbH

@ Output Pharma

@ Eberhard-Karls Universitat
TUbingen

@ Fraunhofer IME

@ Ludwig-Maximilians-
Universitaet MUnchen

@ Boehringer Ingelheim
Vetmedica GmbH

Ghana
@ Kintampo Health Research
Centre

4

India

@ Zydus Cadilla

@ DiagnoSearch Life Sciences
Pvt. Ltd.

@ International Centre
for Genetic Engineering
and Biotechnology

Italy

[ Istituto Superiore di Sanita

@ ETNA Biotech s.r.l.

@ Novartis

@ Novartis Vaccines Institute
for Global Health

@ ReiThera s.r.l.
(formerly Okairos s.r.l.)

@ Sclavo Foundation

@ University of Siena

@ Novartis Vaccines and
Diagnostics s.r.l.

Japan

@ Nobelpharma

B Research Institute
for Microbial Diseases

@ Institute of Tropical
Medicine Nagasaki
University

B Institute of Tropical
Medicine (NEKKEN),
Nagasaki University



Kenya
B Kenya Medical
Research Institute

Mali
@ Malaria Research
and Training Centre

Nigeria
@ University of Ibadan

Norway
@ University of Bergen

Portugal

@ Instituto de Biologia
Experimental
e Tecnoldgica

Senegal

@ Pharmalys

@ Université Cheikh
Anta Diop

Sweden
@ Stockholm University
0 AstraZeneca AB
@ Novavax
(formerly ISCONOVA)

Switzerland

@ Preclin Biosystems AG

@ Redbiotec AG

B Developing Countries
Vaccine Manufacturers
Network

@ Malaria Vaccine
Funders Group

@ Roll Back Malaria

@ World Health
Organization

B Centre hospitalier
universitaire Vaudois

® Ecole polytechnique
fédérale de Lausanne

B Swiss Tropical and
Public Health Institute

B University of Lausanne

Tanzania
B Ifakara Health Institute
@ National Institute
for Medical Research
- Mbeya Medical
Research Program

The Gambia
@ Medical Research
Council Gambia

W SME
B Regulatory Authority

@ Pharmaceutical company
@ CRO

1 Academic

" Public Organisation

" Pharmaceutical Industry

o cMo
@ International organisation A I

B
1 Others AN

The Netherlands

@ Erasmus University
Medical Centre
Rotterdam

@ Biomedical Primate
Research Centre

@ Institute for
Translational
Vaccinology

@ Abbott

B Artemis One Health
Research BV

@ Janssen

@ European Advanced
Translational Research
Infrastructure
in Medicine

B Academisch Medisch
Centrum bij
de Universiteit
van Amsterdam

B Academisch
Ziekenhuis Leiden
- Leids Universitair
Medisch Centrum

B Wageningen
Bioveterinary Research

@ Intervet International
BV (MSD)

S N

@ National Institute
for Public Health
and the Environment/
Rijksinstituut voor
Volksgezondheid
en Milieu

@ University Medical
Center Groningen

@ University of Applied
Sciences Utrecht

@ University of Utrecht

B Wageningen University
and Research Centre

Uganda

@ Medical Research
Council Uganda on
behalf of its MRC/UVRI
Uganda Research Unit
on AIDS

[ Uganda Virus
Research Institute

United Kingdom

@ Pharmalys

@ National Institute for
Biological Standards
and Control, a centre
of the Medicines and
Healthcare Products
Regulatory Agency

aw i

@ Jenner Vaccine
Foundation

@ ALMAC Sciences

@ Nova Laboratories Ltd

@ European Medicines
Agency

@ Jenner Institute

@ London School
of Hygiene and
Tropical Medicine

@ MHRA-Department
of Health

@ University of Oxford

@ Wellcome Trust Sanger
Institute

USA

@ Pfenex Inc.

@ Infectious Diseases
Research Institute

@ National Institute
of Health / National
Institute of Allergy and
Infectious Diseases

@ PATH Malaria Vaccine
Initiative
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Malaria vaccines

Pre-erythrocytic malaria
vaccines . "

Placental malaria
vaccines

Placental malaria .
Combination vacci

Other vaccines

Dengue vaccine
Zika vaccine

Universal influenza
vaccine

Assessment of influenza
vaccine correlates
of protection . P46

Paratyphoid vaccine ....... P47

New vaccine technologies
and a vaccine against
S. aureus

Cross-cutting activities

Human and veterinary
vaccines using non-animal
methods

Poverty Related
Diseases and Helminth
Infections

Vaccine research and
development policy

> [z 4 L]



STRENGTHENING THE PORTFOLIO

Malaria vaccines remain the core components of the EVI portfolio with 10 malaria antigens at different stages of development.
However, EVI is extending its portfolio to include other targets such as dengue, zika, universal influenza and paratyphoid vaccines.
Furthermore, EVI will invest substantially in capacity strengthening and the harmonisation of vaccine development in Europe
and Africa.

O O
O, O
> . & » O %% .................. S— . M .................. .
PRE-CLINICAL CLINICAL
DISCOVERY PROOF OF PROOF OF DEVELOPMENT ACCESS
CONCEPT CONCEPT
DISCOVERY PRE-CLINICAL PHASE la PHASE Ib PHASE lla PHASE IIb/Ill POST-APPROVAL
R21/Matrix M1
R21 (ASO1) R21 (Matrix M1) ME-TRAP R21 (ASO1)
ChAd63/MVA
CSVAC
ChAd63/MVA

MALARIA

15 constructs
of EDIlI-ectoM MVDVax
and NS1

CROSS-CUTTING | INFLUENZA ZIKA DENGUE

Malaria pre-erythrocytic ~ ® Malaria blood-stage ® Malaria transmission-blocking
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MALARIA VACCINES

Blood-stage malaria vaccines:
AMAI1-DiCo, P27A, BK-SE36 and
PfRH5

The EVI fast-track strategy for early
clinical development in Europe
and Africa was successful for
both the AMAT-DiCo and P27A
vaccines, and the phase la/b clinical
trials were completed in France/
Burkina Faso and Switzerland/
Tanzania, respectively. The safety and
immunogenicity analysis indicate
that both vaccine candidates are
safe, well tolerated and immunogenic
in malaria-naive and exposed
population.

The age-de-escalation phase Ib
clinical trial of BK-SE36 vaccine
candidate commenced with the
immunisation of children aged 2-5
years old and, following safety data
review, it expanded to include the
younger population aged 1-2 years
old. The last boost immunisation was
administered in April 2016 and the
trial follow-up phase Is expected to
be completed in February 2017.

Process development for the PfRH5
vaccine candidate was completed in
2015 with the establishment of cell
lines expressing different variants, and
purified proteins were characterised
and tested for functional antibody
induction in rabbits. The pre-clinical
work funded by EVI from the Irish Aid

14 / European Vaccine Initiative / Annual Report 2016

grant has been pivotal to mobilise
additional funding that allowed
GMP manufacturing of the vaccine
candidate (funded by MRC) and the
conduct of a phase I/lla clinical trial
to assess the safety, immunogenicity
and efficacy of RH5.1/AS01 (funded by
Liedos). The PfRH5 antigen expressed
in viral vectors was assessed using a
heterologous prime-boost regime
(ChAd63 followed by MVA) in a
phase la clinical trial in the UK. The
vaccine candidate achieved a good
safety and immunogenicity profile,
including functional antibodies
detected in in vitro assays.

Placental malaria vaccines:

The development of placental malaria
vaccines by three major research
groups led by Thor Theander in
Denmark, Benoit Gamain in France,
and Patrick Duffy in the USA remains
a major focus of EVI.

In Denmark, the PAMCPH/PlacMalvac
project commenced a phase la/b
clinical trial assessing the safety and
immunogenicity of the placental
malaria vaccine candidate PAMVAC
adjuvanted with Alhydrogel, GLA-SE

and GLA-LSQ in Germany and Benin.
The PRIMALVAC phase la/b clinical
trial assesses the vaccine candidate
PRIMVAC adjuvanted with Alhydrogel
or GLA-SE in France and Burkina Faso.
The two clinical trials are operating
according to similar timelines and
the vaccinations of the first subjects

in both clinical trials were performed
the exact same day. To accelerate the
decision process for assessment and
the selection of placental malaria
antigens, EVI is supporting the PlacID
project for the development of a non-
human primate model for placental
malaria at NIH/NIAID in the USA.

Pre-erythrocytic malaria

antigens: ME-TRAP, R21

Within MVVC 2, good safety and
immunogenicity profiles were
achieved for Matrix-M1 adjuvanted
R21 in a phase lb clinical trial in
healthy African adults at the CNRFP,
Burkina Faso. Further analyses
confirmed the good safety and
immunogenicity results of the viral-
vectored ME-TRAP vaccine candidate
co-administered with the Expanded
Programme on Immunization (EPI)
vaccines in the MVVC 2 phase |b
clinical trial in The Gambia.

The main achievements of the
MultiMalVax project included the
completion of the phase | clinical
trial assessing the safety and
immunogenicity of R21 with the
ASO1 adjuvant developed by GSK.
Based on previous clinical trial
results, a phase I/lla clinical trial using
Matrix-M1 adjuvanted R21 alone or in
a combination trial with viral-vectored
ME-TRAP has been initiated. The
results are expected in early 2017.

Transmission-blocking vaccine
The transmission-blocking vaccine
candidate Pfs25 is expressed using
the viral vectors ChAd63/MVA in
which the antigen is fused to the
IMX313 fusion tag. IMX313 promotes
the oligomerisation of the antigen
and potentially increases both B cell
and T cell immunogenicity. This
strategy is therefore expected to
improve the efficacy of the vaccine
candidate. The viral vectors have been
produced and tested in preclinical
studies, and a phase la clinical trial
has started and is fully enrolled. The
results are expected in Mid-2017.



OTHER VACCINES

Dengue vaccine

EVI supports the Institut Pasteur
approach for dengue antigens
expressed in attenuated measles
virus vectors (MVDVax), showing
promising preliminary results in a
non-human primate model. Activities
are underway to ensure funding to
further test MVDVax in clinical trials.

ZIKAVAX

With the recent outbreak of Zika virus
infections, EVI and partners embarked
in October 2016 on the development
of a safe and effected preventive
vaccine against Zika virus infection.
The vaccine concept is based on
the use of the measles vector as a
delivery platform technology for the
Zika antigen(s). Preclinical studies are
ongoing in order to first select the
most promising vaccine candidate(s)
and then perform immunogenicity
and efficacy studies in mice and in
a non-human primate challenge
model that is to be developed by the
consortium.

Influenza vaccine

The EDUFLUVAC project successfully
completed the mouse immuno-
genicity studies and proceeded
with the proof of concept challenge
studies in ferrets and non-human
primates. A successful workshop
on experimental animal models
for universal influenza vaccines was
organised at Biomedical Primate
Research Centre (BPRC).

HIN1 influenza virus

The FLUCOP project began in 2015,
supported by the IMI with funding
from the European Union (EU) FP7
program. The long-term objective of
the FLUCOP project is to improve and
standardise existing immunological
assays for influenza (for the definition
of correlates of protection in future
efficacy trials) and, whenever
feasible, to develop new assays that
better evaluate influenza vaccine
immunogenicity. In 2016, several
pilot studies commenced, including
a study to assess the most influential
variables of the haemagglutination
inhibition assay in order to optimise
a standardised assay protocol.

Paratyphoid project

The Paratyphoid Infection Model (PIM)
project was officially concluded in
2016 and successfully demonstrated
the safety and practicality of the
first ever human challenge study
for Salmonella paratyphi A. A paper
describing the safe establishment of
a paratyphoid challenge model was
accepted for publication on Clinical
Infectious Disease in December 2016.

Staphylococcus aureus vaccine
In 2016 the most important step
towards addressing the critical issue
of antibiotic-resistant Staphylococcus
aureus was the discovery of a new
promising vaccine antigen that
showed protective efficacy in relevant
animal models.

The overall objective of the VAC2VAC
project is demonstrated proof
of concept of the consistency
approach for batch release testing
of established vaccines, using sets
(toolbox) of in vitro assays ensuring
that each vaccine batch from an
individual manufacturer is consistent

with a batch proven to be safe and
efficacious in registration studies
to ensure consistent quality of
product released to market. The
project was started in 2016 and the
main achievements are finalising
the mutual transfer agreements
and sample shipments between
research and industry partners. The
development of the new in vitro tests
is currently ongoing. At the same
time the consortium is focussing
on establishment of a roadmap to
facilitate regulatory approval of these
innovative testing.

The IDEA project was successfully
completed in 2015 with the
submission of the final report to the
European Commission. Dissemination
activities are still ongoing to have the
project results published in peer-
review articles and maximise the
spread of the knowledge generated.

The work of the IPROVE project
(Innovation Partnership on Vaccines
in Europe) culminated in 2016 with
the official launch of the IPROVE
Roadmap at a special summit at
the European Parliament held in
March 2016 that was co-hosted
by several Members of European
Parliament. The presentation of the
roadmap was attended by a large
number of participants from different
stakeholders from the public and
private sector.
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Delivery Platform,
Adjuvants and Viral
Vectors

A number of delivery platforms are
currently used at EVI for vaccine
development and several adjuvants
are being assessed for their
ability to increase the antigens’
immunogenicity.

EVI has filled vials of aluminium
hydroxide under GMP conditions
at Nova Laboratories Ltd. for use in
preclinical and clinical studies.

Please contact EVI at
contact.evi@euvaccine.eu
for further information.
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DEVELOPING NEXT GENERATION VACCINES

Clinical
Development

EVI has selected clinical trial
sponsors and investigational
centres for several core projects.
The selection process includes
preliminary selection based on
capacities and costs, followed by an
assessment by an external auditor
and the Quality Assurance Director
of EVI. The selection of a sponsor is
based on the assessment results
and is further recommended by
the EVI SAC and approved by the
EVI Board.

Q Harmonisation

The progress of research into the
development of vaccines against
diseases of poverty depends on
the ability to compare the efficacy
of experimental vaccines from
different laboratories. EVI is working
across Europe to harmonise specific
aspects of vaccine development,
including adjuvant testing and
numerous assays commonly used
to determine experimental vaccine
efficacy. EVI seeks to develop a
level of standardisation for several
key assays through agreements on
standardised laboratory procedures,
preparations and reagents.



Malaria vaccines

Despite intensive control efforts over the past decade, malaria remains one of the
most significant global public health problems. Malaria is caused by Plasmodium
parasites that are transmitted by Anopheles mosquitoes. There were 212 million
(range 148-304 million malaria cases) reported in 2015, leading to 429,000 (range
235,000-639,000) deaths?. From the Plasmodium species, P. falciparum is responsible
for the majority of severe malaria cases and deaths. Mortality occurs primarily in
infants and young children in sub-Saharan Africa, although pregnant women are also
affected, which can severely impact the developing foetus.

Current efforts to control malaria rely on the use of
insecticide treated bed nets and indoor residual spraying
of houses to limit human contact with vectors, combined
with early detection and treatment of malaria patients,
currently with artemisinin combination therapy. Intensive
implementation of these malaria control measures over
the past couple of decades has led to significant reduction
in transmission rates and malaria incidence. However,
these measures are resource-intensive and need to be
applied continuously, which raises questions of long-
term sustainability, especially in resource-poor countries
where malaria is endemic. Moreover, the rise and spread
of artemisinin resistant P. falciparum strains threatens the

efficacy of the current mainstay of malaria therapy®. While
other antimalarial drugs are in development, P. falciparum
parasites have become resistant to every drug put into
widespread use so far, emphasising that drug treatment
alone is not a viable elimination strategy.

Therefore, the development of vaccines targeting
P. falciparum malaria would provide an extremely valuable,
cost-effective tool complementary to current malaria
control methods, and could add significantly to the drive
the elimination and ultimately eradication of malaria.

2. World Health Organization, "World Malaria Report 2016," (2016).

3. F.Ariey et al, A molecular marker of artemisinin-resistant Plasmodium
falciparum malaria. Nature 505, 50-55 (2014).
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VACCINES THAT PREVENT MALARIA INFECTION:

Pre-erythrocytic malaria vaccines

Malaria vaccines targeting the Pre-erythrocytic stages are designed to prevent
sprorozoite invasion of hepatocytes and to impede the development of the parasite
inside the hepatocytes, thereby preventing the development of the parasite into
symptomatic blood-stages. Two main effector mechanisms are targeted to protect
from malaria: antibodies that neutralise extracellular sporozoites by targeting surface
exposed antigens, and T cells that eliminate intracellular liver stages after recognition
of parasite-derived peptides presented to the immune cells on the hepatocyte surface.

accine development has been a focus of malaria
V research for decades, but the majority of efforts

have focussed on only a handful of pre-erythrocytic
candidates. The RTS,S vaccine (Mosquirix™) developed
jointly by the Malaria Vaccine Initiative (MVI PATH) and GSK
is the only recombinant malaria vaccine to reach phase Il
clinical trials. However, the efficacy of RTS,S adjuvanted
with ASO1 is rather modest (39%)“, it achieves relatively
short-term protection, and a series of four vaccinations is
required. To assess the vaccine’s protective effect in
real-life settings, the RTS,S vaccine will be rolled out in
pilot implementation projects in three (3) in sub-Saharan
Africa countries with start of vaccinations in 2018. Another
approach, which has provided some evidence for
significant efficacy is immunisation with irradiated

MVVC

sporozoites. Although this approach elicits significant
protective efficacy against challenge with the homologous
P. falciparum strain®, attempts to increase the efficacy
against heterologous strains and the duration of protection
are underway. New approaches leading to a second-
generation malaria vaccine are urgently needed.

The EVI portfolio currently includes leading
pre-erythrocytic malaria vaccine programs. The first
program is based on the RTS,S biosimilar R21 that is
expected to elicit an improved malaria-specific immune
response. The second approach uses the viral vectored
prime-boost strategy where the modified vaccinia Ankara
virus (MVA) is used for priming and a chimpanzee
adenovirus (ChAd63) is used for boosting immune
responses against the ME-TRAP antigen.

The overall aim of the Malaria Vectored Vaccines Consortium (MVVC) was to integrate capacity building and
networking in the design and conduct of phase | and Il clinical trials of viral vectored candidate malaria vaccines

in sub-Saharan African children and infants.

While the project was funded for
five years (2009-2014) by EDCTP in
response to the 2008 call “Malaria
Vaccines Integrated Project - Clinical
Trials / Capacity strengthening,

workshops, training / Networking”,
data analyses and PhD student
training were still on-going in 2016.
The total funding provided by EDCTP
was €5,613,936, complemented

4. The RTS,S Clinical Trials Partnership (2014). PLoS Medicine 2014, doi.org/10.1371/journal. pmed.1001685

5. R.A Seder et al.. Science 341,1359-1365 (2013).
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by co-funding from Irish Aid,
Department of Foreign Affairs and
Trade (Ireland), Swedish Development
Agency (Sida) (Sweden), MRC (UK),
the Federal Ministry of Science and



PARTNERS

« Centre National de Recherche et
de Formation sur le Paludisme
(CNRFP), Burkina Faso

« European Vaccine Initiative (EVI),
Germany

- Kenya Medical Research Institute
(KEMRI),

» Medical Research Council (MRC),
Gambia

« ReiThera s.r.l, IT (formerly Okairos
s.r.l., Italy)

« Université Cheikh Anta Diop
(UCAD), Senegal

« University of Oxford (UOXF),
United Kingdom

« Vienna School of Clinical Research
(VSCR), Austria (until 31 Jan 2013)

Research (Austria), and third-party
contributions from all the project
partners, making a total budget of
€9,514,711.

The candidate vaccine antigen,
Multiple Epitope-Thrombospondin-
Related Adhesion Protein (ME-TRAP)
acts at the malaria liver stage. The
clinical trials utilised a prime-boost
regime by priming with Simian
Adenoviral vector 63 (ChAd63) and
boosting with Modified Vaccina
Ankara (MVA) encoding ME-TRAP.
Pre-clinical studies as well as the
completed and ongoing phase | and
Il clinical trials found recombinant
adenoviruses to be the most
effective means of inducing strong
CD8 T cell responses that are known
to be protective against liver-stage
malaria. These immune responses are
enhanced by a booster immunisation
with the widely used MVA vector.

The main MVVC

objective was to demonstrate the
safety, immunogenicity and efficacy
of the malaria vaccine candidates
ChAd63 ME-TRAP / MVA ME-TRAP
in adults, young children and infants
in sub-Saharan Africa. This was
achieved by integrating capacity-
strengthening and networking in
the design and implementation of
phase | and Il clinical trials of malaria
vaccine candidates delivered using
viral vectors, in East and West African

Pre

Delivery Platform,
Adjuvants and Viral Vectors

-erythrocytic malaria vaccines

MvvC

The Pre-erythrocytic malaria antigen ME-TRAP was delivered in a prime boost

strategy using two different vectors: ChAd63 and

Clinical
Development

MVA.

The MVVC project conducted a series of clinical trials to determine whether a
prime-boost vaccine combination using ChAd63 ME-TRAP and MVA ME-TRAP is
safe and immunogenic and will achieve efficacy in the target population.

Safety and immunogenicity of the vaccine candidates were successfully shown

in phase Ib clinical trials at KEMRI and MRC in ma

le adults the results from

the phase Ib adult clinical trials in Kenya and The Gambia were published in

PLOS ONE® and Molecular Therapy”. The ChAd63-vectored vaccine and the
ChAd63 prime/MVA boost regimens were then used for the first time in children
and infants. The findings demonstrated the ability of these vectors to induce high

numbers of T cells and an acceptable safety profi

le in four cohorts of children of

decreasing ages: 2-6 year olds in The Gambia; 5-17 month olds in Burkina Faso;
5-12 month olds and also 10 week olds in The Gambia. T cell responses to
vaccination peaked seven days after boosting with MVA, with TRAP-specific T cell
responses highest in 10-week-old infants. The safety and immunogenicity data
from the phase Ib clinical trials in 138 children and infants in The Gambia and in
Burkina Faso were published in Molecular Therapy®.

Phase Ilb adult efficacy trials have been completed at KEMRI and UCAD. The
KEMRI phase llb clinical trial showed 67% efficacy against Polymerase Chain
Reaction (PCR) positivity and the results were published in Science Translational

Medicine,

Vaccine efficacy in Kenyan Adults

ME-TRAP| Control | Unadjusted efficacy | Adjusted efficacy
N n N n Efficacy P Efficacy P
(95% CI) (95% CI)
Any PCR positivity 61 | 11 | 60 | 28 | 67% (33-83%) | 0.002 | 66% (31-83%) | 0.003
>10 parasites/ml 61 | 4 | 60 | 19 |82% (46-94%)| 0.002 | 81% (42-94%) | 0.03
New genotype 61 | 5 | 60| 14 | 67% (7-88%) | 0.035 | 65% (2-87%) | 0.046

N, number of participants; n, number of end points identified.
Cox regression, where efficacy = (1 - HR) x 100%.

Efficacy figures are estimated from

However, the UCAD phase IlIb clinical trial data did not reproduce the KEMRI results

as indicated in the PLOS ONE publication™.

Vaccine efficacy in Senegalese Adults

TRAP | Control | Unadjusted Efficacy | Adjusted Efficacy
Efficacy Efficacy
NI NI eszan P (95% C1) P
Any PCR positivity 57 | 12 | 58 | 13 | 8% (-200-50%)| 0.6 |8% (-164-39%)| 0.53
>10 parasites/ml 57 | 11 | 58 | 12 |9% (-180-50%)| 0.8 | 9% (-141-46%) | 0.74

N, number of participants; n, number of end points identified.
Cox regression, where efficacy = (1 - HR) x 100%.

Efficacy figures are estimated from

A phase b lead-in/Ilb clinical trial in the target age group (infants 5-17 months

old and children) was completed at CNRFP in 201

4. The results indicate potential

efficacy against severe malaria. A manuscript is in preparation.

The follow up of subjects enrolled in the baseline

epidemiological studies at UCAD

and CNRFP was completed in 2013. All recruitment targets have been met at both
sites. The results of the baseline study at CNRFP were published in Clinical and

Vaccine Immunology/?.

6. Ogwang C. et al. PLOS ONE 2013, doi:10.1371/journal.pone.0057726

7. Kimani D. et al. Molecular Therapy 2014, doi:10.1038/mt.2014.109

8. Afolabi M.O. et al. Molecular Therapy 2016, doi:10.1038/mt.2016.83

9. Bliss C.M. et al. Molecular Therapy 2017, doi:10.1016/j.ymthe.2016.11.003

10. Ogwang C. et al. Science Translational Medicine 2015, doi:10.1126/scitranslmed.aaa2373

1. Mensah V.A. et al. PLOS ONE 2016, doi:10.1371/journal.pone.0167951.
12. Nébié |. et al. Clinical and Vaccine Immunology 2014, doi:10.1128/CVI.0!

0723-13.
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EVI-ORGANISATION
EVI-VACCINE PROJECTS
EVI-FINANCIAL REPORT

adults, children, and infants. The
prime-boost vaccine combination
using ChAd63 ME-TRAP and MVA
ME-TRAP was safe and immunogenic
when administered to African

adults, children and infants and
has demonstrated 67% efficacy in
Kenyan adults. Three MSc students,
three PhD students and one postdoc
were trained. A series of workshops

was organised for the MVVC project
members as part of the capacity
strengthening activities. Clinical trial
infrastructure was upgraded at UCAD,
Senegal and CNRFP, Burkina Faso.

ﬁ Capacity strengthening,

2F Workshops, Training

Dr Mahamadou Mansour Ndiath (UCAD) was awarded
with his “Dipléme de Doctorat” from the Université
Cheikh Anta Diop in August 2016. David Kangoyé has
successfully defended his PhD and is expecting to
receive his certificate in early 2017. The major results
of their PhD studies were published in peer-reviewed
journals®:04.09.08) Al MVVC capacity strengthening
activities were achieved. This includes the successful
completion of the training of the three MSc students,
the three PhD students as well as one postdoctoral
fellow. Short-term trainings were organised as

centralised workshops on various topics and several
networking events and exchange visits took place to

reinforce collaborations, especially between the African

project partners. The infrastructure and laboratory

equipment upgrade was completed at the CNRFP site

in Banfora (Burkina Faso) and at the UCAD research
site in Keur Socé (Senegal).

Q Harmonisation

Mvvc

known antibody concentrations in each plate. The

T cell assays use an identical protocol, with identical
standard operating procedures, an achievement made
possible by a series of exchange trips and collaboration
with a quality control network. Reagents for ELISpot
assays were purchased from agreed suppliers and were
standardised among the centres. In addition, the sites
involved in the immunogenicity studies are part of the
OPTIMALVAC (www.optimalvac.eu) network to process
shared samples, and an agreement was reached among
the sites for specific responses and controls.

Outreach and
\.I.J Communication

Muhammed Afolabi (MRC, The Gambia) presented
“Development and evaluation of a multimedia tool
for obtaining informed consent in The Gambia: a
mixed method study” at the Eighth EDCTP Forum,
6-9 September, Lusaka, Zambia.

Adrian Hill (UOXF, UK) presented the MVVC clinical trial
safety, immunogenicity and efficacy results at various
occasions in 2016.

The antibody and T cell assays are now standardised

among the consortium centres. The antibody assays
for baseline studies were centralised in KEMRI and
data were normalised using standard controls with

MVVC 2

13. Ndiath M. et al. Malaria Journal 2014, doi:10.1186/1475-2875-13-453
14. Ndiath M. et al. Malaria Journal 2015, doi:10.1186/s12936-015-0976-9
15. Kangoye D.T. et al. PLOS ONE 2014, doi:10.1371/journal.pone.010796

16. Kangoye D.T. et al. Vaccine 2016, doi:10.1016/j.vaccine.2015.10.058

The EVI coordinated MVVC 2 project built on the MVVC project which established a strong network among four
African partners and collaborators in Europe. This network was enlarged to include two new partners, and capacity-
strengthening efforts were expanded during the course of MVVC 2. The three-year MVVC 2 project (2012-2015)
was funded by EDCTP in response to the December 2011 call “Field Trials of a New Combination Malaria Vaccine in
West African Adults and Children (MVVC 2)”. The EDCTP grant is complemented by co-funding from EU Member
States, BMBF (Germany), Irish Aid, Department of Foreign Affairs and Trade (Ireland), MRC (UK), Sida (Sweden),
and third-party contributions, with a total project budget of approximately €1,2m.

MVVC 2 aimed to determine
whether the virally vectored
prime-boost malaria vaccines
are compatible with the EPI
vaccination schedule and whether
an adjuvanted Circumsporozoite
Protein (CSP) particle (R21) is safe
and immunogenic. As part of the
integrated strategy, workshops,
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training and networking activities as
well as infrastructure upgrades were
used to strengthen the clinical trial
capabilities and laboratory facilities of
the African sites, allowing the partners
to conduct the proposed clinical trials
and additional health research. The
KHRC site also developed capacity in
cellular immunology.

QAN WXGAY AN The safety

and immunogenicity of the vec-
tored liver-stage malaria vaccine
candidates co-administered with EPI
vaccines were assessed in Gambian
infants. The MVVC 2 consortium
completed the clinical trial at MRC,
The Gambia, with good safety and
immunogenicity profiles when



co-administered with EPI vaccines.
The safety and immunogenicity of
the Matrix-M1 adjuvanted CSP particle
was assessed in a phase Ib clinical trial
at CNRFP, Burkina Faso in Burkinabe
adults showing good safety and
immunogenicity of this regimen.

Delivery Platform,
Adjuvants
and Viral Vectors

The malaria antigen ME-TRAP
was delivered in a prime boost

strategy using two different vectors:

ChAd63 and MVA. The adjuvant
used to administer the R21 CSP

particles was Matrix-M1, provided by

Novavax.

Clinical
Development

This project aimed to determine
whether malaria-vectored prime-
boost vaccines are compatible with
the EPI vaccination schedule and

whether a CSP particle in adjuvant is

safe and immunogenic.

The safety and immunogenicity of
the vectored liver-stage malaria

vaccine candidates co-administered

with EPI vaccines were assessed in
Gambian infants 1-16 weeks of age
at the MRC in a truly South-South
collaborative clinical trial with the
support of the UCAD team. The
clinical trial revealed good safety
and immunogenicity profiles in

all infant age groups. Analyses

of EPI antibody responses were
completed. A manuscript is in
preparation.

The second clinical trial assessed
the safety and immunogenicity of
the R21 CSP particle adjuvanted
with Matrix-M in African adults

at the CNRFP, Burkina Faso. This
clinical trial started in August 2016.
Preliminary results show a good
safety and immunogenicity profile
of R21 adjuvanted with Matrix-M1.
A manuscript is in preparation.

PARTNERS

» Centre National de Recherche et de
Formation sur le Paludisme (CNRFP),
Burkina Faso

« European Vaccine Initiative (EVI),
Germany

« Kenya Medical Research Institute
(KEMRI), Kenya

» Kintampo Health Research Centre
(KHRC), Ghana

« Medical Research Council (MRC),
Gambia

ﬁ Capacity strengthening,
2F Workshops, Training

As part of the MVVC 2 capacity-
strengthening activities,
immunology facilities at the KHRC,
Ghana, have been secured and
made available. The laboratory
facilities have been established,
equipment has been sourced and
personnel trained.

Exchange visits took place within
the project duration to reinforce
collaborations, especially between
the African project partners.

A true example of South-South
collaboration was the exchange of
expertise and laboratory personnel
between the UCAD, Senegal and the
MRC, The Gambia. The UCAD senior
scientific staff gained experience

by establishing and conducting
paediatric malaria clinical trials while
two UCAD laboratory technicians
supported immunological analysis
at the MRC.

The working platform offered

by the MVVC 2 project has been

a great opportunity for the
professional growth of the staff
involved in the project. Exchange
visits, meetings and short-term
training activities created a highly
stimulating working environment
and have been instrumental to the
formation of very competent clinical
researchers. UOXF was responsible
for the quality assurance of all
immunoassays performed during
MVVC 2. This enabled the young
scientists at the Jenner Institute
laboratories to gain valuable
experience in the performance of
these assays from samples obtained
from clinical trials conducted in
malaria endemic countries.

Pre-erythrocytic malaria vaccines

« Novartis Vaccines and Diagnostics,
Italy

» ReiThera s.r.l, IT (formerly Okairos
s.r.l.), Italy

« Université Cheikh Anta Diop (UCAD),
Senegal

« University of Oxford (UOXF),
United Kingdom

« Vienna School of Clinical Research,
Austria (until 31 Jan 2013)

MVVC2
Q Harmonisation

The MVVC 2 consortium has
expanded the MVVC harmonisation
efforts on immunoassays to include
KHRC, and those concerning
quantitative PCR to include

CNRFP. This ensures that the sites
generated comparable results in the
MVVC 2 project and will generate in
future clinical trials.

Outreach and
Y Communication

Katie Ewer (UOXF, UK) presented
“Viral vector malaria vaccines
induce potent T cell and antibody
responses in West African infants”
at the Malaria Vaccines for the
World 2016, 2-4 May 2016, Leiden,
The Netherlands.

Muhammed Afolabi (MRC, The
Gambia) presented “Immunogenicity
of malaria-vectored vaccines is not
affected by co-administration with
routine EPI vaccines in a randomised
controlled trial in Gambian infants
and neonates” at the Eighth EDCTP
Forum, 6-9 September 2016, Lusaka,
Zambia.

Sophie Roetynck (MRC, The Gambia)
presented “Immunogenicity of
ChAd63/MVA ME-TRAP malaria
vectored vaccine is not affected

by co-administration with routine
EPI vaccines in a randomized
controlled trial in Gambian infants
and neonates” at the ASTMH 65t
Annual Meeting, 13-17 November
2016, Atlanta, USA.

Adrian Hill (UOXF, UK) presented
the MVVC 2 clinical trial safety and
immunogenicity results at various
occasions in 2016.
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MALARIA VACCINES THAT PREVENT MORTALITY AND MORBIDITY:

blood-stage malaria vaccines

Clinical malaria occurs when Plasmodium parasites invade and replicate within red
blood cells (the so called blood-stage infection). However, immunological studies
in humans and animals have demonstrated that the immune response induced by
blood-stage antigens can protect against the disease.

lood-stage malaria vaccines aim to prevent
B mortality, reduce clinical disease and transmission,
whilst potentially allowing for natural boosting
of vaccine-induced responses as well as the acquisition
of natural immunity™. Neutralising antibodies are most
often sought that (i) prevent interactions between ligands
of the invasive blood-stage merozoite and protein
receptors present on the host red blood cell surface®™);
(ii) prevent the interaction of the parasite antigens
displayed on the red blood cell surface with host cell
receptors’™); (iii) recognise antigens that get exposed upon
parasite egress?® and/or (iv) activate monocytes that
inhibit parasite growth. Indeed, passive transfer studies
have shown that immunoglobulins from semi-immune
individuals can confer clinical immunity to individuals
exposed to geographically diverse parasite strains?,
Studies in humans and animals have shown that
controlling parasite density can reduce the generation
of gametocytes in the bloodstream, thus also
limiting transmission.

Blood-stage malaria vaccines represent an alternative
and/or complementary approach to Pre-erythrocytic
vaccines and will probably be an important component
of a second-generation multi-antigen, multi-stage malaria
vaccine. However, the development of an effective
Blood-stage malaria vaccine has proven challenging.
Most antigens currently used as vaccine candidates are
merozoite antigens. Only the 3D7 based adjuvanted apical
membrane antigen 1 (AMA1) antigen FMP2.1/ASO2A has
demonstrated protective efficacy against clinical malaria
for the homologous parasite in phase Il clinical trial so far@.

EVI has developed several blood-stage antigens with
the intention of combining them either with Pre-
erythrocytic or other blood-stage antigens in a second
generation of malaria vaccines. To overcome antigenic
diversity in the development of blood-stage vaccines,
ideally, vaccine candidates should be based on less
polymorphic and more conserved antigen domains or
cover the diversity. EVI's current approaches include
the development of recombinant antigens (AMAI-DiCo,
SEmalvac), recombinant full-length proteins (PfRH5)
and synthetic peptides (P27A) as well as virally vectored
antigens (PfRH5).

17. Goodman ALL. et al. Ann Trop Med Parasitol 2010, doi:10.1179/136485910X12647085215534.

18. Wright G.J. and Rayner J.C. PloS Pathogens 2014, doi:10.1371/journal.ppat.1003943.

19. Chan J.A. et al. Cell Mol Life Sci. 2014, doi:10.1007/s00018-014-1614-3.
20.Kulangara C. et al. PLOS ONE 2012, doi:10.1371/journal.pone.0046112.

21. Olugbile S. et al. Infection and Immunity 2009, doi:10.1128/IA1.00652-09.
22.Sabchareon A. et al. Am J Trop Med Hyg. 1991, Sep:45(3):297-308.
23.Thera M.A. et al. N Engl 3 Med. 2011, doi:10.1056/NEIM0oal008115.
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AMAI1-DiCo

Blood-stage malaria vaccines

AMAI is a blood-stage antigen from P. falciparum which has been assessed by different research groups worldwide.
Recombinant proteins representing the whole ectodomain (domains I-11l) of P. falciparum AMA1 can induce
antibodies that recognise native parasites and inhibit the invasion of erythrocytes by merozoites in vitro.

To investigate the role of human
antibodies in naturally-acquired
immunity, children in three separate
endemic populations were tested
for reactivity prior to the malaria
transmission season, and malaria
episodes throughout the subsequent
transmission season were monitored.
Recombinant proteins representing
the different domains of PFAMA1 were
used to dissect antibody reactivity in
detail. In two different communities
in Kenya, antibodies against domain |
were significantly associated with
protection from subsequent malaria
infections, based on univariate
analysis after adjusting for age. In
one of the Kenyan cohorts and a
separate Gambian cohort, antibodies
to domain Il were also associated with
protection. However, in the Kenyan
cohorts the protective associations
were only seen in subjects that
were parasite-slide positive at the

time of pre-season serum sampling,
a phenomenon noted in this area
in previous studies of antibodies
recognising the infected erythrocyte
surface. Antibodies to domain Ill were
very rare in all populations. These
results support the development of
AMAT as a vaccine candidate and
particularly the inclusion of domains |
and Il to induce antibody responses.
They also highlight the importance of
prospective cohort studies covering
different endemic areas. In an earlier
phase of this project, a single allele of
PfAMAT FVO [25-545] was produced
under GMP conditions®?%. The product
was evaluated in a phase | clinical
trial with three different adjuvants:
Alhydrogel, GSK’'s ASO2A and
Montanide ISA720. The results were
very promising, with average growth
inhibition levels of up to 50% when
higher vaccine doses were combined
with ASO2A and Montanide ISA720@5),

24. Faber et al., Vaccine 2008, doi:10.1016/j.vaccine.2008.08.055
25. Roestenberg, Plos One 2008, doi:10.1371/journal.pone.0003960.
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One of the conclusions of this clinical
trial was that polymorphism in the
PfAMAI protein must be addressed
for the vaccine to be highly effective
in the field. The limited polymorphism
of PFAMA1 enabled the design of
three artificial PFAMA1 sequences
with a very high coverage of naturally-
occurring alleles (on average > 97%).
This diversity coverage (DiCo)
approach, recommended by the
EVI SAC and approved by the Board
in October 2008, is expected to
overcome the polymorphism found in
nature, promoting a broad response
to all naturally-occurring AMA1 alleles.
These expectations have been met in
immunogenicity studies using both
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rhesus monkeys and rabbits. The total
budget for the development of an
AMAI-DiCo vaccine is €5,411,742.23,
from the Directorate General for
International Cooperation at Ministry
of Foreign Affairs, The Netherlands
(DGIS) and Irish Aid grants.

Following GMP production, the EVI-
funded development of an AMAT-
DiCo vaccine candidate moved

Preclinical, process
development,
production, IMPD

The preclinical, process
development and production
of the AMAI-DiCo have been
published in 2016029,

Delivery Platform,
Adjuvants
and Viral Vectors

Glucopyranosyl Lipid A Adjuvant
(GLA)-Stable Emulsion (SE) and
aluminium hydroxide (Alhydrogel®)
as a comparator have been used as
adjuvants in the phase la/Ib clinical
trial. Alhydrogel ® was filled by EVI
at Nova Laboratories Ltd. EVI has
purchased GMP-grade GLA-SE and
SE from IDRI, under a clinical supply
agreement involving EVI, Inserm
and IDRI.

Clinical
Development

The AMAI-DiCo phase la/lb clinical
trial is a staggered, randomised,
double-blind, multi-centre trial.

It aims to evaluate the safety

and immunogenicity of a 50-ug
dose of the AMA1-DiCo malaria
vaccine candidate with GLA-SE
and aluminium hydroxide adjuvant,
in healthy European adults not
previously exposed to P. falciparum,
and in healthy African adults
previously exposed to the parasite.

The sponsor of the clinical trial
is Inserm, France. Prof Odile
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into active clinical development in
2014 when a two-centre phase la/lb
clinical trial began at CIC-Cochin,
France, in a malaria-naive population,
and was further transitioned to the
malaria-exposed target population
at CNRFP, Burkina Faso.

The

active phase of the clinical trial
was completed in 2015, and safety

Launay (CIC-Cochin, Paris, France)
conducted the clinical trial arm

in the non-exposed population,
and Dr Sodiomon Sirima (CNRFP,
Balonghin, Burkina Faso) conducted
the clinical trial arm in the exposed
population.

The vaccination phase In France
took place between January

and September 2014 and the
phase la subjects were followed
until March 2015. In Burkina Faso,
the vaccination phase was from
July 2014 to February 2015 and the
phase Ib subjects were followed
until July 2015.

AMAI-DiCo formulated with
aluminium hydroxide or GLA-SE
was well tolerated and induced
high titres of specific antibodies in
malaria-exposed or non-exposed
populations, although the titres
were higher when the antigen was
formulated with GLA-SE in the
non-exposed population. Further
exploratory analysis is underway
to assess the functionality of

the antibodies.

% Capacity strengthening,
2F Workshops, Training

EVI supported Inserm, the clinical
trial sponsor, in providing the
fast-track clinical trial design,

in reviewing all clinical trial
documentation, in supervising
the vaccine accountability and
overviewing of the clinical trial
progress until its completion.

and secondary objective immuno-
genicity data were presented at
the EVI Rendez-Vous 2016 and
indicate that the AMAI-DiCo
vaccine was safe, well tolerated and
immunogenic in malaria-naive and
exposed population. The exploratory
immunogenicity analyses are
underway.

AMAI1-DiCo
Q Harmonisation

Inserm, CIC Cochin, CNRFP and
BPRC have continued harmonisation
of the immunological assays of the
AMAI1-DiCo phase la/Ib clinical trial.

Outreach and
\.I.J Communication

Sodiomon Sirima (CNRFP,

Burkina Faso) presented “AMAI-
DiCo clinical trial phase la/lb: Safety
and preliminary immunogenicity
results” at the EVI Rendez-Vous,

14 December, Paris, France.

Edmond Remarque (BPRC,

The Netherlands) presented
“Blood-stage vaccine antigen
discovery, identification,
prioritisation & optimisation” at
the 8t EDCTP forum, EVI
symposium “Importance of
blood-stage malaria vaccine
candidates in the development of
a next generation malaria vaccine”,
7 November, Lusaka, Zambia.

26.Faber et al Plos One 2016, doi:10.1371/journal.
pone.0164053.



Blood-stage malaria vaccines

InnoMalVac

The aim of the InnoMalVac project was to optimise and characterise the full-length PfRH5 protein produced in the
Drosophila S2 cell system before commencing technology transfer, process development and GMP manufacture.
The project was initiated in June 2013 with a duration of two years. InnoMalVac has a total budget of €175,000 and
is funded by EVI from an Irish Aid grant.

The project

was successfully completed during
2015 with the selection of a full-length
PfRH5 that has now advanced into
clinical development. Funded by an
MRC (UK) grant, GMP production of
the protein and toxicology studies
were also completed in 2015 and a
phase I/lla clinical trial to assess the
safety, immunogenicity and efficacy
of RH5.1/ASO01 started in the UK.

PARTNERS

« European Vaccine Initiative (EVI),
Germany

« ExpreS2ion Biotechnologies,
Denmark

 University of Oxford (UOXF),
United Kingdom

P27A

InnoMalVac
Preclinical, process development, production, IMPD

UOXF collaborated with ExpreS2ion Biotechnologies to produce
polyclonal and monoclonal S2 cell lines expressing different variants
of PfRH5. The Growth Inhibition Assay (GIA) and Surface Plasmon
Resonance assay were used to analyse the induction of functional
antibodies following immunisation in rabbits.

The C-tag (the C-terminal four-amino-acid EPEA) based purification
process was chosen because it achieved a better yield than the original
His-tag (six histidine residues at the C-terminus) where a major
contaminant co-purified with the PfRH5 protein.

The production and purification processes were scaled-up to the 10 litre
fermenter scale at the Clinical Biomanufacturing Facility (CBF), Oxford,
and a pilot batch and a GMP batch were produced. The final yield

of pure product is 17 ml/L of fermenter broth.

0% Delivery Platform, Adjuvants and Viral Vectors

PfRHS is expressed as a recombinant protein in Drosophila S2 cells and
a version in viral vectors (ChAd63 and MVA) has also been produced
during the MultiMalVax project.

This vaccine candidate is an intrinsically unstructured, hydrophilic fragment of the P. falciparum protein PFFO165c,
which is 104 amino acids in length®”, submitted in 2007 by Professor Giampietro Corradin, UNIL. It was not originally
recommended for funding by the SAC, but a six-month contract to evaluate this candidate with various adjuvants
was signed with UNIL in September 2008 in accordance with a Board decision to help improve certain proposals. A
successful proposal was submitted in response to the call in December 2008. The total budget for the development

of P27A is up to €1,707,741, from an Irish Aid grant.

The inhibition of merozoite
invasion and monocyte triggering
by Antibody-Dependent Cellular
Inhibition (ADCI) were investigated
while using genome mining to
search for novel vaccine candidates.
First we considered naturally-
occurring antibodies in individuals
with acquired protection following
exposure to the malaria parasite, and
later we also considered antibodies
induced by immunisation with
different candidates. From a series
of 95 polypeptides representing
novel and unexplored alpha-helical
coiled-coil segments of P. falciparum

blood-stage proteins, the screening
process focused on 18 novel antigens
that were recognised by antibodies
in exposed populations. Affinity-
purified antibodies were studied in
GlAs and ADCI assays, revealing that
antibodies specific to 11 peptides
totally or partially interrupted the
intra-erythrocytic development of
P. falciparum. This occurred solely in
cooperation with blood monocytes
and no direct effect was observed®®,

These results support experiments
showing that total immunoglobulin
from protected individuals passively

27.Olugbile et al., Infection and Immunity 2009, doi:10.1128/IA1.00652-09
28.Villard et al., Plos One 2007, doi:10.1371/journal.pone.0000645

transferred into naive recipients acts
predominantly through a monocyte-
dependent, antibody-mediated
mechanism. The vaccine candidate
discussed here was selected
following a series of sequential
screens that highlighted P27A as the
target of an immune response with
satisfactory characteristics for vaccine
development.

Following GMP production, the EVI-
funded P27A vaccine candidate
was moved into active clinical
development in 2014 when a two-
centre phase la/lb clinical trial began
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at CHUV, Switzerland, in a malaria-
naive population, and was further PARTNERS

transitioned to the malaria-exposed « ALMAC Sciences, United Kingdom « Infectious Diseases Research
target population at IHI, Tanzania. . Centre hospitalier universitaire Institute (IDRI), United States of

S XA AN The active

phase of the clinical trial was
completed in 2015 and the analysis
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. 7 Germany
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completed in 2016 and indicate that United Kingdom Institute (Swiss-TPH), Switzerland
P27A is safe and induces a strong . Ifakara Health Institute (IHI), * University of Lausanne (UNIL),

immunogenic response. Tanzania

Preclinical, process development,
production, IMPD

As per regulatory requirements the long-term real-time
stability analysis of the drug product stored at 20°C
was completed after 36 months in storage at Almac.

c% Delivery Platform, Adjuvants
and Viral Vectors

Two adjuvants have been used in the clinical trial:
aluminium hydroxide (Alhydrogel®) as a reference
adjuvant as it has shown promising results in preclinical
studies, and GLA-SE. Alhydrogel® was filled by EVI at
Nova Laboratories Ltd. EVI has purchased GMP-grade
GLA-SE and SE from IDRI, under a clinical trial agreement
involving EVI, CHUV, IHI, IDRI and Swiss-TPH.

Clinical
Development

The P27A phase la/lb clinical trial is a staggered,
randomised, single-blind, antigen and adjuvant dose-
finding, multi-centre trial. It aims to evaluate the safety
and immunogenicity of the P27A malaria vaccine
candidate with GLA-SE and aluminium hydroxide
adjuvant, in healthy European adults not previously
exposed to P. falciparum, and in healthy African adults
previously exposed to the parasite.

The sponsor of the clinical trial is CHUV, Switzerland.

Prof Frangois Spertini (CHUV, Switzerland) conducted the
evaluation of the vaccine in the non-exposed population,
and Dr Seif Shekalaghe (IHI, Bagamoyo, Tanzania)
conducted the clinical trial arm in the

exposed population.

The vaccination phase In Switzerland took place from
March to July 2014 and the phase la subjects were
followed until January 2015. In Tanzania, the vaccination
phase took place from July to December 2014 and the
phase Ib subjects were followed until July 2015.

In both populations, the vaccine candidate was well
tolerated and deemed safe. The humoral immune
responses of all clinical trial subjects have been analysed
in at CHUV whereas the cellular immune responses of
the subjects were analysed at IHI, thus demonstrating a
well-established North-South collaboration. The vaccine
candidate elicited a high antibody titre although with

a higher trend in the non-exposed population when
formulated with GLA-SE. Exploratory studies results
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Switzerland

P27A

indicate that cytophilic antibodies are induced which
are able to recognize the P27A on the parasite and
were inhibitory in in vitro antibody dependent cytotoxic
inhibition assay.

% Capacity strengthening,

2 Workshops, Training

EVI supported the clinical trial sponsor CHUV in providing
the fast-track clinical trial design, in reviewing all

clinical trial documentation, in supervising the vaccine

accountability and overviewing of the clinical trial
management until its completion.

Catherine Mkindi registered as a PhD student at the
University of Basel and continued her research focusing
on the analysis of immune responses induced by the
malaria peptide P27A delivered with either Alhydrogel or
GLA-SE in Tanzanian subjects. The PhD fellowship was
partly supported by an EDCTP grant for the phase Ib arm
of the phase | clinical trial.

Q Harmonisation

P27A CHUV and IHI P27A team partners have continued
the harmonisation of immunological assays used during
the P27A phase la/Ib clinical trial.

Outreach and
\.I.} Communication

Kristina M. Geiger (Institute of Biochemistry, University
of Lausanne, Switzerland) presented “Epitope mapping
and fine specificity of human antibody responses for
novel Blood-stage malaria vaccine candidate P27A”",
Swiss Allergology and Immunology congress, 28-29 April,
Montreux, Switzerland.

Said Jongo (IHI, Tanzania) presented “Safety and
immunogenicity of P27A in healthy Swiss and Tanzanian
Adults” at the 8t EDCTP forum, EVI symposium
“Importance of Blood-stage malaria vaccine candidates
in the development of a next generation malaria
vaccine”, 7 November, Lusaka, Zambia.

Frangois Spertini (CHUV, Switzerland) presented “Safety
and immunogenicity of novel candidate Blood-stage
malaria vaccine P27A with Alhydrogel® or GLA-SE as
adjuvant in healthy malaria non-exposed European and
malaria exposed African adults aged 18-45 years” at the
EVI Rendez-Vous, 14 December, Paris, France.



SEmalvac

Blood-stage malaria vaccines

The P. falciparum serine repeat antigen-5 (SERAS) is an abundant blood-stage antigen secreted in large amounts in
the parasitophorous vacuole. It plays an essential role in the parasite life cycle and was among the first physiological
substrates identified for a serine protease involved in parasite egress.

A recombinant form of the SERA5 N
terminal domain (SE36) was selected
for clinical development on the basis
of the following achievements:

e Epidemiological studies showing
high antibody titres that inversely
correlate with malaria symptoms
and severe disease;

¢ In vitro studies demonstrating the
induction of antibodies that are
inhibitors of parasite growth, exert
antibody-dependent complement-
mediated lysis of schizonts, or
antibody-dependent monocyte-
mediated parasite growth
inhibition; and

e Animal studies demonstrating
protection against P. falciparum
challenge in non-human primates.

SE36 was produced under GMP
conditions and was formulated
with aluminium hydroxide gel
to yield BK-SE36. The safety and
immunogenicity of BK-SE36 was
demonstrated in a phase la clinical
trial in malaria-naive Japanese
adults® and in a phase Ib clinical
trial conducted in healthy subjects
6-32 years of age from a malaria-
endemic area in Northern Uganda®°.,

The main objective of the
SEmalvac project supported by
the GHIT Fund is to assess the
safety and immunogenicity of the
recombinant Escherichia coli (E. coli)
BK-SE36 malaria vaccine candidate
in healthy malaria-exposed African
children 1-5 years of age living in
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SEmalvac

> Preclinical, process development,
production, IMPD

The BK-SE36 vaccine long-term stability analysis is
underway at BIKEN. The current shelf life is 120 months
when stored under light-protected conditions at

+5 + 3°C.

Delivery Platform,
Adjuvants and Viral Vectors

The malaria antigen SE36 is adsorbed onto aluminium
hydroxide gel in the BK-SE36 vaccine manufactured at
BIKEN.

Clinical
Development

The age de-escalating phase Ib clinical trial was
designed to assess the safety and immunogenicity of the
recombinant E. coli BK-SE36 malaria vaccine candidate
in healthy malaria-exposed African children aged

1-5 years living in Burkina Faso. The principal investigator
is Dr Sodiomon Sirima (CNRFP, Ouagadougou,

Burkina Faso) and the sponsor is Nobelpharma (Japan).

29.Horii et al., Parasitology International 2010, doi:10.1016/j.parint.2010.05.002
30.Palacpac et al., Plos One 2013, doi:10.1371/journal.pone.0064073

The clinical trial dossier including the clinical trial
protocol, IMPD and IB received a favourable opinion
from the institutional and national ethics committees
in Burkina Faso in December 2014. The dossier was
submitted to the regulatory authority in Burkina Faso
and to the institutional ethics committees of Osaka
University (directing the biological evaluation) and
the London School of Hygiene and Tropical Medicine
(directing the statistical analyses). Clearance to start
the clinical trial was granted by all regulatory bodies
in June 2015.

The vaccination of the children aged 2-5 years started

in July 2015. After the second vaccination, a safety report
was provided to an independent safety monitoring
committee which recommended that vaccination could
proceed in the younger population aged 1-2 years.

The vaccination of the younger cohort started in October
2015. The vaccination phase was finished in April 2016,
the 10 months follow-up period of the cohort of the older
children was completed in November 2016 and the trial
active phase will end in February 2017.
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Burkina Faso. By conducting this
phase b age de-escalating clinical
trial it will be possible to:

e Test the vaccine candidate in a
younger age group (1-5 years old);

e Generate additional safety,
immunogenicity and potential
efficacy data; and

e Compare clinical trial results
from two different African
countries with different malaria
endemicity -Uganda (from the
previous BK-SE36 clinical trial) and
Burkina Faso.

A second objective of the SEmalvac
project is to conduct a one-year
follow-up study in Japanese naive
healthy volunteers from a previous
phase la clinical trial to evaluate
the safety and immunogenicity

of the BK-SE36 vaccine candidate
combined with the K3 CpG adjuvant.
The follow-up will provide long-term
data on the safety and durability of
the antibody response.

The project started in August 2014 and
the total budget is ¥99,999,999, from
a GHIT Fund grant and US$400,000
from a Nobelpharma grant.

GEENINCIRYEYENEN The clinical trial

commenced with the immunisation
of children aged 2-5 years old, and
following safety data review the
clinical trial expanded to include the
younger population aged 1-2 years
old. The last boost immunisation was
administered in April 2016 and the trial
follow-up phase Is scheduled to be
completed in February 2017.

SEmalvac

0 Outreach and
Y Communication

Sodiomon Sirima (CNRFP, Burkina Faso) and Toshi Horii
(RIMD, Japan) presented “Clinical development of the
BK-SE36 malaria vaccine candidate” at the GHIT annual
partners meeting, 7 June, Tokyo, Japan.

Toshi Horii (RIMD, Japan) presented “BK-SE36 malaria
vaccine candidate for young children” at the Malaria R&D
in a Time of Global Partnerships, University of Tokyo,

26 June, Tokyo, Japan.

Toshi Horii (RIMD, Japan) presented “Development and
Sustainability of Malaria Vaccine Clinical Research Center
in Uganda and Clinical Development of BK-SE36 Malaria
Vaccine Candidate” and Nirianne Palacpac (RIMD, Japan)
presented “Developmental pathway for the blood-stage
malaria vaccine candidate BK-SE36” at the TICAD VI
Pre-event: The 3rd International Symposium for the
Promotion of Science and Technology, Innovation
Cooperation between Africa and Japan: Life Innovation
and Green Innovation, 13 July, Tokyo, Japan.
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Toshi Horii (RIMD, Japan) presented “Uniqueness of the
Blood-stage malaria vaccine candidate BK-SE36” at the
Translational Vaccinology for Global Health keystone
symposia, 25-29 October, London, United Kingdom.

Alfred Tiono (CNRFP, Burkina Faso) presented
“Preliminary safety and tolerability of BK-SE36 in young
African children (SEmalvac)” at the 8t EDCTP forum, EVI
symposium “Importance of Blood-stage malaria vaccine
candidates in the development of a next generation
malaria vaccine”, 7 November, Lusaka, Zambia.

Toshi Horii (RIMD, Japan) presented “What’s new with
BK-SE36, a Blood-stage malaria vaccine candidate” at
the Joint International Tropical Medicine Meeting 2016,
Amari Watergate, 8 December, Bangkok, Thailand.

Sodiomon Sirima (CNRFP, Burkina Faso) presented the
SEmalvac project update during the EVI Rendez-Vous,
14 December, Paris, France.



SEmalvac2

Blood-stage malaria vaccines

The SEmalvac2 project has been launched in parallel of the SEmalvac project to explore the safety and improved
immunogenicity of the BK-SE36 vaccine when administered with CpG ODN K3 adjuvant, a Toll-Like Receptor

(TLR) 9 ligand.

Pre-clinical studies have shown safety,
immunogenicity and enhanced
protective efficacy of the BK-SE36
vaccine formulated with CpG ODN K3
(BK-SE36/CpG) as compared to
BK-SE36 alone®.

BK-SE36 (SE36 adsorbed onto
aluminium hydroxide gel) and
CpG ODN K3 were produced under
GMP conditions.

A phase la clinical trial using BK-SE36
mixed with CpG (BK-SE36/CpG) was
conducted in healthy adults in Japan
where the vaccine was deemed safe
and elicited antibody titres were
3-4 fold higher than BK-SE36 alone.
These promising results suggest
that the combination of TLR9 ligand

adjuvant with BK-SE36 can induce
higher humoral and cellular immune
responses compared to BK-SE36
alone and that the combined SE36/
AHG with K3 ODN formulation affords
a level of protection that could
substantially inhibit parasite growth.

The main objective of the SEmalvac2
project supported by the GHIT
Fund is to assess the safety and
immunogenicity of the BK-SE36/
CpG vaccine in in healthy malaria
exposed African adults and children
living in Burkina Faso. This phase Ib
clinical trial is an age de-escalation
trial where the BKG/SE36/CpG vaccine
safety will be confirmed in adults
aged 21-45 years before proceeding
to the evaluation of the vaccine in

younger population, children aged
5-10 years and 12-24 months.

The project started in November 2016
and the budget is ¥278,158,892 from
a GHIT Fund grant.
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SEmalvac2

_.] Preclinical, process development,
. production, IMPD

The BK-SE36 vaccine long-term stability analysis is
underway at BIKEN. The current shelf life is 120 months
when stored under light-protected conditions

at +5 * 3°C.

Delivery Platform,
Adjuvants and Viral Vectors

The malaria antigen SE36 is adsorbed onto aluminium
hydroxide gel in the BK-SE36 vaccine manufactured
at BIKEN (Japan).

CpG-ODN (K3) is manufactured under cGMP
at GeneDesign (Japan).

Clinical
Development

The age de-escalation phase Ib clinical trial is designed
to assess safety and immunogenicity of recombinant

E. coli BK-SE36 malaria vaccine candidate formulated
with CpG adjuvant administered intramuscularly in
healthy malaria exposed African adults and children
living in Burkina Faso. The clinical trial site is the Unité
de Recherche Clinique de Banfora, CNRFP Burkina Faso;
Dr Sodiomon Sirima (CNRFP, Ouagadougou,

Burkina Faso) is the principal investigator and the
sponsor is Nobelpharma (Japan).

31. Tougan et al. Hum Vaccin Immunother. 2013 PMID: 22863735

The clinical trial protocol, subject documents and IB
have been prepared late 2016 and will be submitted
to the institutional and national ethics committees

in Burkina Faso in January 2017. The clinical trial is
scheduled to start in the second quarter of 2017 with
the immunisation of the first cohort, adults aged

21-45 years. The trial will expand to the second cohort,
children aged 5-10 years once safety of the vaccine is
confirmed after three vaccinations in adult participants
and to the third cohort, children aged 12-24 months,
once safety of the vaccine is confirmed after two
vaccination in the second cohort. The randomised,
controlled, double blind trial active phase should be
completed in the fourth quarter of 2018.

0 Outreach and
Communication

Toshi Horii (RIMD, Japan) presented a poster entitled
“Uniqueness of the Blood-stage malaria vaccine
candidate BK-SE36” at the Translational Vaccinology
for Global Health keystone symposia, 25-29 October,
London, United Kingdom.

Sodiomon Sirima (CNRFP, Burkina Faso) presented
the SEmalvac2 project during the EVI Rendez-Vous,
14 December, Paris, France.
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MALARIA BLOOD-STAGE VACCINES THAT PREVENT

placental malaria

Placental malaria is a major health problem manifesting as severe disease and
anaemia in the mother, impaired foetal development, low birth weight or spontaneous
abortion. While women living in malaria endemic areas gradually develop immunity

to clinical malaria, women become susceptible to placental malaria during their first
pregnancy. Every year, more than 100 million pregnant women are at risk of placental
malaria, which causes the deaths of 80,000-200,000 children®?,

intermittent preventive treatment during

pregnancy (IPTp) and long lasting insecticide
treated nets. However, these interventions only offer
partial protection. Indeed, sulfadoxine-pyrimethamine
used for IPTp is losing its effectiveness due to parasite
resistance and women receive their first IPTp dose at
their first antenatal visit (between 16-24 weeks'
gestation)®3 465, As placental parasite tropism is
established during the first trimester of pregnancy,
parasites cause irreversible damage, probably by
impeding placental development, before women access
antenatal healthcare. Therefore, an effective vaccine
that prevents P. falciparum placental malaria would be
an attractive, cost-effective complement to preventive
placental malaria.
Placental malaria is caused by parasite-infected red
blood cells adhering to the placental receptor
Chondroitin Sulfate A (CSA), and their subsequent
accumulation in the placenta, from where they can
cause disease and death for the mother and her

P revention of placental malaria currently relies on

32. Hartman et al., Annals of Tropical Paediatrics 2010, doi:10.1179/146532810X12858955921032

33, Doritchamou et al., J Infect Dis. 2012 Dec 15;206(12):1911-9.
34. Schmiegelow et al., PLoS ONE. 2013;8(1):€53794.

35. Moussiliou et al., Malar J. 2013;12:195.

36.Brabin et al., Bull World Health 1983 PMC2536236

offspring. Fortunately, women can acquire immunity
against placental malaria and in malaria-endemic areas
the average birth weight is significantly higher among
second and third babies compared to the first born®e-:37,
This relatively fast acquisition of protection has raised
hope that a vaccine for placental malaria can be
developed.

EVI has raised funds from BMBF, Institut national de la
santé et de la recherche médicale (Inserm), the EU and
the Danish National Advanced Technology Foundation
(HTF) through University of Copenhagen (UCPH), with
further co-funding from Irish Aid, Department of Foreign
Affairs and Trade (Ireland) and has set up and reinforced
collaboration with NIH-NIAID. The three most advanced
groups dealing with this target are therefore
collaborating on the development of a placental malaria
vaccine. The two vaccine candidates under development
offer hope that the burden of malaria in pregnant
women can be reduced, improving the health of
mothers and newborns.

37. McGregor et al. Transactions of the Royal Society of Tropical Medicine and Hygiene 1983 doi: 10.1016/0035-9203(83)90081-0
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The target product profile for
placental malaria vaccines differs from
standard malaria vaccines. Placental
malaria vaccines target young
adolescent girls before childbearing
age, and the vaccination should be
associated with other vaccines that
prevent rubella or uterine/cervical
cancer caused by human papilloma
virus. Depending on the other malaria
vaccines available on the market, a
placental malaria vaccine could also
be associated with a booster dose of a
regular malaria vaccine in adolescent
qgirls.

The projects focus on the distinct
form of the parasite that infects the
placenta. Recent research supports
the development of the variant

Blood spots for DNA extraction

38.Baruch et al., Cell 1995 doi:10.1016/0092-8674(95)90054-3
39.Su el al., Cell 1995 doi:10.1016/0092-8674(95)90055-1

40.Fried et al, Nature 1998, doi:10.1038/27570

surface antigen that mediates
adhesion of the infected erythrocyte
to CSA (VAR2CSA) as a leading
candidate for the placental malaria
vaccine®®69) This is a P. falciparum
Erythrocyte Membrane Protein-1
(PfEMP1) adhesin encoded by
member of the var gene family, and
is specifically expressed by placental
parasites. Women acquire antibodies
against VAR2CSA over successive
pregnancies as they become resistant
to placental malaria®“®. These data
suggest that vaccines based on
VAR2CSA could help to block the
adhesion of CSA-binding parasites to
the placenta.

The 350-kDa VAR2CSA trans-
membrane protein has a 300-kDa

41. Avril et al, Malaria Journal 2011; doi:10.1186/1475-2875-10-36
42.Dahlback et al., J Biol Chem 201, doi:10.1074/jbc.M110.1915101
43, Bordbar et al., Bioelectrochemistry 2011, doi:10.1016/j.bioelechem.2011

44.Bigey et al., J Inf Dis 2011, doi:10.1093/infdis/jir499

Placental malaria

extracellular region composed of six
Duffy-Binding-Like (DBL) domains
and a cysteine-rich inter-domain,
interspersed with short inter-domain
regions. DBL3X is the principal target
of inhibitory antibodies that prevent
parasite adhesion to CSA®N.(42)
Naturally-acquired antibodies,
and those induced by vaccination
against the domain between the
N-terminal sequence and the
DBL2X segment, target overlapping
strain-transcendent anti-adhesion
epitopes™+4) These data indicate
that vaccines designed to block
interactions between the parasite
and CSA should be based on the
N-terminal region of VAR2CSA.

MAJOR OUTCOMES ON

THE CLINICAL DEVELOPMENT
PLAN OF PLACENTAL
MALARIA VACCINE

» Phase la and Ib clinical trials
could be a single Phase |
staggered clinical trial.

» The Phase la stage of the clinical
trial would be in adults from
malaria non-endemic population
in Europe and the Phase Ib stage
would target nulligravid adults
from endemic population.

» Phase Il clinical trials will target
nulligravid women from an
endemic region and will include
dose escalation, age group
de-escalation, and exploratory
data on interactions with other
vaccines.

« Phase lll clinical trials would be
in the target nulligravid
population in endemic region.
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Q Harmonisation

Harmonisation of the clinical trial
design for a placental malaria
vaccine has been implemented

by the PAMCPH/PlacMalVac and
PRIMALVAC teams in order to
compare the PAMVAC and PRIMVAC
vaccine candidates.

Toward this aim, common
immunoassays for the measurement
of antibody titres by ELISA, antibody
recognition of the surface of

P. falciparum infected erythrocytes
by flow cytometry and CSA-binding
inhibition by antibodies using a Petri
dish-based binding inhibition assay
have been selected.

In 2016, common reference panel of
negative and positive control sera

32/ European Vaccine Initiative / Annual Report 2016

for the ELISA, as well as the other
immunoassays have been prepared
by IRD, validated against both
vaccine antigens and shared with
both teams. The negative control

is pooled sera from European
malaria-naive population and the
positive control is a sera pool from
147 women from a malaria endemic
region in Benin. The selection
criteria included HIV negative test,
high reactivity for P. falciparum

in flow cytometry and high ELISA
reactivity to different VAR2CSA
antigens.

As a result of the workshops

held previously, a summary of

the harmonisation activities was
jointly published by the teams in
Malaria Journal in September 2016:
“Clinical development of placental

malaria vaccines and immunoassays
harmonization: a workshop report”.

In addition, the different placental
malaria vaccine candidates from
Inserm, NIH/NIAID and UCPH are
evaluated side-by-side in the PlacID
project that aims at validating an
Aotus monkey placental malaria
model. The study procedures

were harmonised for the different
vaccine candidates of these three
leading groups working on placental
malaria vaccine development.

All samples will be analysed in
comparative assays by NIH/NIAID.
In addition, protocols were shared
and assays will be repeated in the
Inserm and UCPH laboratories using
comparable assay procedures and
reagents.



Placental malaria

PAMCPH

The overall objective of PAMCPH was to manufacture a vaccine that protects both the foetus and the mother
against the adverse effects of malaria during pregnancy. The specific aims of the project were to define the optimal
antigen and adjuvant formulation, to show that it can be produced in a scalable manner, and to confirm that it is
safe to use in animals. Supplemental funding covered the immunoassay harmonisation activities and the testing
of an additional adjuvant in the clinical trial. PAMCPH had a total budget of €2,816,722.08 and it was funded by
the BMBF through KfW, with co-funding from UCPH through the HTF. The project started in September 2012 and
ended in May 2016.

In 2003, VAR2CSA was identified as
the parasite protein which enables
parasite accumulation in the
placenta®). The aim of a VAR2CSA-
based placental malaria vaccine is
to induce antibodies that can hinder
adhesion in the placenta followed
by the destruction of infected
erythrocytes in the spleen.

The technology at ExpreS2ion
Biotechnologies is ideal for the
expression of complex antigens,
and CMC Biologics A/S has the
technology and knowhow to scale up
production and ensure compliance
with GMP, allowing the team to
take this major step towards solving
a significant health problem. The
project supported the production
of a recombinant VAR2CSA vaccine
under GMP conditions, allowing it to PAMCPH
be used in the clinical trial supported

. Preclinical, process clinical-grade GLA-SE and GLA-LSQ
by the PlacMalVac project. development, has been negotiated by UCPH, with
Extension production, IMPD IDRI, Seattle, USA.
of PAMVAC shelf-life based on sup- In 2015, the engineering batch was Outreach and
portive stability data, the continuous released for pharmacotoxicology Y communication
efforts in immunoassay harmonisation studies performed by the CRO ) i
and the start of the PlacMalVac Huntingdon Life Sciences. GMP Wian de Jongh (Expr<3$2|on,

. L. manufacture was completed at Denmark) presented “Development
phase Ia./lb clinical trial in Germany CMC Biologics and the PAMVAC of Drosophila S2 based Malaria
and Benin. drug product was released for the sub-unit antigen vaccine
phase la/b clinical trial in Germany production processes®, at the
and Benin. The IMPD and IB were New Technologies New Vaccines
PARTNERS also completed. ::Josr:erence, 21 March, Wilmington,
» CMC Biologics A/S, Denmark De!ivery Platform, Wian de Jongh (ExpreS2ion,
- European Vaccine Initiative (EVI), Adjuv'amts Denmark) presented “Development
Germany and Viral Vectors of Drosophila S2 based vaccine
- ExpreS2ion Biotechnologies, The selected adjuvants for pro.duction processes” at the
Denmark eive dlinitesl (il ere el ISBiotech, 7 March, Boston, USA.
* University of Copenhagen (UCPH), hydroxide (Alhydrogel®), Morten Nielsen, (UCPH, Denmark)
Denmark the Monophosphoryl Lipid A presented “PAMVAC placental
(MPL) analogue GLA-SE and malaria vaccine candidate;
GLA-Liposome-QS21 formulation production and adjuvants

(LSQ). Alhydrogel® was filled by EVI selection” at the EVI Rendez-Vous,
at Nova Laboratories Ltd.. Accessto 14 December, Paris, France.

45, Salanti A et al., Mol Microbiol 2003, doi: 10.1046/j.1365-2958.2003.03570.x
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PlacMalVac

One objective of the PlacMalVac project is to conduct a phase I clinical trial with the placental malaria vaccine
developed by PAMCPH. Another is the development of a phase Il clinical trial centre.

PlacMalVac is funded by the EU  project started in March 2013 and the Completion
FP7 and has an overall budget of duration of three years was extended of the vaccination of the malaria-
approximately €5,900,000. The to February 2017. naive subjects in Germany and the

c% Delivery Platform, Adjuvants
and Viral Vectors

The selected adjuvants for the clinical trial are aluminium
hydroxide (Alhydrogel®), the Monophosphoryl Lipid A
(MPL) analogue GLA-SE and GLA- Liposome-QS21
formulation (LSQ). Alhydrogel® was filled by EVI at

Nova Laboratories Ltd. Access to clinical-grade GLA-SE
and GLA-LSQ has been negotiated by UCPH, with IDRI,
Seattle, USA.

Clinical
Development

The phase la/Ib clinical trial is designed to assess the
safety and immunogenicity of different doses of the
selected VAR2CSA vaccine (PAMVAC) in healthy adult
subjects not previously exposed to malaria (i.e. first in
human and dose escalation at EKUT, Tubingen, Germany)
and in exposed subjects in malaria-endemic areas in the
target group (i.e. randomised, controlled, dose-finding at
Institut de recherche clinique du Bénin (IRCB), Cotonou.
The VAR2CSA antigen is formulated with aluminium
hydroxide, GLA-SE or GLA-LSQ.

The sponsor is EKUT, the coordinating principal
investigator is Dr Benjamin Mordmdiller (EKUT) and the
principal investigator in Bénin is Dr Saadou Issifou (IRCB).

The clinical trial protocol finalised with the results of the
toxicology study was submitted along with the IMPD
and IB to the ethics committee and to the regulatory
authority in Germany in July 2015. Regulatory and ethical
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start of the vaccination of the malaria
exposed subjects in Benin.

PARTNERS
» Eberhard-Karls Universitat
Tubingen (EKUT), Germany

« European Vaccine Initiative (EVI),
Germany

« ExpreS2ion Biotechnologies,
Denmark

« University of Copenhagen
(UCPH), Denmark

« Institut de recherche pour le
développement (IRD), France

 Université d'Abomey-Calavi
(UAC), Benin

PlacMalVac

clearance was granted in November 2015.

The clinical trial application was submitted to

the Ministry of health/ethics committee in Benin

in November 2015 and authorisation to start the trial
in Benin was granted in March 2016.

The clinical trial started in Germany with the first
administration of the lowest dose of the PAMVAC
vaccine to the first subject in May 2016. Escalation to
the next dosage was conditioned by safety assessment
performed by an independent safety monitoring board.
The PAMVAC vaccine was well tolerated and the third
and last vaccine dose was administered to the last
malaria-naive participant in August 2016. Total specific
PAMVAC IgG measured by ELISA in samples collected
in German participants indicate that the vaccine is
immunogenic with a higher response when the antigen
is administered with GLA-SE as compared to aluminium
hydroxide.

After a second safety assessment following the first
administration of the PAMVAC highest dosage in
malaria-naive subjects, the trial started in Benin with

the first administration of the PAMVAC vaccine to
malaria exposed participants in November 2016. As
observed in malaria-naive subjects, the vaccine was

well tolerated and the independent safety monitoring
committee recommended, after a third safety review,

to proceed with the highest dosage administration. The
last vaccination is scheduled in April 2017 and the trial
active phase will end in November 2017. Immunogenicity
evaluation including functionality of the induced
antibodies will proceed in parallel. coe



ﬁ Capacity strengthening,
2F Workshops, Training
EVI supported the sponsor EKUT in providing the

fast-track clinical trial design, reviewing the protocol
and other clinical trial related documentation.

EVI also provided continued assistance in the setting
of the quality assurance system of the sponsor as well
as the phase la clinical trial site.

EVI provided support in the implementation of the
quality assurance system in the phase Ib new clinical
trial site whose construction was completed in 2015
and became operational in 2016.

0 Outreach and
Communication

Komi Gbédandé (UAC, Benin) presented “Clinical
development of a VAR2CSA-based placental malaria

vaccine PlacMalVac: Quantifying vaccine antigen-specific

PRIMALVAC

Placental malaria

PlacMalVac

memory B & T cell activity in Beninese primigravidae”
at the 65 Annual Meeting American Society of Tropical
Medicine Hygiene, November 13-17, 2016, Atlanta,
Georgia USA.

Guillaume Escriou (Université Paris Descartes,France and
UCPH, Denmark) presented “ Decryption of the antibody
acquisition against the vaccine candidate 1d1-1d23 at

the 65" Annual Meeting American Society of Tropical
Medicine Hygiene, November 13-17, 2016, Atlanta,
Georgia USA.

Nicaise Tuikue Ndam (IRD, France) presented
“Identification of a major dimorphic region in the
functionally critical N-terminal ID1 domain of VAR2CSA3
at the 5" Molecular approaches to malaria Conference,
21-25 Feb 2016 Lorne, Australia.

Morten Nielsen, (UCPH, Denmark) presented “PAMVAC
placental malaria vaccine candidate; production

and adjuvants selection” at the EVI Rendez-Vous,

14 December 2016, Paris, France.

PRIMALVAC aims to develop a placental malaria vaccine to improve pregnancy outcomes. The main objective is
to obtain proof of concept that VAR2CSA-based vaccines induce long-lasting or rapidly-boosted cross-reactive
and inhibitory antibodies suitable for human use. Recombinant forms of VAR2CSA were generated, and their
immunogenic activity was assessed specifically for their ability to elicit functional and cross-reactive antibodies
against placental forms of the parasite. The candidate antigen that best meet strict immunogenicity criteria was

moved into preclinical and clinical development.

PRIMALVAC has a total budget of
€7,180,606.93 provided by the BMBF
through KfW, EVI, Inserm, the Institut
national de la transfusion sanguine
(INTS) and Irish Aid, Department of
Foreign Affairs and Trade (Ireland).
The project started in December 2011,
activities are on-going.

Release of

PRIMVAC, placebo and the adjuvants
to clinical trial and the start of the
phase la arm of the clinical trial in
France in May and of the phase Ib arm
in Burkina Faso in November.
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« 4Clinics, France
« BIOTEM, France

« Centre National de Recherche et
de Formation sur le Paludisme

(CNRFP), Burkina Faso

« Centre d'investigation clinique
en Vaccinologie Cochin-Pasteur

(CIC1417), France
« CiToxLAB, France
« Creapharm, France

« EUropean CLlInical Trials Platform

& Development, France

« European Vaccine Initiative (EVI),

Germany
« F-CRIN stands for: French

Clinical Research Infrastructure

Network, France
* GTP Technology, France

« Infectious Diseases Research
Institute (IDRI), United States of

America

« Institut national de la santé et de
la recherche médicale (Inserm),

France

- Nova Laboratories,
United Kingdom

* Novasep (formerly Henogen),
Belgium

« Novavax, United States of

America (formerly ISCONOVA,

Sweden)
« Output Pharma, Germany

« Pfenex Inc., United States of

America

« Voisin Consulting Life Sciences,

France
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Preclinical, process
v| development,
production, IMPD

Novasep manufactured the

GMP batch of PRIMVAC and

the PRIMVAC drug product

was released. Short-term and
accelerated stability studies were
performed and long-term stability
studies are ongoing at Novasep,
allowing a shelf-life extension to
September 2017. Toxicology studies
were conducted by CiToxLAB and
the final report is available. The
IMPD and IB have been completed.

Delivery Platform,
Adjuvants
and Viral Vectors

The selected adjuvants are
aluminium hydroxide (Alhydrogel®)
and GLA-SE. A clinical supply
agreement was signed by Inserm
and IDRI. The GLA-SE was released
in Europe by Output Pharma for
clinical trial use. Alhydrogel® filled
by EVI at Nova Laboratories Ltd. is
used for the clinical trial.

Clinical
Development

The PRIMALVAC project is currently
carrying out a phase la/ Ib clinical
trial in healthy adult subjects
naive to malaria and in exposed
subjects in malaria-endemic
regions of sub-Saharan Africa.

The clinical trial is designed

to assess the safety and
immunogenicity of different doses
of the VAR2CSA DBL1-2 vaccine
candidate (PRIMVAC) in
aluminium hydroxide or GLA-SE.
The inventor of the vaccine is

Dr Benoit Gamain and the sponsor
of the clinical trial is Inserm.

The coordinating investigator is
Prof Odile Launay (CIC1417, Paris,
France), the principal investigators
of the clinical trial are Dr Pierre
Loulergue (CIC1417, Paris, France)
and Dr Sodiomon Sirima (CNRFP,
Balonghin, Burkina Faso).
Authorisation for the clinical trial
in France was obtained by the end
of 2015; the site initiation visit was
performed in January 2016. The
first vaccination of the first subject
in France was on 9 May, follow-up
is on-going. The phase Ib clinical
trial at CNRFP in Burkina Faso
received full authorisation in
September 2016. In September,
the DSMB reviewed the safety

PRIMALVAC

data of the two cohorts in the
phase la arm of the clinical trial and
recommended the continuation of
the protocol. The phase Ib clinical
trial arm started in November 2016;
inclusions, vaccinations and
follow-up are on-going.

% Capacity strengthening,
2F Workshops, Training

EVI supported and mentored

the clinical trial sponsor, Inserm,
during the set-up and conduct
of the pharmacotoxicological
studies, during the preparation
of the dossiers relevant for the
clinical trial (e.g. 1B, IMPD, clinical
trial protocol), and during the
manufacture, the release of the
drug product and adjuvants to the
clinical trial and/or clinical trial
activities.

Outreach and
Y Communication

Arnaud Chéne (Inserm, France)
presented “Towards the
development of a Placental
Malaria Vaccine.” at the 12t Annual
BioMalPar/Evimalar Conference
on the Biology and Pathology of
the malaria parasite, 18-20 May,
Heidelberg, Germany.

Nicola Viebig (EVI, Germany)
presented “Development of
a placental malaria vaccine”
at the Malaria Vaccines for
the World 2016, 2-4 May,
Leiden, The Netherlands.

Nicola Viebig (EVI, Germany)
presented “Development of

a placental malaria vaccine -

the PRIMALVAC project”

at the International Congress

for Tropical Medicine and Malaria,
18-22 September, Brisbane,
Australia.

Sodiomon Sirima (CNRFP,
Burkina Faso) presented “Clinical
development of the VAR2CSA
placental malaria vaccine
candidate” at the symposium
“Importance of Blood-stage
malaria vaccine candidates in the
development of a next generation
malaria vaccine” organised by EVI
during the 8% EDCTP Forum in
Lusaka, Zambia, in November.

Sodiomon Sirima (CNRFP,
Burkina Faso) presented
“PRIMALVAC” at the EVI Rendez-
Vous, 14 December, Paris, France.



PlacID

Placental malaria

The overall objective of PlaclD is to validate a novel non-human primate model to evaluate the placental malaria
vaccine candidates and to assess this model as a platform for testing placental malaria vaccine candidates prior

to human testing.

The lack of a reliable preclinical model
for placental malaria in the past has
significantly delayed the development
of placental malaria vaccines.

The LMIV, NIH/NIAID has established
a non-human primate model of
placental malaria that for the first
time reproduces all the features of
P. falciparum malaria in pregnant
women. Members of the genus
Aotus are among the few species
that are affected by P. falciparum,
making them suitable for non-
human primate experimental models
in malaria research. Importantly,
the animals in this model develop
broadly neutralising antibodies over
successive episodes of placental
malaria, as do women, suggesting
that this may be an appropriate
model for preclinical qualification
and the down-selection of vaccine
candidates.

Preclinical, process
=v| development,
production, IMPD

Passive immunity studies using 1IgG
from malaria-immune multigravid
women and malaria-naive
individuals were initiated in the
Aotus non-human primate model in
November 2015. An interim analysis
is planned by the biostatistician as
soon as three monkeys in each of
the two groups have reached the
endpoint “placental parasitaemia”
after caesarean section.

In the vaccination study, all the
vaccinations with PAMVAC,
PRIMVAC and the NIH/NIAID
vaccine candidate were completed

The specific objectives of PlacID are:

¢ To confirm that the passive transfer
of purified immune IgG from
multigravid African women will
confer protection in pregnant
Aotus monkeys when they are
exposed to placental infection with
P. falciparum.

e To conduct a vaccination study
that assesses the leading placental
malaria vaccine candidates,
including the two candidates
from the EVI portfolio, as well as
appropriate controls.

The project started in July 2015 with a
total project budget of €866,720.99.

RECENT ACHIEVEMENTS RERIVE]

transfer commenced in 2015 and
the team is expecting to unblind
the study and obtain the first set of
data in mid-2017. In the vaccination
studies, all animals were vaccinated
and follow-up will continue in 2017.
First unblinded results are expected
by the end of 2017.

and the follow-up is ongoing.

The primary endpoint of this study
is induction and boosting

of functional antibodies. Secondary
endpoint is placental parasitaemia.
First immunological analyses were
performed at NIH/NIAID, but the
study will remain blinded until the
biostatistician has performed an
interim analysis and proposed a
study end. Interim results for both
studies are expected by the end

of 2017.

ﬁ Capacity strengthening,
2 Workshops, Training
During the PlacID project, good
animal handling practices were

PARTNERS

» European Vaccine Initiative (EVI),
Germany

« Institut national de la santé et de
la recherche médicale (Inserm),
France

« National Institute of Allergy
and Infectious Diseases
(NIAID) - Laboratory of Malaria
Immunology and Vaccinology
(LMIV), United States of America

« University of Copenhagen
(UCPH), Denmark

MAIJOR OUTCOME

« Passive immunity studies:
5 animals have reached the study
endpoint (caesarean section).

« All vaccinations are completed,
16 monkeys have completed
pregnancy with seven premature
deliveries and nine caesarean
sections allowing to assess
primary endpoint of this study:
induction and boosting of
functional antibodies.

PlacID

established as evidenced by the
high pregnancy rate of the Aotus
animals at NIAID-LMIV. This is a
particular achievement appreciated
by the scientific community. Despite
that the animals are handled on

a regular basis for ultrasound
examinations and sampling,

the pregnancy rate has been even
higher than that expected in

a breeding colony.

Outreach and
Y Communication

Nicola Viebig (EVI, Germany)
presented “PlacID” at the EVI
Rendez-Vous, 14 December,

Paris, France.
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MALARIA VACCINES THAT PREVENT INFECTION AND MORBIDITY/MORTALITY:

Combination vaccines

The Malaria Vaccine Technology Roadmap that was
updated in 2013%“® defined the strategic goals for 2030 as
licensed vaccines targeting Plasmodium falciparum and
Plasmodium vivax with the following objectives:

» To develop malaria vaccines with protective efficacy of
at least 75 percent against clinical malaria suitable for
administration to appropriate at-risk groups in malaria-
endemic areas.

« To develop malaria vaccines that reduce transmission
of the parasite and thereby substantially reduce the
incidence of human malaria infection.

The development of a highly effective subunit malaria
vaccine suitable for widespread deployment is likely to
require a multi-component vaccine including antigens from
more than one stage of the parasite’s life cycle as indicated in
the “WHO Preferred Product Characteristics (PPC) for Malaria
Vaccines“”, This strategy could overcome the limited efficacy
of single antigen components. Critical aspects to consider
are the choice of the most suitable combination of vaccine
components, delivery systems and adjuvants suitable for all
components, and the design of Combination vaccine clinical
trials. Vaccine candidates that have already demonstrated
efficacy are currently the most suitable candidates for multi-
component and multi-stage vaccines®®),

MultiMalVvax

The aim of the MultiMalVax project is to develop the concept of a highly-effective multi-stage malaria vaccine to
proof-of-concept phase lla efficacy testing in Europe, prior to clinical trials in malaria-endemic regions.

The overarching aim of this four and
a half year clinical development
programme is to show safety,
immunogenicity and efficacy at each
stage of the parasite life cycle using
a multi-stage malaria vaccine, with
the long-term objective to provide
a deployable high-efficacy product
for use in malaria-endemic areas.
The project will undertake a series
of phase la/lla clinical trials to assess
the Pre-erythrocytic, blood-stage
and mosquito-stage components
individually, and then together,
using state-of-the-art immuno-
monitoring, key functional assays for
vaccine-induced immunogenicity,
and sporozoite challenges to
measure efficacy prior to field
testing. MuliMalVax is building on the
remarkable advances in the design
of vaccines against all four stages of
the P. falciparum life-cycle that now
allows the testing of multi-stage
vaccine candidates for the first time,
with strong chances of success.

The EU FP7 funded MultiMalVax
project started in October 2012
with a budget of €8,000,000. This
collaboration includes one Small
and Medium Enterprise (SME), two
universities, one global pharma-
ceutical company and EVI, and will
provide complementary abilities to
facilitate the development of this
promising vaccine product.

RECENT ACHIEVEMENTS [RIGENGEN]

achievements of the MultiMalVax
project thus far include the
completion of the R21, ASO1B
pre-erythrocytic clinical trial, the
(ChAd63/MVA) PfRH5 blood-stage
clinical trial, the full enrolment
of the clinical trial using the viral
vectored transmission-blocking
vaccine candidate Pfs25-1MX313,
the completion of the phase I/ lla
combination trial based on
ASO1 adjuvanted RTS, S and viral
vectored ME-TRAP as well as the start
of the combination trial assessing the

46. http://www.who.int/immunization/topics/malaria/vaccine_roadmap/TRM_update_nov13.pdf?ua=1
47. http://apps.who.int/iris/bitstream/10665/149822/1/WHO_IVB_14.09_eng.pdf
48.Viebig N.K. et al. Vaccine 2015, doi:10.1016/j.vaccine.2015.09.074.
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PARTNERS

« European Vaccine Initiative (EVI),
Germany

« GlaxoSmithKline (GSK)
(formerly Novartis Vaccines
and Diagnostics s.r.l., Italy,
acquired by GSK), Belgium

» ReiThera s.r.l. (formerly Okairos
s.r.l., ), Italy

» Université Pierre et Marie Curie
(UPMC), France

« University of Oxford (UOXF),
United Kingdom

safety, immunogenicity and efficacy
of R21 adjuvanted with Matrix-M1
in comparison to R21/Matrix-M1 in
combination with ME-TRAP vectored
vaccines in a phase I/ lla challenge
trial. In addition to the clinical
activities, the mechanism of in vitro
killing activity of vaccinees T cells has
been investigated.



Combination vaccines

} TABLE 1 CLINICAL TRIAL DESIGN TO ASSESS SAFETY, IMMUNOGENICITY AND EFFICACY OF R21 ADJUVANTED
WITH MATRIX-M1IN COMPARISON TO R21/MATRIX-M1IN COMBINATION WITH ME-TRAP VECTORED VACCINES
Weeks | Group 1(n=12) Group 2 (n=12) Group 3 (n=12) Group 4 (n=6) Group 5 (n=6)
10 pg R21/50ug Matrix M1 50 pg R21/50ug Matrix M1 10 pg R21/50ug Matrix M1
1 chAd63 ME-TRAP
4 10 ug R21/50ug Matrix M1 50 ug R21/50ug Matrix M1 10 ug R21/50ug Matrix M1
8 10 pg R21/50pg Matrix M1 10 pg R21/50pg Matrix M1 10 pg R21/50pg Matrix M1
9 MVA ME-TRAP
12 CHMI CHMI CHMI CHMI
32-40 Repeat CHMI of sterile Repeat CHMI of sterile Repeat CHMI of sterile CHMI
protected volunteers protected volunteers protected volunteers
MultiMalvax

Preclinical, process development,
=v] production, IMPD

ChAd63 and MVA vectors expressing PfRH5 were
produced under GMP conditions by ReiThera/Advent

and were released for the clinical trial. ChAd63 and MVA
vectors expressing Pfs25-1IMX313 were produced under
GMP conditions at Clinical BioManufacturing Facility
UOXF and were released for the clinical trial. A R21 CGMP
batch was produced at Clinical BioManufacturing Facility
UOXF and released for the clinical trial. The corresponding
IBs and IMPDs were also prepared.

L

The malaria antigens ME-TRAP, PfRH5 and Pfs25 are
designed to be delivered in a prime boost strategy
using two different vectors: ChAd63 and MVA. The
transmission-blocking Pfs25 antigen is fused to the
Imaxio IMX313 carrier protein. Fusion to the IMX313 DNA
sequence led to oligomerisation of the recombinant
protein because the IMX313 carrier protein spontaneously
auto-assemble into a heptamer. The oligomerisation

of the antigen is expected to significantly increase both
B cell and T cell immunogenicity, therefore improving
vaccine efficacy. R21is administered with the ASO1B

or Matrix-M1 adjuvant.

Delivery Platform, Adjuvants
and Viral Vectors

Clinical
Development

The initial ambitious objective of developing a vaccine
candidate targeting each stage of the parasite life cycle
was modified to a multi-component vaccine, for which
a Combination vaccine trial started in mid-2016.

The Medicine and Healthcare products Regulatory Agency
(MHRA) approved the VACO056 clinical trial, which uses

the RTS,S biosimilar R21 in combination with ASO1 as a
Pre-erythrocytic vaccine and the clinical trial commenced
in December 2015. The clinical trial is taking place at the
Southampton National Institute for Health Research
Wellcome Trust Clinical Research Facility and UOXF.

Approval for the mosquito-stage vaccine trial was
granted by the research ethics committee in UOXF on

12 May 2015 and by the MHRA on 25 June 2015. The first
vaccination started in the Southampton trial site on

12 October 2015 with the ChAd63-Pfs25-IMX313 vector
and the vaccine showed a good safety profile. The
ChAd63-Pfs25-IMX313 / MVA Pfs25-IMX313 groups started
in 2016 and all vaccinations have now taken place with
the last volunteer's clinical visit scheduled in June 2017.

The vectored PfRH5 blood-stage vaccine clinical

trial started in August 2014 and ended in October
2015. No safety signals were observed and ChAd63/
MVA RH5 showed good immunogenicity, inducing
antigen-specific T cells and IgG. Induced antibodies
showed activity in GIAs in correlation with the
concentration of antibodies, and cross-strain GIA
activity was observed. A manuscript is in preparation.

Q Harmonisation

UOXF is a member of the MVVC and MVVC 2 consortia
and was part of the OPTIMALVAC (www.optimalvac.eu)
network and was thus involved in antibody and T cell
assay harmonisation activities. In addition, phase |
clinical trials assessing the transmission-blocking antigen
Pfs25-IMX313 and the Pre-erythrocytic R21 vaccine
candidate are being conducted at the Centre for Clinical
Vaccinology and Tropical Medicine, UOXF, and the
Southampton National Institute for Health Research
Wellcome Trust, and clinical activities are harmonised
across these centres.

Outreach and
\.I.J Communication

Adrian Hill (UOXF, UK) presented “Multi-component
malaria vaccines: Challenges and new solutions” at the
Malaria Vaccines for the World 2016, 2-4 May 2016 Leiden,
The Netherlands.

Simon Draper (UOXF, UK) presented the “Development
of a PfRH5-based vaccine against the Plasmodium
falciparum merozoite” at the Malaria Vaccines for the
World 2016, 2-4 May 2016 Leiden, The Netherlands.

Sumi Biswas (UOXF, UK) presented “Pre-clinical and
clinical development of novel virus-like-particles for
induction of high titre functional antibody responses
against the transmission-blocking candidate antigen,
Pfs25” at the Malaria Vaccines for the World 2016,

2-4 May 2016 Leiden, The Netherlands.

Ruth Payne (UOXF, UK) presented “Safety and
Immunogenicity of the Novel Plasmodium falciparum
Blood-Stage Vaccine ChAd63-MVA RH5 in a Phase la
Clinical Trial” at the ASTMH 65t Annual Meeting,

13-17 November 2016, Atlanta, USA.

Adrian Hill (UOXF, UK) presented “MultiMalvax 2016”
at the EVI Rendez-Vous, 14 December in Paris, France.

The MultiMalVax project was presented at various other
occasions.
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Dengue vaccine

Dengue is a fast emerging vector-borne disease, with slightly below 4 billion people
worldwide at risk of infection. Currently, the disease is endemic in more than

100 countries with an estimate of 390 million dengue virus infections annually, of
which 96 million show clinical manifestations with about 500,000 hospitalizations.

engue is estimated to cause
D 20,000 deaths every year,

mainly among children.
Although mortality is lower compared
to other tropical infectious diseases
such as malaria, the scale of human
suffering and the resources invested
in the control of dengue make it a
major global health problem.“? The
current licenced vaccine Dengvaxia®
which has been approved in Mexico,
The Philippines, Brazil, El Salvador,
Costa Rica, Paraguay, Guatemala,
Peru, Indonesia, Thailand and
Singapore does not provide equal
protection against all four known
dengue serotypes. After review of the
safety data, it was decided to exclude
those aged 6-8 years due to an
excess of hospitalisation related to
dengue iliness, and start the
indicated age range at 9 years®0.
Other candidates currently in
preclinical or clinical development
also focus on B-cell response and are
predicted to encounter similar
problems leading to the risk of
limited protection against specific
serotypes and of the so-called
dengue viral interference problem:
sequential infections with different
dengue serotypes can increase the
risk of developing a severe and
potentially lethal disease due to an
antibody enhanced disease
phenotype. Besides Dengvaxia®,
two other vaccine candidates
entered phase lll clinical trials in 2016:
the live-attenuated tetravalent
dengue vaccine candidate TAK-003
from Takeda and the tetravalent
live-attenuated lyophilised vaccine
from Butantan Institute.

49, http://mwww.who.int/mediacentre/factsheets/fs117/en/

MVDVax

MVDVax is a GHIT-funded project with a budget of ¥61,290,240, which
commenced in 